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Limited Warranty, Limitations of Liability and Restrictions

Geophysical Survey Systems, Inc. hereinafter referred to as GSSI, warrants that for a period of

24 months from the delivery date to the original purchaser this product will be free from defects in
materials and workmanship. EXCEPT FOR THE FOREGOING LIMITED WARRANTY, GSSI
DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. GSSl's obligation is limited to
repairing or replacing parts or equipment which are returned to GSSI, transportation and insurance pre-
paid, without alteration or further damage, and which in GSSI's judgment, were defective or became
defective during normal use.

GSSI ASSUMES NO LIABILITY FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES OR INJURIES CAUSED BY PROPER OR IMPROPER OPERATION
OF ITS EQUIPMENT, WHETHER OR NOT DEFECTIVE.

Before returning any equipment to GSSI, a Return Material Authorization (RMA) number must be
obtained. Please call the GSSI Customer Service Manager who will assign an RMA number. Be sure to
have the serial number of the unit available.

Copyright © 2011-2017 Geophysical Survey Systems, Inc.
All rights reserved

including the right of reproduction

in whole or in part in any form

Published by Geophysical Survey Systems, Inc.
40 Simon Street

Nashua, New Hampshire 03060-3075 USA
Printed in the United States

SIR, RADAN and UtilityScan are registered trademarks of Geophysical Survey Systems, Inc.
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Limited Use License Agreement

You should carefully read the following terms and conditions before opening this package. By opening this package you
are agreeing to become bound by the terms of this agreement and indicating your acceptance of these terms and
conditions. If you do not agree with them, you should return the package unopened to Geophysical Survey Systems, Inc.

Geophysical Survey Systems, Inc. (GSSI), an OYO Corporation, provides the computer software ("RADAN 7") contained
on the medium in this package, and licenses its use. You assume full responsibility for the selection of RADAN 7 to
achieve your intended results and for the installation, use and results obtained from the Program.

License

a) In consideration of the payment of a license fee, you are granted a personal, non-transferable license to use RADAN 7
under the terms stated in this Agreement. You own the USB or other physical media on which RADAN 7 is provided
under this Agreement, but all title and ownership of RADAN 7 and enclosed related documentation "("Documentation™),
and all other rights not expressly granted to you under this Agreement, remain in Geophysical Survey Systems, Inc.;

b) RADAN 7 is a single-user license;

¢) You and your employees and agents are required to protect the confidentiality of RADAN 7. You may not distribute or
otherwise make RADAN 7 or Documentation available to any third party;

d) You may not copy or reproduce RADAN 7 or Documentation for any purpose except you may make one (1) copy of
RADAN 7 if RADAN 7 is not copy-protected, in machine readable or printed form for backup purposes only in support of
your use of RADAN 7. You must reproduce and include the Geophysical Survey Systems, Inc. copyright notice on the
Backup copy of RADAN 7;

e) Any portion of RADAN 7 merged into or used in conjunction with another program will continue to be the property of
GSSI and subject to the terms and conditions of this Agreement. You must reproduce and include the copyright notice on
any portion merged into or used in conjunction with another program;

f) You may not sublease, assign, or otherwise transfer RADAN 7 or this license to any other person without the prior
written consent of GSSI. Any authorized transferee of RADAN 7 will be bound by the terms and conditions of this
Agreement; and

g) You acknowledge that you are receiving only a Limited License to use RADAN 7 and Documentation and GSSI retains
title to RADAN 7 and Documentation.

You acknowledge that GSSI has a valuable proprietary interest in RADAN 7 and Documentation.

You may not use, copy, modify, or transfer RADAN 7 or Documentation, or any copy, modification, or merged portion, in
whole or in part, except as expressly provided for this Agreement.

If you transfer possession of any copy, modification, or merged portion of RADAN 7 or Documentation to another party,
your license is automatically terminated.

Term

The license granted to you is effective until terminated. You may terminate it at any time by returning RADAN 7 and
Documentation to GSSI together with all copies, modifications, and merged portions in any form. The license will also
terminate upon conditions set forth elsewhere in this Agreement or if you fail to comply with any term or condition of this
Agreement. You agree upon such termination to return RADAN 7 and Documentation to GSSI together with all copies,
modifications, and merged portions in any form. Upon termination, GSSI can also enforce any rights provided by law. The
provisions of this Agreement which protect the proprietary rights of GSSI will continue in force after termination.
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Limited Warranty

GSSI warrants as the sole warranty provided to you that the USB on which RADAN 7 is furnished will be free from
defects in materials and workmanship under normal use and conditions for a period of ninety (90) days from the date of
delivery to you as evidenced by a copy of your receipt. No distributor, dealer, or any other entity or person is authorized to
expand or alter either this warranty or this Agreement; any such representation will not bind GSSI.

GSSI does not warrant that the functions contained in RADAN 7 will meet your requirements or that the operation of
RADAN 7 will be uninterrupted or error-free.

Except as stated above in this section, RADAN 7 and Documentation are provided "as is" without warranty of any kind,
either express or implied, including but not limited to, the implied warranties of merchantability and fitness for a particular
purpose. You assume the entire risk as to the quality and performance of the program and documentation. Should the
program prove defective, you (and not GSSI or any authorized GSSI distributor or dealer) assume the entire cost of all
necessary servicing, repair, or correction.

This warranty gives you specific legal rights, and you may also have other rights which vary from state to state. Some
states do not allow the exclusion of implied warranties, so the above exclusion may not apply to you.

Limitation Of Remedies
GSSil's entire liability and your exclusive remedy will be:

a) The replacement of any USB not meeting GSSI's "Limited Warranty" explained above and which is returned to GSSI
with a copy of your receipt; or

b) If GSSI is unable to deliver a replacement USB which conforms to the warranty provided under this Agreement, you
may terminate this Agreement by returning RADAN 7 and Documentation to GSSI and your license fee will be refunded.

IMPORTANT: If you must ship RADAN 7 and Documentation to GSSI, you must prepay shipping and either insure
RADAN 7 and Documentation or assume all risk of loss or damage in transit. To replace a defective USB during the
ninety (90) day warranty period, if you are returning the medium to GSSI, please send us your name and address, the
defective medium and a copy of your receipt at the address provided below.

In no event will GSSI be liable to you for any damages, direct, indirect, incidental, or consequential, including damages
for any lost profits, lost savings, or other incidental or consequential damages, arising out of the use or inability to use
RADAN 7 and Documentation, even if GSSI has been advised of the possibility of such damages, or for any claim by any
other party. Some states do not allow the limitation or exclusion of liability for incidental or consequential damages, so the
above limitation or exclusion many not apply to you. In no event will GSSI's liability for damages to you or any other
person ever exceed the amount of the license fee paid by you to use RADAN 7, regardless of the form of the claim.

U.S. Government Restricted Rights

RADAN 7 and Documentation are provided with restricted rights. Use, duplications, or disclosure by the U.S.
Government is subject to restrictions as set forth in subdivision (b)(3)(ii) of the Rights in Technical Data and Computer
Software clause at 252.277-7013. Contract/manufacturer is Geophysical Survey Systems, Inc., 40 Simon Street, Nashua,
New Hampshire 03060-3075.

GENERAL

This Agreement is governed by the laws of the State of New Hampshire (except federal law governs copyrights and
registered trademarks). If any provision of this Agreement is deemed invalid by any court having jurisdiction, that
particular provision will be deemed deleted and will not affect the validity of any other provision of this Agreement.

Should you have any questions concerning this Agreement, you may contact GSSI by writing Geophysical Survey
Systems, 40 Simon Street, Nashua, New Hampshire 03060-3075 U.S.A."

You acknowledge that you have read this agreement, understand it and agree to be bound by its terms and conditions. You
further agree that it is the complete and exclusive statement of the Agreement between you and GSSI which supersedes
any proposal or prior Agreement, oral or written, and any other communications between us relating to the subject matter
of this Agreement.

MN43-199 Rev G



Geophysical Survey Systems, Inc. RADAN® 7

Manual
Table of Contents
How to Use This Manual: MUSt REAd..........eeeerereeteeeeseseretns st sessssssssessssssssssseens 1
System RequUIremMeNts aNd NOTES.........ovireinnireiississssissssssssssssssssssssssssssssssssssssssssssssnes 2
Recommended System Requirements for RADAN 7 .......oeovreerreenreens 2
Minimum System Requirements fOr RADAN 7.......coucceeeenneemnecmssesssessssesssssessanes 2
What Data Can Be Processed with RADAN 7 cereesesase s assesasesasesanes 2
RADAN 7 is Not Currently Recommended for Users Of ........ccoccvveeureeurncns 2
SECtion 1: GELEING STAMTEd ...ttt ssssssssssssssssssssssssssens 3
GSSI ACHIVATION POLICIES ...ecveieiiicinisinisssistssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssaes 3
GENEIAI DESCIIPTION ...ttt es st es st sasses s st s s s sessssessessssessssssbessesastessesassesassassenes 3
INSTAIING RADAN 7 ...ttt ssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssassens 4
INSTAllatioN INSEIUCTIONS .....cvereerererssrrrisresesssissssssessssssssssssisssesssssssssssssssssssssssssssssses 4
Launching/Activating/Validating the RADAN 7 SOftWare .........ccovveneevensrnsesernseseesssneens 6
Launching the Software for the First TIMe .......occveeveeenreernecenecessecesnnens 6
ACtivating the SOftWAIe.........cceeeeeeeeeieereriesieessssessssesssessasessssessanes w7
SOFtWAIE DEIMO....eceeeeeireetestssssstsssssssssss s sassssssassssssssssasssessasssssasssessasssassssssanss 7
Validating the Software............ cereeeu e assessase s seasenes 7
Updating the Software ........eerereeensrerneenn. cersrens et ansbaneen 8
SeCtion 2: USING RADAN 7 ... ereresinsisesessssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 9
ReCOMMENAEA MOAUIES.......ceeeereerstsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 9
Setting up a Laptop/PC and Data TranSTer ... rneereesisssssisssssessssssesssssssssssssssssssssssnes 9
EXQMPIE DAL ...ttt ses st es s st st sas s s ses s st s e sssss s st essesastessssassesassanssans 10
Launching RADAN 7, the Main Screen, and Configuring RADAN .........coccvvevvemerererernnnnnns 10
LauNChING the SOftWAIE ... isssisssssssssesssssssssssssssssssssssssssssssssssssssssns 10
THE MaIN SCIEEN ...ttt s sass s ssssasssssassbss s sass s sassbessaessasssessasstenen 11
Configuring the Software: Setting Global Parameters..........o.coeoreoneecnsesneeenseenns 12
Section 3: Navigating Through RADAN 7 - The Menus, Panes and Ribbons....... 15
IVIENUS ..oounnnnnnnnnnneecsssssccnnssssnnessssssssnsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssne 15
GSSI BUTTON ... eieieieeieeerieitsieiesiesstsssesstessesstsess st sstssasssssasssssssasssssssasssssssasssssssassssssssssssses 15
Panes and Tables ........ccccecvnnneccscnnncccssnnsnccnn 28
My Files, Processes & ProC. LiST PANE......iiieininsinsinsissississssssssssssssssssssssssssssssssssssssssns 28
PrOPEITIES PANE ..ttt tsssss e sssstsssss s s st sssssssssssssssssesssssasassssssasesssssasssnassssss 30
TADIE PANE ..ttt s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 37

MN43-199 Rev G



Geophysical Survey Systems, Inc. RADAN® 7

Manual
Ribbons: Structure and Functions 39
HOME RIDIDON ...ttt ass bbbt s s bbb s st s ssnsns 39
VIEW RIDDON ..ttt s st s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 42
Easy Processing RIDDON ...ttt st s s sssssssssssssssssssssssssns 43
ProCessing RIDDON ........ciieiisirnisessiseseissssisssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 50
2D INTEIACTIVE. ...ttt ss st st ss s ss s ss s s s bas s s aasssssssssssnses 77
SErUCTUIESCAN RIDDON ...ttt isssisssse s ssesssssssssssssssssssssssssssssssssssssess 83
ROQAASCAN RIDDON ...coueitstisiseissiseiseisessisssssisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 86
BridgeScan RIDDON ...t asssisssss st sssssssssssssssssssssssssssssssssssssns 95
Horn BridgeScan RIDDON.........crescscisscisetss st tssisssss st asssssssssssssssssssssssssssssssssssssns 105
Dual Polarity Horn BridgeScan RibDDON ...t ssssssssssssssenns 116
GOOGIE EQrth® RIDDON. ...ttt ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 127
Section 4: Application-SPecifiC DiSPIAYS .....ccceeucrrerrcrrensrrersssssisssssssssssssssssssssssssssssesssens 131

REAAET ettt bbb st bbbt bbb bbbt bbb tes 131
STANAAIA PrOCESSING ...t sssssssssssssssssssssssssssssssssssssssssssssssssassessassassassessassasses 134
RADAN 7 fOr StrUCTUrE€SCAN MiNi....ucueceeceeeieeieissiesiessesisssessssssssssssssessssssssessssssssssssssssssssssssens 135

GSSI BULTON .ttt tsstss s tsssstssssssssssssasssssassassasssssssssssasssessessessessassassassansans 135

RADANMINi HOME RIDDON ....oueeetrrretcesiestssssstsssstssissssssessasssessssssasssessanss 136

3D Volume Options Ribbon ..., 140
ULIIEYSCAN DF oottt ssss s ssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 141

GSSI BUTTON cceirierinirennensensensinesssasessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssssans 141

UtilityScan DF Applications RIDDON ... 142

Google Earth® Ribbon ettt s et R R e s R an bRt ens 147

3D Volume Options RIDDON ... sssissssssssssesssssssssssssssssssssssssssssssns 148
ROAUSCAN ...ttt bbb bbb s bbb bbbt bbb bbb s ssntens 150

GSSI BULTON .ottt tss st tsssstsssassssssssasssssassassasssssssssssssssessessessssassassassassans 150

Home Ribbon eettetues ittt sttt R e bbbt bt ba st eas 151

VIEW RIDDON. ...ttt tessassssssass s sasssessasssessasssessasssansasssanes 154

PrOCESSING ceereeeeeeeereeereeeisesiseseseseasessessesssssssssssssssssssssessessensessessensessessssseses 155

2D INTEIACTIVE c.cceveeeeeeeerreneeserseessesssssessesesseasessesseasessens . 157

GOOgle EArth® RIDIDON ......vrrrisrrernsisssssisssenssssssssssssssssssssssssssssssssssssssssssssssssssssens 162
Ground-Coupled BridgeSCan ... iiiiisisisisssssssssssssssssssssssssssssssssssssssssssssssssses 164

GSSI BULTON cceeiiereeririnnensensenssinesssssesssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassans 164

HOME RIDDON ot ssssssssssssssssssssssssssssssssssssssssssssssssssssens 165

VIEW RIDDON.c..certcrcrstsssss s ssssasssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassens 168

PrOCESSING ..uueveeerreireinsieisisessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssases 169

2D INTEIACTIVE c.ccereeeeeeeeerreneesenseesssesesssesseasesseasensesseasessens . 172

GOOGIe EArth® RIDDON ...t ssssssssssssssssssssssssssssssssssssnees 177
HOPN BrIAQESCAN ...ttt ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 180

GSSI BULTON .ttt tsstsstsstsssstsssassssssssasssssassassasssssssssssasssessessssessassassassassans 180

Home Ribbon eeetetuestes bttt R e A e R e bbbt bt ba et eas 181

VIEW RIDDON.c...ctcrerrstsssnsississsss s sssssssssssssssasssssessssssssssssssssssssssssssssssssssssssssssassens 184

PrOCESSING ..cueveeerreireinsissieissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssases 185

2D INTEIACTIVE cuucvureerrrrresinsenseeserseasesssisssssssssssssssssssssssssssssssssssssssssssssssssssassssnsns 188

GOOgle EArth® RIDDON ...t isssssssssssssssssssssssssssssssssssssssssssssens 193

MN43-199 Rev G



Geophysical Survey Systems, Inc. RADAN® 7

Manual
Dual Polarization HOrN Bridg@SCan .......eneneinsinsississississsssissssssssssssssssssssssssssssssssssssns 196
GSSI BUTTON cecereceeeneneieencenereeseessesseassessesasessessesssessssasesssassessssssesssessesssessssssssssesessssses 197
HOME RIDDON oottt ettt ssssssssssssesssstassssssesasssasesaseses 197
VIEW RIDDON ...ttt ssssssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssnes 200
PrOCESSING ceeveereeeeerereieeeesesesenseseaseasessessessessssssssssssssssssesssssensessessensessessssseses 201
2D INTEraCHiVe ... eececencreeeeesteenerenaesesesensessenane . 205
GOOGIe EArth® RIDDON ...ttt ssssssssssssssssssssssssssssssssssssnees 210
Section 5: Basic Processing TULOKIAIS ...t sessssessassesees 213
USING ThE ProC. LIStS Tab ..ttt isssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 213
Creating @ ManUAl Grid.......iiisisisisisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 214
Creating @ SUPET GIHd.....iieirisisisisisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 216
APPENAING FlES ettt sssss s s s s sssssssssssssssssssssssssssssssssssssssssssssssssssses 218
BasiC 3D Grid NAVIGAtiON ....ceceeereereiseiseissiseississississsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssens 219
[INTErACTIVE PrOCESSING ..uiiuriecirierriseersiseeisssesssssssssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssssens 223
TIME ZEI0 COITOCLION c.ueieieeirienriceerictsesiessesiesstsssesstsssess s sssastssssasasssssssssssssasssssssassssssass 226
FIR FIEEITING itueereitreieiseieiseiseisssisssseise s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 227
MIGEATION ettt st ss st s st as st ss s ss s s st s asbasssessaassssses 229
CMP Velocity Analysis and Migration ...........neinseeinssssnssssssssssssssssssssssssssssssssens 232
Distance NOIMAliZatioN .......ccecreneneineseissinsississississssissssssssassssssssssssssssssssssssssssssssssssssssssssssssens 234
DECONVOIUTION. ...ttt ettt st sssssssssssssssassssssssssssssssssssssssssssssssssssssssssssssssens 235
HOFIZONTAI SCAIING oottt sttt s st s sssssssssssssssssssssssssssssssons 237
SUIface NOIMALIZAtION ...ttt ssss s s s s sssass s sasssssansens 238
RANGE QNN st sss st sssssssssssasssssssssssssssssssssssssssssssssssssssassssssnass 239
Section 6: Processing SPecific APPlICATIONS .......ccvvvrrrrrrernnineisesseisssssissssssessssssssssssesnns 241
STPUCTUIESCAN .ttt st st ss s sessaassssss s ssessassssessbsssssassessssassesaneas 241
Processing the Data .......ccceeeemeeueremeensessmesssesssesssssssssessanessssessanss .. 241
ViIEW DEPLN SHCES c.eereeeeeeeetreeseesseissississesssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssnes 242
3-D VieW.rcresecreseseinennens . . 243
ROAUSCAN ...ttt bbb bbb bbb bbbt bbb bbb sssssnsens 244
Creating the Calibration FilE.... . sinssssisssssisssssssssssssssssssssssssssns 244
Processing the Road File ceerere s e Rt R bRt eneas 245
Layer/Target PiCKiNG ....ooccureeseiseiieciseisetssessseasesasssssesssssssssssesssessssssssssssssasessssses 246
BrIgESCAN .ttt st bbb bbbt bbb bbbt 247
Preparing the Data .....issssisssissssssssssssssissssssssssssssssssssssssssssssssens 247
EItiNg Target PiCKS ... cuueveuereeeeeeeesneesseessessseessssesssssssssssssessssessssssssssssssessssessssessanens 249
ApPPENiX A: SAMPIE DAL ...ttt sssssssssssssssssssessssssssssassassassans 251
Appendix B: GSSI Naming CONVENTION. .......vrenineensineinssseissssssessssssssssssssssssssssssssssnns 255
Appendix C: Dielectric CONSTANTS .....oceeeeeeereereeseseesessessesssssssssssssssssssssssssssssssssassassens 257
AppPeNndix D: GIOSSArY Of TEIMS......c.cveereeserseesssretssssstssssssssssssssssssssssssssssssssssssssssssssssssanes 259
List of References and Suggestions for Further Reading .........cccoecvevrernnereernreneennnnne 265

MN43-199 Rev G



Geophysical Survey Systems, Inc. RADAN® 7
Manual

MN43-199 Rev G



Geophysical Survey Systems, Inc. RADAN® 7
Manual

How to Use This Manual: Must Read

This manual is designed for both experienced and novice users of RADAN® 7. This manual is broken up
into five sections to help you find answers you are looking for. Some processes may be duplicated in
different sections. This is designed to assist you with quickly finding the help you might need based upon
the question(s) you may be asking.

Section 1: Getting Started is General Description of the software, general requirements, getting
started, installing and activating the software

Section 2: Using RADAN 7 is basic use of RADAN 7, launching the software, updating the software,
and navigating through the screens

Section 3: Navigating Through RADAN 7 is a description of every screen and menu option in
RADAN 7.

Section 4: Application-Specific Display is a description of the display options available for specific
applications.

Section 5: Basic Processing/Tutorials is basic processing steps/tutorials for any set of data.

Section 6: Processing Specific Applications is basic processing for StructureScan, RoadScan, and
BridgeScan applications.

MN43-199 Rev G 1
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System Requirements and Notes

Recommended System Requirements for RADAN 7

Microsoft Windows® 7 (32 or 64 bit)

Intel Core i5 (or better) processor

3+ GB system memory

500+ GB hard drive with a minimum of 100 GB available space

256+ MB dedicated graphics chipset with OpenGL drivers (Note: We only support NVidia and
Intel graphics chipsets)

Minimum System Requirements for RADAN 7

e Version 7.0.4.9 is the last version compatible with Microsoft Windows® XP. All later versions
require Microsoft Windows® Vista or higher.

1.0+ GHz Pentium 4 (Note: We do not support single core single thread processors)

2 GB system memory

160 GB hard drive with a minimum of 20 GB available space

128 MB graphics chipset with OpenGL drivers (Note: We only support NVidia and Intel graphics
chipsets.)

What Data Can Be Processed with RADAN 7

e RADAN 7 is necessary for viewing of SIR 4000, SIR® 30, SIR® 40, and UtilityScan-DF data. It
adds capabilities to view and process the new raw data format of these newer SIR systems.

SIR 4000 (2D dzt, 3D b3d, GPS dzg)

SIR 3000 (2D dzt, 3D b3d, GPS tmf, plt and gga text from the SDR data logger)

UtilityScan DF (2D dzt, GPS dzg)

SIR 20 (2D dzt, 3D b3d, GPS tmf and gga text from the SDR data logger)

StructureScan Optical data

Individual profiles of older systems such as SIR 10 and SIR 2000

Files processed by RADAN 4.x RADAN 5.x and RADAN 6.x

3D files which have the Microsoft Access (mdb) based database

RADAN 7 is Not Currently Recommended for Users of

e StructureScan users working with the black pad
e Terravision:
0 Y Gain Equalization is not currently implemented in RADAN 7
0 RADAN 7 will not properly import GPS for Terravision but will read Terrravision files that
have been opened in RADAN 6.

e SIR 20 control units. This should not be confused with SIR 20 post processing systems.
RADAN 7 is designed to work with SIR 20 data, but not on the Toughbooks running the SIR 20
operating software. RADAN 6 remains the control interface for the SIR 20 systems.

e It does not contain a replacement for controlling SIR 20 systems. All hardware control features of
RADAN 6.6 and earlier have been removed from RADAN 7.

e CF-29 and earlier Toughbook® do not meet the minimum specifications for RADAN 7.

MN43-199 Rev G 2
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Section 1: Getting Started

Thank you for purchasing RADAN® 7. The packing list included with the shipment lists all of the items
in your order. The RADAN 7 program and example files are stored on a single USB drive.

GSSI Activation Policies

The RADAN 7 license includes one license for installation on one computer.

General Description
RADAN 7 software was designed to process, view, and document data collected with products from
GSSI. RADAN 7 module can perform the following functions:
o Display multiple screens of radar data as line scan, wiggle trace, and/or oscilloscope.
e Manipulate color table and color transform parameters to enhance data display.
e Edit file headers and distance markers.
e Process individual files or multiple files.
e Modify or restore data gains.
e Correct position (shift data scans along the time axis).
e Provide horizontal scaling and distance normalization.
e Incorporate topographic changes with top surface normalization.
o Display the frequency spectrum of data.
e Apply Infinite Impulse Response (1IR) and Finite Impulse Response (FIR) filters.
e Perform migration.
e Perform predictive deconvolution.
e Perform envelope processing functions (Hilbert Transform).
e Velocity analysis.
o Local peak interpretation.
e Interactive interpretation.
e Print to all Windows supported printers.
e Export data as image, .dxf, .shp, .kml, or .csv files.
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Installing RADAN 7

It is highly recommended to be connected to the internet when installing the software so that activation
can take place at the time of installation. If there is not a connection, contact GSSI for other activation
instructions.

1 Insert the RADAN 7 Installation USB into one of your computer’s USB ports.

2 The installation program should start automatically. If the program did start automatically, skip to
Step 5. If it did not start automatically skip to Step 3.

3 Using Windows Explorer, double-click the external drive that contains the RADAN 7 Installation
USB.

4 Find the Start Icon and double-click it. ‘QS

5 Follow on-screen instructions:
a) Install RADAN 7: Select this option to install the software onto the computer.

b) Technical Support Web Site Info: This will open a PDF file that has excellent information
about how to use our support web site. It is highly recommended that the user opens, saves, and
prints this file.

¢) GSSI Contacts: This will open a PDF file of essential contacts at GSSI. It is highly
recommended that the user opens, saves, and prints this file.

Installation Instructions

After you have selected Install RADAN 7 from the Main menu, you will see the following screens.
Click Install > Accept > Next > OK or Finish through all the screens.

Py
) RADAN 7 Setup 7 Microsoft Visual C++ 2010 x86 Redistributable Setup (=]
The following components will be installed on your machine: Welcome to Microsoft Visual C++ 2010 x86 Redistributable Setup
Flezse, accept the license terms to continue. w
Visual C++ 2010 Runtime Libraries (x36)
~
MICROSOFT SOFTWARE LICENSE TERMS =
Do you wish to install these components? MICROSAR D10 RUNTIME LIBRARIES ™
—> ="
i you choose Cancel, setup wil exit. I have read and accept the license terms.
Install Cancel
# Thicrowott Vivasl €2+ 7010 288 Redietrit = e <) [ Yes, send information about my setup experiences to Micresoft Corparation.
For more read the Data Collection Polic
Installation Is Complete
Visual Studio =
N
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ﬂ Radan 7 - InstallShield Wizard

Welcome to the InstallShield Wizard for

[ZESI  wdnr

The InstaliShield(R) Wizard wil install Radan 7 on your
computer, To continue, dick Next.

WARNING: This program is protected by copyright law and
international treaties.

www.geophysical.com

ﬂ Radan 7 - InstallShield Wizard
Destination Folder
=EEsi

Click Mext to install to this folder, or dick Change to install to a different folder.

Install Radan 7 to:

i s o csiRomi 7

InstallShield
< Back Next > Cancel

3

RADANE® 7
Manual

ﬂ Radan 7 - InstallShield Wizard
License Agreement
=ssi

Please read the following license agreement carefully.

RADAN 7 e
IGEOPHYSICAL SURVEY SYSTEMS, INC. (GSSI)

LIMITED USE LICENSE AGREEMENT

You should carefully read the following terms and conditions before opening

this package. By opening this package you are agreeing to become bound by
the terms of this agreement and indicating your acceptance of these terms

tions. If you do not agree with them, you should return the package
Al G B e

i the feense agreement

t the terms in the license agreement

<gack | mext> | [ cancel

1) Radan 7 - InstallShield Wizard @EE
Installing Radan 7 EES]

The program features you selected are being instaled.

Please wait while the InstallShield Wizard installs Radan 7. This may take
F  several minutes,

Status:

= |

<Back Next > I Cancel |

4

ﬂ Radan 7 - InstallShield Wizard

=)

==si

InstaliShield Wizard Completed

The InstallShield Wizard has successfully installed Radan 7.
Click Finish to exit the wizard.

www.geophysical.com

N
< Ba Finish Cancel

Note: Depending upon the age of your computer, your operating system (Windows XP, Windows
Vista, Windows 7, or Windows 8), and the age of your operating system, you may get other

screens asking you to install other software. You should accept these, or if you have questions,
contact your IT person or GSSI.
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Launching/Activating/Validating the RADAN 7 Software

Launching the Software for the First Time

When launching the software for the first time, it will ask which SHeciiangage —
language to use. [English (United States}) |

| Chinese {China)

1 Highlight the language.

2 Select either:

e Show this form again: English will be the default language,
and a prompt will appear the next time the software is
launched.

o Use the selected language: The language that is
highlighted will be used on subsequent launches of the Next time ...
software. @) Show this form again

¢ Use the default language: English is the default language Use the selected langauge
and will be used on subsequent launches of the software. Use the default Ianguage

The language may be changed at any time by:
1 Clicking the GSSI Button. oK

2 Clicking on Options. J

-} Recent Data Files
7 Dpen
=

1 GRID___001 P_2,BZX

B | g I
ﬂﬂ Assemble Data File ¥ |5 | jcers\. \Grid__001.B7X

i“: ki 3 C\Wsers\...\Strats.DIT

Jugy'| Impo t GPS
4 C\Users\,..\DistNorm.DZT
5 BANDPASS P_111.DZT
y B CAUSERS\..\BANDPASS P_11.DZT

I CA\USERS\...\BANDPASS P_1,DZT

wport ,
- B C:\Users'..\BandPass.DIT

= Close All Open Files

( ﬁOptions r E;it.

“N—
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Activating the Software
After installing the software, RADAN 7 will automatically start.

RADANE® 7
Manual

The first time the software is run, the user will be asked to activate it. The computer MUST be connected

to the internet to activate the software.

1 From the label located on the back of the ) RADAN 7 License Information

=  [E

Py

USB case, input the Product Key and the
Serial Number into the appropriate fields. Froduct Key

Serial Number

2 The Computer Name is pre-filled by GSSI
(this is the name of the user’s computer from
their computer system). Email Address

Status

Computer Mame

3 Enter a valid email address.

FOOCOAR G I00GCN

This software can be used up to 99 more

times before activating.

4 Click Activate/Validate your Product Key Mexd License Check  Demo will expire on or before 4/20/2013

Activate/Validate your Product Key

Continue to RADAM 7

Manage your license(s) at support geophysical com

Software Demo

If the software is not activated after installation it will run as a demo for 30 days or 32 activations
(whichever comes first). If the software is not activated before the demo expires, the user will have access
to a Reader version of the software with options to view data in 2D or 3D depth slices, change colors, and

save the data as jpg image files.

Validating the Software

At times, upon launching RADAN 7, the software will ask to test
the license. Click Yes and a pre-populated screen will appear.
Simply click Continue with RADAN 7. An internet connection is
needed to test the license.

i Your license will need to be tested on or before 9,/7/2010 12:00:00 AM
Would you like to test it now?

MN43-199 Rev G 7

a RADAN 7 License Information
Product Key
Seral Mumber
Computer Name
Emai Address
S Registered and Activated

Next License Check | 2/10/2016 12:00:00 AM

Continue to RADAN 7

Manage your kcensels) at support geaphyscal com
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Updating the Software

GSSI can automatically update the software if an update is available. Upon launching RADAN 7 and if
connected to the internet, it will ask if the user would like to download and install the update.

I will update later to update the software at a later date.

Download and Install the latest update to immediately update the software. After selecting this
option the following screens will appear:

5 Radan 7 - InstallShield Wizard

EESI \'I‘vaedlgt:lw;e to the Installshield Wizard for

The InstaliShield(R) Wizard will install Radan 7 on your
computer. To continue, dick Next.

I RADAN Updates [T~
[ | Updates |Setings
RADAN 7.3.14.0904 is available for download

! 3 The installed werson is: 7.3.13.1227

m Select an update below:

| ls ¥ Newest Beta Viersion 7.3.14.0904
| Downdoad and Instal the latest update |

| 1 will update later |

WARNING: This program is protected by copyright law and
international treaties.

. ——

1 2

5] Radan 7 - InstaliShield Wizard = 1) Riaden 7 - InstaliShield Wizerd ==
Destimation Folder
License Agreement m E-EEI
] a
Please read the folawing license agreement carefully. =551 Chcke s atal t thi felder, or ek Change t sta .2 dfsent fider.
L Install Racdan 7 b
RADAN 7 - L Coprogram pies (aascestianan 7, Change
]
GEOPHYSICAL SURVEY SYSTEMS, INC. (GSSI)
LIMITED USE LICENSE AGREEMENT
You should carefully read the following terms and conditions before opening
this package. By opening this package you are agreeing ta become bound by
the it and indicating your acceptance of these terms
#18nd conditions. If you da nol them, you should return the package _
o b oot imienl ©ainrmss Count Mg lnn
(@ Loctept the teme i thehonse apeement
= reement
Instatshiekd
P —
Installshield — —— =
T @) o
"~ -
e
1 Radan 7 - InstaliShield Wizaed
Instaltshiekd Wizard Completed
=ssi1
he bt ™ Radan 7.
Clek Frish 10 exit the wizard

www.geophysical.com
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Section 2: Using RADAN 7

Recommended Modules

RADAN 7 is purchased in modules. RADAN 7 MAIN includes Easy Processing, Processing, and Google
Earth. Below is a table showing recommended features for some common applications.

Applications Utility ‘
Utility Locating Structure Structyre Road Bridge Br‘ldgeScan
Scannin w/UtilityScan i Scanning Scannin Scannin AT G
Modules - DFy SCaNNING  \y/SSMini 9 9 (BAL Antenna
3D (3D) X X X X
StructureScan X
(SID)
RADAN 7 for X
StructureScan
Mini
UtilityScan DF X
RoadScan (RSA) X
BridgeScan (BQA) X
Horn BridgeScan .
(BAL)
Dual Pol. Horn .
BridgeScan (BAL)

Modules are broken down by application. You can choose to
purchase RADAN 7 MAIN with the application modules or they |\l H Ao el el el e T
may be purchased separately. Each application module includes the RADAN 7 for StructureScan Mini and
specialized processing and viewing options. For more RADAN 7 for UtilityScan DF Module.
information about each module see Section 6: Processing
Specific Applications.

Setting up a Laptop/PC and Data Transfer

Suggestions for data organization:

o Create a different folder for each project. The project folder will contain raw, unprocessed data
that was collected and saved.

e Create a Processed or Output folder within each of the project folders. This folder will contain
files that were processed from the raw, unprocessed data.

e After creating the folders, copy raw files from the device to the appropriate project folder.

Folders may be organized by the user’s own set of rules. However, it is necessary to know the folder
names and locations when configuring RADAN 7 at the start of each project.
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Example Data

Example data for use with RADAN 7 is available for download from the GSSI Technical Support
website. Refer to the Basic Processing/Tutorials sections for more information about the examples data.

Launching RADAN 7, the Main Screen, and Configuring
RADAN

Launching the Software
Launch RADAN 7 by double-clicking the RADAN 7 icon. The following screen is displayed:

RADAN™

WiVl e

1] vaay P Wosten | ey Poar Nawey | Chamrs Fystons | Sealie

= —

GSSI Button

My Files/Processes/Proc. List Pane
Ribbons
Data Pane

Global Settings/Properties Pane

O 1 A W IN=

Tables Pane

MN43-199 Rev G 10
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The Main Screen

RADANE® 7
Manual

Most of the options below will be detailed throughout Section 3: Navigating Through RADAN 7.
GSSI Button &

Clicking on the GSSI Button allows the user to:
e Open a File/Project
e Assemble Files
e Import GPS
e Save a File/Project

e Save As a File/Project under a different name
or format

e Export data

e Print data

e Close a File/Project
e Close All Open Files

= Options | fog Extt

e Open a previously processed File/Project
e Options to change languages
e Exit RADAN 7 Software

My Files, Processes & Proc. List Pane
There are three tabs in this section:

My Files Tab: This tab will provide quick access to project data, recently processed
data and GSSI example data. Click on the box to the left of the filename to open the
file. An opened file can be also be closed by unchecking the box to the left of the
filename.

Processes Tab: This tab contains all of the available processes organized in a tree
structure. Expand the tree and click on a process to access a process.

Proc. Lists Tab: The options located in this area provide a quicker way to apply
more commonly used processes to the data. GSSI has created these commonly used
processes as macros, which are a series of steps and/or options put together as one
option. Custom process lists can also be made and are located in this area.

Ribbon

This area contains all the major viewing and processing options available in
RADAN 7. Tabs in the Ribbon are also broken down by application.

Data Pane

This is where data are displayed when a file is opened. This screen can contain
multiple files, each in its own tab.

MN43-199 Rev G 11

My Files
ﬁ)‘l‘dy Files fﬁprocesses ﬁ)‘Proc. Lists

- 1®&® My Data
Dﬂ Ch\Users\Instructor,Docum
: I C:\Users\Instructor\Docum
- %5 Recent Data
[T CUSERSMNSTRUCTOR\DC
[/ CAUSERS\INSTRUCTOR\DC
- [CJi# CAUSERSMINSTRUCTOR\DC
- [CJi# CAUSERSMINSTRUCTOR\DE
- [CJi# CAUSERSMINSTRUCTOR\DE
- [CIi# CAUSERS\MNSTRUCTOR\DE
- [CIi# CAUSERSMNSTRUCTOR\DE
[ C\USERS\INSTRUCTOR\DE
[ C\USERS\INSTRUCTOR\DE
-] C:\USERS\INSTRUCTOR\DE
-] C:\USERS\INSTRUCTOR\DE
] C:\USERS\INSTRUCTOR\DE
[T C:\USERS\INSTRUCTOR\DE
- [CJi# CAUSERSMINSTRUCTORNDE|
[T C:\USERS\INSTRUCTOR\DE| ™
- [CJi# CAUSERSMINSTRUCTOR\DE
-]/ C\USERS\INSTRUCTOR\DE
- [CIi# CAUSERS\MNSTRUCTOR\DE
[ C:\USERS\INSTRUCTOR\DE
[ C\USERS\INSTRUCTOR\DE
-] C\USERS\INSTRUCTOR\DE
-] C:\USERS\INSTRUCTOR\DE
[T C:\USERS\INSTRUCTOR\DE
] C:\USERS\INSTRUCTOR\DE
- |[# C\USERS\INSTRUCTOR\DE
- [CJi# CAUSERS\INSTRUCTOR\DE
[T/l CAUSERSMINSTRUCTOR\DE
- [CJi# CAUSERSMINSTRUCTOR\DE
-] C\USERS\INSTRUCTOR\DE
- [CIi CAUSERSMNSTRUCTORMDC
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Global Settings/Properties Pane

RADANE® 7
Manual

Global Settings: This area will display Global Parameters for all files in a particular project prior to
opening any files and allow you to switch between available Application Displays.

Properties Pane: File Header, Window Settings, and Data Channel Properties for a specific file will
also appear here when selected from the Other Windows Group in the Home Ribbon.

Table Pane

Depending upon the type of data that is being processed, this pane will display the database and allow
editing of the information in a data file. More information about this is located in the Basic

Processing/Tutorials section.

Configuring the Software: Setting Global Parameters

Before opening a file, it is necessary to set up some Global Parameters in the Properties Pane, which is
located on the right side of the screen. If this pane does not appear then select Global Settings from the
Home Ribbon. Double-click on the left or right column to change/select options or click on either column

and click on dots or down arrow to change/select options.

File Parameters
Auto Save File:

e Yes: Automatically saves processed files into a subfolder
labeled “Proc” in the established Source Directory.

e No: Prompts the user to save each processed file into an
established Output Directory.

Source Directory: Select the folder where the source (original data is
located).

Output Directory: Select the folder where the processed data will be
saved (only an option if Auto Save File is set to No).

View Attributes

Properties

= File Parameters

Auto Save Files Yes

Source Directory ChUsers\Instructor Des...
=I View Attributes

Display Channel ALL

Marker Style Short

Horiz, 5cale Show

Grid Lines Hide
=I Data Attributes

Vertical Units m

Heriz Units m

GPS Units
=I Application-Specific Display
Auto-5Switch Display Mo
Current Display Standard Processing

Display Channel: Select which channel to display/process if multiple channels are available.

Marker Style: Select None, Long, or Short for the type of User/Distance marks to be displayed.
The Long and Short options apply to the User Marks and the None option hides all the marks.

Horiz. Scale:

e Show: Display horizontal scale.

e Hide: Do not display horizontal scale.
Grid Lines:

o Show: Display horizontal grid lines.

e Hide: Do not display horizontal grid lines.
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Data Attributes

When a file is opened, the scale will default to whatever units were saved with the file.
Vertical Units: Units for the vertical scale.

Horiz Units: Units for the horizontal scale.

GPS Units: Units for GPS information displayed in the tables, status bar, and 3D window.

Application-Specific Display

Switch between displays that include processing and viewing options based on the selected application.
Available displays are based on which modules of RADAN were purchased.

Auto-Switch Display:
o No: Data will open in the currently selected display.

e Yes: The display will change based on the data file opened. For example, if data collected with
the StructureScan Mini is opened while in the Standard Processing Display, the display will
automatically switch to the RADAN 7 for SSMini display.

Current Display:

e Reader: Opens the RADAN Reader display, which allows you to view already processed 2D
data as profiles and 3D data as depth slices. The color table, color transform, and display gain can
also be modified. If targets or picks were added in one of the other displays they can be displayed
as well. Displayed data can be saved as .jpg images. This display is available with any purchase
of RADAN 7 and will become the only way of viewing data once the demo version of the
software expires without activation.

o Standard Processing: This is the most inclusive display with access to all of the application-
specific tabs as well as all 2D and 3D (with purchase of Interactive 3D Module) viewing and
processing options.

o RADAN for StructureScan Mini: This is display that is designed specifically for data collected
with the StructureScan Mini and includes the ability to instantly process data, do some additional
processing, add interpretations, and export to a jpg or excel to quickly generate a report.

o UtilityScan DF: This is display that is designed specifically for data collected with the
UtilityScan DF and includes the ability to instantly process data, do some additional processing,
add interpretations, and export to a jpg or excel to quickly generate a report.

¢ RoadScan: Provides viewing and processing options for data collected specifically for
determining pavement layer thickness.

¢ Ground-Coupled BridgeScan: This display is designed to process data specifically collected to
determine bridge deterioration using a ground-coupled antenna.

¢ Horn BridgeScan: This display is designed to process data specifically collected to determine
bridge deterioration using an air-launched horn antenna.

¢ Dual Pol. Horn BridgeScan: This display is designed to process data specifically collected to
determine bridge deterioration using two air-launched horn antennas mounted at right-angles to
one-another.
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Section 3: Navigating Through RADAN 7 -

The Menus, Panes and Ribbons

Menus

GSSI Button

Open

1 Click the GSSI Button. Open any previously opened P s
file by selecting a file in the Recent Data Files section,
or click Open to select a file from the Source or Output
folder.

2 If Open is clicked, click on the down arrow in the Files
of Type section to open one of the following file
formats:

.dzt: RADAN file, a single profile or 3D file
(default).

.bzx: a formally created Batch file, a group of .dzt 8

files to be viewed and processed together.

Recent Documents

e Options || g Extt

.sgy: SEGY format Files.

.s3d: a formally created Super 3D Project file, which
contains information on how to create a Super 3D file
from individual 3D files.

.m3d, .b3d: a 3D project file, created either by the
system or manually.

3 Once afile type is selected, click on the file to open
and click Open, or double-click on the file to open.
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Assemble Data File

Append Files

This option appends files to create longer profiles. Select Append
Files and browse (if necessary) to the folder where the files to
append are located.

1
2

MN43-199 Rev G

Enter a name for the file being created.

Select No Merge to keep each profile separate, and
Yes Merge to combine the files into one file.

Click Next to continue or Cancel to cancel the process.

There will be two windows: Available Files in Folder are files

available to append; and Files to Append are the files that will be appended.

Adding Files To Append Together

e Click Add All to add every file from the left window to the
right window.

e Click on afile and click Add to add a single file to the right
window.

o Add multiple files at once by clicking on one file, then while
holding the Ctrl key, click on the other files to add. Then
click Add.

o If the files to add are grouped together, click on the first file,
hold down the Shift key, and click on the last file in that
group. Then click Add.

Removing Files

e Click Remove All to remove every file from the right
window to the left window.

o Click on afile and click Remove to remove a single file
from the right window.

o Remove multiple files at once by clicking on one file, then
while holding the Ctrl key, click on the other files to
remove. Then click Remove.

o If the files to remove are grouped together, click on the first
file, hold down the Shift key, and click on the last file in that
group. Then click Remove.

Click Back to return to the previous screen.
Click Finish to complete the process.

Click Cancel to cancel the process.

16
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&
_ o] w.”;.:osn: Files
f:‘i‘“ Assemble Data File g 3“?:{ Lombine Channels
_ jM Batch of Files
g:;:: 3D Batch
. ﬁ 3D Fil
v g Super3D
» ﬁ Gndded 30 File
= Ch Il Oper
4 Options || M Exit
g5
Create Appended File
Select folder of files for appending.
C:\GSST\AppendData

Spedify output appended
filename:

PitAppend

(3) Merge file databases ?

_) No Merge - Keep separate profiles

@ Yes -Merge into one long profile

Next> | [ Cancel | [ Help

o
HE

Available Files in Folder

Select files to append by either highlighting in the left window
pressing the "Add" button, or by double-dicking the left
e button,

Files to Append

FILE, 001.DZT
FILE, 002.07T
FILE, 003.D7T
FILE, 004.07T
FILE, 005.07T
FILE, 006.D7T
FILE, 007.07T
FILE, 008.D7T
FILE, 009.D7T
FILE, 010.D7T
FILE, 011.D7T
FILE, 012.07T
FILE, 013.07T
FILE 014,077
FILE 015,027
FILE 016,027
FILE 017.0ZT

Add Al

Add->

<-Remave

W] »
2
2

Remove All

< Back I[ Finish ]{ Cancel JI Help
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Combine Channels

If data were collected using multi-channels, the files may be
combined for viewing.

1 After Combine Channels is selected from Assemble Data Files,
browse (if necessary) to the folder where the files to combine
for viewing are located.

2 Click Next to continue or Cancel to cancel the process.

3 There will be two windows: Available Files in Folder are files
available to combine channel; and Files to Combine are the files
that will be added to the combine channel.

Adding Files To Combine Channels

o Click Add All to add every file from the left window to the
right window.

e Click on afile and click Add to add a single file to the right
window.

o Add multiple files at once by clicking on one file, then
while holding the Ctrl key, click on the other files to add.
Then click Add.

o If the files to add are grouped together, click on the first
file, hold down the Shift key, and click on the last file in
that group. Then click Add.

Removing Files

e Click Remove All to remove every file from the right
window to the left window.

RADAN® 7
%]
Create & Mus-Channel
Select folder containing files thit will be combinad
C:\BATOMACUGE Browese
[ Hext > Cancel |_hep
Select files to combine by either highlighting in the left window
and pressing the "Add” button, or by double-dicking the left
mouse button,
Available Files in Folder Files to Combine
FILE___001.DZT ~
FILE__002.07T Add Al
FILE__ 003.02T
FILE__ 004.DZT
FILE___005.02T
FILE___008.0ZT
FILE___007.D2T Add->
FILE__008.DZT
FILE___009.DZT
FILE__ 010.02T ST
FILE___011.DZT
FILE__ 012.02T
FILE__ 013.02T
FILE___014.D2T
FILE___015.02T
FILE___016.DZT Remove al
FILE 017077 i
<ok I

e Click on afile and click Remove to remove a single file from the right window.

o Remove multiple files at once by clicking on one file, then while holding the Ctrl key, click on

the other files to remove. Then click Remove.

o If the files to remove files are grouped together, click on the first file, hold down the Shift key,

and click on the last file in that group. Then click Remove.

4 Click Back to return to the previous screen.

Y|

Click Finish to complete the process.

6 Click Cancel to cancel the process.
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Batch of Files

To run the same process for multiple files, create a batch file that contains these files. The process is run
once and then run repeated for every file in the batch file. The batch file created will be a .bzx file and
contain only the names of the files to batch together. It will NOT be a data file (.dzt) of the files combined

RADANE® 7
Manual

Create or Edit Batch Fle

Select folder of fikes in batch,

CHBATONROUGE

Specify batch flename: BatchFleiiame|

|  Browse

Add files to the batch by either highlighting in the left window
nd pressing the “Add" button, or by double~dlicking the I=ft
se button.

ERT
a

Available Files in Folder Batch Files

FILE 001.DZT -~
FILE 002.0ZT
FILE 003.0ZT
FILE, 004.0ZT
FILE 005.07T

Add All

FILE 006.DZT

FILE__ 007.DZT Add->
FILE__ 008.DZT

FILE 009.D7T
FILE 010.D7T
FILE 011.DZT

<-Remove

FILE 012.DZT
FILE, 013.0ZT

FILE 014.07T
FILE 015.DZT

FILE 016.DZT Remove All
FILE 017.DZT

together.

1 After Batch of Files is selected from Assemble Data Files,
browse (if necessary) to the folder where the files to batch are
located.

2 Enter a name for the batch file being created.

3 Click Next to continue or Cancel to cancel the process.

4 There will be two panes: Available Files in Folder are files
available to append; and Batch Files are the files that will be
batched together.

Adding Files to the Batch

e Click Add All to add every file from the left window to the
right window.

e Click on afile and click Add to add a single file to the right
window.

o Add multiple files at once by clicking on one file, then while
holding the Ctrl key, click on the other files to add. Then
click Add.

o If the files to add are grouped together, click on the first file,
hold down the Shift key, and click on the last file in that
group. Then click Add.

Removing Files

e Click Remove All to remove every file from the right
window to the left window.

o Click on afile and click Remove to remove a single file from
the right window.

¢ Remove multiple files at once by clicking on one file, then while holding the Ctrl key, click on
the other files to remove. Then click Remove.

o If the files to remove files are grouped together, click on the first file, hold down the Shift key,
and click on the last file in that group. Then click Remove.

5 Click Back to return to the previous screen.

6 Click Finish to complete the process. The batch file is now available to open, and process, which will
automatically process each file in the batch.

7 Click Cancel to cancel the process.
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3D Batch of Files

This provides a way to combine individual data files (.dzt) that were
collected in a grid format and batch them together to create a 3D Grid
Batch file. Files collected can be collected in the X direction only,

Y direction only, or both X and Y direction. The batch file created
will be a .bzx file and contain only the names of the files to batch
together. It will NOT be a data file (.dzt) of the files combined
together.

1 After 3D Batch of Files is selected from Assemble Data Files,
browse (if necessary) to the folder where the files to batch are
located.

2 Enter the name for the batch file being created.

w

Click Next to continue or Cancel to cancel the process.

4 There will be two panes: Available Files in Folder are files available to append; and Batch Files are
the files that will be batched together. Add ALL files that should be included with the 3D grid.

Adding Files to the 3D Batch

e Click Add All to add every file from the left window to the
right window.

e Click on afile and click Add to add a single file to the right
window.

o Add multiple files at once by clicking on one file, then while
holding the Ctrl key, click on the other files to add.
Then click Add.

o If the files to add are grouped together, click on the first file,
hold down the Shift key, and click on the last file in that
group. Then click Add.

Removing Files

e Click Remove All to remove every file from the right window
to the left window.

e Click on afile and click Remove to remove a single file from the right window.

o Remove multiple files at once by clicking on one file, then
while holding the Ctrl key, click on the other files to remove.
Then click Remove.

o If the files to remove files are grouped together, click on the
first file, hold down the Shift key, and click on the last file in
that group. Then click Remove.

Click Back to return to the previous screen.
Click Finish to complete the process.

Click Cancel to cancel the process.

W N & Un

After clicking Finish enter the Starting and Ending points
of the grid.
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Create or Edit Batch Fie
Select folder of fies n batch.
C:BATONAOUGE | Browse
Speqfy baich filename: 3DBatchofFies
[ rea> | [ concel Helo
Add files to the batch by either highlighting in the left window
and pressing the “Add” button, or by double-diding the left
mouse button,
Available Files in Folder Batch Files
FILE__ 001.07T ~
FILE___002.07T i
FILE__003.02T
FILE___004.DZT
FILE__005.07T
FILE__005.02T
FILE__ 007.02T Add->
FILE___008.02T
FILE___003.07T
FILE__ 010.02T ol
FILE__ 011.DZT
FILE___012.07T
FILE__ 013.07T
FILE__014.02T
FILE__015.021
FILE__ 016.07T Remove Al
FILE  017.D7T A
— == W =
3D Batch Options

(1) Define the 3D display area by specifying its minimum X- and - coordinates
and maximum X- and Y- coordinates. These are the coordinates that define the
area shown in the 3D volume display.

Min.X = |0 (/) Mex.X= |0 )
Min.Y= |0 () Max.¥= 0 (/)
{2) Select the directions in which groups of files were collected. For
example, in most cases the files are collected in the X-direction. However
there are cases where both X-and Y- directed or other oriented fles are
collected.

[ File group in X-direction
Crmias Dmian [CIFile group in Y-direction

[ Files oriented in other directions

<Back ” Next = I [ Cancel ] [ Help
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9 Select the direction in which a group of files were collected. More than one option may be selected:

If files were collected in the X direction.
If files were collected in the Y direction.
If files were collected neither the X nor the Y direction.

10 Click Back, Next, or Cancel.

Select Files
11 After clicking Next, a window appears that allows files to be
added to one of the specified directions. Note, if both X-and =y
Y-directed files are in the batch, a separate windows will appear P AT oo O e e o
for each selected group, starting with the X-directed files. | ™=
Available Files in Batch Files in X-Direc
Adding Files To Specified Direction Ao ~] [ adaa
e Click Add All to add every file from the left window to the E§ -
right window. Al
FILE___009.DZT <-Remave
e Click on a file and click Add to add a single file to the right AL piion
window. AT =
o Add multiple files at once by clicking on one file, then while
holding the Ctrl key, click on the other files to add. Then click <tk | pext> || Cned

tion

Add.

If the files to add are grouped together, click on the first file, hold down the Shift key, and
click on the last file in that group. Then click Add.

Removing Files

Click Remove All to remove every file from the right window to the left window.
Click on a file and click Remove to remove a single file from the right window.

Remove multiple files at once by clicking on one file, then while holding the Ctrl key, click on
the other files to remove. Then click Remove.

If the files to remove files that are grouped together, click on the first file, hold down the
Shift key, and click on the last file in that group. Then click Remove.

12 Click Back, Next, or Cancel.
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Setting Data Collection Area and Line Order

RADANE® 7
Manual

1 Specify the data collection area by choosing the option “Use entire 3D display area selected earlier”

or “Use Different 3D area”. If the second option is selected, enter
in the minimum and maximum X- and Y- coordinates of the
survey area for the specified line direction.

2 Click on the Down arrow next to the yellow orientation section.
Select the direction and orientation for how the data were

collected.

3 Click Back, Next, or Cancel.

4 If necessary, double-click on the individual files and input the
starting and ending XY coordinates of that profile.

o Enter starting and ending XY coordinates.
e View File to view the individual file

e Click OK.
5 Click Back, Next, or Cancel.

=)

7 Click Back, Finish, or Cancel.
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Lastly, input GPS coordinates for this grid if available.
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@ Don't add GPS Coordinates () Enter GPS Coordinates
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GPS Units

Local 3D Coordinates

Dec. Deq.
Corresponding GPS Coordinates

Latitude (Deg) 0

Min.x= [0 o)
[
Min, ¥ = |0 (i) Longitude (Deg)
Fieldx = | 1000 (i) Latitude (Deg) 0
) 5
FieldY = | 1000 ) Longitude (Deq)
[ <Back || Fnish | [ cancel | [ Hep
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3D File

This provides a way to combine individual data files (.dzt) that were
collected in a grid format and assemble them together to create a
3D file. The information necessary to create the 3D file is stored in
the Grid Project file (.m3d). Files collected can be collected in the
X direction only, Y direction only, or both X and Y direction.

1 After selecting 3D File, enter a filename for the 3D Grid to create.

2
3

Click Save to continue.

3D Grid Options: Enter the following grid parameters based
upon how the data were collected and will be combined into a
3D Grid file.

RADANE® 7
Manual

Create New 30 File Assembbe Fibe (*.m3d)

Savein: | ) BatonPouge - "

e 3D Filename: This is the name of the single .dzt file that RADAN 7 will construct from the
individual profiles, and the location where it will be stored. Change either the name or the storage

directory by clicking on this button.

o Filesin X/Y Direction: If the same grid was collected twice, but with perpendicular transects,
these tabs are used to define different input parameters for each direction. For example, data
collected zig-zag in the X direction, but in the Y as unidirectional lines, are input as different line

orders under each tab.

e Starting (units): This is the coordinate of the bottom left corner of the grid. If the smaller grid is
tied into a larger site grid, input those coordinates here so that the axis of the resultant 3D file

matches with the larger area.

e X-Length/Y-Length: These are the maximum coordinates
of the grid. For example, if the grid is 100 inches x 100
inches, put those values in here. If the profile lines are not all
the same length, put in the measurement of the longest one.

e # Profile Lines: Total number of lines in either the X or the
Y direction.

e Line Spacing: This is the distance between each survey
transect. The software figures out this number by dividing
the grid size by the number of profile lines. Use this distance
as error checking. If data were collected with transects
placed one foot apart, and the number of transects for the
grid size is accurate, then the line spacing should be 1.
Anything else and there is a positioning error.

e Line Order: This is a pull down menu. Visualize the site

130 FILENAME -»|  C:ABATONROUGEANEWGRID DZT

Files in X Dwection | Fles in ‘v -Duescton

Gnd Limitz

Statng L} wLength ) 0.000

xyl= 0 0 V' Yiengh @ 0000

# Profile Lires o

Line Spacng  [H) 0
| Wosking Foldes-> CABATONROUGE
[[] o Load Fies from Working Folder

| LI-I | Concel |

grid and the order in which files were collected, and choose the orientation that best matches.

e Working Folder: This is where data are stored. Clicking this button will open a browser to

select a different directory.
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¢ Auto Load Files: By checking this box, RADAN 7 will go to the working directory and
automatically input the data files in alpha-numerical order. This is the same order that is shown
when data files are sorted by name in Windows Explorer (by clicking on the Name column
header). If the files are not in the correct naming convention, it may be easier to rename them in

Windows Explorer.

4 After completing all the selections in the dialog, click OK to open the 3-D File Creation window.

5 The window shows the actual locations and orientations of the profiles. If “Auto Load Files...” was
selected in 3D Grid Options the left pane will show a list of file names with starting and ending

coordinates.

6 Existing filenames and coordinates can be edited two different

ways.

o Click on a filename located in the left pane.
Then double-click that filename to edit the coordinates.

e Move the mouse cursor to a line located in the right pane

and click on it.

7 Delete a line by clicking on the file in the left pane and

pressing the Delete key.

8 Add files to the grid by clicking Add File. Click Filename to
browse and select the appropriate file. Then enter the X and Y

starting and ending coordinates for that line. Click OK to save and continue.

e The Skip Distance option skips a certain distance from the start of
the file when writing to the 3D output file. This is particularly

beneficial for files that were mistakenly started with the antenna in

back of the starting point for the grid.

e Use the Align File End button if files were collected in a
Zig-Zag pattern. This button will adjust the file so that the
last scan is aligned with the end of the grid. This option is typically
used in cases where the user is more confident in the ending
position of the profile than the starting position. This option is only |
available for evenly spaced x- or

y-directed files.

9 Once satisfied with the look of the grid, click OK in the 3-D
File Creation window and the software will combine all the files

and create a single grid file.
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~1'3-D File Creation
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Super 3D File

RADANE® 7
Manual

Combine multiple 3D Grids to create one “super” 3D Grid. This will create a new file with the
extension .dzt. A separate created .s3d file, which contains the information used to create the output .dzt

file is also created.

1 After selecting Super 3D File, enter a filename for the Super 3D
file (.s3d) being created. Click Save to save and continue.

2 Click Add File to retrieve an already assembled 3D grid.

3 File Parameters: Populate the File Parameters window.
¢ Filename: Click Filename to browse and retrieve a grid.
e Starting (X,Y) Coords: Enter the X,Y position for this grid.

o If this is the first grid being added, the Starting (X,Y)
coordinate is likely 0,0.

e If necessary, Rotate, Flip Horizontally, and/or Flip Vertically,

Create Super 30 File Assemble File (*.s3d)
Sevein | L Batonougs -

CIALF

1) CaRruadand
My Rocant
Documents
Jeskiop
i/
ty Documert,
" ]
Compater
Fie name | ~
- 3‘ Save satype X v

-

depending on how the grid was collected relative to the coordinates of the first grid added.

o Click OK the File Parameters are complete.

4 |f there are more grids to add, continue back to step 1 and repeat.

5 Once all of the grids are added, click OK and the system will combine all the grids and create

one 3D file.

Gridded 3D File

This option takes one or more 3D files or files with GPS coordinates
and creates a 3D gridded file. The gridded file is organized as a series
of profiles oriented in the X-direction for local 3D coordinates and
East-West direction for GPS coordinates. Access this option from the

Assemble Data Menu, which is accessible from the & button when
no files are open.

1 After selecting Gridded 3D File from the dropdown list, choose
the folder containing the file(s) to be gridded. All files to be
gridded must reside in the same folder.

2 Click Next to continue or Cancel to cancel the process.

3 There will be two panes: Available Files in Folder are files

Creata 30 Grid

Ths vtz alioers pos bo creabe o geidded 30 file from
ron-gridded dats containing 30 comrdwnabes.

{1} Select the foider containing the files used in the baich.

C:\DROFECIORADSNT TEST DATAID GCRIDDMG\SODSE FOND

Brgwie

available to append; and Batch Files are the files that will be batched together. Add ALL files that

should be included with the gridded 3D grid.
Adding Files to be Gridded

e Click Add All to add every file from the left window to the right window.

o Click on afile and click Add to add a single file to the right window.

o Add multiple files at once by clicking on one file, then while holding the Ctrl key, click on the

other files to add. Then click Add.
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o If the files to add are grouped together, click on the first file, hold down the Shift key, and click
on the last file in that group. Then click Add.

ia =

\ Eredgeesn

g F

Vietical Hosizeneal
- -

Rda fram left wendow
| AR b,

Avpilable Files n Basich Files
T YT
TESTLOZ! sk FLE_ £12.027

TESTLOZT FLE__BILDIT
TESTEALOIT FLE__004. 08T
a1 ' T

THETLOIT
TEST4.DZT

¥ 2,00

Rl e
FLE__20.02T
FLE___004.02T
ar__tas0ar
Rerraen b FLE___ 624007
(T

Removing Files
e Click Remove All to remove every file from the right window to the left window.
e Click on afile and click Remove to remove a single file from the right window.

¢ Remove multiple files at once by clicking on one file, then while holding the Ctrl key, click on
the other files to remove. Then click Remove.

o If the files to remove files are grouped together, click on the first file, hold down the Shift key,
and click on the last file in that group. Then click Remove.

4 \When files are added to the window above, a temporary file is created and the locations of the files in
3D space are indicated by the location view as seen in the image above.

5 Click Next to move to the next screen.

6 The next window that appears specifies the dimensions of the 3D gridded area. By default, the area
that appears encompasses all the data. There is an option to change the area to grid a subset of the
data in this window. If there are not GPS coordinates, the area coordinates will be the horizontal units
(e.g. feet or meters).

7 Click Next to move to the next screen. g e
| Cribding Dbl
8 The next window that appears is used to specify gridding 1y Somcy o iy S XSRS 2308080 (1
intervals and method. A O RO 3500050 (8]
e Specify the distance between scans: Note how the gridded e L L LRI
file size changes when the interval is changed. This may o ——
dictate how fine a grid interval is possible. b of sest oghbors  [1__=
e Specify neighbor search information: Four is the default gl ko il
value for nearest neighbors. The neighbor distance should be D ey
at least the separation distance between profile lines. @t Dotaen O P (3
o Specify gridding method: The greater the Distance Power the Vo Lrgtin = [T, Loow)
less of an effect points farther from the grid node will have
during interpolation. 1 is the default value and 3 is the s e e
maximum for RADAN 7. R T
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9

created.

RADAN® 7

Manual

Click Finish to create the Gridded 3D File. A status bar will indicate the progress of the file being

10 Once the 3D gridded file is created, a prompt will appear to enter a file name. The file will open

automatically after a name is provided.

Import GPS

If data were collected using GPS and it wasn’t automatically
imported when the .DZT file(s) were opened, select this option to
import GPS data. First, open the GPR data file. Then click the
Import GPS menu option. The GPS file name will default to the
same file name of the data file, except the GPS file will have a .tmf
extension if the data were collected with a SIR 20 or SIR 3000 and a
.dzg extension if the data were collected with a more recent system
(SIR 4000, SIR 30, UtilityScan DF).

Save

This will save the current active file along with all the parameters of
the file.

Save As
Save the current active file as:
RADAN File: Saves the file as the default .dzt file.

RADAN File: Reversed: Reverses the direction of an individual
.dzt file.

RADAN File: Split Channels: \When multi-channel data is
collected this saves the data as separate single-channel output files.
The original channels are designated by the letter appended to the
input filename. For example, if the original 2-channel file is
File_001.dzt, the output files will be File_001a.dzt and File001b.dzt,
where the “a” denotes the original channel 1 data and “b” denotes
original channel 2 data.

RADAN File: Resampled: Resample the data currently open in
RADAN 7. The resampling is performed on the samples/scan of the
open file.

SEGY File: Saves data as a .sgy file.
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Export

Export the current active file as:

e Picture as a JPG format (.jpg)

e Picture as a Bitmap format (.bmp)

e Picture as a PNG format (.png)

e Custom Image: Opens a menu to select Image Type, Image Window, Image Size, and whether to split
the output into multiple files. One of the options is to export the entire file as a linescan image.

e AutoCAD File (.dxf), which is a 2D CAD file. The 3D window must be open for this option to be
available.

e 3D AutoCAD File (.dxf). The 3D window must be open for this option to be available.

e Shape File (.shp). The 3D window must be open for this option to be available.

e 3D Slice as ASCII format, Comma Delimited (.csv): Choose from saving with the displayed X, Y, or
Z slice as an ASCII csv file. The 3D window must be open for this option to be available.

e Google Earth Format (.kml): Exports layers, targets, user marks, ground truth, and/or the GPS path
into a Google Earth .kml file that can be viewed in Google Earth when the file is opened in Google
Earth.

e Z-slice Google Earth (.kml): Exports the Z-Slice to a Google Earth KML file that will be appear as an
overlay in Google Earth when it is opened in Google Earth. The 3D window must be open for this
option to be available.

e Picks (.csv): Opens a set of menus to export Targets or Layers. See Ribbons: Structure and Functions
for more information on how to export Picks.

o File Header (.txt)

Prl nt Print Options

Pl’ll’jt an |r.nage of the-current active file. - crrairen [0

Quick Print: Print directly to the default printer. it Page Hoados

Setup: Enter print options such as Scan per Inch, Print Page Headers, P

Continuous Page, ano! a logo (Load Logo) or GSSI It_)gO. B (i ] Bisst

Print Preview: Preview the output on the screen prior to printing.

Print: Printer setting will display.

Close
Click Close to close the active file.

Close All Open Files

Click to close all of the open files.

Options

Change languages.

Exit

Click Exit to exit the software.
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Panes and Tables

My Files, Processes & Proc. List Pane

My Files

This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI
Technical Support website.

My Data: List of folders or files that the user adds and are always available when
RADAN 7 is opened.

My Recent Data: List of the most-recent 50 files that have been opened in RADAN.

GSSI Example Data: List of folders and files for use in learning different processing
methods and working through the tutorials. This list is currently un-populated when
RADAN is installed.

Processes

The Processes Tab has the same options as those located under the individual ribbons,
which are described in more detail later in this section. This opens a menu option by
clicking on the 4= to provide a list of processes available for the specific application.
Selecting a process will open the applicable Process Bar located beneath the Processes
Tab.

When a process is selected with data open the bottom half of the tab will become active
and offer any customizable options.

e Scroll Icons: Scroll through the data before clicking Go.
Go Icon: Apply the processing steps in the macro to the data.
e Stop Processing Icon: Stop testing the macro.

e Testlcon: Test the macro.

EHEEE

o Reset Icon: Reset the data after testing the macro.
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Proc. Lists

With the Process List Tab selected choose from the following
macros. A macro is a series of processing steps and/or options put
together into one option.

My Process List: List of processes (macros) the user creates for
future use.

Custom process lists can be created by right-clicking on the My
Process Lists tree item and selecting New->Process List from the
menus that appear.

RADAN® 7

Manual
_) Home Vianw Easy Processing Processing
jopen [ Linescan [ wigagte =] My Files
E | = Processes
& aw [ Depth Pane | [2=:Process Lists |

File Data Windows
Proc, Lists

3 Processes |2 Proc Lists

B Y pocess L

3-[ 1% CustomF Hew >| Category
I Ka
': % 12 Import Process List
f'l EE::: GSSI Proces: "
2= Temporary F__ Fpo :

This will open a window that contains a process tree.

Create Process List T

A process list is created by selecting individual _
processes in the process tree, then pressing the Add -> Process istName: | Test
button. After the desired processes are added, click on -9 Processing "
the OK button to add the newly-created process list to : e Zere
the My Process Lists tree. The My Process Lists tree 5T Foaus Add->
item may have to be expanded to see the newly -2 Adjust Scans —
created process list. All Process lists are saved so that : g:i:“ Surface
they are available the next time RADAN is run. -z Waveform
F1-T= Other <
£ >
Cancel

GSSI Process List: List of processes (macros)

prepopulated for commonly used processes. The GSSI
Process List is organized by application.

Temporary Process List: List of processes (macros) created for temporary use  |Froc Lists
that contain the process information generated on the data collection unit. Files Sf MyFiles (3 Processes |3 Proc. Lists

which possess process lists include those collected with SIR 30,
SIR 4000, and UtilityScan-DF files.

When a process list is selected with data open the bottom half of the tab will

become active and offer any customizable options.

=18 GS5SI Process Lists

QDE Dual Frequency

D@% 2 Channel Focusing
m Combine Channels
m Focusing
-] Homn Bridge
GEREY Asphalt Overlaid
D% Concrete Surface

¢ Scroll Icons: Scroll through the data before clicking Go. = Mini

> TR B

e Go lcon: Apply the processing steps in the macro to the data. -1 Focusing

e Stop Processing Icon: Stop testing the macro.

[9]
e TestlIcon: Test the macro.
[<]

¢ Reset Icon: Reset the data after testing the macro.
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Properties Pane
The Properties Pane will display one of four options; Global Settings,
File Header, Window Settings, Data
Channel Properties. The Properties Pane
can be toggled On and Off from the
Home Ribbon — Windows Group.
Global Settings /
Global Settings in the Properties Pane needs to be set prior to opening any data files. The Global
Parameters are only accessible when there are no open files.
File Parameters
Auto Save File: E—
TOperties
e YES: Automatically saves processed files into a folder
labeled Proc in the established Source Directory. = File Parameters
. I Auto Save Files Yes
¢ NO: P_rompts the user to save each processed file into an Source Directory CA\Users\instructor Des..
established Output Directory. — View Attributes
Source Directory: Select the folder where the source (original Display Channel ALL
data is located) Marker Style short
' Horiz. 5cale Show
Output Directory: Select the folder where the processed data Grid Lines Hide
will be saved (only an option if Auto Save File is set to No). = Data Attributes
Vertical Units m
Horiz Units m
GPS Units
. . = Application-Specific Display
VIeW AttrIbUteS Auto-Switch Display Mo
Display Channel: Select which channel to display/process if Current Display Standard Processing

multiple channels are available.

Marker Style: Select None, Long, or Short for the type of User/Distance marks to be displayed. The
Long and Short options apply to the User Marks and the None option hides all the marks.

Horiz. Scale:

o Show: Display horizontal scale.

e Hide: Do not display horizontal scale.
Grid Lines:

o Show: Display horizontal grid lines.

e Hide: Do not display horizontal grid lines.

Data Attributes

When a file is opened, the scale will default to whatever units were saved with the file.
Vertical Units: Units for the vertical scale.

Horiz Units: Units for the horizontal scale.

GPS Units: Units for GPS information displayed in the tables, status bar, and 3D window .
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Application-Specific Display

Switch between displays that include processing and viewing options based on the selected application.

Auto-Switch Display:

; ; ; Properties
No: Data will open in the currently selected display.
Yes: The display will change based on the data file opened. For = File Parameters
example, if data collected with the StructureScan Mini is opened Auto Save Files Ves
Source Directory ChUsers\InstructorDes..,

while in the Standard Processing Display, the display will
automatically switch to the RADAN 7 for StructureScan Mini

= View Attributes

. Display Channel ALL
dlsplay. Marker Style Short
Current Display: Haoriz. Scale Show
Grid Lines Hide
o Reader: Opens the RADAN Reader display, which allows yout0 | = Data Attributes

view already processed 2D data as profiles and 3D data as depth Vertical Units m

slices. The color table, color transform, and display gain can also ;'I?:ZUU_ﬂits m

nits =

be modified. If targets or picks were added in one of the other
displays they can be displayed as well. Displayed data can be
saved as .jpg images. This display is available with any purchase

= Application-Specific Display
Auto-Switch Display Mo

Current Display Standard Processing

of RADAN 7 and will become the only way of viewing data once
the demo version of the software expires without activation.

Standard Processing: This is the most inclusive display with access to all of the application-
specific tabs as well as all 2D and 3D (with purchase of Interactive 3D Module) viewing and
processing options.

RADAN for StructureScan Mini: This is display that is designed specifically for data collected
with the StructureScan Mini and includes the ability to instantly process data, do some additional
processing, add interpretations, and export to a jpg or excel to quickly generate a report.

UtilityScan DF: This is display that is designed specifically for data collected with the
UtilityScan DF and includes the ability to instantly process data, do some additional processing,
add interpretations, and export to a jpg or excel to quickly generate a report.

RoadScan: Provides viewing and processing options for data collected specifically for
determining pavement layer thickness.

Ground-Coupled BridgeScan: This display is designed to process data specifically collected to
determine bridge deterioration using a ground-coupled antenna.

Horn BridgeScan: This display is designed to process data specifically collected to determine
bridge deterioration using an air-launched horn antenna.

Dual Pol. Horn BridgeScan: This display is designed to process data specifically collected to
determine bridge deterioration using two air-launched horn antennas mounted at right-angles to
one-another.
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File Header

Once afile is open, Header information about the file will be displayed
in the Properties Pane.

Header File Parameters

Original File: Name of the original file. This will display the name of
the original file even if a processed file is open.

Created: Date the original file was created.
Modified: Date the open file was last modified.
Number of Channels: Number of channels the open files contains.

Horizontal Parameters
Scans/Sec: Number of scans collected per second in the open file.

Scans/unit: Number of scans collected per unit (meters, feet, etc.) in
the open file. This number can be modified.

Units/Mark: Number of units (meters, feet, etc.) collected per mark.
This number can be modified.

Vertical Parameters
Samples/Scan: Number of samples collected per scan.
Bits/Sample: Number of bits per sample.

RADAN® 7
Manual
Properties
=l Header File Parameters
Original File Name
Created Mar, 17 2008, 12:12:30
Modified Jul, 06 2014, 14:12:16

Mumber of Channels 1
=l Horizontal Parameters

Scans [/ Sec 120.00

Scans / Unit (ft) 50,999

Units / Mark (ft) 2.000
=l Vertical Parameters

Samps / Scan 512

Bits / Sample 1o

Dielectric Constant 740
=l Channel Information

Channel 1
Antenna Type 2.6GHz
Antenna Serial # i}
Pasition (ns) 0.00
Range (ns) &.00
Top Surface (ft) -0.362
Depth (ft) 1.447

+ Processing History

Dielectric Constant: Dielectric value entered when the data were collected. This number can be
modified and also controls the calculated vertical depth scale in the linescan and wiggle windows.

Channel Information
Channel: Which channel to display in Header Information.
Antenna Type: Antenna frequency used to collect the data.

Antenna Serial #: Serial number of the antenna used to collect the data if available.

Position (ns): Position of the start of the scan (Time-Zero) used when collecting the data.

Range (ns): Range of the data (depth) in time used to collect the data.

Top Surface: Height of the scan above the direct wave, i.e. above ground surface, from when the data

were collected. This will typically be a negative number.

Depth: Maximum depth range calculated based on the Range and Dielectric set during field collection.

Processing History: Processing steps and the order in which they occurred are recorded here. Below are

examples of the processing steps displayed.
o |IR Filters: IIR filters applied to the data.
o FIR Filter: FIR filters applied to the data.
e Position Correction: Time Zero processing.
¢ Range Gain: Any Gain modifications.
e Background Removal: Background Removal applied.
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Window Settings

Once afile is open, how the information is displayed can be viewed and changed. The Properties Pane
automatically updates based on which data display, 2D or 3D is currently selected.

View Attributes (2D & 3D) —
Display Channel: Display all channels or a specific channel.
=l View Attributes
Marker Style: Change mark lines to display as either None, Short, or Display Channel ALL
Long. Marker Style Short
Grid Lines: Hide or Show 3D grid lines. Grid Lines Hide
-I Data Attributes
. Use Surface Yes
Data Attributes (2D & 3D) Hide Blank Data Ves
. . . . Start 5 | 0
Use Surface: Yes or No. This aligns time-zero with the top of the E;a:;r:”ppl; a1
display. = Application-Specific Display
Hide Blank Data: Yes or No. Hides portion of scans with zeroed-data Auto-Switch Display  No _
Current Display Standard Processing

obtained from position shifting.

Start Sample: Starting sample to display data. This will default to the sample corresponding to time-zero
when Use Surface is set to Yes.

End Sample: Ending sample to display data. This will default to show the last valid sample number.

Application-Specific Display (2D or 3D)
Switch between displays that include processing and viewing options based on the selected application.
Auto-Switch Display:

o No: Data will open in the currently selected display.

e Yes: The display will change based on the data file opened. For example, if data collected with
the StructureScan Mini is opened while in the Standard Processing Display, the display will
automatically switch to the RADAN 7 for StructureScan Mini display.

Current Display:

e Reader: Opens the RADAN Reader display, which allows you to view already processed 2D
data as profiles and 3D data as depth slices. The color table, color transform, and display gain can
also be modified. If targets or picks were added in one of the other displays they can be displayed
as well. Displayed data can be saved as .jpg images. This display is available with any purchase
of RADAN 7 and will become the only way of viewing data once the demo version of the
software expires without activation.

e Standard Processing: This is the most inclusive display with access to all of the application-
specific tabs as well as all 2D and 3D (with purchase of Interactive 3D Module) viewing and
processing options.

¢ RADAN for StructureScan Mini: This is display that is designed specifically for data collected
with the StructureScan Mini and includes the ability to instantly process data, do some additional
processing, add interpretations, and export to a jpg or excel to quickly generate a report.

e UtilityScan DF: This is display that is designed specifically for data collected with the
UtilityScan DF and includes the ability to instantly process data, do some additional processing,
add interpretations, and export to a jpg or excel to quickly generate a report.
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¢ RoadScan: Provides viewing and processing options for data collected specifically for

determining pavement layer thickness.

¢ Ground-Coupled BridgeScan: This display is designed to process data specifically collected to

determine bridge deterioration using a ground-coupled antenna.

o Horn BridgeScan: This display is designed to process data specifically collected to determine

bridge deterioration using an air-launched horn antenna.

¢ Dual Pol. Horn BridgeScan: This display is designed to process data specifically collected to
determine bridge deterioration using two air-launched horn antennas mounted at right-angles to

one-another.

O-scope Parameters (2D w/Scope Selected from Data
Windows Group)

Color: Change the color of the wiggle trace.

Wiggle Parameters (2D w/Wiggle Selected from Data
Windows Group)

Chop: Show Both, Show Positive, or Show Negative. Removes the
peaks in the specified direction.

Fill: None, Positive, or Negative. Fills in the peaks of the wiggle traces.

Fill Level: Fills in a percentage of the upper peaks.

Scale: Sets the amplitude scale.

Skip: Skips a specified number of scans.

Stack: Stacks a specified number of scans per wiggle trace.
Space: Changes the spacing between individual wiggle traces.
Line Width: Line width of wiggle trace in pixels.

Color: Change the color of the wiggle traces.

XYZ Slicing (3D)

X Position: The position of the X-Slice in the 3D volume.
Y Position: The position of the Y-Slice in the 3D volume.
Z Position: The position of the Z-Slice in the 3D volume.

Z Slice Options

Thickness As: Slice Thickness in either Depth, Samples, or Time.

Properties

=l View Attributes
Display Channel
Marker Style
Grid Lines

=1 Data Attributes
Use Surface
Hide Blank Data
Start Sample
End Sample

=| Oscope Parameters

Coler

= Application-Specific Display

Auto-Switch Display
Current Display

ALL
Short
Hide

Yes
Yes
0

511

Il cooooo

Mo

Standard Processing

Properties

* View Attributes
+ Data Attributes
=l Wiggle Parameters

Chop

Fill

Fill Level

Scale

Skip

Stack

Space

Line Width

Color

+ Application-Specific Display

Show Both
MNone

0

16

0

1

16

.

Il 000000

Thickness: Thickness of the Z Slice. One-half of the slice thickness extends %2 above the slice position

and ¥z below the slice position.

3D Z Slice Mode: Toggle between On/Off to give the Z Slice a “3D” look.
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XYZ Visibility
Section: Toggle On/Off a blocked cube image.

Transparency: Only show a percentage of the positive amplitude
reflections from a range of Z slices.

See Through: Only show the positive amplitude reflections from
one Z slice.

Snaps: When animating or scrolling through any slice can choose
to snap the slice to the profiles actually collected.

X, Y, Z: Toggle On/Off X, Y, Z slices.

X Data: Show/Hide data obtained from profiles oriented in the
X-direction.

Y Data: Show/Hide data obtained from profiles oriented in the
Y-direction.

Other Data: Show/Hide data obtained from profiles that are not
oriented in the X-direction nor the Y-direction.

Z Slice Processing

Max RMS: The Z slice will show either the maximum value or the
root mean squared value. Using either will smooth the data.

Bkg Removal: Toggle between On/Off to remove background
from the Z slice.

Horizontal Smoothing: None, 1, 2, or 3. 1, 2, and 3 correspond
to 4, 8, and 16 samples used in a 2D moving average on each side
of a data point (i.e. sample). The 2D area is a square if the data
density is the same in both directions, and padded on the edges of a
3D area by mirroring the data before applying the moving average.
If the actual spacing between the data points used to construct the
slice is different in the x- and y-directions, then the maximum
dimension of the moving average window is the value indicated by
the filter (4, 8, or 16 data points), and therefore the other dimension

Open Shape File

RADAN® 7
Manual
Properties
=l X¥Z Slicing
X Position 9.90
¥ Position 9.90
Z Position 0.36
Z Slice Options
Thickness As Depth
Thickness 014
3D Z Slice Mode Off
XYZ Visibility
Section Off
Transparency Off
See Through Off
Snaps To Profile
X Show
¥ Show
z Show
X Data Show
Y Data Show
Other Data Show
Z Slice Processing
Max/RMS Max
Bkg Remowal On
Horizental 5moocthing | Mone
3D Toggles
Points Show
Lines Show
Contour Hide
Surfaces Hide
3D Style
Grid Show
Minor Grid Lines in X 0
Minor Grid Lines in¥ 0
Minor Grid Lines inZ 0
Mesh Hide
Background White
Lock Aspect Ratio On

of the window is rounded to the nearest even integer value. For this scenario the 2D moving average

operating on the slice is a rectangle instead of a square.

3D Toggles

Points: Toggle Show/Hide points or dots. Unlinked targets will be shown or hidden by toggling this

button.

Lines: Toggle Show/Hide lines, i.e. rebar or pipes. Linked targets will be shown or hidden by toggling

this button.
Contour: Toggle Show/Hide Z slice contour.

Surfaces: Toggle Show/Hide surfaces. Surfaces are obtained by loading a .shp file created in RADAN 6.
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3D Style

Grid: Toggle Show/Hide Grid.

Minor Grid X, Y, Z: Adjust the number of grid lines in each axis.
Mesh: Toggle Show/Hide Mesh.

Background: Change the background between Black or White.

Lock Aspect Ratio: Toggle On/Off Lock Aspect Ratio. Locking the aspect ratio keeps the target
dimensions from being stretched when the 3D volume dimensions are stretched or compressed in the
X-, Y-, or Z-directions.

Open Shape Files: Opens a .shp file created in RADAN 6.

Data Channel Properties

Once afile is open, information about the antennas used to collect the data can be displayed. If only one
antenna was used to collect the data, only Channel 1 Properties will be visible. This information is
modifiable.

Channel # Properties

Antenna Gain Adjustment: Antenna-specific gain can be applied.
This gain is independent of the display gain and is useful for
balancing the gain between channels when viewing a multiple channel

Properties

=l Channel 1 Properties

file. Antenna Gain Adjust... 0000000

Display Gain: Display Gain of the currently selected channel of data. Display Gain 0.000000
. o Inline Offset 0.000000

Inline Offset: Offset of the antenna in the direction of travel from a CrossLine Offset 0.000000

reference point. Typically this is the offset from a GPS location. For Antenna Model None

multiple channel data obtained without a GPS, this value can be used Center Frequency 0

as the position of the antenna relative to a fixed point on the data Bistatic Separation | 0.000000

=| Channel 2 Properties

collection vehicle or cart. Inline offset is positive in the forward TOP=t
Antenna Gain Adjust... 0000000

direction of travel.

Display Gain 0.000000
CrossLine Offset: Offset of the antenna perpendicular to the Inline Offset 0.000000
direction of travel. A positive offset would be to the left of the CrossLine Offset 0.000000
antenna pOSition Antenna Model None

Center Frequency 0
Antenna Model: The GSSI antenna model number. Bistatic Separation 0.000000

Center Frequency: The center frequency of the antenna in MHz.
Bistatic Separation: The distance between transmitting and receiving antennas.
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Table Pane

This pane will display database information about the currently active file. Tabs are displayed depending
on the type of application or process underway.

GeneraIOptions Way Points  Motes .~ Way Point Mames .~ Channel Positions .~ Profiles

Way Points: Computer generated or User generated User or Distance marks. These can be added or
deleted in the table.

Notes: Enter notes about the file. This is also the location of notes that are recorded with the file on
SIR 20 units.

Way Point Names: The list of names created when populating the Way Points tab with Way Point
Names.

Channel Positions: For multi-channel files, this is the offset information for each channel relative to a
fixed location. For data obtained with GPS, the fixed location is typically the location of the GPS antenna.
See descriptions of Inline and Crossline Offset in Data Channel Properties description in previous section.

Profiles: The profile location information is presented in this table. Profile starting distances and the
direction of counting (upward or downward) are shown as editable entries in the table. For files
containing multiple profiles, such as 3D files and batch files, there will be a row in the table for each
profile. The 3D coordinates of the profiles may be modified by clicking on Edit 3D Position button in the
far right of each row.

Velocity Analysis: Details generated when a Velocity Analysis is performed under the Focus Group of
the Processing Ribbon.

3D SubArea Options: Contains options that are useful when viewing Super-3D files containing multiple
subareas. Formerly, in RADAN 6, these subareas were called Regions. There will be a row in the table for
each subarea. Many of these parameters are also useful for regular 3D files.

Name: The name of the subarea. For certain 3D files this will be blank by default. This is an editable
column.

X St, XEnd, Y St, Y End: Outer coordinates of 3D subarea that are shown in the 3D volume. These
values can be edited by pressing the Edit 3D Display Area button on the far right column of the row.

Rot. Ang. (CCW): Counter-clockwise rotation angle of the subarea in local coordinates. The origin of
rotation will be the minimum (x,y) coordinates of the 3D area.

X Data: Show/Hide data obtained from profiles oriented in the X-direction.
Y Data: Show/Hide data obtained from profiles oriented in the Y-direction.

Other Data: Show/Hide data obtained from profiles that are not oriented in the X-direction nor the
Y-direction.

Hide: Show/Hide subarea data. This may be useful when dealing with multiple overlapping subareas in a
Super-3D file.

Loc. 3D Gain: Local Gain value, in decibels, applied to the 3D subarea. This is useful to balance the
gains between multiple subareas in a Super-3D file.

Display Order: The order in which the subareas are displayed in the Z-slice when there are multiple
overlapping subareas. The lower number is on top.
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Edit 3D Display Area: This is a button that opens a window that allows the user to edit the position of
the 3D volume in local 3D coordinates.

Target OpthnS ‘ Target Ground Truth . Target Picks . Targets . 2D SubArea Options

Define how each target is displayed and behaves.

Target Ground Truth: Details about each target that is corrected for depth using Ground Truth in
Interactive Mode.

Target Picks: Details about each individual target added using Interactive Mode.
Targets: Details about the target Focus groups. Each target group may have one or more target picks.

Layer Options ‘la},rer[}epths 3D Subdrea Options o Layer Ground Truth . Layer Pick Details .~ Layers

Define how each layer is displayed and behaves.
Layer Depths: Layer depths listed by scan.

Layer Ground Truth: Details about each layer that is corrected for depth using Ground Truth in
Interactive Mode. This is organized by scan.

Layer Pick Details: Details about each individual layer added using Interactive Mode.
Layers: Details about the layer Focus groups.
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Ribbons: Structure and Functions

The Ribbon contains options to process the data, different ways to display the data, and processing
options specific to specialized applications. Each tab in the Ribbon contains these different options.

Home | Easy Pru(essmg Pro(essmg 2D Interactive StructureScan RoadScan BridgeScan Horn BridgeScan Dual Paol. Horn BridgeScan Google Earth®
| .7 open .lHES an @ viggle Tal}iesl H |F|I Header (@ Global Settings || &3 Color Tables ~ [ Transter - 2 . @
|
i Save . Scope | | Location = cht;ses Window Settings i_': Color Xforms ~ :._‘-3 Show J =
Copy Print Help.
| Close || f83D-View [ Depth Pane ?. Pracess us.ts | & Dats Channel Properties E@Display Gain: 0 - & 2
File Data Windows Other Windows Display Clipboard Print Help

Home Ribbon

File Group
Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets
or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Data Window Group

LineScan

In the linescan display data are displayed in a color-amplitude form, where a
color is assigned to a specific positive or negative amplitude value of the
recorded signal dependent upon the color table and color transform selected. The
vertical scale represents time (or depth) while the horizontal scale represents the
horizontal distance traveled by the radar antenna. The Linescan display is the
most useful for mapping man-made objects, such as underground storage tanks,

pipes, and drums or for mapping geologic layers.

Scope

This will display an O-Scope to the right of the linescan data. Hold the left
mouse button down while pointing to the linescan data to correspond the
same point with the O-Scope using a horizontal line.

3D View

This will display the data as a 3D Cube. More information and options on
this mode are discussed in the Basic Processing/Tutorials section under
Basic 3D Grid Navigation.
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Wiggle

This display shows individual scan traces. The settings for this display B i
can be changed in the Properties Pane. '

Location

Used primarily for 3D Grid files or individual profiles with GPS data, location will display a grid
showing the location of each profile.

o Holding the left mouse button down on the linescan data will show the location of that spot on the
location display.

o Right-click with the mouse inside of the location display to access the following:
0 Move 3D Area: Change the starting coordinates of the grid.
0 GPS Coordinates: Add or modify the GPS Coordinates for the grid.
¢ Right-click with the mouse on the end of a line to access the following:
0 Nudge Profile: Shift the profile forward or backward along the line.
o EditProfile Coordinates: Change a profile’s location within the grid.
Depth Pane: Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Other Windows

Toggle On or Off different data property windows.

My Files: This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI Technical Support
website.

Processes: The Processes Tab has the same options as those located under the individual ribbons, which
are described in more detail later in this section. This opens a menu option by clicking on the + and then
selecting which processing steps to apply. Selecting a step will open the applicable Process Bar located
beneath the Processes Tab.

Process Lists: Opens a list of macros available for data processing.

Tables: This pane will display database information about the currently active file. Tabs are displayed
depending on the type of application or process underway.

File Header: Header information about the displayed file.

Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is
currently selected.

Data Channel Properties: Shows channel information for the selected data. Datasets with multiple
channels will display individual properties for each channel.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.
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Display Group ST B
Color Tables —_——
Color tables are used to code the amplitude of each scan (i.e., the recorded radar —
signal). Colors on the left side of the spectrum represent strong negative amplitudes. "5 S — -
As the colors go to the right, this represents the amplitude getting weaker (or cCloser 10 | ————— L
0) and the middle of the spectrum is the area of weak amplitude. As the colors go —
further right from the middle, this represents a stronger positive amplitude. e —
I
e For example, white in color table 1 corresponds to the highest positive amplitude | —
pulse; therefore, when it appears on the radar record, it means that there is a L
strong reflection (or a high dielectric contrast). ___-’_
¢ Insome color tables (such as 23), black indicates a low amplitude reflection. —— -
Therefore, a large black region on the linescan plot could be indicative of a
uniform structure (such as a homogeneous sand deposit) with little or no dielectric contrast.
Color Xforms
The Color Transform can be changed to enhance weak amplitude or small contrast S
reflectors. The color transform determines whether the color scale applied to the radar ~ [Bar™= =5 S 5
wave’s amplitude is linear, logarithmic, exponential, or customized. This function can | mm— _—_
also be used to de-emphasize certain features. — =
= =

Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the
data window and select Display Gain. Then select from a preset list of multiples ranging
from -6 up to 60. Input a Custom Value by right-clicking and selecting Custom from
Display Gain menu. This will change all samples, no matter where they are in the scan
trace, by the same amount.

H D W

4 [m

e Altering the display gain does not change data values like Range Gain, which is described later in
this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.

Transfer

Transfer is accessed through the Home Ribbon or by right-clicking on the data and has three
options for changing how the data are displayed. Transfar

-

e Abs: Shows the absolute value of the data (all positive peaks).
¢ Negate: Flips positive and negative peaks.

e Spectrum: The displayed scan will be replaced with its frequency spectrum plotted in terms of
relative amplitude (O to 1) versus frequency in MHz.

Show
This toggles the display of any targets or layers On or Off in the linescan and 3D-View.

MN43-199 Rev G 41



Geophysical Survey Systems, Inc.

RADAN® 7

Manual

Clipboard
Copy Active Window to Clipboard to paste the image in a third party software.
Print

Print Options
Quick Print: Print directly to a default printer. e
Setup: Enter print options such as Scans per Inch, Print Page Headers, (7] ik Page Headzrs
Continuous Page, and a user selected logo (Load Logo) or GSSI logo. ] Coninuous Page
Print Preview: Preview output on the screen prior to printing. s
Help

Index: Opens a .pdf of this manual.
About: Displays version and copyright information.
Update: Checks for available updates. This requires an internet connection.

View Ribbon

This tab contains menu options that are used while displaying 3D data and using Interactive Mode.
Information about specific processing for 3D and Interactive 3D is discussed in detail in the Basic

Processing/Tutorials section.

Scales Group

Vertical Scale: Select between Time (ns), Depth, or Samples.

Vertical Horizontal

Horizontal Scale: Select between Distance, Coordinates (GPS if available), Scans, or v “

None. Scales

Units GrOUp 37 Vertical Units in -

Select between English or Metric units for the vertical and horizontal scales. mh Horiz Units in :

Select units for GPS Coordinates. @ cps units - -
Units

Coordinates Group 2 @

Local

Toggle between Local or GPS coordinates display.

Caordinates
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This ribbon provides options to easily process data. Primarily, this is meant for data collected using
Concrete Scan, UtilityScan, StructureScan Mini, or Palm Antenna.

Easy Time
Fint Zero
AllIln One|| Stepl Step 2

Filters
Step 3

Step 4

R (Fe B e R A=

Background || Test/Apply | Migration
Removal

Auto
Target Depth

Automated Processed

Max

Easy Fix — All In One

This option goes through data processing step by step. Selecting Easy Fix
will open a Temporary Process List in the My Files/Processes/Proc. List
Tab Pane. The steps will guide the user through Time Zero, Background
Removal, and Migration. All these steps are customizable or offer default
settings where applicable. For more information about each processing

step see the descriptions below.

Time Zero - Step 1

Processes

IQ“'r'm;rFiles Q)Processes Ig?"F‘rﬂc. Lists

' Easy Processing
' Processing
' StructureScan
' RoadScan
’ Eridge5can
’ Horn BridgeScan

Sometimes it is necessary to vertically adjust the position of the whole profile in the data window. This is
called Time Zero Correction. A corrected Time Zero provides a more accurate depth calculation because
it sets the top of the scan to a close approximation of the ground surface. Follow the steps below to

correct Time Zero for a ground coupled, bistatic antenna.

Data Before Time Zero
is Corrected

1 Click the Time Zero icon. This will display the Time Zero Process Bar in the left pane.

2 Position Correction Methods: There are six methods available to correct Time Zero. 0.0 j

¢ Manual - User Estimates Peaks: Position the first positive peak of the direct
wave (the first reflection visible on the O-scope) by clicking on the O-scope with
the left mouse button and dragging it up to the 0.0 line. This will adjust ground 200
surface to appear at the top of the Data Pane window.

¢ Automatic: RADAN 7 will set the position of the first positive peak of the direct

wave.

e Scan by Scan: Position correction for each scan individually.
¢ H. Drift Tracking: Uses an algorithm to correct for any slight shifts in signal

position.

e H. MiniTrack: Position correction for each scan of MiniSIR data.
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o H.Thresh Tracking: Position correction for each scan by first positive or negative peak.

3 Click Apply to test the new position and, if necessary, click
Reset and re-adjust.

Note: The Manual method of Time
Zero Position Correction is

4 Click OK once satisfied to process the data with the Time

Zero correction. recommended for most aoplications.

Background Removal - Step 2

Background Removal is a filter, formally called a Horizontal Background Removal FIR Filter, ﬁ\
which removes horizontal bands of noise similar to those seen in the image below. Sometimes | gaccaround
these bands are caused by ‘real’ horizontal reflectors, but they can also be caused by low “;:g‘f'

frequency noise such as antenna ringing. These layers can obscure other ‘real’ horizontal or
point source reflectors.

The maximum value for a Background
Removal filter is 20001 scans. Filter
length should be set to the number
of scans equal to the feature length
being removed. Any continuous
feature within the data, such as a water
table reflector or a stratigraphic
boundary between two soil types, may
also be filtered out by performing
Background Removal. Be careful to
not filter out desired reflectors.

Note: This filter will remove the surface reflection
(direct coupling) pulse. Therefore it should be

performed following Time Zero Correction.

1 Click the Background Removal icon. This will display the Background

. 0k
Removal Process Bar in the left pane.

Cancel || Apply

= Background Remowval
# of Chann.. 1

¢ Full Pass: Will remove the horizontal noise throughout the enter profile. BRType  FullPass
= Channel Parameters

2 Click BR Type to choose the type of Background Removal filter.

e Scan Range: Will remove the horizontal noise within specific scans.
Locate the beginning and ending scans by clicking the left mouse button on
a linescan and looking at the scan number shown at the very bottom of the Ok | Cancel
RADAN 7 window.

Apply

= Background Remowval

0 Start Scan: Enter the starting scan number where the horizontal noise # of Chann... |1
begins_ BR Type Scan Range
i i i Start Scan [i]
0 End Scan: Enter the ending scan humber where the horizontal noise EndScan 995

ends.
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e Adaptive BR: Length of the Background Removal filter is set automatically.

3 Click Apply to test Background Removal and, if necessary, click Reset and
re-adjust.

4 Once satisfied with the Background Removal, click OK.

Test/Apply Filters — Step 3

This option offers multiple data filters. FIR filters have a finite-duration impulse response and, when
encountering a feature in the data, are guaranteed to output a finite filtered version of that feature. This
property makes it possible to design filters that are perfectly symmetrical and have linear phase
characteristics. FIR filters will therefore produce symmetrical results so reflections will not be shifted in
time or position. Refer to the Basic Processing/Tutorials section for more information on applying filters.

There are three types of FIR filters available in RADAN 7, Boxcar Filter, Triangular Filter, and Custom
Filter. Due to the symmetrical nature of FIR filters, FIR filter lengths should always be an odd number.

o Boxcar Filter: The Boxcar Filter is a rectangular filter window that performs a simple running
average on the data. A portion of the data, determined by the filter length, is averaged, and the
average is output as a single point at the center of the active portion of the filter window. The
filter moves on to the next sample and the process is repeated. The Boxcar filter assigns equal
weight to the data all along the filter length.

e Triangular Filter: The Triangular Filter emphasizes the center of the filter more heavily than the
ends of the filter. This type of filter is a weighted moving average, with the weighting function
shaped like a triangle. A portion of the data, determined by the filter length, is multiplied and
summed by this function. The result is output at the center of the triangle. The filter then
advances one sample and the process repeats.

e Custom Filter: This filter is only available for the Air Launched Horn Antennas that come with
custom filters.

The user can also choose to filter either horizontally or
vertically. Horizontal filters include Background Removal
and Stacking. Vertical filters include Low Pass and High
Pass Frequency Filtering.

¢ Background Removal Horizontal Filter: This
filter is the best way to remove horizontal bands of
noise. The length of the filter should always be a greater number of scans than the length in scans
of the longest horizontal “real” reflector to be kept in the data.

¢ Stacking Horizontal Filter: Applies a simple running-average to stack the data. Stacking
combines the adjacent selected radar scans and outputs a single scan. When stacking values are
used in RADAN 7, the program will retain the marks in the file. However, the scans per unit
distance and marks per unit distance will be changed in the header. For example, if there is a raw
file with 80 scans per meter and 1 meter per mark and it is stacked by a factor of two (2) the
output file would have 40 scans per meter written into the header (reduced by a factor of 2).

e Vertical Low Pass Filter: This filter will eliminate high frequency noise that often is seen in
relatively deep radar profiles. It will reject frequencies below an established threshold. To
identify the threshold it is recommended to view the Linescan data as a frequency spectrum. It is
a good idea to reject all frequencies below the range where meaningful data are observed.
Meaningful data is often estimated as being less than 2 times the center frequency of the antenna
(i.e. less than 800 MHz for a 400 MHz antenna).
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¢ Vertical High Pass Filter: This filter will reject frequencies above an established threshold. To
identify the threshold it is recommended to view the Linescan data as a frequency spectrum. It is
a good idea to reject all frequencies above the range where meaningful data are observed.
Meaningful data is often estimated as being greater than ¥ the center frequency of the antenna

(i.e. greater than 100 MHz for a 400 MHz antenna).

When the Test/Apply Filters icon is clicked, the left pane will display the FIR Filters
Process Bar.

o # of Channels: If multi-channel data were collected this option specifies which
channel is to be processed.

o Design: Boxcar, Triangular, or Custom Filter.

Horizontal: If choosing a horizontal filter specify which filter and the length.
o Types: Choose either Background Removal or Stacking.

o Length: Enter the number of scans to filter. High, odd numbers for Background
Removal, low, odd numbers for Stacking.

Vertical (MHz): If choosing a vertical filter specify Low Pass and/or High Pass
Filters.

e Measure the frequency of the noise bands to
eliminate. This can be accomplished by using
the Linescan Display Mode in the Home
Ribbon.

o Click the right mouse button within the linescan
data window and choose Transfer > Spectrum.

Ok

Cancel || Apply

[=/ FIR Filters
#of Chann... |1
Design BOXCAR
= Horizontal
Type BKGR REMOVAL
Length.. 0
= Channel Parameters
= Vertical (MHz)
Low... 0
Hig.. 0
= Samples
Start 0
End 511

e Set the vertical high pass frequency equal to or slightly lower than the highest frequency to be
eliminated. Set the vertical low pass frequency equal to or sllghtly higher than the lowest

frequency to be eliminated.

e Start at low or high frequencies first. If this does not
adequately filter the noise, slowly increase or decrease the
cut-off frequency. If the frequency of the noise bands is
much lower or higher than the reflections of interest, this
approach will work quite well. However, if the noise bands
and the reflections of interest are of the same frequency
the effectiveness of this approach is minimal.

Samples: Enter the Starting and Ending Samples where the

filters are to be applied.

Click Apply and Reset, and continue to apply different values until achieving the desired result.

Once satisfied with the Filters, click OK.
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The radar antenna radiates energy with a wide beamwidth pattern such that objects several feet Migration
away may be detected. As a consequence of this, objects of finite dimensions may appear as Stepd

hyperbolic reflectors as the antenna detects the object from far off and is moved over and past it.

Deeper objects may be obscured by numerous shallower objects that appear as constructively interfering
hyperbolic reflectors. Steeply dipping surfaces will also cause diffracted reflections of radar energy. This
diffracted energy can mask other reflections of interest and cause misinterpretation of the size and
geometry of subsurface objects. The apparent geometry of steeply dipping layers are an illusion and can
be corrected in many cases. Migration is a technique that moves dipping reflectors, which appear as
hyperbolic tails, to their true subsurface positions and collapses hyperbolic diffractions.

There are two Migration methods available in RADAN 7: Hyperbolic Summation and Kirchhoff
Migration.

Processes

e Hyperbolic Summation: Hyperbolic Summation works by summing along a —
hyperbola placed on the data, and placing the resulting average at the apex of the L ..
hyperbola. This process is repeated with the apex on every point in the data. 1

e Kirchhoff (default): The Kirchhoff Migration method is more accurate than the o]
Hyperbolic Summation. An average value is still derived by summing along a
hyperbola placed on the data and placed at the apex. However, Kirchhoff Migration _
also applies a correction factor to this averaged value, based upon the angle of 1
incidence and distance to the feature. It also applies a filter to compensate for the |
summation process. This filter improves resolution by emphasizing the higher 1m

frequencies and applying a phase correction.

Migration can only be performed if there is at least one point-source hyperbolic reflector in ;
the data. If a survey wheel was not used during data collection the data will first need to -
undergo Distance Normalization. More information about Distance Normalization can be

found in the Processing section under Ribbons: Structure and Functions. The following file

Migration

header parameters must also be assigned a value before the data can be migrated.

Velocity (T.. 2674
19.48
6387
127
400
. e OFF.. 000
° Load Vel. File
Scans/unit R
MaxPlot V.. 1141

e Samples/scan

e Range (ns)

1 When the Migration icon is clicked, the left pane will display the Migration Process Bar

Velocity Plot

0k Cancel | Apply

and a Ghost Hyperbola will appear on the left side of the linescan.
2 Method: Choose either Kirchhoff Migration (default) or Hyperbolic Summation.

3 Hyperbola Fitting: Both the Hyperbolic Summation and Kirchhoff Migration require that the
hyperbolic width and relative velocity are specified. Use the shape of the Ghost Hyperbola to fit over
the top of the real hyperbola in the data. Notice that as the shape of the hyperbola changes, so does
the velocity. The Ghost Hyperbola is a tool to help identify the correct velocity of the material that the
electromagnetic energy is passing through. There are two ways to change the shape of the Ghost
Hyperbola.

4 Process Pane: Move the square to adjust the shape of the Ghost Hyperbola.

5 Linescan: Reshape the Ghost Hyperbola using the three boxes that appear on the data. Once the
Ghost Hyperbola matches the real hyperbola adjust the two vertical lines to mark the edges of the
hyperbolic dipping reflectors to be summed. This is shown in the image below.
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6 As the Ghost Hyperbola is formed to fit over the real hyperbola notice how the velocity, dielectric,
time (nS), and width all change.

Velocity: The speed at which the radar pulses travel through a material. The relative velocity is
the ratio between the length of a hyperbolic reflector in the distance axis (in number of scans/unit)
to its length in the time axis on the screen (number of samples/unit).

Dielectric: The relative dielectric permittivity is a dimensionless measure of the capacity of a
material to store a charge when an electric field is applied. The dielectric constant is the real part
of dielectric permittivity, as it is normalized to air. Dielectric constant values vary from material
to material.

Time (nS): This adjusts as the peak of the Ghost Hyperbola is positioned over the top of real
hyperbolic reflector. This represents the two way travel time to the top of the reflector and is used
to compute velocity.

Width: Measured in number of scans, this is used to sum across the data file. This value should
be set to about the same number of scans as the diffraction hyperbolas in the data. Larger values
tend to give more accurate results, but if the value is too large, deterioration will occur.

Gain: This function under the Migration Process Pane is used to increase the data amplitudes
after migration, since migration usually reduces the amplitude of the radar signal. The Gain is
usually set to a value between 1.5 and 5.

7 The following settings are not automatically updated, but can affect how Migration is performed and
visualized.

Bistatic Offset: The distance between the transmitting and receiving antennas if using bistatic
antennas.

Load Vel(ocity) File: Open a .\VLC file created during the Velocity Analysis Process (described
later in this section).

Minimum Plot Velocity: This is the minimum velocity displayed in the Velocity Plot. Adjust
this value to improve the display of the velocity in the plot.

Maximum Plot Velocity: This is the maximum velocity displayed in the Velocity Plot. Adjust
this value to improve the display of the velocity in the plot.
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8 Variable Migration: If multiple hyperbolas are available at different depths a variable migration can

be performed on the data.

o Select the shallowest hyperbola first and do a regular hyperbola fitting.

o Double-click in the Velocity Plot to add a second box. This will create a new ghost hyperbola to
fit over another hyperbolic target. Perform a hyperbola fitting on the second hyperbola.

e Continue to double-click creating additional boxes and T T

performing hyperbola fitting.

9 Click Apply to Test the Migration and, if necessary, click Reset
and re-adjust. The Ghost Hyperbola was a good fit if the dipping
sides of the reflector are removed as seen in the image to the right.

10 Once satisfied with the Migration, click OK.

Note: It is recommended to change the color
palette prior to performing Migration in order to see

the Ghost Hyperbola clearly.

L 10 200 00

Auto Target — Automated Process A

If data were collected using GSSI’s Structure Scan Mini, this option will automatically pick Auto
targets by placing Dots on the apex’s of the hyperbolic reflections. Each of the Dots will appear as

in the Targets Tab as a separate target. The Target Picks tab will have all of the depth and velocity

information for each of the Dots.

Max Depth — Automated Process -
This function analyzes the noise and signal loss (attenuation) from scan to scan and provides

Max
Depth

estimate of the effective depth penetration. Real reflectors may still be located beneath the Max Depth if
they are strong enough. The output of this function is shown as a green line on the screen, as seen below,

and saved as a .Bll binary file.

1 When the Max Depth icon is
clicked, the left pane will display
the Max Depth Process Bar.

2 Max Depth Estimator: If multiple
channels of data were collected,
choose between which channels to
use to estimate max depth.

3 Simply click Apply and Reset to
test this processing function. Click
OK to accept the setting and
generate the binary file.
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Processing Ribbon

This ribbon provides both standard and advanced processing of any data and for any application. It
includes all of the same processing options from the Easy Processing Ribbon and more.

.-‘% M FIR S0 Pt ol ¢ Sealing 3~¢ Surface Normalization /" Range Gain D Hitbert Xform & Math A crannel Slending
" ﬂ PR " [, Velocity Anatysis | || Distance Normalization | .§- Static Correction ", Gain i /i D F Peaks Extraction /% Auto Target
Ee":; Ba;::‘?;:\d A8 Edit Black J+ Cross Channel Math . Signal Floor
Time Zera Filters Foous Adjust Scans Adjust Surface Galn Wavelorm Other
Time Zero

Sometimes it is necessary to vertically adjust the position of the whole profile in the data window. This is
called Time Zero Correction. A corrected Time Zero will provide a more accurate depth calculation
because it sets the top of the scan to a close approximation of the ground surface. Follow the steps below
to correct Time Zero for a ground coupled, bistatic antenna.

1 Click the Time Zero icon. This will display the Time Zero Process Bar in the
left pane. a0 10

2 Position Correction Methods: There are six methods available to correct Ml U
Time Zero. L

e Manual: User Estimates Peaks: Position the first positive peak of the
direct wave (the first reflection visible on the O-scope) by clicking on the
O-scope with the left mouse button and dragging it up to the 0.0 line. This

é}
will adjust ground surface to appear at the top of the Data Pane window. E
<]
e Automatic: RADAN 7 will set the position of the first positive peak of e 5
the direct wave. ok | cancel | Apply
e Scan by Scan: Position correction for each scan individually. = postonCorrction
e H. Drift Tracking: Uses an algorithm to correct for any slight shifts in pad sl er.
signal position. S G515
e H.MiniTrack: Position correction for each scan of MiniSIR data. T

o H.Thresh Tracking: Position correction for each scan by first positive or negative peak.

3 Click Apply to test the new position and,

I necessary, click Reset and re-adjust. Note: The Manual method of Time Zero Position
4 Click OK once satisfied to process the Correction is recommended for most applications.

data with the Time Zero correction.
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Filters Group

FIR Filter T, FIR

This option offers multiple data filters. FIR filters have a finite-duration impulse response and, when
encountering a feature in the data, are guaranteed to output a finite filtered version of that feature. This
property makes it possible to design filters that are perfectly symmetrical and have linear phase
characteristics. FIR filters will therefore produce symmetrical results so reflections will not be shifted in
time or position. Refer to the Basic Processing/Tutorials section for more information on applying filters.

There are three types of FIR filters available in RADAN 7, Boxcar Filter, Triangular Filter, and Custom
Filter. Due to the symmetrical nature of FIR filters, FIR filter lengths should always be an odd number.

e Boxcar Filter: The Boxcar Filter is a rectangular filter window that =
performs a simple running average on the data. A portion of the data,
determined by the filter length, is averaged, and the average is output as a - ;‘D':E‘::n': .
single point at the center of the active portion of the filter window. The Design  BOXCAR
filter moves on to the next sample and the process is repeated. The Boxcar = Horizontal
filter assigns equal weight to the data all along the filter length. e
e Triangular Filter: The Triangular Filter emphasizes the center of the filter | = S v
more heavily than the ends of the filter. This type of filter is a weighted Low... 0
moving average, with the weighting function shaped like a triangle. A = ;';i;;,ef
portion of the data, determined by the filter length, is multiplied and Stat |0
summed by this function. The result is output at the center of the triangle. LML
The filter then advances one sample and the process repeats.

e Custom Filter: This filter is only available for
the Air Launched Horn Antennas that come
with custom filters.

The user can also choose to filter either horizontally or
vertically. Horizontal filters include Background
Removal and Stacking. Vertical filters include Low
Pass and High Pass Frequency Filtering.

e Background Removal Horizontal Filter: This filter is the best way to remove horizontal
bands of noise. The length of the filter should always be a greater number of scans than the length
in scans of the longest horizontal “real” reflector to be kept in the data.

¢ Stacking Horizontal Filter: Applies a simple running-average to stack the data. Stacking
combines the adjacent selected radar scans and outputs a single scan. When stacking values are
used in RADAN 7, the program will retain the marks in the file. However, the scans per unit
distance and marks per unit distance will be changed in the header. For example, if there is a raw
file with 80 scans per meter and 1 meter per mark and it is stacked by a factor of two (2) the
output file would have 40 scans per meter written into the header (reduced by a factor of 2).

e Vertical Low Pass Filter: This filter will eliminate high frequency noise that often is seen in
relatively deep radar profiles. It will reject frequencies below an established threshold. To
identify the threshold it is recommended to view the Linescan data as a frequency spectrum. It is
a good idea to reject all frequencies below the range where meaningful data are observed.
Meaningful data is often estimated as being less than 2 times the center frequency of the antenna
(i.e. less than 800 MHz for a 400 MHz antenna).
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o Vertical High Pass Filter: This filter will reject frequencies above an established threshold. To
identify the threshold it is recommended to view the Linescan data as a frequency spectrum. It is
a good idea to reject all frequencies above the range where meaningful data are observed.
Meaningful data is often estimated as being greater than % the center frequency of the antenna
(i.e. greater than 100 MHz for a 400 MHz antenna).

When the Test/Apply Filters icon is clicked, the left pane will display the FIR Filters Process Bar.

o # of Channels: If multi-channel data were collected this option specifies which channel is to be
processed.

e Design: Boxcar, Triangular, or Custom Filter.
Horizontal: If choosing a horizontal filter specify
which filter and the length.

e Types: Choose either Background Removal or
Stacking.

¢ Length: Enter the number of scans to filter. High, odd numbers for Background Removal, low,
odd numbers for Stacking.

Vertical (MHz): If choosing a vertical filter specify Low Pass and/or High Pass Filters.

a) Measure the frequency of the noise bands to eliminate. This can be accomplished by using the
Linescan Display Mode in the Home Ribbon.

b) Click the right mouse button within the linescan data window and choose Transfer>Spectrum.
c) Set the vertical high pass frequency equal to or slightly Iower than the hlghest frequency to be

eliminated. Set the vertical low pass frequency equal to e e e e
or slightly higher than the lowest frequency to be '
eliminated.

1||mm||nj1 IIIJ uu u|||| i I-mhull I ml 11 i|||p|” |I1h'

|
[ :
‘ PRI BRI LRI L0 | G WA L B L LR R0 A | D

d) Start at low or high frequencies first. If this does not
adequately filter the noise, slowly increase or decrease
the cut-off frequency. If the frequency of the noise bands
is much lower or higher than the reflections of interest,
this approach will work quite well. However, if the noise
bands and the reflections of interest are of the same

frequency the effectiveness of this approach is minimal.
Samples: Enter the Starting and Ending Samples where the filters are to be applied.
Click Apply and Reset, and continue to apply different values until achieving the desired result.

Once satisfied with the Filters, click OK.
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It is a simpler and potentially cruder type of filter than the FIR filters, which is often used to remove
noise, but may change the waveform shape. When an IIR filter encounters a feature in the radar data, it
produces an output that decays exponentially towards zero but never reaches it, hence the name “infinite.”

IIR filters are not necessarily symmetrical and while they achieve excellent

amplitude response, their phase response is non-linear and so they can cause slight ‘ Ok | cancel | apply
phase shifts in the data. S

# of Channels 1
1 When the lIR Filters icon is clicked, the left pane will display the 1IR Filters " Chamnel Paramelers

Process Bar. Low... 0

o # of Channels: If multi-channel data were collected this option specifies = \Lfm' e
which channel is to be processed. High. 0

=l Samp.. 0,511
2 Horizontal: If choosing a horizontal filter specify which filter and the length. o

e Low Pass: The Horizontal Low Pass Filter allows the user to set the
number of scans that will be used for Stacking. Stacking applies a simple
running-average to stack the data. Stacking combines the adjacent selected radar scans and
outputs a single scan. When stacking values are used in RADAN 7, the program will retain the
marks in the file. However, the scans per unit distance and marks per unit distance will be
changed in the header. For example if there is had a raw file with 80 scans per meter and 1 meter
per mark and it is stacked by a factor of two (2) the output file would have 40 scans per meter
written into the header (reduced by a factor of 2).

o High Pass: The Horizontal High Pass Filter allows the user to set the number of scans used for
Background Removal. This filter is the best way to remove horizontal bands of noise. The length
of the filter should always be a greater number of scans than the length in scans of the longest
horizontal “real” reflector to be kept in the data.

3 Vertical (MHz): If choosing a vertical filter specify

Low Pass and/or High Pass Filters.

Vertical Low Pass Filter: This filter will

eliminate high frequency noise that often is seen in

relatively deep radar profiles. It will reject

frequencies below an established threshold. To identify the threshold it is recommended to view
the Linescan data as a frequency spectrum. It is a good idea to reject all frequencies below the
range where meaningful data are observed. Meaningful data is often estimated as being less than
2 times the center frequency of the antenna (i.e. less than 800 MHz for a 400 MHz antenna).

Vertical High Pass Filter: This filter will reject frequencies above an established threshold. To
identify the threshold it is recommended to view the Linescan data as a frequency spectrum. It is
a good idea to reject all frequencies above the range where meaningful data are observed.

4 Ssamples: Enter the Starting and Ending Samples where the filters are to be applied.
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5 Click Apply and Reset, and continue to apply different values until achieving the desired result.

6 Once satisfied with the Filters, click OK.

Background Removal

Background Removal is a filter, formally called a Horizontal Background Removal FIR

Z4
Background

Remaval
Step 2

Filter, which removes horizontal bands of noise similar to those seen in the image below. Sometimes
these bands are caused by ‘real’ horizontal reflectors, but they can also be caused by low frequency noise
such as antenna ringing. These layers can obscure other ‘real’ horizontal or point source reflectors.

The maximum value for a Background
Removal filter is 20001 scans. Filter
length should be set to the number
of scans equal to the feature length
to be removed. Any continuous
feature within the data, such as a water
table reflector or a stratigraphic
boundary between two soil types, may
also be filtered out by performing
Background Removal. Be careful to
not filter out desired reflectors.

Click the Background Removal

icon. This will display the Background Removal Process Bar in the left pane.

Note: This filter will remove the surface reflection
(direct coupling) pulse. Therefore it should be
performed followina Time Zero Correction.

Horizontal Noise to be

7 Click BR Type to choose the type of Background Removal filter.
¢ Full Pass: Will remove the horizontal noise throughout the enter profile.

e Scan Range: Will remove the horizontal noise within specific scans. Find the
beginning and ending scans by clicking the left mouse button on a linescan and
looking at the scan number shown at the very bottom of the RADAN 7

window.

0 Start Scan: Enter the starting scan number where the horizontal noise

begins.

0 End Scan: Enter the ending scan humber where the horizontal noise ends.
o Adaptive BR: Length of the Background Removal filter is set automatically.

8 Click Apply to test Background Removal and, if necessary, click Reset and re-

adjust.

9 Once satisfied with the Background Removal, click OK.
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Focus Group

Migration A0 Migration

The radar antenna radiates energy with a wide beamwidth pattern such that objects several feet away may
be detected. As a consequence of this, objects of finite dimensions may appear as hyperbolic reflectors as
the antenna detects the object from far off and is moved over and past it. Deeper objects may be obscured
by numerous shallower objects that appear as constructively interfering hyperbolic reflectors. Steeply
dipping surfaces will also cause diffracted reflections of radar energy. This diffracted energy can mask
other reflections of interest and cause misinterpretation of the size and geometry of subsurface objects.
The apparent geometry of steeply dipping layers are an illusion and can be corrected in many cases.
Migration is a technique that moves dipping reflectors, which appear as hyperbolic tails, to their true
subsurface positions and collapses hyperbolic diffractions.

There are two Migration methods available in RADAN 7: Hyperbolic Summation and Kirchhoff
Migration.

¢ Hyperbolic Summation: Hyperbolic Summation works by summing along a hyperbola placed
on the data, and placing the resulting average at the apex of the hyperbola. This process is
repeated with the apex on every point in the data.

¢ Kirchhoff (default): The Kirchhoff Migration method is more accurate than the Hyperbolic
Summation. An average value is still derived by summing along a hyperbola placed on the data
and placed at the apex. However, Kirchhoff Migration also applies a correction factor to this
averaged value, based upon the angle of incidence and distance to the feature. It also applies a
filter to compensate for the summation process. This filter improves resolution by emphasizing
the higher frequencies and applying a phase correction.

Migration can only be performed if there is at least one point-source hyperbolic reflector in the data. If a
survey wheel was not used during data collection the data will first need to undergo Distance
Normalization. More information about Distance Normalization can be found in the

Processing section under Ribbons: Structure and Functions. The following file header T RS
parameters must also be assigned a value before the data can be migrated. 50 180

[

e Samples/scan
¢ Range (ns) 200
e Scans/unit
1 When the Migration icon is clicked, the left pane will display the Migration Process v

Bar and a Ghost Hyperbola will appear on the left side of the linescan.

0.0

2 Method: Choose either Kirchhoff Migration (default) or Hyperbolic Summation.

3 Hyperbola Fitting: Both the Hyperbolic Summation and Kirchhoff Migration require
that the hyperbolic width and relative velocity are specified. Use the shape of the 10001
Ghost Hyperbola to fit over the top of the real hyperbola in the data. Notice that as the R [
shape of the hyperbola changes, so does the velocity. The Ghost Hyperbola is a tool to —
help identify the correct velocity of the material that the electromagnetic energy is
passing through. There are two ways to change the shape of the Ghost Hyperbola. Didectic 1

4 Vvelocity Plot: Move the square to adjust the shape of the Ghost Hyperbola.

MN43-199 Rev G 55



Geophysical Survey Systems, Inc. RADAN® 7

Manual

5 Linescan: Reshape the Ghost Hyperbola using the three boxes that appear on the data. Once the
Ghost Hyperbola matches the real hyperbola adjust the two vertical lines to mark the edges of the
hyperbolic dipping reflectors to be summed. This is shown in the image below.

ety
2.0000000

6 As the Ghost Hyperbola is formed to fit over the real hyperbola notice how the velocity, dielectric,
time (nS), and width all change.

Velocity: The speed at which the radar pulses travel through a material. The relative velocity is
the ratio between the length of a hyperbolic reflector in the distance axis (in number of scans/unit)
to its length in the time axis on the screen (number of samples/unit).

Dielectric: The relative dielectric permittivity is a dimensionless measure of the capacity of a
material to store a charge when an electric field is applied. The dielectric constant is the real part
of dielectric permittivity, as it is normalized to air. Dielectric constant values vary from material
to material.

Time (nS): This adjusts as the peak of the Ghost Hyperbola is positioned over the top of real
hyperbolic reflector. This represents the two way travel time to the top of the reflector and is used
to compute velocity.

Width: Measured in number of scans, this is used to sum across the data file. This value should
be set to about the same number of scans as the diffraction hyperbolas in the data. Larger values
tend to give more accurate results, but if the value is too large, deterioration will occur.

Gain: This function under the Migration Process Pane is used to increase the data amplitudes
after migration, since migration usually reduces the amplitude of the radar signal. The Gain is
usually set to a value between 1.5 and 5.
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7 The following settings are not automatically updated, but can affect how Migration is performed and
visualized.

o Bistatic Offset: The distance between the transmitting and receiving antennas if using bistatic
antennas.

e Load Vel(ocity) File: Open a .VLC file created during the Velocity Analysis Process (described
later in this section).

¢ Minimum Plot Velocity: This is the minimum velocity displayed in the Velocity Plot. Adjust
this value to improve the display of the velocity in the plot.

¢ Maximum Plot Velocity: This is the maximum velocity displayed in the Velocity Plot. Adjust
this value to improve the display of the velocity in the plot.

8 Variable Migration: If multiple hyperbolas are available at different depths a variable migration can
be performed on the data.
e Select the shallowest hyperbola first and do a regular hyperbola fitting.

o Double-click in the Velocity Plot to add a second box. This will create a new ghost hyperbola to
fit over another hyperbolic target. Perform a hyperbola fitting on the second hyperbola.

e Continue to double-click creating additional boxes and performing hyperbola fitting.

9 Click Apply to Test the Migration and, if necessary, click Reset
and re-adjust. The Ghost Hyperbola was a good fit if the dipping
sides of the reflector are removed as seen in the image to the right.

10 Once satisfied with the Migration, click OK.

Velocity Analysis By, Velocity Analysis

Conventional velocity analysis is based on the hyperbolic assumption. For a detailed discussion of
velocity analysis, see Seismic Data Processing, by Ozdogan Yilmaz, published by the Society of
Exploration Geophysicists in 1987, an excellent reference from which this brief description has been
extracted and adapted. Velocity Analysis in RADAN 7 calculates a velocity table using a common-
midpoint (CMP) move out method, which collects multiple offsets using a bistatic antenna configuration.
With estimated velocities acquired in this way, we can more accurately estimate the depth to certain
targets or stratigraphic features.

Theoretical Overview

For a single constant-velocity horizontal layer, the travel time curve as a function of offset is a hyperbola.
The difference between travel time at a given offset and at zero offset is called normal move out (NMO).
The velocity required to correct for NMO is called the normal move out velocity. For a single horizontal
reflector, the NMO velocity is equal to the velocity of the medium above the reflector. For a dipping
reflector, the NMO velocity is approximated by the medium velocity divided by the cosine of the dip
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angle. This approximation is better at small offsets than large offsets. For short offsets, the NMO velocity
is equal to the root mean square (rms) velocity down to the layer boundary under consideration. In media
composed of layers with arbitrary dips, the travel time equation gets complicated. However, in practice,
as long as dips are gentle and the offset interval is small relative to the reflector depth, the hyperbolic

assumption can be made.

The velocity analysis method used in this module is based on computing the velocity spectrum, which is a
plot of depth in one axis and velocity in the other. A horizontal reflector will display a bright spot in the

plot where the depth of the layer matches the velocity of the overburden.
Data Preparation - Common-Midpoint Method

To use Velocity Analysis, data must first have been collected at multiple offsets using a bistatic antenna

configuration and the common-midpoint (CMP) method (described below).

e To estimate velocity from a CMP
“gather,” collect GPR data using a
bistatic antenna configuration in
Point mode with Stacking turned on.
Initially, transmitting and receiving
antennas start off adjacent to one
another at the “zero offset” position.
(Actually, because of the size of the
antennas’ housings, transmitting and
receiving antennas are never at the
true zero offset position. Rather, the
initial offset is the distance from the
symmetrical reference - i.e., the zero
offset position- to the antenna’s centerline.)

e Data are then collected at multiple offsets, as the antennas are moved symmetrically apart from
the zero offset position. The output data quality improves significantly using a large number of
small offsets and more stacking but increases the collection time. The operator will have to decide
the best utilization of time when establishing the best offset interval, the number of stacks per

measurement, and number of offsets, versus the desired quality of data output.

1 With a CMP file open, check the Header in the Properties Pane and check that the
Scans/Unit is filled in. The Scans/Unit must be a non-zero value to perform
Velocity Analysis.

2 When the Velocity Analysis icon is clicked the Velocity Analysis Process Bar is
displayed in the left pane.

3 Configuration:

e Step: The step interval distance the antennas are moved apart each time data
is acquired during the CMP gather. This is how the much the total distance
increases between antennas with each offset.

o Offset: The initial distance between the transmitting and receiving antennas
at their zero-offset positions when they are at their closest spacing during the

=l VELOCITY ANALYSIS
= Configuration
Step 0.20
Offset 0.20
= Analysis
Min Veloc.., 005
Max Velo.. 020

Algorithm | CROS5 CORR..
T0 Method  MANUAL
T0 Value 0.00

=l Diagram
Velocity 1.00
Time (nS) 000
Amplitude | 1048576.00
Isclines False

CMP gather. Because of the antenna housing this value will always be greater than zero.
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¢ Min Velocity: This is the minimum velocity expected based upon the area where the CMP gather
was completed. Adjust this value after running Recalc to improve the display of the velocity in

the diagram plot.

e Max Velocity: This is the maximum velocity expected based upon the area where the CMP
gather was completed. Adjust this value after running Recalc to improve the display of the

velocity in the diagram plot.

o TO0 Method: Can choose to derive the Time Zero Position automatically or input it

manually.

e TO Value: Time Zero Position can be entered manually in nS.

5 Once the required information is entered, click the Recalc button and the program will
calculate the estimated velocities of the layers present in the data.

6 Diagram:

e Velocity: Show the velocity for a sample as the mouse
moves over the diagram.

¢ Time (nS): Shows the time for a velocity as the mouse
moves over the diagram.

¢ Amplitude: Shows the amplitude for a velocity as the
mouse moves over the diagram.

¢ Line Color: Changes the color of the variable velocity
curve as it is drawn on the diagram.

7 Velocity Diagram: When the cursor is placed on the
Velocity Diagram, the Velocity, Time (nS), and Amplitude
automatically update.

¢ Max: Returns the cursor to the maximum velocity of the
dataset. By clicking Max, the program will automatically

Processes

\m.-'ns VELOCITY DIAGRAM
ns 0.05 0.20

Prirt

<H> Max

Save H Close H Recalc

FO130.dzt ¢

pick the maximum velocity layer, place crosshairs at the maximum point, and display the

Velocity, Time (nS), and Amplitude.

o Left/Right Arrow: Clicking on the left or right arrow buttons will cause the
program to select other layers to display their Velocity, Time (nS), and

Amplitude.

e Print: Prints the Velocity Diagram with individual layer information that
includes Time (nS), Effective Velocity, Layer Velocity, and Amplitude.

e Save: Saves a .VLC Velocity file. This file can be used during the Migration

process instead of doing hyperbola fitting.
e Close: Closes the Velocity Analysis Process Pane.

¢ Recalc: Recalculates the velocity based upon any modified parameters in the

Velocity Analysis Process Pane.

8 Variable Velocity Analysis: Once the parameters under the Velocity Diagram
are set the user can create a variable velocity curve based upon the maximum

velocity points.
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o Double-click with the left mouse on the velocity diagram plot.
e Position the newly created box over the highest maximum velocity.

RADAN® 7

Manual

e Continue to double-click to create additional boxes to match with maximum velocity spots.

9 Velocity Analysis Tab: The Table Pane updates as more velocity points are added in the Velocity

Diagram.

10 Click Save to create a .VLC Velocity file that can be used during the Migration process on files

collected over the same area as the CMP gather.

Adjust Scans Group

Horizontal Scaling

= Haorizontal

Scaling

Data may be modified by adjusting the Horizontal Scale using the Stacking, Skipping, and Stretching
functions. Stacking can help remove small discreet targets when the user is primarily interested in
continuous layers or it can help by averaging out vertical striping in the data caused by the antenna not
staying properly coupled with the ground surface. Skipping will compress the data, which may be useful
for profiles with long horizontal reflectors. Stretching will expand the data and may improve how
horizontal reflectors are visualized. This is particularly helpful if the data were collected in point mode

with large step intervals.

1 When the Horizontal Scaling icon is clicked, the left pane will display the
Horizontal Scaling Process Bar.

2 Operation: Only one process may be performed at a time.

e Stacking: Select Stacking to apply a simple running-average to stack the
data. Stacking combines the adjacent selected radar scans and outputs a

single scan. When stacking values are used in RADAN 7, the program will
retain the marks in the file. However, the scans per unit distance and marks
per unit distance will be changed in the header. For example if there is a raw

file with 80 scans per meter and 1 meter per mark and it is stacked by a

factor of two (2) the output file would have 40 scans per meter written into

the header (reduced by a factor of 2).
¢ Skipping: Select Skipping to compress the horizontal scale. Specify the

Ok Cancel || Apply
=l Horizontal Scaling
Operation Stacking
# of Scans Stacking

Skipping
Stretching

number of scans to skip over from the previous scan. For instance, enter 1 to omit every other

scan from the file (hence compressing it by a factor of 2).

o Stretching: Select Stretching to expand the horizontal scale. The
Stretching function will calculate the simple average of two
adjacent scans (or the specified number of scans) and place the
averaged scan in between the existing scans.

3 # of Scans: Select number of scans to Stack, SKip, or Stretch.

4 Click Apply to test the process and, if necessary, click Reset and
re-adjust.

5 Once satisfied with the process, click OK.
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Stacking (3): Skipping (2): Stretching (2)

Distance Normalization

|++| Distance Normalization

Distance Normalization establishes a constant horizontal scale between marks. This function performs
rubber-sheeting so that there is an equal distance, or equal number of scans per unit distance, between
markers. This is generally required when data is collected in continuous mode without a survey wheel and
is due to unavoidable inconsistencies in antenna towing speed. When Distance Marks or both Distance

and User Marks are set Distance Normalization will correct the number of scans between markers by

stretching and skipping, thereby correcting for variations in survey speed. Distance Normalization
requires that marker information be stored in Way Points tab of the Table Pane. If marker information is

not provided the process will generate an error message.

1 Before opening a file that needs Distance Normalization be sure to set the
Horizontal and Vertical units (meters, feet, etc.) (Home Ribbon > Units).

2 When the Horizontal Scaling icon is clicked, the left pane will display the
Horizontal Scaling Process Bar.

3 Check Markers: Distance Normalization requires a minimum of TWO markers to
work.

o No double or missing markers.
e First and last markers are present.
o All User Markers are converted to Distance.

4 The Scans/Unit and the Units/Mark must be assigned a value in the input file header in order for

Distance Normalization to work.

Ok

Cancel

Apply

= Distance Normalization

scans / Unit...

Units / Mark...

Apply to Us...

0.000
1.000
False

e Scans/Unit: May be estimated by using the mouse cursor to count the number of scans between
markers or by taking the Scans/Sec value in the header and estimating the number of seconds it

took to traverse the distance between marker stations.
e Units/Mark: Determined at the time of the survey.

e To use, correctly set the Scans/Unit distance and the Units/Mark in the Header Information

located in the right Properties Pane.
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5 Apply to User Marks: Set this to Yes to use existing User Marks
for Distance Normalization, or No to use the Distance Marks. Note: Distance Normalization

6 Click Apply and Reset until achieving the desired results. is not available for a 3D file.

7 Click OK to accept the desired reports.

s 3NN

After Distance Normalization
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Edit Block

Sections of the data can be deleted or saved to create a new file. The original data ﬁ Edit Block

are not modified as part of this process.
It is recommended to change the color palette prior to performing Edit Block in order to see the Picking
tool overlay clearly.

1 Change the color palette prior to performing Edit Block in order to see the Picking tool overlay
clearly.

2 When the Edit Block icon is selected from the Adjust Scans Group, the left pane will display the Edit
Block Process Bar.

3 Click Block Operation and select one of the two options:

. ) ‘ Ok H Cancel
o Save: Will save the selected area to a new file.

= Edit Data Block

o Delete: Will delete the selected area from the original data. A new file Block Oper.. [Save

will be generated without the deleted area thereby preserving the Start Scan 168
original data. EndScan 670

= Samples
4 Select the Area: There are two ways to choose the area that to delete or ;t:d“ 211

Save.

e Adjust the Picking tool overlay that appears on the linescan to highlight
the part of the data to save or delete. To do this, simply grab the handles of the Picking tool
overlay, which will first appear on the left side of the linescan, and drag the mouse to the desired
area to save or delete as seen in the image below. While maneuvering the Picking tool overlay on
the linescan the Start Scan, End Scan, and Start and End Samples will update accordingly.

e Manually adjust the Start Scan, End Scan, and Start and End Samples in the Edit Block Process
Bar.

L [resm——
o ey e e e e ey e
% [ r— B e T e el e s T TS C o

o ety st o Dt s maston T st vt =\ o Bttt O Peats tractnn

Baspmrs

5 Click OK to process, or Cancel to cancel the operation.
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Adjust Surface Group

T=F Surface Mormalization

Surface Normalization

Surface Normalization assigns an elevation to the markers in
the database and corrects for elevation changes. A horizontal
or near horizontal reflector may not appear horizontal due to
topographic changes. This process corrects for topographic
effects. For example, a water table may appear to have . :
significantly greater relief in radar data than in actuality. When entered, elevation data will be stored
Surface Normalization corrects for the topography and displays | (= HEARETIIE R EE el el
the water table as a flat reflector.

Note: Elevation values have to be manually
assigned to the markers using Edit Markers
if they are not imported with GPS data.

1 When the Surface Normalization icon is selected from the
Adjust Surface Group, the left pane will display the
Surface Normalization Process Bar.

¢ Normal Level: Shifts the baseline of the data up or down accordingly.
If Auto Level is changed to No the Normal Level can be manually entered. Surface
Normalization requires that Distance Marks or both Distance and User Markers be used.

e Vertical Scale: The Vertical Scale may be set to 1:1 (normal view),
1:2, or 1:4. Using the latter two scales compresses the vertical axis (and adjusts the vertical scale
accordingly) by factors of 2 and 4, respectively. Compression of the vertical scale may be
necessary if the relative change in elevation for the file is greater than the display range of the
monitor being used. If data is not compressed, the file may ‘run-off’ the top or the bottom of the
display window.

¢ Auto Level: Automatically sets the level at which the data will be shifted up or down.
2 Click Apply and Reset and make necessary adjustments.

3 Click OK when once desired results are achieved.

Before Surface Normalization
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After Surface Normalization

Static Correction J- static Correction

Static Correction compensates for variations in elevation, phase shifts, and high frequency noise present
in the horizontal direction and is generally one of the last processing steps undertaken. It compensates for
noise introduced from processing, by shifting the reflector within a specified time window (specified by
the number of samples) so that it is realigned. Static Correction assumes near-horizontal discontinuous
noise due to poor antenna coupling, time zero tracking problems, or some localized changes in the
velocity. After a lot of processing, a once horizontal (or near-horizontal) and continuous layer may appear
discontinuous and slightly shifted in time, making the reflector difficult to trace from scan to scan. Static
Correction can correct for this. Another function of Static Correction is that it filters horizontally without
influencing the vertical frequency of the data, unlike with Horizontal High and Low Pass Filtering.

1 Change the color palette prior to performing Static Correction in order to

see the Picking tool overlay clearly. ‘ Ok H Cancel ‘

2 When the Static Correction icon is selected from the Adjust Surface Group, | = Static Corrections

the left pane will display the Static Correction Process Bar. £ Model Base
T B
3 Select the horizontal (or near-horizontal) layer for Static Correction. Li;h 1_:“ -
4 A Picking tool overlay will appear superimposed on the Linescan data. Use Window H... |50
the mouse to shape the rectangle to the desired width and move it so it L“"‘S:;L" ;.m
ax

covers the reflector of interest as demonstrated in the image below.
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5 After adjusting the first segment on the reflector, move the cursor along the reflector clicking with the
left mouse button to expand the overlay. In this way, create a multi-segmented window that the Static
Correction function will use to trace a reflector.

6 Adjust the window height (in number of samples), the filter length, and the type of model (Boxcar or
Triangle) as necessary.

7 Model Base: RADAN 7 creates a model scan of a specified filter length and performs a horizontal
boxcar or triangle filter of that specified length using the number of samples in the window and
compares it to the highlighted layer.

e Type:

0 Boxcar Filter: The Boxcar Filter is a rectangular filter window that performs a simple
running average on the data. A portion of the data, determined by the filter length, is
averaged, and the average is output as a single point at the center of the active portion of the
filter window. The filter moves on to the next sample and the process is repeated. The Boxcar
filter assigns equal weight to the data all along the filter length.

o0 Triangular Filter: The Triangular Filter emphasizes the center of the filter more heavily than
the ends of the filter. This type of filter is a weighted moving average, with the weighting
function shaped like a triangle. A portion of the data, determined by the filter length, is
multiplied and summed by this function. The result is output at the center of the triangle. The
filter then advances one sample and the process repeats.

¢ Length: Enter the number of samples to filter.
8 Window Height: Height of search area in samples.

9 Threshold: The correlation threshold is the value used to cross-correlate the model data with the
actual data. It is this parameter that determines how well a layer can be traced from scan to scan. The
correlation threshold is usually from 0.5 to 1.0.

10 Max Shift: The maximum number of samples a scan can be shifted up or down.

11 Click OK once desired results are achieved.
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Range Gain

Range Gain offers a way of changing the gain curve at different points and using
different methods. This is helpful if a portion of the data is under or over gained
during data collected. There are four Range Gain options available in RADAN 7:
Automatic Gain, Linear Gain, Exponential Gain, and Smart (antenna-specific)

Gain.

1

2

When the Range Gain icon is selected from the Gain Group, the left pane will
display the Range Gain Process Bar.

Select Gain Type:

Automatic: The Automatic Gain feature attempts to balance the gains
over each scan. When the Automatic Gain function is selected, gain
corrections are applied to the entire data set. These curves will not only
amplify the low amplitude signal but also the high amplitude areas.

Exponential: The Exponential Gain function applies an exponential
gain curve between gain points. Scans are then multiplied by the gain
curve.

Linear: The Linear Gain function applies a linear gain between gain
points. Scans are then multiplied by the gain curve.

Smart: This is an antenna-specific gain curve, which is only available
for the SSMini, SSMini HR, Mini EZ, and Mini EZH.

Set Channel Parameters if using either Linear or Exponential Gain
functions:

# of Points: Number of sections the data is equally divided vertically.

RADAN® 7
Manual
/" Range Gain
Process Bar
5.0 5.0

0.0

100.0
Ok Cancel || Apply
=/ Range Gain
#of Channels 1
Gain Type Exponential
=l Channel Parameters
£ 0f Poi. 5
Gain 1 0.00
Gain 2 -3.50
Gain 3 310
Gain 4 0.00
Gain 5 0.00
+ Samp.. 0,511

Overall Gain (dB): For the Automatic Gain the overall gain factor is normally set between 2 and

5. Only applicable to Automatic Gain.

Horiz TC (scans): A value for the horizontal time constant is required to run the Automatic Gain
function. This time constant determines how many scans on the left side of the current scan will
be used to shape the automatic gain curve. It applies a weighted filter. A small value giving more
weight to scans adjacent to the current scan, a large value giving weight to those further away.
The horizontal time constant is normally set between 11 and 21. Only applicable to Automatic

Gain.

Adjust Gain Points: Linear Gains and Exponential Gains are applied manually and allow the user to
manipulate the amount of gain between gain points by either changing the gain in the value box or by
dragging the gain points (small squares) on the Oscope to the right or left. It is recommended to set

the number of gain points between 4 and 8, but RADAN 7 allows for 16 gain points.

Clipping: While adjusting the gain points it is important that the wiggle trace stay within the view of
the Oscope window. If the wiggle trace extends beyond the limits of this window clipping will occur
and portions of the data beyond the screen will be removed. This will over gain the data.

Click Apply and Reset, and make any necessary adjustments.

Click OK desired results are achieved.
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Before Range Gain After Range Gain

Gain Restoration

The Gain Restoration function removes the gain applied to the data during
acquisition. Restoring gain is an important option if the data are to be exported to @ |process sar
forward modeling program, or determine the dielectric permittivity, conductivity,
and dispersion (approximate attenuation) of layers. The Gain Restoration function 5.0 5.0
uses gain information found in the file header to remove the gain function and 0.0 T
normalize the gains. L

", Gain Restoration |

ol

1 When the Gain Restoration icon is selected from the Gain Group, the left pane
will display the Gain Restoration Process Bar.

2 Channel Parameters:

¢ Overall Gain: Enter the display gain value to apply to the data after the
gain applied during data collection is removed.

o Sample: Enter Starting and Ending Samples to apply Gain Restoration.
3 Click Apply and Reset, and adjust if necessary.

100.0

4 Click OK once desired results are achieved.

0Ok Cancel

Apply

After Gain = Gain Restoration
# of Channels | 1

Restoration = Channel Parameters

Overall ...  0.00
samp... 0, 511

il
o

Note: Gain differences exceeding 30 dB may
result in a significant loss in data resolution.
Saturated data will result in distorted wavelets

=
in

after Gain Restoration.
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Hilbert XForm

A Hilbert Transform is used to display subtle properties of the earth. Reflector
amplitude and time are the primary types of information in GPR data used to make
interpretations. Another way of defining the data is by transforming it into
frequency and phase (positive or negative changes in the scan trace). This
information is sometimes more sensitive to important subsurface (dielectric)
changes in the amplitude or geometric information.

A Hilbert Transform will change a radar signal represented as a time series into its
magnitude (via envelope detection), instantaneous phase, or instantaneous
frequency components (the derivative of phase). The Hilbert Transform expresses
the relationship between the phase and magnitude of the signal, or between its real
and imaginary parts. It allows the phase of a signal to be reconstructed from its
amplitude.

1 When the Hilbert Transform icon is selected from the Waveform Group, the
left pane will display the Hilbert Transform Process Bar.

2 Channel Parameters:
e Transform:

0 Magnitude: The magnitude display is useful for indicating the raw
energy reflected from an object or layer.

0 Phase: The radar wavelet itself may not always be a clear indicator of
energy levels because it consists of several cycles.

RADANE® 7
Manual

I} Hilbert ¥form

Process Bar

-1.0 1.0

0.0

40.0

80.0

_ﬁ”‘wwwwwfw“\ﬁ

Cancel

‘ 0k Apply

= Hilbert Transform
# of Channels 1
= Channel Parameters
Transfor.. MAGNITUDE [

= Samp... |MAGNITUDE
st.. |PHASE
FREQUEMNCY
End :u.J.Q

o0 Frequency: The instantaneous frequency indicates how the earth is filtering the radar signal.

This sets the maximum frequency that will be output.

o Samples: Enter Starting and Ending Samples to apply the Hilbert Transformation.

3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.

Before Hilbert XForm After Hilbert XForm
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Deconvolution

Multiples or “ringing” occur when the radar signal bounces back and forth
between an object (such as a piece of metal or layer of wet clay) and the
antenna, causing repetitive reflection patterns throughout the data and obscuring
information at lower depths. Multiple reflections may also be observed when
mapping water bottom, bedrock (or till), or voids. Deconvolution is the filtering 0.0
method used to remove this type of noise or interference.

RADAN 7 uses a method called Predictive Deconvolution, which is aptly
named because it tries to approximate the shape of the transmitted pulse as the
antenna is coupled to the ground. This method tries to approximate the shape of || 4g.0
the transmitted pulse as the antenna is coupled to the ground. Assuming a
source wavelet of a specified length, called the operator length, this filter will
predict what the data will look like a certain distance away, called the
prediction lag, when the source wavelet is subtracted (or deconvolved) from it.
This results in the compression of the reflected wavelet. Predictable 80.0
phenomena, such as antenna ringing and multiples, are moved to distances
greater than the prediction lag and are effectively removed from the data.

1

2

Manual

;-;."-.‘ Deconvaolution

Process Bar

1.0 . 1.0

When the Deconvolution icon is selected from the Waveform Group, the ‘ Ok || Cancel || Apply
left pane will display the Deconvolution Process Bar. - b :

reconvolution

. #of Ch Is 1

Channel Parameters: In order for Deconvolution to work properly, e ters
certain parameters, such as operator length, prediction lag, prewhitening, Operato... 31
gain, start sample, and end sample, must be supplied as inputs. Feddon 2

Overall ...  1.00

Operator Length: The operator length specifies the size of the filter

+ Samp.. 0,511
used in terms of the number of samples making up 1 pulse length. ’

Longer filters give a better approximation of the radar wavelet and generally give better results.
A good rule to start with is that the operator length should be about one full cycle of the radar
antenna wavelet. A value less than this gives poor results.

0 Measure: Measure the width of a reverb in number of samples.

0 Enter: Set the operator length to that value. Increase the operator length slightly for more
effect.

Prediction Lag: The Prediction Lag should be set to the desired length of the output pulses
(about one-half cycle of the antenna wavelet). Anything smaller than this will produce more
noise. When using Deconvolution to remove multiple reflections, the lag should be equal to or
less than the spacing between multiples. A prediction lag between 5 and 1 is used to approximate
“spiking” deconvolution, which matches and removes the wavelet. However, this introduces
significantly more noise into the data.

Prewhitening: Prewhitening modifies the autocorrelation function by boosting the white noise
(zero delay) component. Mathematically, prewhitening stabilizes the filter, thereby smoothing the
output and reducing noise. Values between 1 and 10 percent are common, 8 percent is a good
value to start with.

Overall Gain: Overall Gain may be needed because the deconvolution process attenuates the
signal, especially when the prediction lag is short. Gain values of 3 to 5 are common, but use
whatever achieves an amplitude level equal to the original data.

Samples: The starting and ending sample should be set to establish the “time gate," specified in
terms of sample number, in which the Deconvolution filter is active. For instance, a start sample
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and end sample of 256 and 1024 respectively may be used to remove multiples beneath a reflector
located at sample number 240 in a 1024 Samples/Scan data set.

3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.
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Before Deconvolution After Deconvolution
h G '],'{ Math f-"' Channel Blending
Ot er rou p f Peaks Extraction ﬂ Auto Target
E|-b Cross Channel Math —. Max Depth
Math Other

Simple arithmetic functions may be performed on the data by
using the Math processing option. In includes steps to subtract another file, add or multiply by another
constant, or express data in terms of its absolute value, square root, or integrate the data.

1 When the Math icon is selected from the Other Group, the left pane will display the Math Process
Bar.
2 Channel Parameters:

o Before Function: It is possible to add, subtract, and multiply by a constant before performing a
nonlinear function.

0 Add Constant: Add or Subtract values to or from the sample.
0 Multiply Constant: Multiple the sample by a given value.

¢ Function: The Arithmetic Function provides options to perform a number of linear and nonlinear
functions. When designing an operation, be aware that the original data is only 8 bits, it will range
from -128 to 127 before the math operation. After the operation, the output file will still be 8 bits,
any overflows as a result of the operation will be clipped.

MN43-199 Rev G 71



Geophysical Survey Systems, Inc.

3

Negate: y(t) = - x(t): Reverses the phase of the scan trace thereby
making positive peaks negative and negative peaks positive.

Absolute Value (ABS): y(t) = | x(t) |: Takes the absolute value of each
peak.

Differentiate: y(t) = x(t) - x(t-1):
Integrate: y(t) = x(t) + x(t-1) + x(t-2) +...:

Square: y(t) = (x(t)) 2: Using the Exponential or Squared function, this
can emphasize strong (high amplitude) signals and reduce or remove
weak (low amplitude) signals or noise.

Square Root (SQRT): y(t) = (x(t)) "2: When using Log or Square Root
functions, data amplitudes must be expressed as positive numbers (i.e.,
data cannot be zero or negative). Otherwise, an error will occur resulting
from an improper mathematical procedure. Therefore, first take the
absolute value of the data. This function emphasizes low amplitude data
relative to high amplitude data.

Log: y(t) = In [x(t)], where In[x(t)] is the natural logarithm: \When
using Log or Square Root functions, data amplitudes must be expressed
as positive numbers (i.e., data cannot be zero or negative). Otherwise, an
error will occur resulting from an improper mathematical procedure.
Therefore, first take the absolute value of the data. This function
emphasizes low amplitude data relative to high amplitude data.

Exponent (Exp): y(t) = Exp [x(t)] or e™*¥): Using the Exponential or
Squared function can emphasize strong (high amplitude) signals and
reduce or remove weak (low amplitude) signals or noise.

RADAN® 7
Manual
Process Bar
-1.0 1.0
0.0 t
410.0 i
80.0 Aﬁ
|
‘ Ok Cancel Apply
= Arithmetic Functions
# of Channels 1
=l Channel Parameters
= Before Function
Add 1}
Multi... | 1.0000

Function  Mone =

= After FyNone
Multi.., |Megate

ABS
Add | pifferentiate
t Samp... |Integrate
Square
SQRT
LOG
EXP

After Function: It is possible to add and multiply by a constant after
performing a nonlinear function.

0 Multiply 2™ Constant: Add or Subtract values to or from the sample.

o Add 2™ Constant: Multiple the sample by a given value.
Samples: Enter Starting and Ending Samples to apply the Math function.

Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.
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Peaks Extraction

The Peaks Extraction function will automatically trace continuous reflections in
the data window of the active file according to the user specified selection parameters. It is used to
emphasize strong reflections.

1

2

6
7

When the Peaks Extraction icon is selected from the Other Group, the left
pane will display the Peaks Extraction Process Bar.

Select: Defines if the function will trace all peaks, only the positive peaks,
or only the negative peaks.

Max # of Points: Defines the number of peaks to trace. The indicated
number of strong reflections will be displayed. Reflections may vary along
the profile, but their total number in any trace will not exceed the Max #.

Samples/Point: Defines the width of the peaks in the vertical directions.
The peaks are displayed as bands of the indicated width, with the
amplitude values preserved within these bands. The rest of the data is set to
zero.

Start and End Samples: By default the entire trace is processed, but the
user may choose any horizontal layer, expressed in sample numbers. Only
the selected interval will be processed, the rest of the file is left unchanged.

Click Apply and Reset, and adjust if necessary.

Click OK once desired results are achieved.

N
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F Peaks Extraction

Process Bar

-1.0 1.0
0.0
_—
40.0 =
80.0
‘ Ok Cancel Apply

= Local Peaks Extraction
# of Channels 1
Select ALL [~

Max # of Po... [ALL
Samples / P.., POSITIVE ONLY
= Channel P MEGATIVE OMLY

samp... 2, 511
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Following Peaks Extraction.

Cross Channel Math

-+ Cross Channel Math

The Cross Channel Math function creates combinations of channels and assigns them to a selected
channel in a multi-channel file. A selection of arithmetic operations is available for this operation.

1 When the Cross Channel Math icon is selected from the Other Group, the left pane will display the

Cross Channel Math Process Bar.

2 Select Channel: When multiple channels are available choose which one to apply the Cross Channel

Math function to. For a single-channel file, Cross Channel Math means an
arithmetic function will be performed on that channel.

3 Channel Parameters:
¢ Function:
NONE: No transformation.
ADD: Adds the channel.
SUB: Subtracts the channel.
ADD3: Add 3 numbers.
SQADD: Square root of the absolute value of the sum of the channels.

O O OO O O ©O

SQSUB: Square root of the absolute value of the difference of the
channels.

0 SQDIV: Square root of the absolute value of the division of the
channels.

0 SQMUL: Square root of the absolute value of the product of the
channels.

VSUMM: Square root of the sum of the squares of the two channels.

VSUMM3: Square root of the sum of the squares of the three channels.
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¢ Gain Compensation: Removes applied gain from each component before function.
e Comp 1: Channel number mapped to the component.

e Gain 1: Gain applied to the component.

o Comp 2-3: Channel number of other component used in Functions other than NONE.
e Gain 2-3: Gain applied to the corresponding component.

4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired results are achieved.

-}+ Cross Channel Math

Channel Blending

The Channel Blending function serves to blend two separate channels of data into one profile. It is
intended to combine high and low frequency data, such as that collected with the UtilityScan DF.

1 When the Channel Blending icon is selected from the Other Group, the left ~ [= Channel Blending
pane will display the Channel Blending Process Bar.

Percent Position 80

2 Percent Position: Where on Channel 1 the blending will begin. Percent Width 20

3 Percent Width: Width of the blending centered on the position where the

blending will occur.
g Note: The output from Channel Blending

4 Click Apply and Reset, and adjust if necessary. is placed in Channel 2 and replaces the
original Channel 2 data. The first channel

5 Click OK once desired results are achieved. of data is still available in Channel 1.

o
=
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Prior to Channel Blending.

=
=)

o o b
n = o

-
=
=

12.5

MN43-199 Rev G 75



Geophysical Survey Systems, Inc. RADAN® 7

Manual
ft
ft
0.0 _
2.5_:
5.05
7.55
m.n_:
12.55
Following Channel Blending.
Auto Target - Automated Process
If data were collected using GSSI’s Structure Scan Mini, this option will automatically pick A
targets by placing Dots on the apex’s of the hyperbolic reflections. Each of the Dots will appear
as in the Targets Tab as a separate target. The Target Picks tab will have all of the depth and nuto
velocity information for each of the Dots. Target

Signal Floor — Automated Process

This function analyzes the noise and signal loss (attenuation) from scan to scan and provides estimate of
the effective depth penetration. Real reflectors may still be located beneath the Signal Floor if they are
strong enough. The output of this function is shown as a green line on the screen, as seen below, and
saved as a .Bll binary file.

1 When the Signal Floor icon is clicked, the left pane will display the Max Depth Process Bar.

2 Signal Floor Estimator: If multiple channels of data were collected, choose between which
channels to use to estimate max depth.

3 Simply click Apply and Reset to test this processing function. Click OK to accept the setting and
generate the binary file.
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2D Interactive
This ribbon allows you to add targets and layers to your 2D data and display them in 3D.
;;v Show Pick Type [Target X Pick Polarity [Positive i |..¢ Drsab[ed| &Select Range ?fEZTracker ¥ Global Options ECSV File
E’ Add or Edlt_ ¥ Focus (Rebar i I Vearch Width |9 ¥, L1 single Point 3,\ Ground Truth %%F Settings - 3 Excel
Mew Target ﬁ']Select Block B stop Display Gain: 12 = ||| o KML File
Interactive Status Objects Pick Attributes Pick Tool Other Options Export

Interactive Status Group

Show

Toggles On or Off the targets and layers already added to the data. Selecting Show does not enable the
rest of the 2D Interactive Ribbon. That requires selecting Add or Edit.

Add or Edit

When selected the targets or layers already added to the data will be displayed and you can either edit the
existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D Interactive
Ribbon.

Objects Group

Pick Type

There are two types of objects that can be added to the data; Targets or Layers. Pick between Target or
Layer to choose which gets added or modified.

Focus

This specifies which Target or Layer is being added or modified. If multiple Targets have already been
drawn they will appear in the drop down menu. The drop down menu is also used to select a new Layer.

New Target

Click here to draw additional targets. This option is only available when adding Targets and does apply to
adding more layers. Those are added by using Focus.

Pick Attributes Group

Pick Polarity

When picking targets or layers, the user may specify which portion of the reflection to attach new picks to
Positive, Negative, Absolute, or None polarity.

Search Width

In pixels, enter the search width for the Single Point picking tool.
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Pick Tool Group

[p@ Disabbed] ﬁSelect Range ﬁEZTracker
Disabled L1 single Point T Ground Truth Start
rot

48] select Block B stop
Pick Tool

Disable Picking Tool.

Single Point

Enter a single point when target picking. A left mouse click adds a point and a right mouse click deletes a
point.

Adding Picks in Single Point Mode:

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear on
the data. The type of search used to locate the new pick can be customized in the Other Options
menu under Global Parameters.

o A pick will only be successfully added if a reflection can be located over the cursor search width.

144 288 432
ns I|||P|II|II|l||II|I|I

e If no pick is added after pressing the left mouse
button, reposition the mouse cursor and click the left
mouse button again.

o
=

o For cases where the reflection peak is reversed
polarity, the user would first need to select Neg. Peak
for the Pick Polarity under the Pick Attributes Group,
then place the mouse cursor over a negative polarity
reflection.

-
=

Add Points
Dedete Ponts

i
=

Pick Mod, Opfions  #
Interpolate Pts.

il boana v

Deleting Picks in Single Point Mode: To delete poor
picks, right click on the point with the mouse.

Select Block

The Select Block picking tool is designed to operate over a large number of scans. When Select Block is
activated a translucent square appears over the data when the user clicks the left mouse button. The select
block contains tiny squares on each face and corner for resizing.

Select Range

When Select Range is activated a translucent overlay appears over the data, extending the entire length of
the profile. It operates similarly to the Select Block, except that all operations performed using the Select
Range picking tool are performed within the time interval (slice width) of the selected area on all of the
scans in the file. The slice width is adjusted by clicking the left mouse button on one of the handles
(located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle to the
desired location.

Select Block and Select Range
The following options are accessed by right-clicking within the block or range selected.

Add Points: Will activate the program to begin a smart search for reflection peaks within the selected
region. Circles will overlay the data where reflection peaks are identified by the search algorithm. Picks
will be added to whichever Target or Layer is currently active (i.e. in Focus).
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Delete Points: Will activate the program to start deleting the picks of the current Target or Layer located

within the selected region.

Pick Modification Options -

Velocity ks

&3

¢ Change Pick ID: Change the layer or target number assigned to the picks || Velociw:—}m S
located within the selected region. For example, the user desires to Nk aoht| 022 i
change the layer # of a group of Layer 3 picks to Layer 2. The user must ek -
select layer 3 as the Current Layer, position the Select Block (or Select

Range) over the group of points and click the right mouse button to

Select velocily calculation methad foe

access the Pick Modification Options. Select Change Pick ID to switch
from Layer 3 to Layer 2.

zelected packs. Check 'Lock Velocity" to
peevent it from being charged when
rochfifyireg the velocity method elsewhens

U
f oK. | Cancel

e Change Pick Velocity: Changes the velocity of the currently selected
layer picks located in the selected region. It opens a dialog box for entering the desired velocity.
The user can choose to either specify the new velocity, use the nearest core, or ground truth, data,
or use results from velocity analysis. Choosing Lock Velocity keeps the data from being change
with subsequent velocity
modifications.

Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using the
interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under Interpolation
Method.

Ground Truth

Selecting the Ground Truth icon allows the user to individually adjust the depth of picks based upon a
true measured depth. As depths are entered they appear in the Target or Layer Ground Truth tab of the
Table Pane.

To enter individual Ground Truth information:
e Select Ground Truth from the Interactive Mode window.
o Click in the data the spot where the ground truth was collected.
o Enter the depth.
e Click OK or Cancel.

To specify all new layer picks to have velocities calculated from the ground truth data, change the Vel.
Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker
Allows the user to add a layer or targets by interpolating data between mouse clicks.
1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.
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4 Stop: Select to stop EZ Tracker.
5 If there are breaks in the layer then select and Stop and Start to skip the break.

# Global Cptions
Other Options Group e
Other O:ptions

Global Parameters

Single Pt. Search Length: \When using Single Point Global Parameters B
Picking Tool, this setting determines whether the pick is

entered at the closest peak or using the cursor length. Single Pt. Search Length
Amplitude Values: Use Data Units, decibels (dB), or Amplitude Values
Normalized dB. Interpolation Method

e Data Units: Provides the layer bottom reflection

amplitudes in the actual data values. Filllayer with display color in depth pane

e dB: Converts the data units amplitudes to decibels x|

Cancel Hel
(dB) by using the equation 20*log10(x) where X is | )| :

the absolute value of the data amplitude.

¢ Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and
2147483648 for 32 bit data before converting to dB.

Interpolation Method: Each time a pick is added a search is performed to locate the corresponding
feature of the reflection that will be used to identify two-way travel time and amplitude. Use either
Automatic, Nearest Peak, or Linear.

¢ Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans apart
this mode switches to Nearest Peak.

¢ Nearest Peak: Search for the nearest peak between existing picks.

e Linear: Draws a straight line between two previously interpreted picks.
Checking the box will fill the layer with a chosen color in depth pane.
Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers | Non-Filled Layers
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Settings
Load Default Settings: Loads previously saved default settings for Interactive Mode.

Save As Default Settings: Saves the current Interactive Mode settings including all layer properties and
display options.

Display Gain 12 -

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up
to 60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. | 4
This will change all samples, no matter where they are in the scan trace, by the same amount. 10

4 [m

o Altering the display gain does not change data values like Range Gain, which is
described later in this section under the Easy Processing and Processing sections.

o Altering the display gain may make it easier to see lower amplitude targets.

Export Group fm Csv File

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, [ Excel
or the layer information exported to a KML file (if GPS was collected with the data) for s
viewing in Google Earth.

Export

CSV File
Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.

Use Existing: Use existing custom fields that were created in
Create Custom or are available for specific applications from
G SS I ) Available Export Configs Output Fields

{24 Custom

e Select an Available Export Configuration. s

o Modify Options for Filtering Data as necessary.
e Save the exported CSV file.
Create Custom: Select fields to export.

Selected Export Config: |

o Select the desired Export Category.

e Choose which Available Fields to include in the CSV
file. <o | ) [cem ] [ rem

o Choose whether to export all of the data or specify
ranges or certain values. If filtering exported data, then modify Options for Filtering Data as
necessary.

e Name the custom export. Create a general name for use with other data.
e Save the exported CSV File.
Modify Existing: Modify an existing field list to create a new one.
e Select an Available Export Configuration.
e Select the desired Export Category.
e Choose which Available Fields to include in the CSV file.
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o Choose whether to export all of the data or specify ranges or certain values. If filtering exported
data, then modify Options for Filtering Data as necessary.

e Choose whether to output the data at a specific distance interval.
e Save the exported CSV File.
Use Most Recent: Uses the settings from the last used CSV export.

Excel

Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with user-
entered information, data properties, and an image of the currently selected view.

KML F|Ie KML Cutput Options | xT

A KML file is a file type used to display geographic data in an earth 71s Track
browser, such as Google Earth and Google Maps. KML files have a
tag-based structure with names and attributes used for specific display
purposes. RADAN 7 can export certain kinds of information as a
KML file and easily view that information in Google Earth. This
section discusses exporting layers identified in Interactive Layers
Interpretation. In order to create a KML file. The data must have been Output Parameter | Depth
collected with GPS or GPS coordinates were added to the data.

| User Marks

| Targets

| Ground Truth

Line Width (Pixels) 5

GPS Track: Select whether or not to export the GPS trajectory.

Minimum Value  (ft) 0.00

— e —

User Marks: Select whether or not to export User Marks. Maximum Value  (ft) 12.00

Targets: Select whether or not to export Targets. Prizreimees

Ground Truth: Select whether or not to export Ground Truth points,

or Core Data. Mote: Only displayed layers and targets of

L Selects whether or not to export Layers. Multiple layers are || et drmsibeaiptio T R
ayers: : M

exported one at a time. (L concet ]

o Channel: Selects the data channel to export. Different
channels can be exported if a multi-channel file was collected.

e Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data
being exported with the layer.

e Line width: The KML output line width in pixels.

¢ Minimum/Maximum: This sets the range of output values specified in the Output Parameter
option.

o Number of Intervals: The number of evenly spaced breakpoints for the output data.

o View/Edit Layer Colors: Modify the colors applied to each output interval (based upon Output
Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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StructureScan Ribbon

The StructureScan Ribbon offers quick processing and viewing of 3D structure scan data. Individual 3D
grids can also be combined to create larger combined grid files.

EHE : Z5lice Depth [ Full Thickness Slice
" i
.2 .
Structure Combine ; View Depth 115 |
| Grid Files 1 Slices |

| Processing || Combine Multiple Grid Files| | Depth Slice Viewing| | Z-Slice I Depth Slice Control

Thickness 1.50 + || Maximum Depth|1.50 -

Processing

Since concrete is typically a homogenous composition processing can be automated. The Processing
Group incorporates standard processing methods for structure scan data.

1 When the Structure icon is selected from the Processing Group, the left pane will display the
Structure Process Bar.

2 Custom Options: Select which options for automatic Ok H Caneel H geaty
processing by toggling between Yes and No.  structuresca
¢ Auto Time-Zero: Auto locate and adjust time-zero. Velocity (Top Layer) 0106
R . Dielectric Constant .00
e Smart Background Removal: This filter removes S Custom Options
horizontal bands of noise. Auto Time-Zero | Ves

Smart Backgroun...  Yes

¢ Auto-Amplitude Correction: Performs an automatic Auto-Amplitude .. Ves

amplitude adjustment.

3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.

0.25 ~

= =
~ @
a =]

j—y
=
=

StructureScan data prior to running the Structure function.
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StructureScan data after running the Structure function and with Display Gain set to 20.
Combine Multiple Grid Files

Combine Grid Files

This option will combines multiple processed StructureScan grids | seweagge s e
into one “Super Grid.” 17155 opic Gocs W Gide ;

GiidSee 1x1h = #YGds (2 >
1 The Combine Grid Files icon is selected from the Combine 3 i

Multiple Grid Files Group. All data has to be closed in order
to access this function.

2 Name: A new window will appear to assign the location of
the output Super Grid file and the .s3d file name.

3 Super 3-D Creation: A window will appear to layout the
individual grids as they were collected.

eSS Optic Grids: Allows the user to choose from preset . —
grid sizes based upon standard SS Optic grid pads.

[y (0.00.0.00)# [ ok ][ canca |

e  #X:The number of grids in the collected in the X
Direction.

e  #Y:The number of grids in the collected in the Y Direction.

e Grid Size: Select the appropriate grid sizes. To combine grids collected with different sized grids
choose the 1 x 1 ft. Grid Size and expand in the X and Y directions to fit the full size of the area
surveyed.

4 Add Individual Grids: Still in the Super 3-D Creation window click in the blank grid squares to add
individual grid files (.dzt or .bzx).

5 Click OK once all of the grids are assembled and the new Super Grid will be displayed.
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Depth Slice Viewing

View Depth Slices

Display a top-down view of data and slice through
difference depths.

Z-Slice
Z-Slice Depth: Adjust the depth of the slice for viewing.

Depth Slice Control

Full Thickness Slice: Check this to see full view from
top to bottom, uncheck to be able to view data in slices
and change Slice Thickness.

Thickness: Adjust the thickness of the slice.
Maximum Depth: Adjust the maximum depth of the data.

RADANE® 7
Manual

Note: The color and color transform can
be modified under the Home Ribbon.
There are also multiple ways to view
different depth slices.

Use Depth Slice Control.

Use the 3D Slice Controls

Window under the View Ribbon.

Press the CTRL key while holding
the left mouse button and move
the mouse up and down.

RADAN - GRID__009 P 1.DZT

S Sracuian | [ RS ritd L

T Full Thigkney Sace | Thickness 150

Destn Silce Candral

oy oy |Frracesses | FBrac. Uity
W Esy Processing L]

HEHO0&w
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RoadScan Ribbon

The RoadScan Ribbon provides viewing and processing options for data collected specifically for
determining pavement layer thickness.

Scope @ Horn Calibration ‘g Show| ‘-".? Pick Type Target = || gt Pick Polarity |Positive i } L Disabled| & Select Range ?f EZ Tracker i'ﬁ_ Global Options ﬁ 5V File

;_:_\ Location %h Reflection Picking ‘E’Agd u-r. Edit-i #% Focus Rebar ¥ l-! Search Width @ = || Il Single Point 3; Ground Truth Star % Settings - ﬁﬁ Image

i'.;: Depth PB;!CE =8 Layer Interpretation _ « New Target E!D\splay Gain: 20 ~ | §f] select Black il stop fomg KML Fil
Window Processing Interactive Status 2D Interactive Export

Window Group

The Window Group includes five different ways view either the data or the data properties.

Scope

This will display an O-Scope to the right of the linescan data. Hold the left mouse button down while
pointing to the linescan data to correspond with the O-Scope using a horizontal line.

Location

Used primarily for 3D Grid files or individual profiles with GPS data, this will display a grid showing the
location of each profile.

¢ By holding the left mouse button down on the linescan data the location of that spot on the grid
can be determined.

¢ Right-clicking inside of the grid with the mouse will either Move 3D Area, which can change the
starting coordinates of the grid, or access the GPS Coordinates menu to add or modify the GPS
Coordinates for the grid.

¢ Right-clicking on the ends of lines with the mouse will either Nudge Profile, which shifts the
profile forward or backward along the line, or Edit Profile Coordinates, which can change the
profiles location within the grid.

Depth Pane

Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Processing Group
The Processing Group includes steps for horn calibration, reflection picking, and layer interpretation.

Horn Calibration w% Horn Calibration

Settings from the horn calibration are stored with the processed data file header and accessed when the
calibration file is used in the reflection picking tool.

1 When the Horn Calibration icon is selected from the Processing Group, the left pane will display the
Horn Calibration Process Bar.

2 Automatic Mode: “Yes” is the recommended method and performs an automatic horn calibration or
choose to select custom calibration settings.
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3 Use Air Wave File: The airwave file is most commonly collected by turning the antennas upside
down so that they radiate upward. This file is obtained using the same SIR 10/20/30 settings as the
metal plate calibration file. Use of an air wave file is optional and not typically used.

¢ No: No air wave file was collected or one is not being used.
e Yes: An air wave file has been collected. Enter the air wave filename in the space to the right.

4 # of Channels: Number of channels in the data file currently open.

5 Channel: Choose which channel to calibrate. Setting this to ALL will process all of the channels
with common parameters.
e Antenna Type: Select the antenna used for data collection.

e Serial Number: Serial number of chosen
antenna if it is a Smart antenna.
6 Click Apply and Reset, and adjust if necessary.

7 Click OK once desired results are achieved. It is
recommended that the .CZT calibration file is
saved with an easily recognizable name to identify it during processing.

Reflection Picking 40 Reflection Picking

Reflection Picking corrects the ground surface of RoadScan data based on the previously created Horn
Calibration .CZT file. This process eliminates unwanted signal noise to enhance reflections from the
pavement layers making them easier to track. Measures the return times of the reflections and calculates
the two-way travel time for each of the pavement layers from the data.

1 When the Reflection Picking icon is selected from the Processing Group, the left pane will display the
Reflection Picking Process Bar.

2 Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.
o User Select: Manually choose the calibration file.

e Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

e Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

e Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

3 Automatic Mode: Select whether or not to use standard settings. If No is selected the following
options are available.

e Background Removal: Removes horizontal banding in the data.
e Starting Depth: Specifies the starting depth for Background Removal.
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¢ Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab
of the Table Pane.

4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna
calibration file.

Layer Interpretation =8 Layer Interpretation

The Layer Interpretation option is designed to automatically track layers in road structures that exhibit
clear and consistent layer reflections. The output is identical to the manually derived output of EZ
Tracker, but under certain controlled conditions Layer Interpretation can make layer picking automated.
This process works best for layers that with high amplitude reflections that are continuous, but even under
ideal conditions, the output from Layer Interpretation will still require manual editing using Single Point,
Select Block, or Select Range.

Layer Interpretation can only be performed on files that have been generated ‘ Ok | Cancel | Apply
from the Reflection Picking process.
= Layer Interpretation
1 When the Layer Interpretation icon is selected from the Processing Group, = Automatic Mode
the left pane will display the Layer Interpretation Process Bar. ::n'”"‘:fu' 304
2 Automatic Mode: Works for clearly visible single layers.

¢ Number of Layers: Enter the number of layers that RADAN 7 is trying to identify. This value
will typically be 1 as it works best with a single layer.

¢ Minimum Depth: Enter the minimum depth of the first layer. This allows the user to set the
search range deeper than the ground surface reflection. Otherwise the ground surface reflection
may be picked as a layer unintentionally.

3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.
Interactive Status Group

Show

Toggles On or Off the targets and layers already added to the data. Selecting Show does not enable the
rest of the 2D Interactive Ribbon. That requires selecting Add or Edit.

Add or Edit

When selected the targets or layers already added to the data will be displayed and you can either edit the
existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D Interactive
Ribbon.
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2D Interactive Group

After processing Road data, click on Add or Edit from the Interactive Status Group to begin picking and
editing targets. This enables options for inserting and deleting targets or layers identified in the data.
Targets can be exported as an ASCII comma delimited file for use in other software.

‘-_';" Pick Type [Target T || gt Pick Polarity | Positive - L Disabled | E Select Range F: EZ Tracker
Q Foeus Rebar x I,_! Search Width 9 = | L1 Single Point 3; Ground Truth Start L Settings =
=g New Target Select Block
Interactive
Pick Type

There are two types of objects that can be added to the data; Targets or Layers. Pick between Target or
Layer to choose which gets added or modified.

Focus

This specifies which Target or Layer is being added or modified. If multiple Targets have already been
drawn they will appear in the drop down menu. The drop down menu is also used to select a new Layer.

New Target

Click here to draw additional targets. This option is only available when adding Targets and does apply to
adding more layers. Those are added by using Focus.

Pick Polarity

When picking targets or layers, the user may specify which portion of the reflection to attach new picks to
Positive, Negative, Absolute, or None polarity.

Search Width

In pixels, enter the search width for the Single Point picking tool.

Disabled
Disable Picking Tool.

Single Point

Enter a single point when target picking. A left mouse click adds a point and a right mouse click deletes a
point.
Adding Picks in Single Point Mode:
e A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear on

the data. The type of search used to locate the new pick can be customized in the Other Options
menu under Global Parameters.

o A pick will only be successfully added if a reflection can be located over the cursor search width.

e If no pick is added after pressing the left mouse button, reposition the mouse cursor and click the
left mouse button again.
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o For cases where the reflection peak is reversed polarity, the user would first need to select Neg.
Peak for the Pick Polarity under the Pick Attributes Group, then place the mouse cursor over a

negative polarity reflection.

Deleting Picks in Single Point Mode: To delete poor picks, right click on the point with the mouse.

Select Block

The Select Block picking tool is designed to operate over a large number of scans. When Select Block is
activated a translucent square appears over the data when the user clicks the left mouse button. The select

block contains tiny squares on each face and corner for resizing.

Select Range

When Select Range is activated a translucent overlay appears over the data, extending the entire length of
the profile. It operates similarly to the Select Block, except that all operations performed using the Select
Range picking tool are performed within the time interval (slice width) of the selected area on all of the
scans in the file. The slice width is adjusted by clicking the left mouse button on one of the handles
(located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle to the

desired location.

Select Block and Select Range

The following options are accessed by right-clicking within the block or range selected.

Add Points: Will activate the program to begin a smart search

7

for reflection peaks within the selected region. Circles will % i

288 432

_II.I.II|II||||lII|||I||

overlay the data where reflection peaks are identified by the
search algorithm. Picks will be added to whichever Target or %
Layer is currently active (i.e. in Focus).

-
=

Delete Points: Will activate the program to start deleting the
picks of the current Target or Layer located within the selected
region.

i
=

AR e PR N

Pick Modification Options

Dedete Ponts

Pick Mod, Opfions  #
Interpolate Pts.

e Change Pick ID: Change the layer or target number assigned to the picks
located within the selected region. For example, the user desires to change
the layer # of a group of Layer 3 picks to Layer 2. The user must select layer
3 as the Current Layer, position the Select Block (or Select Range) over the
group of points and click the right mouse button to access the Pick
Modification Options. Select Change Pick ID to switch from Layer 3 to
Layer 2.

e Change Pick Velocity: Changes the velocity of the currently selected layer
picks located in the selected region. It opens a dialog box for entering the
desired velocity. The user can choose to either specify the new velocity, use
the nearest core, or ground truth,
data, or use results from velocity
analysis. Choosing Lock Velocity
keeps the data from being change
with subsequent velocity
modifications.
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Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using the
interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under Interpolation

Method.

Ground Truth

Selecting the Ground Truth icon allows the user to individually adjust the depth of picks based upon a
true measured depth. As depths are entered they appear in the Target or Layer Ground Truth tab of the

Table Pane.
To enter individual Ground Truth information:

e Select Ground Truth from the Interactive Mode window.

o Click in the data the spot where the ground truth was collected.

o Enter the depth.
e Click OK or Cancel.

To specify all new layer picks to have velocities calculated from the ground truth data, change the Vel.
Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker

Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the

click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.

4 stop: Select to stop EZ Tracker.

5 If there are breaks in the layer then select and Stop and Start to skip the break.

Global Parameters

Single Pt. Search Length: \When using Single Point Picking
Tool, this setting determines whether the pick is entered at the
closest peak or using the cursor length.

Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

¢ Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

o dB: Converts the data units amplitudes to decibels (dB)
by using the equation 20*log10(x) where X is the
absolute value of the data amplitude.

Global Parameters

B

Single Pt. Search Length
Amplitude V alues

Interpolation Method

Closest Peak, -
Data Units A
Ao atic -

| Fill layer with dizplay color in depth pane

Lo ] |

Carncel | | Help

¢ Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.
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Interpolation Method: Each time a pick is added a search is performed to locate the corresponding
feature of the reflection that will be used to identify two-way travel time and amplitude. Use either
Automatic, Nearest Peak, or Linear.

e Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans apart
this mode switches to Nearest Peak.

o Nearest Peak: Search for the nearest peak between existing picks.

e Linear: Draws a straight line between two previously interpreted picks.
Checking the box will fill the layer with a chosen color in depth pane.
Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers Non-Filled Layers

Settings
Load Default Settings: Loads previously saved default settings for Interactive Mode.

Save As Default Settings: Saves the current Interactive Mode settings including all layer properties and
display options.

Export Group gf“ e
o Image
Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, B kML File

or the layer information exported to a KML file (if GPS was collected with the data) for

. . A Export
viewing in Google Earth. &

CSV Flle [ EmmEErmETre
Click CSV File to export picks to a comma delimited ASCII file
and select which fields to export. i St s utput ks
E; Custom
e Use Existing: Use existing custom fields that were e
created in Create Custom or are available for specific =

applications from GSSI.

0 Select an Available Export Configuration.

o Modify Options for Filtering Data as necessary. SelctedExprt Confi

0 Save the exported CSV file.
e Create Custom: Select fields to export. | o]

0 Select the desired Export Category. -

0 Choose which Available Fields to include in the CSV file.
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0 Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

0 Name the custom export. Create a general name for use with other data.

0 Save the exported CSV File.
Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.
0 Select the desired Export Category.
o0 Choose which Available Fields to include in the CSV file.
o]

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

0 Choose whether to output the data at a specific distance interval.

0 Save the exported CSV File.

e Use Most Recent: Uses the settings from the last used CSV export.

Image

Saves the image on the screen as a JPG file. To customize the exported image use the Export > Custom

Image Export option under the GSSI Button.

KML File

A KML file is a file type used to display geographic data in an earth
browser, such as Google Earth and Google Maps. KML files have a
tag-based structure with names and attributes used for specific display
purposes. RADAN 7 can export certain kinds of information as a KML
file and easily view that information in Google Earth. This section
discusses exporting layers identified in Interactive Interpretation. In
order to create a KML file. The data must have been collected with
GPS or GPS coordinates were added to the data.

e GPS Track: Select whether or not to export the GPS trajectory.
e User Marks: Select whether or not to export User Marks.
¢ Targets: Select whether or not to export Targets.

¢ Ground Truth: Select whether or not to export Ground Truth
points, or Core Data.

e Layers: Selects whether or not to export Layers. Multiple
layers are exported one at a time.

0 Channel: Selects the data channel to export. Different

R —

channels can be exported if a multi-channel file was collected.

KML Cutput Opticns |

W| GPS Track
| User Marks

| Targets
| Ground Truth

Layers

Qutput Parameter Depth

Line Width (Pixels) 5
Minimum Value  (ft) 0.00
Maximum Value  (ft) 12.00
Number of Intervals 5

Mote: Only displayed layers and targets of
displayed channels will be output to KML file,

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data

being exported with the layer.
0 Line width: The KML output line width in pixels.

0 Minimum/Maximum: This sets the range of output values specified in the Output Parameter

option.

0 Number of Intervals: The number of evenly spaced breakpoints for the output data.
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0 View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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BridgeScan Ribbon
The BridgeScan Ribbon is designed to process data specifically collected to determine bridge
deterioration.
=] scope = e ig Sl'mwi : 73 Pick Type (Target v || 4l Pick Polarity Positive |,\g D\samed—é E= select Range | P £z Tracker | ¥ Global Options || & €SV File
[ Location = = addorEdit| | | #pFocus Rebar v | EXsearch width 9 - | I1single Point 34 Graund Truth Star o3 Settings ~ i mage
\.E. Benthbangl || 5o o Brgfe Diffargepr,a,f,';n s New Target ER Display Gain: 20 ~ | {8 setect Block 5 e KMLF

Window || Create 3D File Processing Interactive Status 2D Interactive Export

Window Group

The Window Group includes five different ways view either the data or the data properties.

Scope

This will display an O-Scope to the right of the linescan data. Hold the left mouse button down while
pointing to the linescan data to correspond with the O-Scope using a horizontal line.

Location

Used primarily for 3D Grid files or individual profiles with GPS data, this will display a grid showing the
location of each profile.

¢ By holding the left mouse button down on the linescan data the location of that spot on the grid
can be determined.

¢ Right-clicking inside of the grid with the mouse will either Move 3D Area, which can change the
starting coordinates of the grid, or access the GPS Coordinates menu to add or modify the GPS
Coordinates for the grid.

o Right-clicking on the ends of lines with the mouse will either Nudge Profile, which shifts the
profile forward or backward along the line, or Edit Profile Coordinates, which can change the
profiles location within the grid.

Depth Pane

Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Create 3D File

A step-by-step guide combining collected files, processing =

the files, and preparing the newly created “bridge” file for Seect folder conting i e

further processing. Creation of a 3D file is necessary to Ceostderctnge

complete Bridge Deterioration Mapping, but is not necessary

for Br|dge QA_ Select output filename EastHelenaBridge

1 Click Create 3D File.

2 Browse to the appropriate folder where the collected
bridge files are located.

3 Create an output filename for the newly created bridge next> ] (el ] [
3D file.

4 Click Next.
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5 Add the bridge files from the left pane to the right pane by:
o Double-clicking on the File, or
e Click on the File and click Add >, or
o If Appropriate, click Add All, or
o Highlight a group of files and click Add >

e Remove files from the right pane by doing the same
procedures in the right pane

6 Click Next.

7 File Group 3D Area:
o Enter the length of the bridge.

RADAN® 7

e Enter the starting distance of the FIRST line collected from the Curb or Lane Stripe.

e Enter the spacing between each profile or line.

e Click the down arrow to select how the data were
collected.

e Select whether the data were collected Standard or
Inline.

8 Click Next.

9 Adjust File Group Details: Can edit the individual profiles.
o Filename: The name of each file collected.

¢ Across Dist.: The distance from the curb of each of the
files collected.

¢ Rev. Dir.: If the files were collected in a zig-zag
pattern and this was specified, an X will automatically
be entered that the file will need to be reversed.

e St.Loc.: This is the starting location of the file

o Edit St. Loc.: Correct the starting location of the file as
necessary.

e EndLoc.: This is the ending location of the file.

e Edit End Loc.: Correct the ending location of the file
as necessary.

10 Edit the Starting and Ending Locations of each file follow
these steps.

e Click Edit St. Loc. or Edit End Loc. for EACH file,
one at a time.

Manual

Add files to the 30 Bridge File by either highlighting in the left

window and pressing the "Add" button, or by double-clicking the

left mouse button.

Availzble Files in Folder Files to Combine:
ES:‘!‘E!S_\FENABRIDGE‘DZT ~
FILE__ 008.DZT
FILE___009.0ZT
FILE___010.0ZT
FILE__ 011.DZT
FILE___ 012.DZT
FILE__ 013.0ZT
FILE__ 014.02T
FILE__ 015.02T
FILE__ 016.02T
FILE__017.02T
FILE__018.0ZT
FILE__ 019.02T
FILE__ 020.02T
FILE__ 021.DZT
GRID __ 001.DZT L
<Back | Mext> | [ cancel | [ Heb
File Group Details

Adjustable File Courdinates

Check the file coordinates and make any necessary adiustments.
Note: indvidal fle coordinates can ahways be edited using the
Location Window.

Filename AcossDist. Rev.Dir. St loc. FEditSt.loc. Endloc. Edit End Loc. ~

1 r 1.416678 Edit 5t. Loc. | 57.875465 Edit End Loc.

2 x 1.500012 Edit 5t. Loc. | 57.875465 Edit End Loc.

3 FILE___010.[ 6.00 r 0.833340 Edit 5t. Loc. | 57.333794 Edit End Loc.

4 FILE___011.[8.00 x 2.041683 Edit 5t. Loc. | 58.500470 Edit End Loc.

5 FILE____012.[ 10.00 r 2.375019 Edit 5t. Loc. | 58.833806 Edit End Loc.

6 FILE___013.[ 12.00 x 1.791681 Edit 5t. Loc. | 58.333802 Edit End Loc.

7 FILE___014.[ 14.00 r 1.250010 Edit 5t. Loc. | 57.792131 Edit End Loc.

8 FILE___015.[ 16.00 x 2.416686 Edit 5t. Loc. | 59.000474 Edit End Loc.

9 FILE___016.[ 18.00 r 2.041683 Edit 5t. Loc. | 58.542137 Edit End Loc.

10 FILE___ 017.0 20.00 x 1.083342 Edit 5t. Loc. | 57.625463 Edit End Loc.

11 FILE___ 018.0 22.00 r 1.583346 Edit 5t. Loc. | 58.125467 Edit End Loc.

“n n1ar 2ann = 7 R22CKE Cis Cb 1 am 0 27RATT Cis o 1 [

<Back [ Net> | [ canel ] [ Heb

File Group 3D Area =

Bridge Survey Information

(1) Specify the data colection information
Individual file coardinates can be adjusted later.

Length of bridge {in) 100
Starting Dist. from Curb or Lane Stripe (in) 0
Spacing between profies  (in) 2

(2) Specify the order that the files

—
were collected.The smal square j—
denotes the starting position of the | -
first file. o
(3) Specfy the data collection mode - Standard or oo ]
Inline. Inline applies to 41000 series antennas with Standard ¥
one channel subtracted from the other channel.
[ <Back [ wext> | [ canedl | [ heb

o Move the slider bar until the vertical line on the data matches the beginning of the bridge. This
point will likely correspond with the middle of the bridge joint. Use the left and right arrow keys
on the keyboard to make minor adjustments, as well as clicking on the up and down arrows on the

screen
e Click OK.
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o Repeat this process for the Starting and Ending Locations for ALL files.

e sider 19 adht bridge ke LacwRn of fyse i inewe octon

ege Bigm Locaten (R 0

=] [em= ]

e ke 10 BT beeie £90E LOCHDE i TYDE ) N DoEbes
|4

e fge Locason (%) | L

=g [

11 Click Next.

12 Enter the Bridge Joint Skew Angle: This will be a
positive number if the bridge is angled to the right
and negative number if the bridge is angled to the

left.
13 Click Finish.

Processing Group

Bridge QA

—
Other Options E

Bridge Joint Skew Angle

(1) Spedify the skew angle of the starting joint.

An angle of 0 degrees corresponds to a joint crossing the lanes at right angles. Non-zero angles
are measured relative to the starting location of the profile line dosest to the curb as ilustrated in
the image below. Clackwise angle is positive degrees.

Actual Bridge Shape -- -
Skew Angle GPR Grid —

—~
[/ Bridge Joint

TrafficFlow —>

Origin Point (Minimum X and Minimum Y}

Bridge joint skew angle (degrees) D
[_<Beck |[__Fmsh | [ cancel | [ Hep

Bridge Deterioration
QA Mapping
Processing

This section describes data collection for quality assurance (QA) studies on concrete overlaid bridge
decks. This technique is not applicable to asphalt overlaid decks. The goal of this application is to ensure
that there is adequate concrete cover over the top layer of reinforcing steel.

A single representative profile per travel lane is all that is required to perform Bridge QA. Typically, this
profile is along the wheel path of the lane as opposed to the shoulder. The data must be collected
perpendicular to the trend of the top layer of rebar. This means that if the rebar are longitudinal, the
profiles must be collected across the bridge deck, not along it. If a complete map of cover thickness is
required, then a 3D file can be collected following the instructions given in the SIR System manual. Be
sure to configure the data collection settings (Gain, Position, Range, Scan and Sample density).
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1 When the Bridge QA icon is selected from the Processing Group, the left pane il ol
will display the Bridge QA Process Bar. ance pply
2 Velocity Calculation: Choose how the radar wave velocity is calculated. 5”33;3:' o
o Specify Concrete Velocity: Use this method if Use Calibration Hole Data Eﬂ'm'att--- j';f'm"m -
iS not pOSSibIe. = Moa:cl.:eali; ad]lustahle para..
0 Enter the estimated concrete velocity or velocity from previously Minimu... |0.082

Madmu.., 0328

processed data. Average... 0492

0 The default velocity is 3.74 inches/nanosecond (9.5 cm/ns).

e Use Calibration Hole Data (recommended): Calibration data is obtained by measuring the
depth to one of the rebar that the antenna passed directly over during data collection.

o Enter the calibration hole location relative to the start of the profile line.
0 Enter the measured rebar depth.

3 Manually Adjustable Parameters: The most common use for the Bridge QA module has been on
newly constructed concrete bridge decks containing rebar between 1-4 inches (2.5-10 cm) in depth
and at a spacing of 6 inches (15 cm) between rebar.

¢ Minimum Rebar Depth: Closest point to the ground surface where the process will look for
rebar.

¢ Maximum Rebar Depth: Deepest point in the concrete deck where the process will look for
rebar.

e Average Spacing between Rebar: Estimated average spacing between rebar.

4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired results are achieved.

Deterioration Mapping

This technique locates areas of probable concrete deterioration in a bare concrete or asphalt overlaid
concrete deck. This is done by graphing the relative reflection amplitudes across the survey area and
assigning threshold values to the amplitude range. Areas of deterioration will attenuate (weaken) the radar
signal. This process indicates the presence of deterioration and not the type or cause of that deterioration.

1 When the Deterioration Mapping icon is selected from the Processing Group, the left pane will

display the Deterioration Mapping Process Bar.

2 Velocity Calculation: Choose how the radar wave velocity is calculated. ‘ Ok | Cancel ‘ Apply
o Surface: Select the Surface type of the bridge deck. Either Asphalt Deterioratian Mapping
Overlay or Concrete Surface. ?u_f-:; - c;dlt Oveitsy
e Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of '-P*r'fr*:: :Tf 'H
the surface. If this isn’t calculated correctly it can manually be adjusted. e

e Velocity (Top Layer): RADAN 7 will use the velocity from the File Header
information. If this is incorrect it can manually be adjusted.

o Dielectric Constant: This is related to the Velocity and will update as the Velocity if modified.
3 Click Apply and Reset, and adjust if necessary.
4 Click OK once desired results are achieved.
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Interactive Status Group

Show

Toggles On or Off the targets and layers already added to the data. Selecting Show does not enable the
rest of the 2D Interactive Ribbon. That requires selecting Add or Edit.

Add or Edit

When selected the targets or layers already added to the data will be displayed and you can either edit the
existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D Interactive
Ribbon.

2D Interactive Group

After processing Bridge data, click on Add or Edit from the Interactive Status Group to begin picking and
editing targets. This enables options for inserting and deleting targets or layers identified in the data.
Targets can be exported as an ASCII comma delimited file for use in other software.

L_'?PickType Target v || gt Pick Polarity |Positive - [.;5 Disabled} _E_F_'J.JSelect Range ?;‘.:EZTracker
#9 Focus Rebar = | U search width |9 - | L1 single Point Ta Ground Truth Start LF Settings ~
s Mew Target im| select Block
Interactive
Pick Type

There are two types of objects that can be added to the data; Targets or Layers. Pick between Target or
Layer to choose which gets added or modified.

Focus

This specifies which Target or Layer is being added or modified. If multiple Targets have already been
drawn they will appear in the drop down menu. The drop down menu is also used to select a new Layer.

New Target

Click here to draw additional targets. This option is only available when adding Targets and does apply to
adding more layers. Those are added by using Focus.

Pick Polarity

When picking targets or layers, the user may specify which portion of the reflection to attach new picks to
Positive, Negative, Absolute, or None polarity.

Search Width

In pixels, enter the search width for the Single Point picking tool.

Disabled
Disable Picking Tool.
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Single Point

Enter a single point when target picking. A left mouse click adds a point and a right mouse click deletes a
point.

Adding Picks in Single Point Mode:

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear on
the data. The type of search used to locate the new pick can be customized in the Other Options
menu under Global Parameters.

o A pick will only be successfully added if a reflection can be located over the cursor search width.

e If no pick is added after pressing the left mouse button, reposition the mouse cursor and click the
left mouse button again.

o For cases where the reflection peak is reversed polarity, the user would first need to select Neg.
Peak for the Pick Polarity under the Pick Attributes Group, then place the mouse cursor over a
negative polarity reflection.

Deleting Picks in Single Point Mode: To delete poor picks, right click on the point with the mouse.

Select Block

The Select Block picking tool is designed to operate over a large number of scans. When Select Block is
activated a translucent square appears over the data when the user clicks the left mouse button. The select
block contains tiny squares on each face and corner for resizing.

Select Range

When Select Range is activated a translucent overlay appears over the data, extending the entire length of
the profile. It operates similarly to the Select Block, except that all operations performed using the Select
Range picking tool are performed within the time interval (slice width) of the selected area on all of the
scans in the file. The slice width is adjusted by clicking the left mouse button on one of the handles
(located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle to the
desired location.

Select Block and Select Range

The following options are accessed by right-clicking within the
block or range selected.

144 268 432
|IIII|IIIII|l||II|I|I

=
@

o
=

Add Points: Will activate the program to begin a smart search
for reflection peaks within the selected region. Circles will
overlay the data where reflection peaks are identified by the
search algorithm. Picks will be added to whichever Target or
Layer is currently active (i.e. in Focus).

-
=

Add Points
Dedete Ponts

i
=

Pick Mod, Opfions  #
Interpolate Pts.

pidveca v ibencalyia

Delete Points: Will activate the program to start deleting the
picks of the current Target or Layer located within the selected region.
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Pick Modification Options
o Change Pick ID: Change the layer or target number assigned to the picks located within the

selected region. For example, the user desires to change the layer # of a group of Layer 3 picks to

Layer 2. The user must select layer 3 as the Current Layer, position the Select Block (or Select

Range) over the group of points and click the right mouse button to access the Pick Modification

Options. Select Change Pick ID to switch from Layer 3 to Layer 2.

[

e Change Pick Velocity: Changes the velocity of the currently selected vty
layer picks located in the selected region. It opens a dialog box for entering || vebevcse  [Spesiy -
New Velociy  [ming) 01222

the desired velocity. The user can choose to either specify the new velocity,

Lock Velocity

use the nearest core, or ground truth, data, or use results from velocity

Cance

U

I
analysis. Choosing Lock Velocity keeps the data from being change with i [ oK
subsequent velocity modifications. |

zelected packs. Check 'Lock Velocity" to

Select velocily calculation methad foe

| peevent it from being charged when

rochfifyireg the velocity method elsewhens

Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using the
interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under Interpolation
Method.

Ground Truth

Selecting the Ground Truth icon allows the user to individually adjust the depth of picks based upon a
true measured depth. As depths are entered they appear in the Target or Layer Ground Truth tab of the
Table Pane.

To enter individual Ground Truth information:
e Select Ground Truth from the Interactive Mode window.
o Click in the data the spot where the ground truth was collected.
o Enter the depth.
e Click OK or Cancel.

To specify all new layer picks to have velocities calculated from the ground truth data, change the Vel.
Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker
Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.
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4 Stop: Select to stop EZ Tracker.
5

If there are breaks in the layer then select and Stop and Start to skip the break.

RADANE® 7
Manual

Global Parameters

Single Pt. Search Length: When using Single Point Picking
Tool, this setting determines whether the pick is entered at the
closest peak or using the cursor length.

Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

e Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

Global Parameters

(=]

Single Pt Search Length
Amplitude ¥ alues

Interpolation Method

Clozest Peak -
Drata Units -

Fill layer with dizplay color in depth pane

Lo |

Cancel ]

[ Help

o dB: Converts the data units amplitudes to decibels (dB)

by using the equation 20*log10(x) where X is the absolute value of the data amplitude.

¢ Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.

Interpolation Method: Each time a pick is added a search is performed to locate the corresponding
feature of the reflection that will be used to identify two-way travel time and amplitude. Use either

Automatic, Nearest Peak, or Linear.

¢ Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans apart

this mode switches to Nearest Peak.

o Nearest Peak: Search for the nearest peak between existing picks.

o Linear: Draws a straight line between two previously interpreted picks.

Checking the box will fill the layer with a chosen color in depth pane.

Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers

Settings

Non-Filled Layers

Load Default Settings: Loads previously saved default settings for Interactive Mode.

Save As Default Settings: Saves the current Interactive Mode settings including all layer properties and

display options.
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Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.

CSV File
. . . L . L Fem] CSV File
Click CSV File to export picks to a comma delimited ASCII file and select which fields to
E}:]Image
export. z
KMIL Fil
e Use Existing: Use existing custom fields that were created in Create Custom or are ﬂhpg rt' -

available for specific applications from GSSI.
0 Select an Available Export Configuration.
o Modify Options for Filtering Data as necessary.
0 Save the exported CSV file.
e Create Custom: Select fields to export.
0 Select the desired Export Category.
0 Choose which Available Fields to include in the CSV A SuputTeE

(=4 Custom

file. 3 ess1
Select Existing Export
Configuration from

0 Choose whether to export all of the data or specify Exlrer Wincow and
ranges or certain values. If filtering exported data, then
modify Options for Filtering Data as necessary.

0 Name the custom export. Create a general name for use
with other data.

0 Save the exported CSV File.

e Modify Existing: Modify an existing field list to create a
new one.

0 Select an Available Export Configuration.

0 Select the desired Export Category.

0 Choose which Available Fields to include in the CSV file.
o]

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

Selected Export Config: |

<sack || Fnsh | [ conel | [ nep

0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.

Image

Saves the image on the screen as a JPG file. To customize the exported image use the Export > Custom
Image Export option under the GSSI Button.
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KML Flle KML Cutput Opticns (3 |
A KML file is a file type used to display geographic data in an earth ] P Track
browser, such as Google Earth and Google Maps. KML files have a tag- .

- . s . User Marks
based structure with names and attributes used for specific display .
purposes. RADAN 7 can export certain kinds of information as a KML e
file and easily view that information in Google Earth. This section V| Ground Truth
discusses exporting layers identified in Interactive Interpretation. In order Layers

Qutput Parameter Depth

to create a KML file. The data must have been collected with GPS or GPS

coordinates were added to the data. Line Width (Pixels) 5

e GPS Track: Select whether or not to export the GPS trajectory.

Minimum Value  (ft) 0.00

o User Marks: Select whether or not to export User Marks.

Maximum Value  (ft) 12,00

Number of Intervals 5

¢ Targets: Select whether or not to export Targets.

¢ Ground Truth: Select whether or not to export Ground Truth

pOIntS! or Core Data' Mote: Only displayed layers and targets of
displayed channels will be output to KML file.

e Layers: Selects whether or not to export Layers. Multiple layers I

are exported one at a time. | Cancel |

0 Channel: Selects the data channel to export. Different
channels can be exported if a multi-channel file was collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data
being exported with the layer.

Line width: The KML output line width in pixels.

Minimum/Maximum: This sets the range of output values specified in the Output Parameter
option.

Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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Horn BridgeScan Ribbon

The Horn BridgeScan Ribbon is designed to process data specifically collected to determine bridge
deterioration using an air-launched horn antenna instead of a ground-coupled antenna.

55 Reflection Picking (M aspnait | [BH show X7 Pick Type Target ~ | g Pick Polarity Positive  ~ \»\3 Disabled| = Select Range | P EZ Tracker | #% Global Options | fj CSV File
i (D) Horn Bridge Analysis || (I Concrete | & Add orEdit| | =) Focus Rebar - Y search width 3 - | 11 single Point T, Ground Truth it 3 Settings - fimi image
}F DepthPane| | cajibration|| 30 File 0% Mew Target ERDisplay Gain: 20 - || {] select Block - Faem KL Fil
Window Calibration| | Create 30 File Processing Preset Lists | Interactive Status 20 Interactive Export

&
m

Window Group

The Window Group includes five different ways view either the data or the data properties.

Scope

This will display an O-Scope to the right of the linescan data. Hold the left mouse button down while
pointing to the linescan data to correspond with the O-Scope using a horizontal line.

Location

Used primarily for 3D Grid files or individual profiles with GPS data, this will display a grid showing the
location of each profile.

o By holding the left mouse button down on the linescan data the location of that spot on the grid
can be determined.

¢ Right-clicking inside of the grid with the mouse will either Move 3D Area, which can change the
starting coordinates of the grid, or access the GPS Coordinates menu to add or modify the GPS
Coordinates for the grid.

¢ Right-clicking on the ends of lines with the mouse will either Nudge Profile, which shifts the
profile forward or backward along the line, or Edit Profile Coordinates, which can change the
profiles location within the grid.

Depth Pane

Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Calibration i
=

Horn Calibration: Settings from the horn calibration are stored with the processed data file

header and accessed when the calibration file is used in the reflection picking tool. Cal'i"b”r;r,:mn
1 When the Horn Calibration icon is selected from the Processing Group, the left pane will Calibration

display the Horn Calibration Process Bar.

2 Automatic Mode: “Yes” is the recommended method and performs an automatic horn calibration or
choose to select custom calibration settings.

3 Use Air Wave File: The airwave file is most commonly collected by turning the antennas upside
down so that they radiate upward. This file is obtained using the same SIR 10/20/30 settings as the
metal plate calibration file. Use of an air wave file is optional and not typically used.

¢ No: No air wave file was collected or one is not being used.
e Yes: An air wave file has been collected. Enter the air wave filename in the space to the right.

MN43-199 Rev G 105



Geophysical Survey Systems, Inc.

RADANE® 7
Manual

# of Channels: Number of channels in the data file currently open.

Channel: Choose which channel to calibrate. Setting this to ALL will process all of the channels

with common parameters.

¢ Antenna Type: Select the antenna used for data collection.

e Serial Number: Serial number of chosen antenna if it is a Smart antenna.

Click Apply and Reset, and adjust if necessary.

Click OK once desired results are
achieved. It is recommended that the
.CZT calibration file is saved with an
easily recognizable name to identify it
during processing.

Create 3D File

A step-by-step guide combining collected files, processing
the files, and preparing the newly created “bridge” file for
further processing. Creation of a 3D file is necessary to
complete Bridge Deterioration Mapping, but is not
necessary for Bridge QA.

1
2

Click Create 3D File.

Browse to the appropriate folder where the collected
bridge files are located.

Create an output filename for the newly created bridge
3D file.

Click Next.

Add the bridge files from the left pane to the right pane
by:

o Double-clicking on the File, or

e Click on the File and click Add >, or

o If Appropriate, click Add All, or

o Highlight a group of files and click Add >

o Remove files from the right pane by doing the
same procedures in the right pane

Click Next.
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Create 30 Bridge File

Select falder containing dzt fies from bridge

Crleasthelenabridge

Select output flename Eastrielenabridge

Mext = J[ Cancel ][ Help

‘Add files to the 30 Bridge File by either highlghting in the left
window and pressing the “Add" button, o by double-clicking the
left mouse button.

Available Files in Folder Files to Combine

EASTHELENABRIDGE.DZT ~
FDA.DZT Add All

FILE__ 008.02T
FILE__009.02T
FILE__010.02T
FILE___011.DZT

FILE___012.02T
FILE___013.DZT

FILE___014.DZT

FILE___ 015.DZT
FILE___016.D2T

FILE___017.DZT

FILE___018.DZT

FILE___019.DZT

FILE___020.DZT

FILE__ 021077 Remove Al

GRID _ 00LDZT L7
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7 Flle Group 3D Area: File Group 3D Area [ =
e Enter the length of the bridge. Sndge suveynfornaton
(1) Spedify the data collection information
e Enter the starting distance of the FIRST line collected T o
from the Curb or Lane Stripe. Sertng st o Cur o LeneSpe () >
e Enter the spacing between each profile or line. = -
e Click the down arrow to select how the data were e e =] .
collected. e —|
e e et ey, [smme <]
e Select whether the data were collected Standard or e s i o T e =
Inline.
e Click Next. — =
8 AdjustFile Group Details: Can edit the individual
p rofiles. File Group Details =]

. - Adjustable File Coordinates

e Filename: The name of each file collected. e m——

Check the file coordinates and make any necessary adjustments.
Note: individual file coordinates can always be edited using the

e Across Dist.: The distance from the curb of each of I

the f||es Collected %:Fn&inus‘f:z:mm RE",_DI’ 1.3:;:7:- EE‘::::‘LI;:C- Sf.rs.:ﬁ::s:- :;Z:L:-

2 FILE___009.[ 4.00 R 1.500012 Edit 5t. Loc, 57.875465 Edit End Loc.

* Rev.Dir.: If the files were collected in a zig-zag e om g e e meen e
pattern and this was specified, an X will automatically 5 AE_vRiio 0 [2oes |G mewes |FiTEHIS

. . 6 FILE____013.[ 12.00 R 1.791681 Edit 5t. Loc. 58.333802 Edit End Loc.

be entered that the file will need to be reversed. 7 e _oacuo ERETN - - CEaEW

8 FILE___015.[ 16.00 R 2.416686 Edit 5t. Loc, 59.000474 EditEnd Loc.

e St.Loc.: This is the starting location of the file o e
. . R 1 FILE___ 018.[ 22.00 |_ 1.583346 Edit 5t. Loc. | 58.125467 EditEnd Loc.

o Edit St. Loc.: Correct the starting location of the file ome o neie S R
as necessary. [ <pet J[_rexiz | [conesl | [_reb

e EndLoc.: This is the ending location of the file.
e Edit End Loc.: Correct the ending location of the file as necessary.

9 Edit the Starting and Ending Locations of each file follow these steps.
e Click Edit St. Loc. or Edit End Loc. for EACH file, one at a time.

e Move the slider bar until the vertical line on the data matches the beginning of the bridge. This
point will likely correspond with the middle of the bridge joint. Use the left and right arrow keys
on the keyboard to make minor adjustments, as well as clicking on the up and down arrows on the
screen

e Click OK.
e Repeat this process for the Starting and Ending Locations for ALL files.

FLE__SO80FT x - mE__boanaT T

e sider 19 adht bridge ke LacwRn of fyse i inewe octon e shoe 1 B i 0GR LCHDER ' T 1 b DEB

I
1

Becr Bl tocaten (R |0 DB lacen () | Laises T

Ce =

=1
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10 Click Next.

11 Enter the Bridge Joint Skew Angle: This will be a
positive number if the bridge is angled to the right
and negative number if the bridge is angled to the
left.

12 Click Finish.
Wee8 @uel
Eridge Deterioration
H QA Mappin
Processing Group e

Reflection Picking

RADANE® 7
Manual

Other Options

Bridge Joint Skew Angle

q the lanes at right angles. Non-zero angles
rofil line dosest to the curb as flustrated in

ActualBridge Shape - - -
GPR Grid —

Skew Angle

;
/< Bridge Joint
/

TrafficFlow —

Qrigin Point (Minimum X and Minimum ¥)

Bridge joint skew andle (degrees) | 0

[ <Back |[_Fnsh | [ cancel | [ hep

Reflection Picking corrects the ground surface of RoadScan data based on the previously created Horn
Calibration .CZT file. This process eliminates unwanted signal noise to enhance reflections from the
pavement layers making them easier to track. Measures the return times of the reflections and calculates
the two-way travel time for each of the pavement layers from the data.

1 When the Reflection Picking icon is selected from the Processing Group, the left pane will display the

Reflection Picking Process Bar.

2 Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.

o User Select: Manually choose the calibration file.

e Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

e Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

o Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

3 Automatic Mode: Select whether or not to use standard settings. If No is selected the following

options are available.

o Background Removal: Removes horizontal banding in the data.

e Starting Depth: Specifies the starting depth for Background Removal.

¢ Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab

of the Table Pane.
4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna

calibration file.
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This technique locates areas of probable concrete deterioration in a bare concrete or asphalt overlaid
concrete deck. This is done by graphing the relative reflection amplitudes across the survey area and
assigning threshold values to the amplitude range. Areas of deterioration will attenuate (weaken) the radar
signal. This process indicates the presence of deterioration and not the type or cause of that deterioration.

1 When the Deterioration Mapping icon is selected from the Processing Group, the left pane will

display the Deterioration Mapping Process Bar.

2 Velocity Calculation: Choose how the radar wave velocity is calculated.

e Surface: Select the Surface type of the bridge deck. Either Asphalt Overlay
or Concrete Surface.

e Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of the
surface. If this isn’t calculated correctly it can manually be adjusted.

o Velocity (Top Layer): RADAN 7 will use the velocity from the File
Header information. If this is incorrect it can manually be adjusted.

Cancel

‘ Ok Apply ‘

Detericratson Mapping

Suifade highalt Oheeilay
Timee-Lgrg ... D020
Welocity (To.. 0427
Diedectnic C... 533

o Dielectric Constants This is related to the Velocity and will update as the Velocity if modified.

3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.

Preset Lists Group

Asphalt and Concrete: Links directly to the Proc. Lists Tab in the Data,
Processes, & Proc. Lists Pane. Choosing either Asphalt or Concrete will
automatically run a set group of processes (macros). This allows the user to
quickly apply more commonly used settings for data collected over roads a
Concrete Surface or those with an Asphalt Overlay.

Interactive Status Group

Show

Toggles On or Off the targets and layers already added to the data. Selecting
Show does not enable the rest of the 2D Interactive Ribbon. That requires
selecting Add or Edit.

Add or Edit
When selected the targets or layers already added to the data will be displayed

Proc. Lists

fﬁMyFiIes fﬁProcesses fﬁProc.Lists

- 1&5 GSSI Process Lists
E|D§ Dual Frequency
D&\ 2 Channel Focusing
D&\ Combine Channels
D&\ Focusing
[—]D§ Horn Bridge
NN Asphalt Overlaid
D% Concrete Surface
2-CE Mini

ST Ex
D% Focusing
D&\ Remove Backgrnd
R Standard HR
2-CJE Mini3D
¥ standard 3D
GRS Standard HR 3D
9D§ RoadScan

D&\ Standard
[T ]= Temporary Process Lists

Oaw

and you can either edit the existing interpretations or add new ones. Selecting Add or Edit enables the rest

of the 2D Interactive Ribbon.
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2D Interactive Group

After processing Bridge data, click on Add or Edit from the Interactive Status Group to begin picking and
editing targets. This enables options for inserting and deleting targets or layers identified in the data.
Targets can be exported as an ASCII comma delimited file for use in other software.

‘-_';" Pick Type [Target T || gt Pick Polarity | Positive - L Disabled | E Select Range F: EZ Tracker
Q Foeus Rebar x I,_! Search Width 9 = | L1 Single Point 3; Ground Truth Start L Settings =
=g New Target Select Block
Interactive
Pick Type

There are two types of objects that can be added to the data; Targets or Layers. Pick between Target or
Layer to choose which gets added or modified.

Focus

This specifies which Target or Layer is being added or modified. If multiple Targets have already been
drawn they will appear in the drop down menu. The drop down menu is also used to select a new Layer.

New Target

Click here to draw additional targets. This option is only available when adding Targets and does apply to
adding more layers. Those are added by using Focus.

Pick Polarity

When picking targets or layers, the user may specify which portion of the reflection to attach new picks to
Positive, Negative, Absolute, or None polarity.

Search Width

In pixels, enter the search width for the Single Point picking tool.

Disabled
Disable Picking Tool.

Single Point

Enter a single point when target picking. A left mouse click adds a point and a right mouse click deletes a
point.
Adding Picks in Single Point Mode:
e A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear on

the data. The type of search used to locate the new pick can be customized in the Other Options
menu under Global Parameters.

o A pick will only be successfully added if a reflection can be located over the cursor search width.

o If no pick is added after pressing the left mouse button, reposition the mouse cursor and click the
left mouse button again.
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o For cases where the reflection peak is reversed polarity, the user would first need to select Neg.
Peak for the Pick Polarity under the Pick Attributes Group, then place the mouse cursor over a

negative polarity reflection.

Deleting Picks in Single Point Mode: To delete poor picks, right click on the point with the mouse.

Select Block

The Select Block picking tool is designed to operate over a large number of scans. When Select Block is
activated a translucent square appears over the data when the user clicks the left mouse button. The select
block contains tiny squares on each face and corner for resizing.

Select Range

When Select Range is activated a translucent overlay appears over the data, extending the entire length of
the profile. It operates similarly to the Select Block, except that all operations performed using the Select
Range picking tool are performed within the time interval (slice width) of the selected area on all of the
scans in the file. The slice width is adjusted by clicking the left mouse button on one of the handles
(located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle to the

desired location.

Select Block and Select Range

The following options are accessed by right-clicking within the block or range selected.

Add Points: Will activate the program to begin a smart
search for reflection peaks within the selected region.
Circles will overlay the data where reflection peaks are
identified by the search algorithm. Picks will be added to
whichever Target or Layer is currently active (i.e. in
Focus).

Delete Points: Will activate the program to start deleting
the picks of the current Target or Layer located within the
selected region.

Pick Modification Options

F
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P
Add Paints
Delete Points

Pick Mod. Options ¥
Interpolate Pts,

e Change Pick ID: Change the layer or target number assigned to the picks located within the
selected region. For example, the user desires to change the layer # of a group of Layer 3 picks to
Layer 2. The user must select layer 3 as the Current Layer, position the Select Block (or Select
Range) over the group of points and click the right mouse button to access the Pick Modification
Options. Select Change Pick ID to switch from Layer 3 to Layer 2.
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¢ Change Pick Velocity: Changes the velocity of the currently selected Velocity L el B |
layer picks located in the selected region. It opens a dialog box for entering || vipese (5o =
the desired velocity. The user can choose to either specify the new I it 022
velocity, use the nearest core, or ground truth, data, or use results from kel
velocity analysis. Choosing Lock Velocity keeps the data from being

change with subsequent velocity modifications.

Select velocily calculation methad foe
zelected packs. Check 'Lock Velocity" to
peevent it from being charged when

‘ rodififyireg the velocity method elsewhee

U
f oK. | Cancel

Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using the
interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under Interpolation
Method.

Ground Truth

Selecting the Ground Truth icon allows the user to individually adjust the depth of picks based upon a
true measured depth. As depths are entered they appear in the Target or Layer Ground Truth tab of the
Table Pane.

To enter individual Ground Truth information:
e Select Ground Truth from the Interactive Mode window.
e Click in the data the spot where the ground truth was collected.
o Enter the depth.
e Click OK or Cancel.

To specify all new layer picks to have velocities calculated from the ground truth data, change the Vel.
Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker
Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.
4 Stop: Select to stop EZ Tracker.
5 If there are breaks in the layer then select and Stop and Start to skip the break.
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Global Parameters

Single Pt. Search Length: \When using Single Point Picking
Tool, this setting determines whether the pick is entered at the
closest peak or using the cursor length.

Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

e Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

o dB: Converts the data units amplitudes to decibels (dB)
by using the equation 20*log10(x) where X is the absolute
value of the data amplitude.

RADANE® 7
Manual

Global Parameters

(=]

Single Pt. Search Lenagth Clozest Peak -
Amplitude Values Data Units hd
Interpolation Method

Fill layer with dizplay color in depth pane

[ QK l [ Cancel l [ Help

¢ Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.

Interpolation Method: Each time a pick is added a search is performed to locate the corresponding
feature of the reflection that will be used to identify two-way travel time and amplitude. Use either

Automatic, Nearest Peak, or Linear.

e Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans apart

this mode switches to Nearest Peak.

o Nearest Peak: Search for the nearest peak between existing picks.

e Linear: Draws a straight line between two previously interpreted picks.

Checking the box will fill the layer with a chosen color in depth pane.

Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers

Settings

Non-Filled Layers

Load Default Settings: Loads previously saved default settings for Interactive Mode.
Save As Default Settings: Saves the current Interactive Mode settings including all layer properties and

display options.
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Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or fom] CSV File

the layer information exported to a KML file (if GPS was collected with the data) for viewing fr Image

in Google Earth. ﬂ KML File
. Export

CSV File

Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.

e Use Existing: Use existing custom fields that were created in Create Custom or are available for
specific applications from GSSI.

0 Select an Available Export Configuration.
o Modify Options for Filtering Data as necessary.

Available Export Configs Output Fields
0 Save the exported CSV file. & Cmom

{24 6ss1

e Create Custom: Select fields to export.
0 Select the desired Export Category.

o Choose which Available Fields to include in the
CSV file.

0 Choose whether to export all of the data or specify
ranges or certain values. If filtering exported data,

Selected Export Config: |

then modify Options for Filtering Data as necessary. e ] Coe ] [re

0 Name the custom export. Create a general name for
use with other data.

0 Save the exported CSV File.
¢ Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.
0 Select the desired Export Category.
0 Choose which Available Fields to include in the CSV file.
o

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.

Image

Saves the image on the screen as a JPG file. To customize the exported image use the Export > Custom
Image Export option under the GSSI Button.
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KML File
A KML file is a file type used to display geographic data in an earth KML Output Options [ =]
browser, such as Google Earth and Google Maps. KML files have a tag-
based structure with names and attributes used for specific display i
purposes. RADAN 7 can export certain kinds of information as a KML Y User Marks
file and easily view that information in Google Earth. This section ITargets
discusses exporting layers identified in Interactive Interpretation. In order 7] Ground Truth
to create a KML file. The data must have been collected with GPS or GPS Layers I
coordinates were added to the data. | OutputParameter | Depth ;
e GPS Track: Select whether or not to export the GPS trajectory. | Line Width (Pixels) 5 |
o User Marks: Select whether or not to export User Marks. Minimum Value () | 0.00 I
¢ Targets: Select whether or not to export Targets. l Maximum Value  (ft) 12,00 |
e Ground Truth: Select whether or not to export Ground Truth Number of Intervals |5
points, or Core Data. , iew it layer Golors |
e Layers: Selects whether or not to export Layers. Multiple layers Note: Only displayed layers and targets of
are exported one at a tlme l displayed channels will be output to KML file.
0 Channel: Selects the data channel to export. Different [ ot ]

channels can be exported if a multi-channel file was
collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data
being exported with the layer.

0 Line width: The KML output line width in pixels.

0 Minimum/Maximum: This sets the range of output values specified in the Output Parameter
option.

Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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Dual Polarity Horn BridgeScan Ribbon

The Dual Polarity Horn BridgeScan Ribbon is designed to process data specifically collected to determine
bridge deterioration using three air-launched horn antennas instead of a ground-coupled antenna. The
antennas are configured with two 1 GHz horn antennas positioned inline (one behind the other) and one
antenna oriented at 90 degrees relative to the other antenna so that the radiated polarization is
perpendicular.

During data processing the data from one antenna is subtracted from the other antenna to isolate the
reflection from the top rebar in the bridge deck. For asphalt-overlaid bridge decks the concrete surface
reflection interferes in time with the top rebar reflections. The concrete surface reflection from both
antennas is approximately the same, but one antenna orientation is more sensitive to the top rebar.
Subtracting the data from the two antennas enhances the top rebar reflection.

E Scope a }u == & ig Show; 5 Pick Type Target ~ || gk Pick Polarity Positive - | l; Disabled| = selectRange | P EZ Tracker | ¥ Global Options o Csv File
— < =i o Wy = 5

{77 Location = :E’ Add orEdit| | | ¢ Focus Rebar b 5_'1 Search Width 9 ~ | I1 Single Point 3,\ Ground Truth Start g% Settings i Image

[E— ] Horn Reflection Create Horn Bridge o oo . ) o

|*= Depth Pane| || calibration Picking 30 File  Analysis o" Mew Target D\splay Gain: |20 = jﬁ'{ Select Block KML File

Window Processing Steps Interactive Status 20 Interactive Export

Window Group

The Window Group includes five different ways view either the data or the data properties.

Scope
This will display an O-Scope to the right of the linescan data. Hold the left mouse button down while
pointing to the linescan data to correspond with the O-Scope using a horizontal line.

Location
Used primarily for 3D Grid files or individual profiles with GPS data, this will display a grid showing the
location of each profile.
¢ By holding the left mouse button down on the linescan data the location of that spot on the grid
can be determined.

o Right-clicking inside of the grid with the mouse will either Move 3D Area, which can change the
starting coordinates of the grid, or access the GPS Coordinates menu to add or modify the GPS

Coordinates for the grid.

o Right-clicking on the ends of lines with the mouse will either Nudge Profile, which shifts the
profile forward or backward along the line, or Edit Profile Coordinates, which can change the
profiles location within the grid.

Depth Pane

Toggles the Interactive Interpretation Pane On or Off below the linescan display.
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The Processing Steps Group includes steps for horn calibration, reflection picking, and layer

interpretation.

Horn Calibration

Settings from the horn calibration are stored with the processed data file header and accessed

when the calibration file is used in the reflection picking tool.

Manual

[ ]
=
Horn
Calibration

1 When the Horn Calibration icon is selected from the Processing Group, the left pane will display the

Horn Calibration Process Bar.

¢ Automatic Mode: Perform an automatic horn calibration or choose to
select custom calibration settings.

o Use Air Wave File: The airwave file is most commonly collected by
turning the antennas upside down so that they radiate upward. This file is
obtained using the same SIR 10/20/30 settings as the metal plate
calibration file. Use of an air wave file is optional and not typically used.

0 No: No air wave file was collected or one is not being used.

o0 Yes: An air wave file has been collected. Enter the air wave filename
in the space to the right.

o # of Channels: Number of channels in the data file currently open.

Ok

Cancel

Apply

=l Horn Calibration
Automatic Mode
Use Air Wave File
# of Channels
Channel
Antenna Type

Serial Number

False
False

1

2 GHz (Mod ...
0

¢ Channel: Choose which channel to calibrate. Setting this to ALL will process all of the channels

with common parameters.
0 Antenna Type: Select the antenna used for data collection.

0 Serial Number: Serial number of chosen antenna if it is a Smart antenna.

2 Click Apply and Reset, and adjust if necessary.

3 Click OK once desired results are
achieved. It is recommended that the
.CZT calibration file is saved with an
easily recognizable name to identify it
during processing.

Reflection Picking

Reflection Picking corrects the ground surface of Horn BridgeScan data based on the previously
created Horn Calibration .CZT file. This process eliminates unwanted signal noise to enhance
reflections from the pavement layers making them easier to track. Measures the return times of
the reflections and calculates the two-way travel time for each of the pavement layers from the data.

Reflection
Picking

1 When the Reflection Picking icon is selected from the Processing Group, the left pane will display the

Reflection Picking Process Bar.
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A step-by-step guide combining collected files, processing

Manual

Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.

User Select: Manually choose the calibration file.

Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

Automatic Mode: Select whether or not to use standard settings. If No is selected the following
options are available.

Background Removal: Removes horizontal banding in the data.
Starting Depth: Specifies the starting depth for Background Removal.

Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab
of the Table Pane.

Click Apply and Reset, and adjust if necessary.

Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna
calibration file.

Create 3D File

the files, and preparing the newly created “bridge” file for SeateDEeerie.
further processing. Creation of a 3D file is necessary to S e T

complete Bridge Deterioration Mapping, but is not
necessary for Bridge QA.

Click Create 3D File.

1
2

Browse to the appropriate folder where the collected
bridge files are located.

Create an output filename for the newly created bridge
3D file.

Crleasthelenabridge

Select output filename EastHelenaBridge

Next> | [ candl ] [ Hel

Click Next.
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Add the bridge files from the left pane to the right pane
by:

o Double-clicking on the File, or

e Click on the File and click Add >, or

o If Appropriate, click Add All, or

¢ Highlight a group of files and click Add >

e Remove files from the right pane by doing the same

procedures in the right pane
Click Next.

File Group 3D Area:
o Enter the length of the bridge.

o Enter the starting distance of the FIRST line collected

from the Curb or Lane Stripe.
o Enter the spacing between each profile or line.

e Click the down arrow to select how the data were
collected.

e Select whether the data were collected Standard or
Inline.

Click Next.

Adjust File Group Details: Can edit the individual
profiles.

¢ Filename: The name of each file collected.

e Across Dist.: The distance from the curb of each of

the files collected.
o Rev. Dir.: If the files were collected in a zig-zag

pattern and this was specified, an X will automatically

be entered that the file will need to be reversed.
e St.Loc.: This is the starting location of the file

e Edit St. Loc.: Correct the starting location of the file

as necessary.
e End Loc.: This is the ending location of the file.

e Edit End Loc.: Correct the ending location of the file

as necessary.

RADAN® 7

Add files to the 30 Bridge File by either highlighting in the left
window and pressing the "Add" button, or by double-clicking the
left mouse button.
Availzble Files in Folder Files to Combine:
EASTHELENABRIDGE.DZT i
oAzl Add Al
FILE__ 008.DZT
FILE___009.0ZT
FILE___010.0ZT
FILE___011.DZT
FILE__ 012.DZT
FILE 013.DZT
FlE 015001
FILE__ 015.02T saRemass
FILE 016.DZT
FILE 017.DZT
FILE 018.DZT
FILE. 019.DZT
FILE__ 020.02T
FILE__ 021.DZT Remove Al
GRID  001.DZT L
<Back |_Mext> | [ cancel | [ Heb
File Group 3D Area =
Bridge Survey Information
(1) Specify the data collection information
Individual fie coordinates can be adjusted later.
Length of bridge {in) 100
Starting Dist. from Curb or Lane Stripe {in} 0
Spacing between profles  (in) 24
I
(2) Specify the order that the fies 3|
were collected.The small square j—
denotes the starting position of the —
first flle. —
(3) Spedify the data collection mode - Standard or —
Tniine. Inine applies to 41000 series antennas with Stondard
one channel subtracted from the other channel.
<Back |[ mext> | [ cancel | [ hep
File Group Details

Adjustable File Coordinates

Check the file coordinates and make any necessary adiustments.
Note: indvidual file coordinates can always be edited using the
Location Window.

Filename Across Dist. Rev. Dir. St.loc. EditSt loc. Endloc. Edit End Loc. "_
{FIE_ 008} 2.00 1416678 EditSt.loc. |57.875465  EditEndLoc.
FiE 6091 4.00 1500012 EditStloc, | 57.875%5  EditEndLoc,

FILE___ 010.[ 6.00 0.833340 EditSt. Loc, | 57.333794 Edit End Loc.
FILE___ 011.[8.00 2.041683 Edit5t. Loc, | 58.500470 Edit End Loc.
FILE___ 012.[ 10.00 2.375019 Edit5t. Loc, | 58.833806 Edit End Loc.
FILE___ 013.[ 12.00 1.791681 Edit5t. Loc, | 58.333802 Edit End Loc.
FILE___ 014. 14.00 1.250010 EditSt. Loc, | 57.792131 Edit End Loc.
FILE___ 015.0 16.00 2.416686 Edit5t. Loc, | 59.000474 Edit End Loc.
FILE___ 0156.[ 18.00 2.041683 EditSt. Loc, | 58.542137 Edit End Loc.
FILE___ 017.1 20.00 1.083342 EditSt. Loc, | 57.625463 Edit End Loc.
FILE___ 018.[ 22.00 1.583346 EditSt. Loc, | 58.125467 Edit End Loc.

101 2amn 7 13356 St Cr ta- |50 A75ATT | G Eedtoc

IE B W0 e N n bW N
LA A A A A A A

v

)

<Back [ Mewtz | [ cancel | [ reb

10 Edit the Starting and Ending Locations of each file follow these steps.

e Click Edit St. Loc. or Edit End Loc. for EACH file, one at a time.

o Move the slider bar until the vertical line on the data matches the beginning of the bridge. This
point will likely correspond with the middle of the bridge joint. Use the left and right arrow keys
on the keyboard to make minor adjustments, as well as clicking on the up and down arrows on the

screen
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e Click OK.
e Repeat this process for the Starting and Ending Locations for ALL files.

.l_*. PR 5

e shder i st bk e Locaber ar By 1 ke iocaben:

e fge Locason (%) | L

11 Click Next.

12 Enter the Bridge Joint Skew Angle: This will be a — =
positive number if the bridge is angled to the right and e oo
negative number if the bridge is angled to the left. (2 Specty o s e of e m—, :

13C|ick Finish. ::elrrnna:gsu‘r’:‘iwlg‘dim nlga‘hnglmhdﬂﬁs ﬁII d ttoth cub H lrtedin

Actual Bridge Shape - -
Skew Angle GPR Grid —

—
[/~ ridge Joint

TrafficFlow —

- Origin Point (Minimum X and Minimum Y)

Bricge joint skew andle (dearees) | 0

= Back Finish Cancel Help

Horn Bridge Analysis

This technique locates areas of probable concrete deterioration in a bare concrete or asphalt overlaid
concrete deck. This is done by graphing the relative reflection amplitudes across the survey area and
assigning threshold values to the amplitude range. Areas of deterioration will attenuate (weaken) the radar
signal. This process indicates the presence of deterioration and not the type or cause of that deterioration.

1 When the Deterioration Mapping icon is selected from the Processing Group, the left pane will

display the Deterioration Mapping Process Bar.
2 Velocity Calculation: Choose how the radar wave velocity is calculated. ‘ L aacs H Apply |
o Surface: Select the Surface type of the bridge deck. Either Asphalt = Deteriorabon Mapping
Overlay or Concrete Surface. SaTacR . oonaN Over
e Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of ;’l‘l’:::f; E;f
the surface. If this isn’t calculated correctly it can manually be adjusted.

e Velocity (Top Layer): RADAN 7 will use the velocity from the File Header
information. If this is incorrect it can manually be adjusted.

o Dielectric Constant: This is related to the Velocity and will update as the Velocity if modified.
3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.
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Interactive Status Group

Show

Toggles On or Off the targets and layers already added to the data. Selecting Show does not enable the
rest of the 2D Interactive Ribbon. That requires selecting Add or Edit.

Add or Edit

When selected the targets or layers already added to the data will be displayed and you can either edit the
existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D Interactive
Ribbon.

2D Interactive Group

After processing Bridge data, click on Add or Edit from the Interactive Status Group to begin picking and
editing targets. This enables options for inserting and deleting targets or layers identified in the data.
Targets can be exported as an ASCII comma delimited file for use in other software.

;_'?PickType Target T || gt Pick Polarity |Positive - [.{g Disabled.i EESEIect Range PfEZTracker
# Focus Rebar = | U search width |9 - | L1 single Point Ta Ground Truth £F Settings ~
i '_.INewTarget Select Block
Interactive
Pick Type

There are two types of objects that can be added to the data; Targets or Layers. Pick between Target or
Layer to choose which gets added or modified.

Focus

This specifies which Target or Layer is being added or modified. If multiple Targets have already been
drawn they will appear in the drop down menu. The drop down menu is also used to select a new Layer.

New Target

Click here to draw additional targets. This option is only available when adding Targets and does apply to
adding more layers. Those are added by using Focus.

Pick Polarity

When picking targets or layers, the user may specify which portion of the reflection to attach new picks to
Positive, Negative, Absolute, or None polarity.

Search Width

In pixels, enter the search width for the Single Point picking tool.

Disabled
Disable Picking Tool.
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Single Point

Enter a single point when target picking. A left mouse click adds a point and a right mouse click deletes a
point.

Adding Picks in Single Point Mode:

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear on
the data. The type of search used to locate the new pick can be customized in the Other Options
menu under Global Parameters.

o A pick will only be successfully added if a reflection can be located over the cursor search width.

e If no pick is added after pressing the left mouse button, reposition the mouse cursor and click the
left mouse button again.

o For cases where the reflection peak is reversed polarity, the user would first need to select Neg.
Peak for the Pick Polarity under the Pick Attributes Group, then place the mouse cursor over a
negative polarity reflection.

Deleting Picks in Single Point Mode: To delete poor picks, right click on the point with the mouse.

Select Block

The Select Block picking tool is designed to operate over a large number of scans. When Select Block is
activated a translucent square appears over the data when the user clicks the left mouse button. The select
block contains tiny squares on each face and corner for resizing.

Select Range

When Select Range is activated a translucent overlay appears over the data, extending the entire length of
the profile. It operates similarly to the Select Block, except that all operations performed using the Select
Range picking tool are performed within the time interval (slice width) of the selected area on all of the
scans in the file. The slice width is adjusted by clicking the left mouse button on one of the handles
(located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle to the
desired location.

Select Block and Select Range

The following options are accessed by right-clicking within the s e o

=
@

___I.IHI.II_'_|IIIII|l||II|I

block or range selected.

o
=

Add Points: Will activate the program to begin a smart search
for reflection peaks within the selected region. Circles will
overlay the data where reflection peaks are identified by the
search algorithm. Picks will be added to whichever Target or
Layer is currently active (i.e. in Focus).

-
=

Add Points
Dedete Ponts

i
=

Pick Mod, Opfions  #
Interpolate Pts.

pidveca v ibencalyia

Delete Points: Will activate the program to start deleting the

picks of the current Target or Layer located within the selected
region.
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Pick Modification Options
« Change Pick ID: Change the layer or target number assigned to the picks | =¥ e
located within the selected region. For example, the user desires to change || Veewese  [sesiy -
the layer # of a group of Layer 3 picks to Layer 2. The user must select j|  Newveoow g 0122 \
layer 3 as the Current Layer, position the Select Block (or Select Range) | Dtoskveon |
over the group of points and click the right mouse button to access the T Cancel
Pick Modification Options. Select Change Pick ID to switch from Layer 3 o I
to Layer 2. sdlciad ke, Check Lok Veoiy o

rochfifyireg the velocity method elsewhens

¢ Change Pick Velocity: Changes the velocity of the currently selected

layer picks located in the selected region. It opens a dialog box for entering the desired velocity.
The user can choose to either specify the new velocity, use the nearest core, or ground truth, data,
or use results from velocity analysis. Choosing Lock Velocity keeps the data from being change

with subsequent velocity modifications.

Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using the
interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under Interpolation
Method.

Ground Truth

Selecting the Ground Truth icon allows the user to individually adjust the depth of picks based upon a
true measured depth. As depths are entered they appear in the Target or Layer Ground Truth tab of the
Table Pane.

To enter individual Ground Truth information:
e Select Ground Truth from the Interactive Mode window.
e Click in the data the spot where the ground truth was collected.
o Enter the depth.
e Click OK or Cancel.

To specify all new layer picks to have velocities calculated from the ground truth data, change the Vel.
Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker
Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.
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4 Stop: Select to stop EZ Tracker.
5 If there are breaks in the layer then select and Stop and Start to skip the break.

Global Parameters @
Global Parameters
Single Pt. Search Length: \When using Single Point Picking sinale Pt Search Length
Tool, this setting determines whether the pick is entered at the AT 2 Y Ve
closest peak or using the cursor length. Interpolation Method

Amplitude Values: Use Data Units, decibels (dB), or

NOI’maI ized dB Fill layer with dizplay colaor in depth pane

o Data Units: Provides the layer bottom reflection ook [(Lcaes] (oo

amplitudes in the actual data values.

e dB: Converts the data units amplitudes to decibels (dB) by using the equation 20*log10(x) where
x is the absolute value of the data amplitude.

¢ Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and
2147483648 for 32 bit data before converting to dB.

Interpolation Method: Each time a pick is added a search is performed to locate the corresponding
feature of the reflection that will be used to identify two-way travel time and amplitude. Use either
Automatic, Nearest Peak, or Linear.

¢ Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans apart
this mode switches to Nearest Peak.

o Nearest Peak: Search for the nearest peak between existing picks.

o Linear: Draws a straight line between two previously interpreted picks.
Checking the box will fill the layer with a chosen color in depth pane.
Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers Non-Filled Layers

Settings
Load Default Settings: Loads previously saved default settings for Interactive Mode.

Save As Default Settings: Saves the current Interactive Mode settings including all layer properties and
display options.
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Export Group
Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, ] CSV File
or the layer information exported to a KML file (if GPS was collected with the data) for fr Image
viewing in Google Earth. {5 kML File
Export

CSV File
Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.

e Use Existing: Use existing custom fields that were created in Create Custom or are available for
specific applications from GSSI.
0 Select an Available Export Configuration.
o Modify Options for Filtering Data as necessary.
0 Save the exported CSV file.

e Create Custom: Select fields to export. o =

0 Select the desired Export Category. £ it

o0 Choose which Available Fields to include in the
CSV file.

0 Choose whether to export all of the data or
specify ranges or certain values. If filtering
exported data, then modify Options for Filtering
Data as necessary. <o |_ron ] oo ] [_re

o0 Name the custom export. Create a general name
for use with other data.

0 Save the exported CSV File.
¢ Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.

Available Export Configs Output Fields

Selected Export Config: |

0 Select the desired Export Category.
o Choose which Available Fields to include in the CSV file.
o

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.

Image

Saves the image on the screen as a JPG file. To customize the exported image use the Export > Custom
Image Export option under the GSSI Button.
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KML File | |
utpu ions L2
A KML file is a file type used to display geographic data in an earth LBt s
browser, such as Google Earth and Google Maps. KML files have a tag- 7] PS Track
based structure with names and attributes used for specific display 7] User Marks
purposes. RADAN 7 can export certain kinds of information as a KML ] Targets
file and easily view that information in Google Earth. This section Tl Ground Trath
discusses exporting layers identified in Interactive Interpretation. In order
to create a KML file. The data must have been collected with GPS or GPS avers

. [a] t P te Deptt
coordinates were added to the data. MiputParametsr  SPT

¢ GPS Track: Select whether or not to export the GPS trajectory. e Wi (Poxes) 8

inimurm Value  (ft) 0.00
o User Marks: Select whether or not to export User Marks. Hnmen ¢
Maximum Value  (ft) 12.00

¢ Targets: Select whether or not to export Targets.

Number of Intervals 5

¢ Ground Truth: Select whether or not to export Ground Truth
points, or Core Data.

. Mote: Only displayed layers and targets of
e Layers: Selects whether or not to export Layers. Multiple layers || dsplayed channels will be output to KML fie.

are exported one at a time. Be——am
0 Channel: Selects the data channel to export. Different
channels can be exported if a multi-channel file was collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data
being exported with the layer.

Line width: The KML output line width in pixels.

Minimum/Maximum: This sets the range of output values specified in the Output Parameter
option.

Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

fem KMIL File Layers | GPS Path #82 Output Parameter Depth = | " Minimum Value 0 7 Recall Settings
@ Google Earth v Targets V| Ground Truth ELine Width [pixels) & = 2 Maximum Value 12 £ cave Settings
S Google Earth Refresh V| User Marks [HNumber of Intervals |5 = ‘:’Intenial Colors

Display/Save Options Export tems Layer Options Settings

Display/Save Options Group
There are three options in this group for saving or displaying export items in Google Earth®.

KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.

Google Earth®: Click this button to launch Google Earth® with the selected export options. A
Temporary Place will be added to Google Earth®.

Google Earth® Refresh: Press this button to refresh
Google Earth® with any changes made to the exported
items. A new Temporary Place will be added to Google
Earth® and will have the same file name as the original
file.

Export Items Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.

Output Parameter: There are four Output Parameter options to choose from when exporting layers.
Although depth is the typical output parameter, there are applications where other values such as velocity
(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

Depth
Amplitude

Velocity
Time
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Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to
denote different ranges. The user can specify from 0 to 8 intervals.

Minimum Value: The minimum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Minimum Value is the
minimum amplitude.

Maximum Value: The maximum value for the interval range. For example, if
the user choses Amplitude for the output parameter, the Maximum Value is the
maximum amplitude.

Interval Colors: Opens the Interval Colors dialogue box, which allows the user
to select a color for each interval. Click on the down arrows to select a different
color or choose Other to open a color editor window.

Settings Group

RADAN® 7

Manual
Interval Colors &J

<0(m L H
0- 24 (in) I ]
2.4-4.8(in) I [
4.8 - 7.2 (in) :I |E|
7.2-9.6 (in) D
9.6 - 12 (in) [
> 12 (m) [

[ oK ] [ Cancel ]

Recall Settings: Press this button to recall the current export settings (Export Items and Layer Options)

that have most recently been saved by pressing the Save Settings icon.

Save Settings: Press this button to save the current export settings (Export Items and Layer Options) as

the default settings for all files.

3D Volume Options

This is a context sensitive ribbon that will only be accessible when 3D data is displayed and selected as

the active dataset.

£ Beckmack | 22 | g Pan e Cerlours B Peiitinn " #-Slice Paaition

e
‘O{D

V 2-5hee Depth Thickmess 007 s _% e Divabled #YFocuy Rebar
ILs 1 3] : * Free Doaw = Ve Target

I sicer 0 : Akmaties | Bt - Ansinanion (| (g : SRS | il Snen to Dueal

3D Slice Controls Group

Select X, Y, or Z to focus on either a profile or the slice when manipulating the 3D
display. This will also update as different axes are selected from other groups.

W x  +r Bookmark | ]

@ ¥ ™ Reset
|

|z

3D Slice Controls

SRS

Bookmark: Bookmark individual X-walls, Y-walls, =
or Z-slices. <k

\Reset: Reset the image to original slice settings.
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3D Slice Viewpoint Settings: These functions are applied by holding down the X, Y, or Z key on the

keyboard or by selecting the appropriate wall or slice from the 3D Slice Control options.
Expand View: Expand the 3D image in the X, Y, or Z direction.

Decrease View: Contract the 3D image in the X, Y, or Z direction.

Viewpoint Reset: Snap back to the original size.

Viewpoint Group

Pan: Click here, move the mouse pointer (represented as a hand) to the 3D image. Then while
holding down the left mouse button, move the image.

Zoom: Click here, move the mouse point (represented as a magnifying glass) to the 3D image.

ﬂ. Pan
Q, Zoom

(& Rotate

Viewpoint

Control the size of the zoom by moving the wheel on the mouse. Double-click to zoom in on the square

area.
Rotate: Click here to select the rotation for the 3D Cube.

e Use the arrows or enter the numeric angle to rotate, or spin, the image on | 30 Angles

Apply Immediately

[ Apply ] [ Dane ] ICanceIl [ Help ]

the X, Y, or Z aXIS = Spin Around ¥
e Toggle with a check mark to Apply Immediately. - Sjmw
o Click Apply to test the settings without exiting, click Done to apply the ’

changes and exit, or Cancel to exit without applying the changes. Help SRR

will open a .pdf of the RADAN 7 manual. e
e To view just the Z-slice data change the settings to X =90, Y =0,

and Z=0.

)
"]

3D Show/Hide GrOUp 4 Contours
Points: Toggle to show or hide points (targets) entered in the 3D Data using | Lines Surfaces
Interactive Mode. s & I slices
Lines: Toggle to show or hide lines (pipes, rebar, etc.) entered in the 3D Data 3D Show/Hide

using Interactive Mode.
Waypoints: Toggle to show or hide waypoints (User Marks or Computer Generated Marks).

\Contours: Toggle to show or hide an amplitude contour of =
the 3D Data. Shown in the image on the right. The contour :
image is updated as the Z Slice is moved.

Surfaces: Toggle to show or hide surfaces of the 3D Data.
Surfaces are added by importing a .shp file under 3D
Display Properties in the Properties Pane.

Slices: Toggle to show or hide all of the X, Y, and
Z slices of the 3D Data.
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X/Y-Slice Position: Drag the slide bar or press the -/+ to move the
profiles of the 3D display.

X-Slice Paosition

b

[

Animation 9,90

¥-Slice Position V |
= o) |

Animation

Animation: Toggles animation On or Off. This will seamlessly move
through the profiles.
Z-Slice Group

Z-Slice Position: Drag the slide bar or press the -/+ to move the slices of the
3D display.

Animation: Toggles animation On or Off. This will seamlessly move
through the profiles.

Thickness: Adjust the thickness of the Z-Slice.

3D Interactive Group

Disabled: Turns off Interactive Mode.

I-Slice Depth

075

®

Thickness 0.07

Ay
¥
Animation

Free Draw: Draw rebar, pipes, conduits, etc. at the location of the current Z Slice.

Steps on how to draw a pipe are below.
1 Double click on the location for the beginning of the pipe.

2 Double click on the location for the end of the pipe.

3 To create additional pipes choose New Object from the Free Draw window or right click within

the 3D cube and select New Target.

\¢ Disabled
" Free Draw

lfiﬁ Snap to Data
ar

#Y Focus Rebar

HNew Target

D Interactive

Snap to Data: Draws targets and attaches them to the nearest scan and not the Z Slice.

1 Double click to on the location for the beginning of the pipe.

2 Double click for on the location of the end of the pipe.

3 To create additional pipes choose New Target from the Interactive window or right click within

the 3D cube and select New Target.

Focus: In Free Draw mode, this specifies the object that is being entered or modified. If multiple objects

have already been drawn they will appear in the drop down menu.
New Target: Click here to draw additional objects.

Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.

JPG: Click to export the 3D grid to a JPG file.

Excel: Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with

user-entered information, data properties, and an image of the currently selected view.

2D CAD (*.dxf): Exports the data as a 2D AutoCAD file.
3D CAD (*.dxf): Exports the data as a 3D AutoCAD file.

Z-Slice Google Earth (*.kml): Exports the currently displayed z-slice as a kml file that will open in

Google Earth as a layer.
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Section 4: Application-Specific Displays

Reader

Use this display to view already processed 2D data as profiles and 3D data as depth slices. The color
table, color transform, and display gain can also be modified. If targets or picks were added in one of the
other displays they can be displayed as well. Displayed data can be saved as .jpg images.

| GPRReader - View Processed Data and Interactive Edits |

] Qpen 8 shaw Fre {7 Location £ Color Tables ~
e i3 |

= color xforms - ‘

ngs || I8 Display Gain: 0 |If

| a

“ View Depth
I | I Il es | |
| File |/Interactive status| | Export 20 || Depth Siice Viewing| | Other Windows || Display || wep | |

RADAN™

Reader

GSSI Button
Clicking on the GSSI Button allows the user to:

e Opena Fi|e/Project ﬁ

e Print data B o Recent Documents
1 GRID___009 P_1.DZT
e Close a File/Project =, e ¥ 2gm0_ooi e
e Close All Open Files ) e Ysyiosyans
4 GRID__ 001 P_1.02T
° Options to Change Ianguages _'T Clase All Open Files 5 CAUSERS\...\GRID____001.DZT

£ GRID 1 P11111.62X

e Exit RADAN 7 Software

1 C\lsers\...\BandPass.DZT

8 F\6 614\ PROCK_004 P_2.DZT
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GPR Reader — View Processed Data and Interactive Edits

" Open S show I ire ;!; {1 Location
ram?

View Depth

Clase

File Interactive Status | |Export 2D || Depth Slice Viewing Other Windows

3 Color Tables ~
File Header == Color Xforms ~
Slices @Glubal Settings ﬁDisplay Gain: 0
Drisplay

7

Help

Help

File Group
Open: Opens the currently selected project folder to open additional files.

RADANE® 7
Manual

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Interactive Status
Show: Toggles On or Off the targets and layers already added to the data.

Export 2D
JPG: Click to export the 3D grid to a JPG file.

Depth Slice Viewing

View Depth Slices
Display a top-down view of data and slice through difference depths.

Other Windows Group
Toggle On or Off different data property windows.

Location

Used primarily for 3D Grid files or individual
profiles with GPS data, location will display a
grid showing the location of each profile.

e Holding the left mouse button down on
the linescan data will show the location of
that spot on the location display.

¢ Right-click with the mouse inside of the
location display to access the following:

0 Move 3D Area: Change the starting

coordinates of the grid.

0 GPS Coordinates: Add or modify the GPS Coordinates for the grid.
Right-click with the mouse on the end of a line to access the following:
0 Nudge Profile: Shift the profile forward or backward along the line.

o EditProfile Coordinates: Change a profile’s location within the grid.

File Header: Header information about the displayed file.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.
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Display Group
Color Tables
Color tables are used to code the amplitude of each scan (i.e., the recorded radar o —— ‘_ -
signal). Colors on the left side of the spectrum represent strong negative —
amplitudes. As the colors go to the right, this represents the amplitude getting —
weaker (or closer to 0) and the middle of the spectrum is the area of weak T —
amplitude. As the colors go further right from the middle, this represents a Stronger | m— |-
positive amplitude. — :
e For example, white in color table 1 corresponds to the highest positive —
amplitude pulse; therefore, when it appears on the radar record, it means N
that there is a strong reflection (or a high dielectric contrast). e ——
¢ Insome color tables (such as 23), black indicates a low amplitude e —
reflection. Therefore, a large black region on the linescan plot could be —
indicative of a uniform structure (such as a homogeneous sand deposit)
with little or no dielectric contrast.
Color Xforms
The Color Transform can be changed to enhance weak amplitude or small contrast iy W T
reflectors. The color transform determines whether the color scale applied to the _— —___
radar wave’s amplitude is linear, logarithmic, exponential, or customized. This — —&
function can also be used to de-emphasize certain features. — =
—
= =
— —H

Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data 12 -
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up to
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This  |*
will change all samples, no matter where they are in the scan trace, by the same amount.

@

1 [m

o Altering the display gain does not change data values like Range Gain, which is 3
described later in this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.

Help

Index: Opens the RADAN for StructureScan Mini Manual.

About: Display the current version of the software.

Update: Update the software to the latest version. You MUST be connected to the internet to do this.
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Depth Slice Options

This is a context sensitive ribbon that will only be accessible when 3D data is displayed and selected as
the active dataset.

Z-Slice Group

Z-Slice Position: Drag the slide bar or press the -/+ to move the slices of the 3D display.
Animation: Toggles animation On or Off. This will seamlessly move through the profiles.
Thickness: Adjust the thickness of the Z-Slice.

Standard Processing
See Section 3: Navigating Through RADAN 7 for the complete overview of Standard Processing.
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RADAN 7 for StructureScan Mini

RADAN for StructureScan Mini display was designed to process, view, and document data collected with
the StructureScan Mini. RADAN for StructureScan Mini module can perform the following functions:
Process data using Focus (Migration), Background Removal, and Gain Adjustment; Display 3D images
and provide X,Y, and Z coordinates; Change colors to optimize images for documentation purposes; Add
interpretations to the data; Export information to MSExcel for reports; Export a 3D image as a JPG file;
and Export target information to a CSV format.

RADAN™

for

StructureScan™ Mini

RADAN® 7

Manual

GSSI Button

Clicking on the button allows you to:

Open a File/Project

Print your data

Close a File/Project

Close All Open Files

Open a previously processed File/Project

Use Options to change the language

Exit RADAN for StructureScan Mini Software
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Recent Documents

L1 GRID___009 P_1.DZT

2 GRID__001 P.111.02T

3 GRID___001 P_11,DZF

4 GRID___001 P_1.DZT

5 CAUSERS\..\GRID____001,02T
EGRID1 P 1111162

1 C\lsers\...\BandPass.OZT

8 F66.14\PROCX_O0 P_2.02T
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RADANMini Home Ribbon

wmr
®

fif
W
i

File Group
Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets
or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Processing Options Group

Focus

When the software automatically processes your data, it will use the dielectric number you configured and
used when the data were collected. This value may or may not give you the optimum 3D display. The
objects displayed in the 3D view may look blurred or blobby.

You can use the Focus option to re-adjust the dielectric for better depth accuracy and a better 3D display.

1 Close the 3D Tab by clicking on the X of the tab so only the original file tab remains.

E)“_._ v G}“_ '

# Home 30 Vehume Options

K.5aee Position In§ ¥alies Pasition dpen m m B seone & addDel e
= = . e e ’ @0vien /AR Targen|
gy s

T Animation| |lagn 3 ] Cinte

and..... 001 GUID____001 PROCESSED 3 =
e T 10.0 20,0 B n in.u
im 4

25

5.0

0.0 | 10

2 Click on Focus

3 Adjust the slider bar to increase or decrease the velocity (thus increase or L}J ld @ 0 E -
decrease the dielectric) and click on the Test Icon
Velodty (Top Layer){in/ns)

4 Continue to make adjustments and press the Test Icon until the
hyperbolas become dots. ; i} A
e The picture on the left has hyperbolas. Increase the velocity bar by Diglectric  5.91

sliding it to the right. This will automatically decrease the dielectric.
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e The picture in the middle has upside-down hyperbolas. Decrease the velocity by sliding it to the

left. This will automatically increase the dielectric.

e The picture on the right has no hyperbolas. Dots are present.

x | GRE)__004 PROCESSED.LEZX

* | GRID.._004 PROCESSED.1.B2X

25_

75

100 200
|||.'l||

50

75

10.0

5 Click on the Process Icon to process the data.

6 Save the data if prompted to do so.

Background Removal

2.5

£
TR TR N AN O AN N |

b
in

100
Lo01

Remove any background noise your data may have. Clicking on this icon will immediately begin the
process. Save the file if prompted.

Data Windows Group

Scope: Toggle on and off to display the O-Scope RADAR signal. (You may hold the left mouse button
down on the data and move the mouse to view the RADAR signal at that position.

3D View: Toggle between displaying the 3D Grid view.
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Other Windows Group

Toggle On or Off different data e

property windows.

File Header: Header information
about the displayed file.

Global Settings: Display Global

Parameters for all files in a particular
project prior to opening any files and y
allow you to switch between available i
Application Displays. Once a file is -
open, the Global Parameters cannot be i
changed. =

Window Settings: The Properties

Pane automatically updates based on o

RADANE® 7
Manual

which data display, 2D or 3D is
currently selected.

Interactive 2D Group

Perform the following steps on the 2D profile and not on the 3D View.

Add/Del Targets: This will allow you to
“tag” targets with a dot. Simply turn this on
and click on a target to insert a dot. Right
click on a dot to delete the dot. These dots
will contain information about the target
such a horizontal distance, depth, and
velocity. The information can be exported as
a comma delimited ASCII file. Also, note
that the dots will appear on the 3D Grid as
well.

Edit Targets: This will allow you to click
on a dot to change the color and size of the
dot.

Ground Truth: This will allow you to click

on a target and enter the KNOWN DEPTH of that target. This will adjust the scale accordingly.

Display Options Group
Color Tables: Change the color of your data.

GED__a0s PROCRESIDILATE R 04 FEOCISEID 1

Color Xforms: Change how the colors of your chosen color table is distributed.

Display Gain: Change the contrast (brightness) of your data. This changes the display only; it does not

change the actual data.

Targets: Turn the display of the targets (dots) on or off.
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Export 2D Group -
Targets: Export targets (dots) information (distance, depth and layer [ m _ —
velocity) to a comma delimited ASCII file. The name of the file is o ———
“FileName”+”X".csv located in the output folder. R Rebar Locaton
JPEG: Save the current file as a JPEG file (Picture File). This file will e
be named “FileName”+”X”.jpg located in the output folder. — sec omtruchon
Excel: Create a report in MSExcel with user entered information, data survey Performed by e e 1
information and a picture of the 3D Grid. || memsomon  Romibn
1 Enter information if needed. Click on OK when done.
2 Open the Excel by clicking at the bottom of the screen if it did not | i) =

automatically open.

3 In Excel move the picture and adjust the size
of the picture as needed.

Ground Penetrating Radar Investigation Report

File Name: GRID, 004 PROCESSED 2 BIX

4 Print the report. scan ame

Date/Time: Jum, 21 2042, 11:4406
Comment Data collected on all fioors

Clipboard

Copy: Click this to copy the current file to the
clipboard. This image then can be pasted to any
other 3™ party software (PowerPoint, Word, etc.).

Print
Quick Print: Print the image as is.
setup: Configure the printout. Project Name: :v-:r:w‘nhrkm:ﬁuage ;\:’sjlnmpr: ::Cowuﬂwn
e Scan Per Inch: Number of scans per s sy
inch.
e PrintPage Headers: Print Header sy ol
information.

¢ Continuous Page: If data takes more
than one page, print data on multiple
pages or one page.

e LoadLogo: Load and print your own
logo, or GSSI logo.

9/28/2012 3:01 PM 1of1

Help
Index: Opens the RADAN for StructureScan Mini Manual.

About: Display the current version of the software.

Update: Update the software to the latest version. You MUST be connected to the internet to do this.
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¥-Slice Position I“ Y-Slice Position '!"1 Z.Slice Depth Thickness 072 S| gy | K marges Fsackground | FpG 520 cap .o
= i@ * [S] 9@ ™ 9—U () i = 5 Excel {5 Z-Slice Google Earth (*.kmi)
Animat Animatio Animation

2376 1on ||| 376 " 459

R Display Gain: 0 - {2 20 CAD (o)
Vie

Y-Slice z.slice w Options Export

X-Slice, Y-Slice, Z-Slice Groups

Drag the slide bar or press the = 4 to move the slices of the 3D Grid according. You may also animate the
slices individually by clicking on the Animation icon. This icon will turn animation on and off

Thickness (Z-Slice): Adjust the thickness of the Z-Slice.

View Options Group

Targets: Toggle between displaying the targets.

GPR Data: Toggle between displaying the data of the 3D Grid.

Display Gain: Adjust the display gain (contrast).

Background: Toggle between a black background and white background.

Export Group
JPG: Export the 3D grid as a JPG file.

Excel: Create a report in MSExcel with user entered information, data information and a picture of the
3D Grid. Use the same steps described above in the RADANMIini Home Ribbon section.

2D CAD (*.dxf): Exports the data as a 2D AutoCAD file.
3D CAD (*.dxf): Exports the data as a 3D AutoCAD file.

Z-Slice Google Earth (*.kml): Exports the currently displayed z-slice as a kml file that will open in
Google Earth as a layer.
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UtilityScan DF

The UtilityScan DF display was designed to process, view, and document data collected with the
UtilityScan DF (dual frequency) system. This module can perform the following functions: Process data
using Focus (Migration), Background Removal, Gain Adjustment, Maximum Depth, and Channel
Blending; Display 3D images and provide X,Y, and Z coordinates; Change colors to optimize images for
documentation purposes; Add interpretations to the data; Export information to MSExcel for reports;
Export a 3D image as a JPG file; and Export target information to a CSV format.

GSSI Button
Clicking on the button allows you to: _
e Open a File/Project B oo o
e Print your data - .
e Close a File/Project D Gese 3:‘:—1 1:
e Close All Open Files 7 clese an open s ;c_«.us;\...\,-,;;_m o
e Open a previously processed File/Project Kmml:: o
e Use Options to change the language ECTIRE ST

e Exit RADAN for StructureScan Mini Software
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UtilityScan DF Applications Ribbon
23 gpen || ¥ Crannet Slending Elscone || [lFite Header [Titables | [ Add-Del Tasgets | [ Color Tables = . Max Depth | [l Channel [ALL - Al Targets | = - 9
ed Save 1| s Foeus = R I0view || (G Global Setings /B Edit Targets = Colar Karms - ERoisplay Gain: 0 «1I| e =
: s, = & punt || Hel
T Close || # Background Removal D,;tln £ Location ||~ Winsdow Settings 35 Ground Truth || 3] Targeks = Encel s i g
File ine Dakinns Dista Windows Other Windows 20 Disnlas Fametess Fsnort 30 Chinkoard | Pont | beln

Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets
or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Processing Options Group
Note: The output from Channel Blending

Channel Blending : :

. _ is placed in Channel 2 and replaces the
The Channel Blendlng function serves to blend two original Channel 2 data. The first channel
separate channels of data into one profile. When the of data is still available in Channel 1.

Channel Blending icon is selected it blends the two
channels of data together using an 80% position on

Channel 1 and a 20% blending width.

o e & & £
= = = = =
=1 =1 =) =] =]

=2
=}

o 1 bt
n =) n

=
=
=]

12.5

Prior to Channel Blending.
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Following Channel Blending.
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When the software automatically processes your data, it will use the dielectric number you configured and
used when the data were collected. This value may or may not give you the optimum 3D display. The

objects displayed in the 3D view may look blurred or blobby.

You can use the Focus option to re-adjust the dielectric for better depth accuracy and a better 3D display.

1 Close the 3D Tab by clicking on the X of the tab so only the original file tab remains.

.swce Pouition
=
2
Xy
gnd....001

&
Home | 30 vohume Options |

T Animation

¥-Slice Position
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GHID__001 PROCESSED 2 =

U
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2 Click on Focus

3 Adjust the slider bar to increase or decrease the velocity (thus increase > 6 9 E -

or decrease the dielectric) and click on the Test Icon

. . . Velodty (Top Layer)(in/ns)

4 Continue to make adjustments and press the Test Icon until the 2 D_ P
hyperbolas become dots. :

Dielectric  5.91

e The picture on the left has hyperbolas. Increase the velocity bar by

sliding it to the right. This will automatically decrease the dielectric.

e The picture in the middle has upside-down hyperbolas. Decrease the velocity by sliding it to the
left. This will automatically increase the dielectric.

e The picture on the right has no hyperbolas. Dots are present.

Grid__04BZX x  GRID__ 004 PROCESSED.LEZK Grid__O0ABZX GRID__004 PROCESSED_LEDX

5 Click on the Process Icon to process the data.
6 Save the data if prompted to do so.

Background Removal

Remove any background noise your data may have. Clicking on this icon will immediately begin the
process. Save the file if prompted.
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Signal Floor

This function analyzes the noise and
signal loss (attenuation) from scan to
scan and provides estimate of the
effective depth penetration. Real
reflectors may still be located beneath
the Signal Floor if they are strong
enough. The output of this function is
shown as a green line on the screen, as
seen below, and saved as a .Bll binary
file.

1 When the Max Depth icon is
clicked, the left pane will display
the Signal Floor Process Bar.

RADANE® 7
Manual

2 Signal Floor Estimator: If multiple channels of data were collected, choose between which

channels to use to estimate max depth.

3 Simply click Apply and Reset to test this processing function. Click OK to accept the setting and

generate the binary file.

Data Windows Group

Scope: Toggle on and off to display the O-Scope RADAR signal. (You may hold the left mouse button

down on the data and move the mouse to view the RADAR signal at that position.
3D View: Toggle between displaying the 3D Grid view.

Location: Used primarily for 3D Grid files or individual profiles with GPS data, location will display a

grid showing the location of each profile.

Other Windows Group

Toggle On or Off different data property windows.
File Header: Header information about the displayed file.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global

Parameters cannot be changed.

Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is

currently selected.

Tables: This pane will display database information about the currently active file. Tabs are displayed

depending on the type of application or process underway.

Interactive 2D

Perform the following steps on the 2D profile and not on the 3D View.

Add/Del Targets: This will allow you to tag targets with a dot. Simply turn this on and click on a target
to insert a dot. Right click on a dot to delete the dot. These dots will contain information about the target
such a horizontal distance, depth, and velocity. The information can be exported as a comma delimited

ASCII file. Also, note that the dots will appear on the 3D Grid as well.
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Edit Targets: This will allow you to click on a dot to change the color and size of the dot.

Ground Truth: This will allow you to click on a target and enter the KNOWN DEPTH of that target.
This will adjust the scale accordingly.

Display Options
Color Tables: Change the color of your data.
Color Xforms: Change how the colors of your chosen color table is distributed.

Display Gain: Change the contrast (brightness) of your data. This changes the display only; it does not
change the actual data.

Targets: Turn the display of the targets (dots) on or off.
Max Depth: Toggles Max Depth On or Off.

Export 2D

Targets: Export targets (dots) information (distance, depth and layer velocity) to a comma delimited
ASCII file. The name of the file is “FileName”+”X".csv located in the output folder.

JPEG: Save the current file as a JPEG file (Picture File). This file will be named “FileName”+”X".jpg
located in the output folder.

Excel: Create a report in MSExcel with user entered information, data information and a picture of the 3D
Grid.

1 Enter information if needed. Click on OK when done.
2 Open the Excel by clicking at the bottom of the screen if it did not automatically open.
3 In Excel move the picture and adjust the size of the picture as needed.

4 Print the report.

Clipboard

Copy: Click this to copy the current file to the clipboard. This image then can be pasted to any other 3™
party software (PowerPoint, Word, etc.).

Print Print Options
Quick Print: Print the image as is.
Set Confi th intout Scans Perlnch 100 —
etup: Contigure the printout.
S Per Inch: Numb f inch Print Page Headers
[ can Per Inch: Numbpber or scans per inc
[ Continuous Page

o PrintPage Headers: Print Header information
e Continuous Page: If data takes more than one page, print BTN

data on multiple pages or one page
o Load Logo: Load and print your own logo, or GSSI logo
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Help

Index: Opens the RADAN for StructureScan Mini Manual.

About: Display the current version of the software.

Update: Update the software to the latest version. You MUST be connected to the internet to do this.

Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

ﬁ KML File Layers V| GPS Path 330utput Parameter Depth it F Minimum Value 0 & pecall Settings
@ Google Earth | Targets V| Ground Truth ELine Width [pixels) & x & Maximum Valuz 12 £ caye Settings
E‘ Google Earth Refresh || W User Marks ﬂ:[INumber of Intervals |5 ~ | W Interval Colors

Display/Save Options Export tems Layer Options Settings

Display/Save Options Group
There are three options in this group for saving or displaying export items in Google Earth®.

KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.

Google Earth®: Click this button to launch Google Earth® with the selected export options. A
Temporary Place will be added to Google Earth®.

Google Earth® Refresh: Press this button to refresh
Google Earth® with any changes made to the exported
items. A new Temporary Place will be added to Google
Earth® and will have the same file name as the original
file.

Export ltems Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.
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Output Parameter: There are four Output Parameter options to choose from when exporting layers.
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Although depth is the typical output parameter, there are applications where other values such as velocity

(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

e Depth

e Amplitude
e Velocity

o Time

Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to
denote different ranges. The user can specify from 0 to 8 intervals.

Minimum Value: The minimum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Minimum Value is the
minimum amplitude.

Maximum Value: The maximum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Maximum Value is the
maximum amplitude.

Interval Colors: Opens the Interval Colors dialogue box, which allows the user to
select a color for each interval. Click on the down arrows to select a different color
or choose Other to open a color editor window.

Settings Group

Interval Colors

==

<0 (in)

0- 2.4 (in)
2.4- 4.8 (in)
4.8-7.2(in)
7.2- 9.6 (i)
9.6 - 12 (in)

> 12 (in)

[ K
-
. -
R
-
[__|H
L___|H

| Cancel

Recall Settings: Press this button to recall the current export settings (Export Items and Layer Options)

that have most recently been saved by pressing the Save Settings icon.

Save Settings: Press this button to save the current export settings (Export Items and Layer Options) as

the default settings for all files.

3D Volume Options Ribbon

¥.Siice Pasition F‘ V-Slice Position V} 7 Slice Depth Thickness 0.72 < 4
= @ ¥ (2] @ "1 9 —0— @ i
Animation Animation

1% Ta
Ef pisplay Gain: 0
View Options

459

¥-Slice Z-5lice

ﬁﬁackqmunn §al IPG {21 30 CAD [y
5 Excel {1 Z-lice Google Earth (*.kmi}

i 20 CAD ()
Export

X-Slice, Y-Slice, Z-Slice Groups

Drag the slide bar or press the = 4= to move the slices of the 3D Grid according. You may also animate the
slices individually by clicking on the Animation icon. This icon will turn animation on and off

Thickness (Z-Slice): Adjust the thickness of the Z-Slice

View Options Group

Targets: Toggle between displaying the targets.

GPR Data: Toggle between displaying the data of the 3D Grid

Display Gain: Adjust the display gain (contrast)

Background: Toggle between a black background and white background.
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Export Group
JPG: Export the 3D grid as a JPG file

Excel: Create a report in MSExcel with user entered information, data information and a picture of the 3D
Grid. Use the same steps described above in the RADANMini Home Ribbon section.

2D CAD (*.dxf): Exports the data as a 2D AutoCAD file.
3D CAD (*.dxf): Exports the data as a 3D AutoCAD file.

Z-Slice Google Earth (*.kml): Exports the currently displayed z-slice as a kml file that will open in
Google Earth as a layer.
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RoadScan

Provides viewing and processing options for data collected specifically for determining pavement layer
thickness.

GSSI Button
Clicking on the GSSI Button allows the user to:

e Open a File/Project
e Assemble Files M 1 CAUsers\.\GRID__002.021
Assemble Data File LB
e Import GPS (S
f,!‘ o g 3 CAUsers\,.\FILE__001.DZ7
e Save a File/Project ' 4 CUsers\.\FE__001.071
e Save As a File/Project under a different name or o '3 CAUSERS\..\ZUS A011 P 1071
format E‘ﬂ S , |6 CAUSERS\.\ETOWA P_111.02T
|7 CAUSERS\..\ETOWA P_11.D2T
e Export data ;n;:mm e S
e Print data - )
e Close a File/Project 2
) _] Close
e Close All Open Files &
; Close All Open Files

e Open a previously processed File/Project
e Options to change languages
e Exit RADAN 7 Software
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Home Ribbon

File Group

Open: Opens the currently selected project folder to open additional files.

RADANE® 7
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Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets

or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Data Windows Group

LineScan

In the linescan display data are displayed in a color-
amplitude form, where a color is assigned to a specific
positive or negative amplitude value of the recorded signal
dependent upon the color table and color transform
selected. The vertical scale represents time (or depth)
while the horizontal scale represents the horizontal
distance traveled by the radar antenna. The Linescan
display is the most useful for mapping man-made objects,
such as underground storage tanks, pipes, and drums or for
mapping geologic layers.

Scope

This will display an O-Scope to the right of the linescan
data. Hold the left mouse button down while pointing to
the linescan data to correspond the same point with the O-
Scope using a horizontal line.

3D View
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Wiggle

This display shows individual scan traces. The settings for
this display can be changed in the Properties Pane.

I = 1 ] - I - o — L T =

Location

Used primarily for 3D Grid files or individual profiles with
GPS data, location will display a grid showing the
location of each profile.

o Holding the left mouse button down on the
linescan data will show the location of that
spot on the location display.

e Right-click with the mouse inside of the
location display to access the following:

0 Move 3D Area: Change the starting
coordinates of the grid.

0 GPS Coordinates: Add or modify the
GPS Coordinates for the grid.

¢ Right-click with the mouse on the end of a line to access the following:

0 Nudge Profile: Shift the profile forward or backward along the line.

o Edit Profile Coordinates: Change a profile’s location within the grid.
Depth Pane
Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Other Windows
Toggle On or Off different data property windows.

My Files: This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI Technical Support
website.

Processes: The Processes Tab has the same options as those located under the individual ribbons, which
are described in more detail later in this section. This opens a menu option by clicking on the 4+ and then
selecting which processing steps to apply. Selecting a step will open the applicable Process Bar located
beneath the Processes Tab.

Process Lists: Opens a list of macros available for data processing.

Tables: This pane will display database information about the currently active file. Tabs are displayed
depending on the type of application or process underway.

File Header: Header information about the displayed file.
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Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is
currently selected.

Data Channel Properties: Shows channel information for the selected data. Datasets with multiple
channels will display individual properties for each channel.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.

Display Group
Color Tables
Color tables are used to code the amplitude of each scan (i.e., the recorded radar eesey BN 80P 3
signal). Colors on the left side of the spectrum represent strong negative amplitudes. | mm— _=
As the colors go to the right, this represents the amplitude getting weaker (or Closer | e
to 0) and the middle of the spectrum is the area of weak amplitude. As the colors go =_ _—_ =
further right from the middle, this represents a stronger positive amplitude. Cm— =
e For example, white in color table 1 corresponds to the highest positive - :
amplitude pulse; therefore, when it appears on the radar record, it means e —
that there is a strong reflection (or a high dielectric contrast). —
¢ Insome color tables (such as 23), black indicates a low amplitude _ &
reflection. Therefore, a large black region on the linescan plot could be ___v_ :
indicative of a uniform structure (such as a homogeneous sand deposit) with —|EE———-
little or no dielectric contrast. —
Color Xforms T . A
The Color Transform can be changed to enhance weak amplitude or small contrast _— —___
reflectors. The color transform determines whether the color scale applied to the - -
radar wave’s amplitude is linear, logarithmic, exponential, or customized. This _— =
function can also be used to de-emphasize certain features. @
e
= =
— —H
Display Gain 12 -

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up to
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This 5
will change all samples, no matter where they are in the scan trace, by the same amount. 10

4 [m

e Altering the display gain does not change data values like Range Gain, which is described
later in this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.
Transfer

Transfer is accessed through the Home Ribbon or by right-clicking on the data and has three options for
changing how the data are displayed.
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e Abs: Shows the absolute value of the data (all positive peaks).
¢ Negate: Flips positive and negative peaks.
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e Spectrum: The displayed scan will be replaced with its frequency spectrum plotted in terms of

relative amplitude (O to 1) versus frequency in MHz.
Show

This toggles the display of any targets or layers On or Off in the linescan and 3D-View.

Clipboard

Copy Active Window to Clipboard to paste the image in a third party software.

Print
Quick Print: Print directly to a default printer.

Setup: Enter print options such as Scans per Inch, Print Page Headers,
Continuous Page, and a user selected logo (Load Logo) or GSSI logo.

Print Preview: Preview output on the screen prior to printing.

Help
Index: Opens a .pdf of this manual.
About: Displays version and copyright information.

Update: Checks for available updates. This requires an internet connection.

View Ribbon

Print Options @

-

Print Page Headers
[ Continuous Pags

[Lowiicor | st

Scars Perlnch 100 (] (1[4

This tab contains menu options that are used while displaying 3D data and using Interactive Mode.
Information about specific processing for 3D and Interactive 3D is discussed in detail in the Basic

Processing/Tutorials section.

Scales Group
Vertical Scale: Select between Time (ns), Depth, or Samples.

F

Vertical Horizontal

- -

Horizontal Scale: Select between Distance, Coordinates (GPS if available), Scans, or Seales
None.

Units Group 3% Vertical Units |in -
Select between English or Metric units for the vertical and horizontal scales. i Horiz Units in -
Select units for GPS Coordinates. @ GPs units - -

Coordinates Group
Toggle between Local or GPS coordinates display. @ G

Coordinates
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Processing Ribbon e 0 =8
The Processing Group includes steps for horn calibration, reflection picking, and | 5%, FEEe B0
layer interpretation. Processing

Horn Calibration

Settings from the horn calibration are stored with the processed data file header and accessed when the
calibration file is used in the reflection picking tool. When the Horn Calibration icon is selected from the
Processing Group, the left pane will display the Horn Calibration Process Bar.

Automatic Mode: “Yes” is the recommended method and performs an automatic horn calibration or
choose to select custom calibration settings.

Use Air Wave File: The airwave file is most commonly collected by turning the antennas upside down so
that they radiate upward. This file is obtained using the same SIR 10/20/30 settings as the metal plate
calibration file. Use of an air wave file is optional and not typically used.

¢ No: No air wave file was collected or one is not being used.
e Yes: An air wave file has been collected. Enter the air wave filename in the space to the right.
# of Channels: Number of channels in the data file currently open.

Channel: Choose which channel to calibrate. Setting this to ALL will process all of the channels with
common parameters.

e Antenna Type: Select the antenna used for data collection.
o Serial Number: Serial number of chosen antenna if it is a Smart antenna.
Click Apply and Reset, and adjust if necessary.

Click OK once desired results are achieved. It is
recommended that the .CZT calibration file is saved
with an easily recognizable name to identify it
during processing.

Reflection Picking

Reflection Picking corrects the ground surface of RoadScan data based on the previously created Horn
Calibration .CZT file. This process eliminates unwanted signal noise to enhance reflections from the
pavement layers making them easier to track. Measures the return times of the reflections and calculates
the two-way travel time for each of the pavement layers from the data. When the Reflection Picking icon
is selected from the Processing Group, the left pane will display the Reflection Picking Process Bar.

Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.
o User Select: Manually choose the calibration file.

e Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

o Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

o Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
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automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

Automatic Mode: Select whether or not to use standard settings. If No is selected the following options
are available.

e Background Removal: Removes horizontal banding in the data.
e Starting Depth: Specifies the starting depth for Background Removal.

o Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab
of the Table Pane.

Click Apply and Reset, and adjust if necessary.

Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna
calibration file.

Layer Interpretation

The Layer Interpretation option is designed to automatically track layers in road structures that exhibit
clear and consistent layer reflections. The output is identical to the manually derived output of EZ
Tracker, but under certain controlled conditions Layer Interpretation can make layer picking automated.
This process works best for layers that with high amplitude reflections that are continuous, but even under
ideal conditions, the output from Layer Interpretation will still require manual editing using Single Point,
Select Block, or Select Range.

Layer Interpretation can only be performed on files that have been generated from ‘ Ok | Cancel | Apply
the Reflection Picking process. When the Layer Interpretation icon is selected from

the Processing Group, the left pane will display the Layer Interpretation Process gl

Bar- Mumber... 1

Automatic Mode: Works for clearly visible single layers. Minkme.._| 004

¢ Number of Layers: Enter the number of layers that RADAN 7 is trying to
identify. This value will typically be 1 as it works best with a single layer.

e Minimum Depth: Enter the minimum depth of the first layer. This allows the user to set the
search range deeper than the ground surface reflection. Otherwise the ground surface reflection
may be picked as a layer unintentionally.

Click Apply and Reset, and adjust if necessary.
Click OK once desired results are achieved.
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2D Interactive Ribbon
This ribbon allows you to add targets and layers to your 2D data and display them in 3D.
k Type [Target : Pick Polarity |Positive = i..@ Dlsabled _@SelectRange ?fEZTracker ¥, Global Options ﬁCSVFiIe

B Add or Edit| | @9 Focus [Rebar - L dcearch Width 3 - ||| L1 single Point 34 Ground Truth Start & Settings ~ 3 Excel
sw Target [@'_?Select Block Stop §!Display Gaim: 12 = ||| o KML File
Interactive Status Objects Pick Attributes Pick Tool Other Options Export

Interactive Status Group
Show: Toggles On or Off the targets and layers already added to the data.

Add or Edit: When selected the targets or layers already added to the data will be displayed and you can
either edit the existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D
Interactive Ribbon.

Objects Group

Pick Type: Pick between Layer or Target.

Focus: In Free Draw mode, this specifies the object that is being entered or modified. If multiple objects
have already been drawn they will appear in the drop down menu.

New Object: Click here to draw additional objects.

Pick Attributes Group

Pick Polarity: \When picking layers or targets, the user may specify which portion of the reflection to
attach new picks to Positive, Negative, Absolute, or None polarity.

Search Width: In pixels, enter the search width for the Single Point picking tool.

Pick Tool Group
Disabled: Disable Picking Tool.
Single Point: Enter Single Points for target picking. A left mouse click adds a point and a right mouse
click deletes a point.
e Adding Picks in Single Point Mode

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear
on the data. The type of search used to locate the new pick can be customized in the Layer
Options menu choice (Layer Tab of the Tables Pane).

o A pick will only be successfully added if a reflection can be located over the cursor search
width.

o0 If no pick is added after pressing the left mouse button, reposition the mouse cursor and click
the left mouse button again.

0 For cases where the reflection peak is reversed polarity, the user would first need to select
Neg. Peak for the Layer Properties under Layer Options in the Interactive Interpretation main
menu, then place the mouse cursor over a negative polarity reflection.

e Deleting Picks in Single Point Mode: To delete poor picks, a procedure similar to adding
picks is followed.
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Select Block: The Select Block picking tool is designed to operate over a large number of scans. When
Select Block is activated a translucent square appears over the data when the user clicks the left mouse
button. The select block contains tiny squares on each face and corner for resizing.

Select Range: \When Select Range is activated a translucent overlay appears over the data, extending the
entire length of the profile. It operates similarly to the Select Block, except that all operations performed
using the Select Range picking tool are performed within the time interval (slice width) of the selected
area on all of the scans in the file. The slice width is adjusted by clicking the left mouse button on one of
the handles (located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle
to the desired location.

Select Block and Select Range: The following options are accessed by right-clicking within the block
or range selected.

e Add Points: Will activate the program to begin a smart
search for reflection peaks within the selected region.
Circles will overlay the data where reflection peaks are
identified by the search algorithm. Picks will be added %
to whichever Layer or Target is currently active (i.e. in
Focus).

144 268 432
||||||||||||||||I||II

=
@

-
=

Delete Points

i
=

o Delete Points: Will activate the program to start
deleting the picks of the current Layer or Target located
within the selected region.

Pick Mod, Opfions  #
Interpolate Pts.

AR R Y

o Pick Modification Options

0 Change Pick ID: Change the layer or target number assigned to the picks located within the
selected region. For example, the user desires to change the layer # of a group of Layer 3
picks to Layer 2. The user must select layer 3 as the Current Layer, position the Select Block
(or Select Range) over the group of points and click the right mouse button to access the Pick
Modification Options. Select Change Pick ID to switch from Layer 3 to Layer 2.

0 Change Pick Velocity: Changes the velocity of the currently selected
layer picks located in the selected region. It opens a dialog box for
entering the desired velocity. The user can choose to either specify the
new velocity, use the nearest core, or ground truth, data, or use results
from velocity analysis. Choosing Lock Velocity keeps the data from
being change with subsequent velocity modifications.

Ny D

Velocily Cale [speciy

New Velociy  [mins) 01222
"1 Lock Velocity

0K | Cancel |

Select velocily calculation methad foe
zelected packs. Check 'Lock Velocity" to
prevent it from being changed when
modfifling the velocity method elsewbene

¢ Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using
the interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under
Interpolation Method.

Ground Truth: Selecting the Ground Truth icon allows the user to individually adjust the depth of _
picks based upon a true measured depth. As depths are entered they appear in the Target or Layer 3ﬁ
Ground Truth tab of the Table Pane.
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e To enter individual Ground Truth information:
0 Select Ground Truth from the Interactive Mode window.
0 Click in the data the spot where the ground truth was col
0 Enter the depth.
0 Click OK or Cancel.

lected.

RADANE® 7
Manual

e To specify all new layer picks to have velocities calculated from the ground truth data, change the
Vel. Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker: Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the

click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.

4 Stop: Select to stop EZ Tracker.

5 If there are breaks in the layer then select and Stop and Start to skip the break.

Other Options Group

Global Parameters

Global Parameters

=]

¢ Single Pt. Search Length: \When using Single Point
Picking Tool, this setting determines whether the pick is
entered at the closest peak or using the cursor length.

¢ Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

0 Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

o dB: Converts the data units amplitudes to decibels

Single Pt. Search Lenath
Amplitude Values

Interpalation Method

Clozest Peak, -
Data Units -
Autamnatic: -

| Fill layer with dizplay color in depth pane

Lok ]

Cancel | | Help

(dB) by using the equation 20*1og10(x) where X is the absolute value of the data amplitude.
0 Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.

¢ Interpolation Method: Each time a pick is added a search is performed to locate the
corresponding feature of the reflection that will be used to identify two-way travel time and

amplitude. Use either Automatic, Nearest Peak, or Linear.

0 Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans

apart this mode switches to Nearest Peak.

0 Nearest Peak: Search for the nearest peak between existing picks.

0 Linear: Draws a straight line between two previously interpreted picks.

e Checking the box will fill the layer with a chosen color in depth pane.
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e Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers | Non-Filled Layers
Settings
¢ Load Default Settings: Loads previously saved default settings for Interactive Mode.

e Save As Default Settings: Saves the current Interactive Mode settings including all layer
properties and display options.

Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data 1 -
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up to 6
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This
will change all samples, no matter where they are in the scan trace, by the same amount.

e Altering the display gain does not change data values like Range Gain, which is described | -
later in this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.

Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.\

CSV File
Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.
e Use Existing: Use existing custom fields that were created in Create Custom or are available for
specific applications from GSSI.
0 Select an Available Export Configuration.
0 Modify Options for Filtering Data as necessary. fusiabe Export Conis BaL G

(2 Custom

0 Save the exported CSV file. R

Configuration fram
Explorer Window and

e Create Custom: Select fields to export. press Vext
0 Select the desired Export Category.
0 Choose which Available Fields to include in the CSV

fl I e Selected Export Config: |

Select Existing Export Config

0 Choose whether to export all of the data or specify
ranges or certain values. If filtering exported data, then
modify Options for Filtering Data as necessary.

0 Name the custom export. Create a general name for use with other data.
0 Save the exported CSV File.

[ <Back ][ Fmsh | [ cancel | [ e
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e Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.
0 Select the desired Export Category.
0 Choose which Available Fields to include in the CSV file.
o

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

o0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.
Excel

Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with user-
entered information, data properties, and an image of the currently selected view.

KML File

A KML file is a file type used to display geographic data in an earth KML Output Options
browser, such as Google Earth and Google Maps. KML files have a
tag-based structure with names and attributes used for specific display 4165 Track
purposes. RADAN 7 can export certain kinds of information as a KML | User Marks
file and easily view that information in Google Earth. This section V| Targets
discusses exporting layers identified in Interactive Interpretation. In 7] Ground Truth
order to create a KML file. The data must have been collected with Layers
GPS or GPS coordinates were added to the data. | oFame  |Depth
e GPS Track: Select whether or not to export the GPS trajectory. | Line Width (Pixels) :
o User Marks: Select whether or not to export User Marks. Minimum Value  (R)
o Targets: Select whether or not to export Targets. l Maximum Value  (Ft) 12.00
¢ Ground Truth: Select whether or not to export Ground Truth Number of Intervals |5
points, or Core Data. | .
e Layers: Selects whether or not to export Layers. Multiple Il Note: Only displayed layers and targets of
Iayers are exported one at a tlme 1 displayed channels will be output to KML file.
0 Channel: Selects the data channel to export. Different [ concd |

channels can be exported if a multi-channel file was
collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data

being exported with the layer.
0 Line width: The KML output line width in pixels.

0 Minimum/Maximum: This sets the range of output values specified in the Output Parameter

option.
Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

fm KMLFile Layers V| GPS Path 42 Output Parameter Depth ~ | T Minimum Value 0 B Recall Settings
& Google Earth V| Targets V| Ground Truth | S Line Width [pixels) 6 - | & Maximum Value 12 8 save Settings
& Google Earth Refresh || (V] User Marks [ Mumber of Intervals |5 - || & Intenal Colors

Display/Save Options Export tems Layer Options Settings

Display/Save Options Group
There are three options in this group for saving or displaying export items in Google Earth®.

KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.

Google Earth®: Click this button to launch Google Earth® with the selected export options. A
Temporary Place will be added to Google Earth®.

Google Earth® Refresh: Press this button to
refresh Google Earth® with any changes made to
the exported items. A new Temporary Place will
be added to Google Earth® and will have the
same file name as the original file.

Export Items Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.

Output Parameter: There are four Output Parameter options to choose from when exporting layers.
Although depth is the typical output parameter, there are applications where other values such as velocity
(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

e Depth
e Amplitude
o Velocity

e Time
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Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to
denote different ranges. The user can specify from 0 to 8 intervals.

Minimum Value: The minimum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Minimum Value is the
minimum amplitude.

Maximum Value: The maximum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Maximum Value is the
maximum amplitude.

Interval Colors: Opens the Interval Colors dialogue box, which allows the user to
select a color for each interval. Click on the down arrows to select a different color
or choose Other to open a color editor window.

Settings Group

RADANE® 7
Manual

Interval Colors

et

< 0 (in)
0-2.4 (in)
2.4 - 4.8 (in)
4.8-7.2 (in)
7.2 - 9.6 (in)
9.6 - 12 (in)

> 12 (in)

Lk
- -
___|H
Ik
L |§
[N
- -

‘ ‘ Cancel

Recall Settings: Press this button to recall the current export settings (Export Items and Layer Options)

that have most recently been saved by pressing the Save Settings icon.

Save Settings: Press this button to save the current export settings (Export Items and Layer Options) as

the default settings for all files.
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Ground-Coupled BridgeScan

This display is designed to process data specifically collected to determine bridge deterioration.

GSSI Button
Clicking on the GSSI Button allows the user to:

Open a File/Project
Assemble Files
Import GPS

Save a File/Project

Save As a File/Project under a different name or
format

Export data

Print data

Close a File/Project

Close All Open Files

Open a previously processed File/Project
Options to change languages

Exit RADAN 7 Software
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;" Close All Open Files

3 ’f“ Export L]
H’!-'ﬂ Print 3
_.]\ Close
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Home Ribbon
) open || BB Linestan [ wioale Z) My Files i Tabbes. [ File Heace: {3y Global Settings | | B3 Color Tables - B transter - i e
s Blswope 7] Loeatic = Processes B Windaw Selling S cotar Wloms - S show I [FHE
7 il 2 Cap Frirsl Help
Close || @8 300iew ™= DepthPane || = Process Lists B Cata Channel Properties ﬂDlsplnr{.uln: a E - -
File Data Windows Other Windows Disglay Clipboard | Print Help
File Group

Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets
or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Data Windows Group

LineScan

In the linescan display data are displayed in a color-
amplitude form, where a color is assigned to a specific
positive or negative amplitude value of the recorded signal
dependent upon the color table and color transform selected.
The vertical scale represents time (or depth) while the
horizontal scale represents the horizontal distance traveled
by the radar antenna. The Linescan display is the most
useful for mapping man-made objects, such as underground
storage tanks, pipes, and drums or for mapping geologic
layers.

Scope

This will display an O-Scope to the right of the linescan
data. Hold the left mouse button down while pointing to the
linescan data to correspond the same point with the O-Scope
using a horizontal line.

L = T = == T = T T T =
T T

3D View

This will display the data as a 3D Cube. More
information and options on this mode are discussed in
the Basic Processing/Tutorials section under Basic 3D
Grid Navigation.
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Wiggle

This display shows individual scan traces. The settings for

this display can be changed in the Properties Pane.

Location

RADANE® 7
Manual

Used primarily for 3D Grid files or individual profiles with GPS data, location will display a grid
showing the location of each profile.

Holding the left mouse button down on
the linescan data will show the location of
that spot on the location display.

Right-click with the mouse inside of the
location display to access the following:

(0]

(0]

Move 3D Area: Change the starting
coordinates of the grid.

GPS Coordinates: Add or modify
the GPS Coordinates for the grid.

Right-click with the mouse on the end of
a line to access the following:

0 Nudge Profile: Shift the profile forward or backward along the line.

o EditProfile Coordinates: Change a profile’s location within the grid.

Depth Pane
Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Other Windows Group

Toggle On or Off different data property windows.

My Files: This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI Technical Support

website.

Processes: The Processes Tab has the same options as those located under the individual ribbons, which
are described in more detail later in this section. This opens a menu option by clicking on the 4+ and then
selecting which processing steps to apply. Selecting a step will open the applicable Process Bar located

beneath the Processes Tab.

Process Lists: Opens a list of macros available for data processing.

Tables: This pane will display database information about the currently active file. Tabs are displayed

depending on the type of application or process underway.
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File Header: Header information about the displayed file.
Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is
currently selected.

Data Channel Properties: Shows channel information for the selected data. Datasets with multiple
channels will display individual properties for each channel.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.

Display Group

Color Tables

Color tables are used to code the amplitude of each scan (i.e., the recorded radar T ‘_ i
signal). Colors on the left side of the spectrum represent strong negative amplitudes. | — -
As the colors go to the right, this represents the amplitude getting weaker (or closer — — —
to 0) and the middle of the spectrum is the area of weak amplitude. Asthe colorsgo "8 e S -
further right from the middle, this represents a stronger positive amplitude. — L

For example, white in color table 1 corresponds to the highest positive amplitude — S—————
pulse; therefore, when it appears on the radar record, it means that there isa | — :
strong reflection (or a high dielectric contrast). I —

In some color tables (such as 23), black indicates a low amplitude reflection. _-———_
Therefore, a large black region on the linescan plot could be indicative of a —
uniform structure (such as a homogeneous sand deposit) with little or no I —
dielectric contrast.

Color Xforms

The Color Transform can be changed to enhance weak amplitude or small contrast ey W [ETTTEH

reflectors. The color transform determines whether the color scale applied to the radar | E— = —— "

wave’s amplitude is linear, logarithmic, exponential, or customized. This function can  [= —K

also be used to de-emphasize certain features. —
= =
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Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on
the data window and select Display Gain. Then select from a preset list of multiples
ranging from -6 up to 60. Input a Custom Value by right-clicking and selecting Custom
from Display Gain menu. This will change all samples, no matter where they are in the
scan trace, by the same amount. <

o W@

4 [m

e Altering the display gain does not change data values like Range Gain, which is
described later in this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.
Transfer

Transfer is accessed through the Home Ribbon or by right-clicking on the data and has three options for
changing how the data are displayed.

e Abs: Shows the absolute value of the data (all positive peaks).
o Negate: Flips positive and negative peaks.

e Spectrum: The displayed scan will be replaced with its frequency spectrum plotted in terms of
relative amplitude (0 to 1) versus frequency in MHz.

Show
This toggles the display of any targets or layers On or Off in the linescan and 3D-View.

Clipboard

Copy Active Window to Clipboard to paste the image in a third party software.

Print 5
. . . B ) Print Options %

Quick Print: Print directly to a default printer. T

Setup: Enter print options such as Scans per Inch, Print Page Headers, 2] Frint Page Hoades

Continuous Page, and a user selected logo (Load Logo) or GSSI logo. (] Continusus Page

Print Preview: Preview output on the screen prior to printing. Essi

Help

Index: Opens a .pdf of this manual.

About: Displays version and copyright information.

Update: Checks for available updates. This requires an internet connection.

View Ribbon

This tab contains menu options that are used while displaying 3D data and using Interactive Mode.
Information about specific processing for 3D and Interactive 3D is discussed in detail in the Basic
Processing/Tutorials section.
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Scales Group

Vertical Scale: Select between Time (ns), Depth, or Samples.

Horizontal Scale: Select between Distance, Coordinates (GPS if available), Scans, or N v
None. Scales
Units Group 37 Vertical Units in -
Select between English or Metric units for the vertical and horizontal scales. i E
Select units for GPS Coordinates. @ GPs Units ° N
| Units

. M :"‘:\—
Coordinates Group ol | o5
Toggle between Local or GPS coordinates display. =

E T

Processing Ribbon
Create 3D File

A step-by-step guide combining collected files, processing the files, and

preparing the newly created “bridge” file for further processing.

Creation of a 3D file is necessary to complete Bridge

Deterioration Mapping, but is not necessary for
Bridge QA.

1 Click Create 3D File.

2 Browse to the appropriate folder where the collected

bridge files are located.

3 Create an output filename for the newly created bridge 3D

file.
4 Click Next.

5 Add the bridge files from the left pane to the right pane

by:

o Double-clicking on the File, or

e Click on the File and click Add >, or
o If Appropriate, click Add All, or

o Highlight a group of files and click Add >
e Remove files from the right pane by doing the same

procedures in the right pane

6 Click Next.
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Vertical Horizontal

Create Bridge Deterioration

3D File QA Mapping
Processing
Create 30 Bridge File
Select folder containing dzt fles from bridge
C:\easthelenabridge
Select output filename EastHelenaBridge
Next> | [ cancel | [ nep |

Add files to the 30 Bridge File by sither highighting in the left
window and pressing the “Add" button, or by double-clicking the
left mouse button.

Avallable Files in Folder Files to Combine

EASTHELENABRIDGE.DZT ~
FDA.DZT Add All

FILE 008.DZT
FILE 009.DZT
FILE 010.DZT
FILE 011.DZT
FILE. 012.DZT
FILE. 013.DZT
FILE. 014.0ZT
FILE. 015.DZT
FILE__ 016.07T
FILE__ 017.0T
FILE__ 018.07T
FILE__ 019.07T
FILE__ 020.0T
FILE__ 021.0ZT Remove Al
GRID _ 001.DIT L]
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7 File Group 3D Area:

Enter the length of the bridge.

Enter the starting distance of the FIRST line collected

from the Curb or Lane Stripe.
Enter the spacing between each profile or line.

Click the down arrow to select how the data were

collected.

Select whether the data were collected Standard or

Inline.

8 Click Next.
9 Adjust File Group Details: Can edit the individual

RADAN® 7

Manual

File Group 3D Area

Bridge Survey Information

(1) Specify the data collection information
Individual file coordinates can be adjusted later.

Length of bridge (i) 100
Starting Dist. from Curb or Lane Stripe (in) o
Spacing between profles  (in) 24

(2) Spedify the order that the files
were collected. The smal square
denotes the starting position of the
first fle.

I

one channel subtracted from the other channel.

(3) Spedify the data collection mode - Standard or
Inline. Inline applies to 41000 series ant=nnas with Standard =

<Back || Mext> | [ cancd | [ hep
profiles.
¢ Filename: The name of each file collected.
e Across Dist.: The distance from the curb of each of the files collected.
e Rev.Dir.: If the files were collected in a zig-zag pattern and this was specified, an X will
automatically be entered that the file will need to be reversed.
e St.Loc.: This is the starting location of the file File Group Details =
o Edit St. Loc.: Correct the starting location of the i e
file as necessary. e i S cordrrs o dvee b e
e End Loc.: This is the ending location of the file. JJ PN (SN IR N SN S S—
. . . 2 FIE___003.I4.00 3 1.500012 Edit St. Loc. | 57.875465 Edit End Loc.
e Edit End Loc.: Correct the ending location of 3 me_soiom D oo B B
the file as necessary. s e 0o F aomes  sstic |60 EdtEiec |
[3 FILE___013.[ 12.00 3 1.791681 Edit St. Loc. | 58.333302 Edit End Loc.
10 Edit the Starting and Ending Locations of each file Bt BN e
follow these steps. e e T e
R . . 1 FILE___018.[ 22.00 - 1.583346 Edit St. Loc. | 58.125467 Edit End Loc. 1
¢ Click Edit St. Loc. or Edit End Loc. for EACH oo e T e s wvmn e
file, one at a time. P T | T
e Move the slider bar until the vertical line on the
data matches the beginning of the bridge. This point will likely correspond with the middle of the
bridge joint. Use the left and right arrow keys on the keyboard to make minor adjustments, as
well as clicking on the up and down arrows on the screen
e Click OK.
e Repeat this process for the Starting and Ending Locations for ALL files.

g hcer 19 MRS DrIOge e3¢ LOCKSON OF 1 1 v G0N

Becor Bigm (ocatien (W 0

=] [em= ]

e shder i st bk e Locaber ar By 1 ke iocaben:
I
1

Mg bdorlocon () | Laises |2

=1
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11 Click Next.

12 Enter the Bridge Joint Skew Angle: This will be a
positive number if the bridge is angled to the right
and negative number if the bridge is angled to the

left.
13 Click Finish.

Bridge QA

RADANE® 7
Manual

Other Options.

Bridge Joint Skew Angle

(1) Specify the skew angle of the starting joint.

An angle of 0 dagree onds ta sing the lanes at right angles
red relative mm tahgl Lok ‘af he profie Ine s e aa e
e T S e R et

Actual Bridge Shape - - -
Skew Angle GPR Grid —

[~/
#<— Bridge Joint
/

TrafficFlow —

Origin Point (Minimum X and Minimum Y}

Bridge joint skew angle (degrees) | 0

[ <Bac J[_Finsn ] [ cancd | [ Hep

This section describes data collection for quality assurance (QA) studies on concrete overlaid bridge
decks. This technique is not applicable to asphalt overlaid decks. The goal of this application is to ensure
that there is adequate concrete cover over the top layer of reinforcing steel.

A single representative profile per travel lane is all that is required to perform Bridge QA. Typically, this
profile is along the wheel path of the lane as opposed to the shoulder. The data must be collected
perpendicular to the trend of the top layer of rebar. This means that if the rebar are longitudinal, the
profiles must be collected across the bridge deck, not along it. If a complete map of cover thickness is
required, then a 3D file can be collected following the instructions given in the SIR System manual. Be
sure to configure the data collection settings (Gain, Position, Range, Scan and Sample density).

1 When the Bridge QA icon is selected from the Processing Group, the left pane
will display the Bridge QA Process Bar.

2 Velocity Calculation: Choose how the radar wave velocity is calculated.

Cancel

‘ Ok Apply

= Bridge QA
I=l Velocity Calculation

e Specify Concrete Velocity: Use this method if Use Calibration Hole Data S Syecify conen >

is not possible.

0 Enter the estimated concrete velocity or velocity from previously

processed data.

0 The default velocity is 3.74 inches/nanosecond (9.5 cm/ns).

Concret... 0311

= Manually adjustable para..
Minimu... 0.082
Mazimu... 0328
Average... 0,492

o Use Calibration Hole Data (recommended): Calibration data is obtained by measuring the
depth to one of the rebar that the antenna passed directly over during data collection.

0 Enter the calibration hole location relative to the start of the profile line.

0 Enter the measured rebar depth.

3 Manually Adjustable Parameters: The most common use for the Bridge QA module has been on
newly constructed concrete bridge decks containing rebar between 1-4 inches (2.5-10 cm) in depth

and at a spacing of 6 inches (15 cm) between rebar.

¢ Minimum Rebar Depth: Closest point to the ground surface where the process will look for

rebar.

¢ Maximum Rebar Depth: Deepest point in the concrete deck where the process will look for

rebar.

e Average Spacing between Rebar: Estimated average spacing between rebar.
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4 Click Apply and Reset, and adjust if necessary.
5 Click OK once desired results are achieved.
Deterioration Mapping =7

This technique locates areas of probable concrete deterioration in a bare concrete or asphalt

overlaid concrete deck. This is done by graphing the relative reflection amplitudes across the Deterioration

Mapping

survey area and assigning threshold values to the amplitude range. Areas of deterioration will
attenuate (weaken) the radar signal. This process indicates the presence of deterioration and not the type
or cause of that deterioration.

Cancel

1 When the Deterioration Mapping icon is selected from the Processing Group, ‘ Ok ‘ Apply |

the left pane will display the Deterioration Mapping Process Bar.

Detencraton Mapping

2 Velocity Calculation: Choose how the radar wave velocity is calculated. Saraie . oonaN Overy
e Surface: Select the Surface type of the bridge deck. Either Asphalt velbcky [ DA%

Overlay or Concrete Surface.

¢ Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of
the surface. If this isn’t calculated correctly it can manually be adjusted.

e Velocity (Top Layer): RADAN 7 will use the velocity from the File Header information. If this
is incorrect it can manually be adjusted.

¢ Dielectric Constant: This is related to the Velocity and will update as the Velocity if modified.
3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.

2D Interactive Ribbon
This ribbon allows you to add targets and layers to your 2D data and display them in 3D.

B show sii Pick Type (Target ¥ Pick Polarity |Positive Lo i,@ IZZtlsabIed.I _&Select Range ﬁEZTracker ®. Global Options ECSV File
| B Add or Edit| | # Focus Rebar - I Ysearch width (9 - || [1 Single Point 3 Graund Truth Start & Settings = 5 Excel

3 get i3] Select Block Stop E!Display Gain: (12 - ||| o KL
Interactive Status Ohbjects Pick Attributes Pick Tool Other Options Export

Interactive Status Group
Show: Toggles On or Off the targets and layers already added to the data.

Add or Edit: When selected the targets or layers already added to the data will be displayed and you can
either edit the existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D
Interactive Ribbon.

Objects Group

Pick Type: Pick between Layer or Target.

Focus: In Free Draw mode, this specifies the object that is being entered or modified. If multiple objects
have already been drawn they will appear in the drop down menu.

New Object: Click here to draw additional objects.
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Pick Attributes Group

Pick Polarity: \When picking layers or targets, the user may specify which portion of the reflection to
attach new picks to Positive, Negative, Absolute, or None polarity.

Search Width: In pixels, enter the search width for the Single Point picking tool.

Pick Tool Group
Disabled: Disable Picking Tool.

Single Point: Enter Single Points for target picking. A left mouse click adds a point and a right mouse
click deletes a point.

e Adding Picks in Single Point Mode

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear
on the data. The type of search used to locate the new pick can be customized in the Layer
Options menu choice (Layer Tab of the Tables Pane).

o0 A pick will only be successfully added if a reflection can be located over the cursor search
width.

0 If no pick is added after pressing the left mouse button, reposition the mouse cursor and click
the left mouse button again.

0 For cases where the reflection peak is reversed polarity, the user would first need to select
Neg. Peak for the Layer Properties under Layer Options in the Interactive Interpretation main
menu, then place the mouse cursor over a negative polarity reflection.

o Deleting Picks in Single Point Mode: To delete poor picks, a procedure similar to adding
picks is followed.

Select Block: The Select Block picking tool is designed to operate over a large number of scans. When
Select Block is activated a translucent square appears over the data when the user clicks the left mouse
button. The select block contains tiny squares on each face and corner for resizing.

Select Range: \When Select Range is activated a translucent overlay appears over the data, extending the
entire length of the profile. It operates similarly to the Select Block, except that all operations performed
using the Select Range picking tool are performed within the time interval (slice width) of the selected
area on all of the scans in the file. The slice width is adjusted by clicking the left mouse button on one of
the handles (located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle
to the desired location.

Select Block and Select Range: The following options are accessed by right-clicking within the block
or range selected.

o Add Points: Will activate the program to begin a smart

H . - ) \ in

search for reflection peaks within the selected region. e I I‘T"I T I”T“I - l'“|’2| 5
Circles will overlay the data where reflection peaks are o0 - .
identified by the search algorithm. Picks will be added to 20

whichever Layer or Target is currently active (i.e. in

-
=

Focus).
¢ Delete Points: Will activate the program to start 50 ———
deleting the picks of the current Layer or Target located i i

within the selected region.
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¢ Pick Modification Options

0 Change Pick ID: Change the layer or target number assigned to the picks located within the
selected region. For example, the user desires to change the layer # of a group of Layer 3
picks to Layer 2. The user must select layer 3 as the Current Layer, position the Select Block
(or Select Range) over the group of points and click the right mouse button to access the Pick
Modification Options. Select Change Pick ID to switch from Layer 3 to Layer 2.

0 Change Pick Velocity: Changes the velocity of the currently selected

layer picks located in the selected region. It opens a dialog box for Velosty et B |
entering the desired velocity. The user can choose to either specify the || e oo -
new velocity, use the nearest core, or ground truth, data, or use results | (v i 12 '
from velocity analysis. Choosing Lock Velocity keeps the data from N |
being change with subsequent velocity modifications. i —— — I
|

peevent it from being charged when
rochfifyireg the velocity method elsewhens

o Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using
the interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under
Interpolation Method.

Ground Truth: Selecting the Ground Truth icon allows the user to individually adjust the depth of picks

based upon a true measured depth. As depths are entered they appear in the Target or Layer Ground Truth
tab of the Table Pane.

e Toenter individual Ground Truth information:
o0 Select Ground Truth from the Interactive Mode window.
o0 Click in the data the spot where the ground truth was collected.
0 Enter the depth.
0 Click OK or Cancel.

e To specify all new layer picks to have velocities calculated from the ground truth data, change the
Vel. Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker: Allows the user to add a layer or targets by interpolating data between mouse clicks.
1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.
4 Stop: Select to stop EZ Tracker.
5 If there are breaks in the layer then select and Stop and Start to skip the break.

MN43-199 Rev G 174



Geophysical Survey Systems, Inc.

Other Options Group
Global Parameters

¢ Single Pt. Search Length: \When using Single Point
Picking Tool, this setting determines whether the pick is
entered at the closest peak or using the cursor length.

¢ Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

o Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

o dB: Converts the data units amplitudes to decibels

RADANE® 7
Manual

Global Parameters

(=]

Single Pt. Search Length Clozest Peak -

Amplitude Values Data Units -
Interpalation Method

Fill layer with dizplay color in depth pane

[ 0K ] [ Cancel ] l Help

]

(dB) by using the equation 20*1og10(x) where X is the absolute value of the data amplitude.

0 Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.

¢ Interpolation Method: Each time a pick is added a search is performed to locate the
corresponding feature of the reflection that will be used to identify two-way travel time and

amplitude. Use either Automatic, Nearest Peak, or Linear.

0 Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans

apart this mode switches to Nearest Peak.

0 Nearest Peak: Search for the nearest peak between existing picks.

0 Linear: Draws a straight line between two previously interpreted picks.

e Checking the box will fill the layer with a chosen color in depth pane.
e Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers

Settings

Non-Filled Layers

o Load Default Settings: Loads previously saved default settings for Interactive Mode.

e Save As Default Settings: Saves the current Interactive Mode settings including all layer

properties and display options.
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Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up 6

to 60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. 3
This will change all samples, no matter where they are in the scan trace, by the same amount. 0
o Altering the display gain does not change data values like Range Gain, which is fﬂ =

described later in this section under the Easy Processing and Processing sections.

o Altering the display gain may make it easier to see lower amplitude targets.

Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.\

CSV File

Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.

e Use Existing: Use existing custom fields that were created in Create Custom or are available for
specific applications from GSSI.

(0}
0}
(0}

e Create Custom: Select fields to export. e

(0}
(0}

(0}

Select an Available Export Configuration. pEEE—— e

Modify Options for Filtering Data as necessary.
Available Export Configs Output Fields

Save the exported CSV file. e
gelegt Existing Export {24 GSsI

Explorer Window and
press Next™

Select the desired Export Category.
Choose which Available Fields to include in the CSV

file.

Choose whether to export all of the data or specify
ranges or certain values. If filtering exported data,

Selected Export Config: |

then modify Options for Filtering Data as necessary. <tad |[_Fomh ) [ ol | [ e

Name the custom export. Create a general name for
use with other data.

Save the exported CSV File.

e Modify Existing: Modify an existing field list to create a new one.

(o}
o
(o}
(o}

o
(o}

Select an Available Export Configuration.
Select the desired Export Category.
Choose which Available Fields to include in the CSV file.

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

Choose whether to output the data at a specific distance interval.
Save the exported CSV File.

e Use Most Recent: Uses the settings from the last used CSV export.

Excel

Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with user-
entered information, data properties, and an image of the currently selected view.
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KML File

A KML file is a file type used to display geographic data in an earth browser, such as Google Earth and
Google Maps. KML files have a tag-based structure with names and attributes used for specific display
purposes. RADAN 7 can export certain kinds of information as a KML file and easily view that
information in Google Earth. This section discusses exporting layers identified in Interactive
Interpretation. In order to create a KML file. The data must have been collected with GPS or GPS
coordinates were added to the data.

e GPS Track: Select whether or not to export the GPS

i - X
trajectory. KML Output Options l ,|
o User Marks: Select whether or not to export User Marks. /| GPS Track
| User Marks

¢ Targets: Select whether or not to export Targets. S
arge

¢ Ground Truth: Select whether or not to export Ground
Truth points, or Core Data.

| Ground Truth

Layers

e Layers: Selects whether or not to export Layers. Multiple | Output Parameter | Depth
layers are exported one at a time. | SO -
0 Channel: Selects the data channel to export. Different wmmvave @ [0.00
channels can be exported if a multi-channel file was
collected. Maximum Value  (ft) 12.00
. . ber of I E
0 Output Parameter: Select depth, amplitude, velocity, mbsrotintneS 5
or time depending on the type of data being exported l ew fEdit layer Colors
Wlth the Iayer' Mote: Only displayed layers and targets of
l displayed channels will be output to KML file,

Line width: The KML output line width in pixels.

Minimum/Maximum: This sets the range of output
values specified in the Output Parameter option.

Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.

Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

fig KML File Layers ¥| GPS Path g2 Output Parameter Depth - | FF Minimum Value 0 ¥ Recall Settings
ﬁ_ﬁ zoogle Earth v Targets V| Ground Truth ELine Width [pixels] & x 2 Maximum Value 12 £ caye Settings
E Google Earth Refresh V| User Marks [EﬂNumber of Intervals 5 - || g Interval Colors

Display/Save Options Export lkems Layer Options Settings

Display/Save Options Group

There are three options in this group for saving or displaying export items in Google Earth®.
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KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.

Google Earth®: Click this button to launch Google Earth® with the selected export options. A
Temporary Place will be added to Google Earth®.

Google Earth® Refresh: Press this button to
refresh Google Earth® with any changes made to
the exported items. A new Temporary Place will
be added to Google Earth® and will have the
same file name as the original file.

Export Items Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.

Output Parameter: There are four Output Parameter options to choose from when exporting layers.
Although depth is the typical output parameter, there are applications where other values such as velocity
(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

e Depth
e Amplitude
o Velocity
e Time
Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to denote different ranges.
The user can specify from 0 to 8 intervals.

Minimum Value: The minimum value for the interval range. For example, if the user choses Amplitude
for the output parameter, the Minimum Value is the minimum amplitude.

Maximum Value: The maximum value for the interval range. For example, if the user choses Amplitude
for the output parameter, the Maximum Value is the maximum amplitude.
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Interval Colors: Opens the Interval Colors dialogue box, which allows the user to
select a color for each interval. Click on the down arrows to select a different color
or choose Other to open a color editor window.

Settings Group

Recall Settings: Press this button to recall the current export settings (Export
Items and Layer Options) that have most recently been saved by pressing the Save
Settings icon.

Save Settings: Press this button to save the current export settings (Export Items
and Layer Options) as the default settings for all files.
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Horn BridgeScan

The Horn BridgeScan Ribbon is designed to process data specifically collected to determine bridge
deterioration using an air-launched horn antenna instead of a ground-coupled antenna.

RADAN™

for
Horn BridgeScan™

&z

i

¥ i

i

i e . ¥
LIy it .. 3 s

I-I‘#‘i-.l'ttun):v"w\:'a--_?_““" ..’ e
- Rapm——

=
GSSI Button
Clicking on the GSSI Button allows the user to: ﬁ

e Open a File/Project

- Gpen Recent Documents
e Assemble Files il 1 C\Users\,..\GRID__002.02
° |mp0l’t GPS F\‘WI Arembletiaren ¥ 2 C\Users\,.\ZUB_AD11.DZT
. . ek i 3 C\Users\.\FILE___001,DZT
e Save a File/Project it 4 CAUsers\AFILE__ 001,077
e Save As a File/Project under a different name or b 5 CAUSERS)..\ZUB_A011 P_1.071
format ol swea , & CAUSERS\., \ETOWA P_111,02T

7 CVUSERS\.\ETOWA P_11.DZT

e Export data = ’
p l ) 8 CUSERS\..\ETOWA P_1.DZT

e Print data

e Close a File/Project

e Close All Open Files

e Open a previously processed File/Project

*
J Close All Open Files

(&5 options |[fm Ext |

e Options to change languages
e Exit RADAN 7 Software
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o apen || B Lnesan [BY wiggie =| by Files | Tables Fale Header {3 Global Settings || 5 Color Tagles - Bl Transter - =1 9
4 Save : 5 [Tl Lotatior = Proeesses g Window Settings E—' Colar ¥forms - E Shaw = 2,
x - Cogy Priiwl Hel,
g 3 30-View = DepthPane || 75 Process Lists '@ Data Channel Properties ER Display Gain: 0 - il i
File Data Windews Crther Windows Dispiay Chipbaard Primt Help
File Group

Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets
or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Data Windows Group

LineScan

In the linescan display data are displayed in a color-
amplitude form, where a color is assigned to a specific
positive or negative amplitude value of the recorded signal
dependent upon the color table and color transform selected.
The vertical scale represents time (or depth) while the
horizontal scale represents the horizontal distance traveled
by the radar antenna. The Linescan display is the most useful
for mapping man-made objects, such as underground storage
tanks, pipes, and drums or for mapping geologic layers.

Scope

This will display an O-Scope to the right of the linescan data.
Hold the left mouse button down while pointing to the
linescan data to correspond the same point with the O-Scope
using a horizontal line.

3D View —-i:..:-'-—-.-l—-:....—_l'—:--—.——-_ ———
This will display the data as a 3D Cube. More
information and options on this mode are discussed in
the Basic Processing/Tutorials section under Basic 3D
Grid Navigation.

= o B g en ) wwe wewes ) wwas | wew o eew | e
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Wiggle

This display shows individual scan traces. The settings for this
display can be changed in the Properties Pane.

Location

Used primarily for 3D Grid files or individual profiles with GPS data, location will display a grid
showing the location of each profile.

¢ Holding the left mouse button down on the linescan data will show the location of that spot on the
location display.

¢ Right-click with the mouse inside of the
location display to access the following:

0 Move 3D Area: Change the starting
coordinates of the grid.

0 GPS Coordinates: Add or modify the
GPS Coordinates for the grid.

¢ Right-click with the mouse on the end of a
line to access the following:

0 Nudge Profile: Shift the profile forward
or backward along the line.

o Edit Profile Coordinates: Change a profile’s location within the grid.
Depth Pane
Toggles the Interactive Interpretation Pane On or Off below the linescan display.

Other Windows Group
Toggle On or Off different data property windows.

My Files: This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI Technical Support
website.

Processes: The Processes Tab has the same options as those located under the individual ribbons, which
are described in more detail later in this section. This opens a menu option by clicking on the 4+ and then
selecting which processing steps to apply. Selecting a step will open the applicable Process Bar located
beneath the Processes Tab.

Process Lists: Opens a list of macros available for data processing.

Tables: This pane will display database information about the currently active file. Tabs are displayed
depending on the type of application or process underway.

File Header: Header information about the displayed file.
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Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is
currently selected.

Data Channel Properties: Shows channel information for the selected data. Datasets with multiple
channels will display individual properties for each channel.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.

Display Group
Color Tables

Color tables are used to code the amplitude of each scan (i.e., the recorded radar
signal). Colors on the left side of the spectrum represent strong negative

i

"
]
5

H
¥

amplitudes. As the colors go to the right, this represents the amplitude getting —
weaker (or closer to 0) and the middle of the spectrum is the area of weak o —
amplitude. As the colors go further right from the middle, this represents a stronger | — .
positive amplitude. —

e For example, white in color table 1 corresponds to the highest positive
amplitude pulse; therefore, when it appears on the radar record, it means
that there is a strong reflection (or a high dielectric contrast).

e Insome color tables (such as 23), black indicates a low amplitude

reflection. Therefore, a large black region on the linescan plot could be —

indicative of a uniform structure (such as a homogeneous sand deposit)

with little or no dielectric contrast.
Color Xforms By W T T
The Color Transform can be changed to enhance weak amplitude or small contrast = __—_ @
reflectors. The color transform determines whether the color scale applied to the .—_ E s
radar wave’s amplitude is linear, logarithmic, exponential, or customized. This = R

function can also be used to de-emphasize certain features.

Display Gain 12 2

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data

window and select Display Gain. Then select from a preset list of multiples ranging from -6 up to
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This 5
will change all samples, no matter where they are in the scan trace, by the same amount. L

(=]

4 [m

(=1

e Altering the display gain does not change data values like Range Gain, which is described
later in this section under the Easy Processing and Processing sections.

e Altering the display gain may make it easier to see lower amplitude targets.
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Transfer

Transfer is accessed through the Home Ribbon or by right-clicking on the data and has three options for
changing how the data are displayed.

e Abs: Shows the absolute value of the data (all positive peaks).
¢ Negate: Flips positive and negative peaks.

o Spectrum: The displayed scan will be replaced with its frequency spectrum plotted in terms of
relative amplitude (O to 1) versus frequency in MHz.

Show
This toggles the display of any targets or layers On or Off in the linescan and 3D-View.

Clipboard
Copy Active Window to Clipboard to paste the image in a third party software.
Print

. . ; d I d f I ) Print Options
Quick Print: Print directly to a default printer. o
Setup: Enter print options such as Scans per Inch, Print Page Headers, (2] Print Pags Headers
Continuous Page, and a user selected logo (Load Logo) or GSSI logo. ] Contiruous Page
Print Preview: Preview output on the screen prior to printing. Bl

Help

Index: Opens a .pdf of this manual.

About: Displays version and copyright information.

Update: Checks for available updates. This requires an internet connection.

View Ribbon

This tab contains menu options that are used while displaying 3D data and using Interactive Mode.
Information about specific processing for 3D and Interactive 3D is discussed in detail in the Basic
Processing/Tutorials section.

Scales Group N

Vertical Scale: Select between Time (ns), Depth, or Samples. izl HemantE

Horizontal Scale: Select between Distance, Coordinates (GPS if available), Scans, or Scales

None.

Units Group 37 Vertical Units in -

Select between English or Metric units for the vertical and horizontal scales. | “Horiz units in

Select units for GPS Coordinates. @ cPs units - -
Units
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Coordinates Group
Toggle between Local or GPS coordinates display. B‘
| Local ;—\‘

Coordinates

Reflection Horn Bridge | Asphalt Concrete

. 3D File Picking Analysis
Create 3D F|Ie Create 3D File Processing Preset Lists

Processing Ribbon

[

A step-by-step guide combining collected files, processing the files, and preparing the newly created
“bridge” file for further processing.
Creation of a 3D file is necessary to complete Bridge

Deterioration Mapping, but is not necessary for Bridge QA. %]
1 Click Create 3D File. B

Select folder containing dzt fles from bridge
2 Browse to the appropriate folder where the collected G
bridge files are located.

) B Select output filename EastHelenaBridge
3 Create an output filename for the newly created bridge
3D file.
4 Click Next.
5 Add the bridge files from the left pane to the right pane
by: Wext> | [ cancd | [ Hep ]
o Double-clicking on the File, or
° Click on the File and click Add > , or g&gfﬂ?&?ﬂ&f e e
o If Appropriate, click Add A", or Available Files in Folder Fies to Combine
. . . . EASTHELENABRIDGE.DZT ~
o Highlight a group of files and click Add > iz oosom
. . . FILE__010.027
o Remove f|Ie_s from'the right pane by doing the same RE i
procedures in the right pane Fue_—ouonm
. e
6 Click Next. e
FILE___ 020.DZT
FILE___ 021.DZT =
7 File Group 3D Area:
o Enter the length of the bridge. = = =] =

o Enter the starting distance of the FIRST line

File Group 3D Area

collected from the Curb or Lane Stripe. R
o Enter the spacing between each profile or line. et e oot e aqustediater.
H Length of bridge (i) 100
e Click the down arrow to select how the data were N ——— )
CO”ected. Spacing between profies  (in) 2
e Select whether the data were collected Standard or (2 Specty the order tht the fes —
Inline. gﬁiﬁ;}i“&‘?S&?&ii?ﬁ!ﬁiﬂ?me 5 -
8 Click Next
<Back |[ Mext> | [ cancel | [ heb
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Adjust File Group Details: Can edit the individual profiles.

¢ Filename: The name of each file collected.

e Across Dist.: The distance from the curb of each of the
files collected.

e Rev.Dir.: If the files were collected in a zig-zag
pattern and this was specified, an X will automatically
be entered that the file will need to be reversed.

e St.Loc.: This is the starting location of the file

o Edit St. Loc.: Correct the starting location of the file as
necessary.

e End Loc.: This is the ending location of the file.

[ ]

RADANE® 7
Manual

File Group Details

Adjustable File Coordinates

Check the fle coardinates and make any necessary adiustments.
Note: individual fie coordinates can alays be edited using the
Location Window.

Filename Adoss Dist. Rev. Dir. St. Loc. Edit St. Loc. End Loc. Edit End Loc.
1 42 r 1.416678 EditSt. Loc. |57.875465  EditEnd Loc.
2 FLE 0051 4.00 K 1500012 Editst.loc. |57.875465  EditEndloc.
3 FILE___010.[ 6.00 r 0.833340 Edit St. Loc. | 57.333794 Edit End Loc.
4 FILE___ 011I8.00 ® 2041683 Edit St. Loc. | 58.500470 Edit End Loc.
5 FILE___012.[ 10.00 r 2.375019 Edit St. Loc. | 58.833806 Edit End Loc.
6 FILE____013. 12.00 x 1.791681 Edit St. Loc. | 58.333802 Edit End Loc.
7 FILE____014. 14.00 r 1.250010 Edit St. Loc. | 57.792131 Edit End Loc.
8 FILE___015.[ 16.00 x 2.416686 Edit St. Loc. | 59.000474 Edit End Loc.
9 FILE___015.[ 18.00 r 2041683 Edit St. Loc. | 58.542137 Edit End Loc.
10 FILE___ 017.I 20.00 x 1.083342 Edit St. Loc. | 57.625463 Edit End Loc.
11 FILE__ 0180 22.00 r 1.583346 Edit St. Loc. | 58.125467 Edit End Loc. -
TR e = oaseas e PRI e [
[ <Badk J[_mext> | [ caneel | [_rHep |

Edit End Loc.: Correct the ending location of the file as necessary.

10 Edit the Starting and Ending Locations of each file follow these steps.
Click Edit St. Loc. or Edit End Loc. for EACH file, one at a time.

Move the slider bar until the vertical line on the data matches the beginning of the bridge. This
point will likely correspond with the middle of the bridge joint. Use the left and right arrow keys
on the keyboard to make minor adjustments, as well as clicking on the up and down arrows on the

[ ]
[ ]
screen
e Click OK.
[ ]

Repeat this process for the Starting and Ending Locations for ALL files.

FLE__00e0ET x

mE__boanaT

g hcer 19 MRS DrIOge e3¢ LOCKSON OF 1 1 v G0N

Becor Bigm (ocatien (W 0

=] [em= ]

e shder i st bk e Locaber ar By 1 ke iocaben:
I
1

e Gdge lacwion (R | Lalsts |2

=1

11 Click Next.

12 Enter the Bridge Joint Skew Angle: This will be a
positive number if the bridge is angled to the right

and negative number if the bridge is angled to the
left.

13 Click Finish.
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Other Options &=
Bridge Joint Skew Angle
(1) Specify the skew angle of the starting joint.
An angle of 0 degrees corresponds to a joint crossing the lanes at right angles. Non-zero angles
are measured relative to the starting location of the profile ine closest to the curb as ilustrated in
the image below. Clocknise angle is positive degrees.
Actual Bridge Shape - - -
Skew Angle GPRGrid —
-
[/ Bridge Joint K
’
) TrafficFlow —» /
Qrigin Point (Minimum X and Minimum ¥)
Bridge joint skew angle (degrees) [}
<Back [ Fnsh ] [ caneel | [ rep
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Processing Group

Reflection Picking

Reflection Picking corrects the ground surface of RoadScan data based on the previously created Horn
Calibration .CZT file. This process eliminates unwanted signal noise to enhance reflections from the
pavement layers making them easier to track. Measures the return times of the reflections and calculates
the two-way travel time for each of the pavement layers from the data.

1 When the Reflection Picking icon is selected from the Processing Group, the left pane will display the
Reflection Picking Process Bar.

2 Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.

o User Select: Manually choose the calibration file.

e Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

e Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

e Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

3 Automatic Mode: Select whether or not to use standard settings. If No is selected the following
options are available.

¢ Background Removal: Removes horizontal banding in the data.
e Starting Depth: Specifies the starting depth for Background Removal.
¢ Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab
of the Table Pane.
4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna
calibration file.

Horn Bridge Analysis

This technique locates areas of probable concrete deterioration in a bare concrete or asphalt overlaid
concrete deck. This is done by graphing the relative reflection amplitudes across the survey area and
assigning threshold values to the amplitude range. Areas of deterioration will attenuate (weaken) the radar
signal. This process indicates the presence of deterioration and not the type or cause of that deterioration.
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1 When the Deterioration Mapping icon is selected from the Processing Group, the left pane will
display the Deterioration Mapping Process Bar.
2 Velocity Calculation: Choose how the radar wave velocity is calculated. | Ok || Conest ]| fery ‘

o Surface: Select the Surface type of the bridge deck. Either Asphalt Overlay Detexiaration Mapping

or Concrete Surface. e T
e Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of the | /== ™2 47

surface. If this isn’t calculated correctly it can manually be adjusted.

o Velocity (Top Layer): RADAN 7 will use the velocity from the File Header information. If this is
incorrect it can manually be adjusted.

o Dielectric Constants This is related to the Velocity and will update as the Velocity if modified.
3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.

Preset Lists Group

Asphalt and Concrete: Choosing either Asphalt or Concrete will automatically run a set group of
processes (macros). This allows the user to quickly apply more commonly used settings for data collected
over roads a Concrete Surface or those with an Asphalt Overlay.

2D Interactive Ribbon

1‘_; Show si Pick Type [Target i Pick Polarity |Positive > |..¢ D|sab|ed| _@ Select Range ?_fEZTracker ¥ Global Options ECSV File
| Add orEdit| || ¥ Focus Rebar b ¥ cearch Width (9 - ||| L1 single Point 3, Ground Truth & Settings ~ 3 Excel

=y get I@Select Block Stop ﬁDisplay Gain: 12 = ||| o KML
Interactive Status Objects Pick Attributes Pick Tool Other Options Export

This ribbon allows you to add targets and layers to your 2D data and display them in 3D.

Interactive Status Group
Show: Toggles On or Off the targets and layers already added to the data.

Add or Edit: When selected the targets or layers already added to the data will be displayed and you can
either edit the existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D
Interactive Ribbon.

Objects Group

Pick Type: Pick between Layer or Target.

Focus: In Free Draw mode, this specifies the object that is being entered or modified. If multiple objects
have already been drawn they will appear in the drop down menu.

New Object: Click here to draw additional objects.

Pick Attributes Group

Pick Polarity: When picking layers or targets, the user may specify which portion of the reflection to
attach new picks to Positive, Negative, Absolute, or None polarity.

Search Width: In pixels, enter the search width for the Single Point picking tool.
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Pick Tool Group
Disabled: Disable Picking Tool.

Single Point: Enter Single Points for target picking. A left mouse click adds a point and a right mouse
click deletes a point.

e Adding Picks in Single Point Mode

o A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear
on the data. The type of search used to locate the new pick can be customized in the Layer
Options menu choice (Layer Tab of the Tables Pane).

o0 A pick will only be successfully added if a reflection can be located over the cursor search
width.

o0 If no pick is added after pressing the left mouse button, reposition the mouse cursor and click
the left mouse button again.

0 For cases where the reflection peak is reversed polarity, the user would first need to select
Neg. Peak for the Layer Properties under Layer Options in the Interactive Interpretation main
menu, then place the mouse cursor over a negative polarity reflection.

o Deleting Picks in Single Point Mode: To delete poor picks, a procedure similar to adding
picks is followed.

Select Block: The Select Block picking tool is designed to operate over a large number of scans. When
Select Block is activated a translucent square appears over the data when the user clicks the left mouse
button. The select block contains tiny squares on each face and corner for resizing.

Select Range: \When Select Range is activated a translucent overlay appears over the data, extending the
entire length of the profile. It operates similarly to the Select Block, except that all operations performed
using the Select Range picking tool are performed within the time interval (slice width) of the selected
area on all of the scans in the file. The slice width is adjusted by clicking the left mouse button on one of
the handles (located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle
to the desired location.

Select Block and Select Range: The following options are accessed by right-clicking within the block
or range selected.

¢ Add Points: Will activate the program to begin a smart
search for reflection peaks within the selected region. e %
Circles will overlay the data where reflection peaks are
identified by the search algorithm. Picks will be added to 2
whichever Layer or Target is currently active (i.e. in
Focus).

7

144 268 432
|||||||||||||||||||II

-
=

Delete Points

i
=

o Delete Points: Will activate the program to start
deleting the picks of the current Layer or Target located
within the selected region.

Pick Mod, Opfions  #
Interpolate Pts.

AR R Y

¢ Pick Modification Options

0 Change Pick ID: Change the layer or target number assigned to the picks located within the
selected region. For example, the user desires to change the layer # of a group of Layer 3
picks to Layer 2. The user must select layer 3 as the Current Layer, position the Select Block
(or Select Range) over the group of points and click the right mouse button to access the Pick
Modification Options. Select Change Pick ID to switch from Layer 3 to Layer 2.

MN43-199 Rev G 189



Geophysical Survey Systems, Inc. RADAN® 7

Manual
0 Change Pick Velocity: Changes the velocity of the currently selected T |
- - - - C— . —
layer picks located in the selected region. It opens a dialog box for —
entering the desired velocity. The user can choose to either specify the . \:bi o T
new velocity, use the nearest core, or ground truth, data, or use results s |
from velocity analysis. Choosing Lock Velocity keeps the data from Pl |
being change with subsequent velocity modifications. = e
|| s

peevent it from being charged when
rochfifyireg the velocity method elsewhens

¢ Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using
the interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under
Interpolation Method.

Ground Truth: Selecting the Ground Truth icon allows the user to individually adjust the depth

of picks based upon a true measured depth. As depths are entered they appear in the Target or 3;,.
Layer Ground Truth tab of the Table Pane.

e To enter individual Ground Truth information:
0 Select Ground Truth from the Interactive Mode window.
o Click in the data the spot where the ground truth was collected.
o0 Enter the depth.
0 Click OK or Cancel.

o To specify all new layer picks to have velocities calculated from the ground truth data, change the
Vel. Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker: Allows the user to add a layer or targets by interpolating data between mouse clicks.
1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the
click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.

4 stop: Select to stop EZ Tracker.

5 If there are breaks in the layer then select and Stop and Start to skip the break.
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Other Options Group P 5
Global Parameters Single Pt. Search Length
¢ Single Pt. Search Length: \When using Single Point . .
. . . . . . Arnplitude Wal Data Units -
Picking Tool, this setting determines whether the pick is e e -
entered at the closest peak or using the cursor length. Interpolation Method
e Amplitude Values: Use Data Units, decibels (dB), or ] Fill laper with display color in depth pane
Normalized dB.
o Data Units: Provides the layer bottom reflection | ok | | Cameel | | Hep |
amplitudes in the actual data values.

o dB: Converts the data units amplitudes to decibels (dB) by using the equation 20*log10(x)
where X is the absolute value of the data amplitude.

0 Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and
2147483648 for 32 bit data before converting to dB.

¢ Interpolation Method: Each time a pick is added a search is performed to locate the
corresponding feature of the reflection that will be used to identify two-way travel time and
amplitude. Use either Automatic, Nearest Peak, or Linear.

0 Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans
apart this mode switches to Nearest Peak.

0 Nearest Peak: Search for the nearest peak between existing picks.

0 Linear: Draws a straight line between two previously interpreted picks.
e Checking the box will fill the layer with a chosen color in depth pane.
e Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Filled Layers | Non-Filled Layers

Settings
¢ Load Default Settings: Loads previously saved default settings for Interactive Mode.

¢ Save As Default Settings: Saves the current Interactive Mode settings including all layer
properties and display options.
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Display Gain
To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data 2 i
window and select Display Gain. Then select from a preset list of multiples ranging from -6 up to :
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This .
will change all samples, no matter where they are in the scan trace, by the same amount. 5 -
e Altering the display gain does not change data values like Range Gain, which is described | *° 2

later in this section under the Easy Processing and Processing sections.
o Altering the display gain may make it easier to see lower amplitude targets.

Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.\

CSV File
Click CSV File to export picks to a comma delimited ASCII file and select which fields to export.

e Use Existing: Use existing custom fields that were created in Create Custom or are available for
specific applications from GSSI.
0 Select an Available Export Configuration. SelectEceting Bport Corria |
0 Modify Options for Filtering Data as necessary.
0 Save the exported CSV file. ;;b;EptCﬁg —

=4 Gsst

Select Existing Export

e Create Custom: Select fields to export. S
0 Select the desired Export Category. '

o0 Choose which Available Fields to include in the CSV
file.

0 Choose whether to export all of the data or specify
ranges or certain values. If filtering exported data, then

Selected Export Config: |

modify Options for Filtering Data as necessary. e e ) e ] i

0 Name the custom export. Create a general name for
use with other data.

0 Save the exported CSV File.
e Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.
0 Select the desired Export Category.
o0 Choose which Available Fields to include in the CSV file.
o]

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.
Excel

Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with user-
entered information, data properties, and an image of the currently selected view.
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KML File T > T = |
utput Opticns |
A KML file is a file type used to display geographic data in an earth
browser, such as Google Earth and Google Maps. KML files have a tag- Al
based structure with names and attributes used for specific display ¥l User Marks
purposes. RADAN 7 can export certain kinds of information as a KML DERae:
file and easily view that information in Google Earth. This section 7] Ground Truth
discusses exporting layers identified in Interactive Interpretation. In order Layers

to create a KML file. The data must have been collected with GPS or
GPS coordinates were added to the data.

Qutput Parameter Depth

Line Width (Pixels) 5

e GPS Track: Select whether or not to export the GPS trajectory.

Minimum Value  (ft) 0.00

|
|
e User Marks: Select whether or not to export User Marks. Maimumvale (9 | 12.00 I
Number of Intervals 5 I

o Targets: Select whether or not to export Targets.

o Ground Truth: Select whether or not to export Ground Truth
points, or Core Data.

N_Dte: Only displayed_layers and targets of
e Layers: Selects whether or not to export Layers. Multiple layers ||| ~ cspiayed channels wilbe output to KL fle.

are exported one at a time. P—

0 Channel: Selects the data channel to export. Different
channels can be exported if a multi-channel file was collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data
being exported with the layer.

Line width: The KML output line width in pixels.

Minimum/Maximum: This sets the range of output values specified in the Output Parameter
option.

Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.

Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

ﬁ KML File Layers V| GPS Path 330utput Parameter Depth - F Minimum Value 0 & pecall Settings
& Google Earth V| Targets V| Ground Truth ELine Width (pixels) 6 » | S Maximum Value 12 B save Settings
E‘ Google Earth Refresh V| User Marks ENumDer of Intervals |5 ~ | W Interval Colors

Display/Save Options Export Items Layer Options Settings

Display/Save Options Group
There are three options in this group for saving or displaying export items in Google Earth®.

KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.
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Google Earth®: Click this button to launch Google Earth® with the selected export options. A
Temporary Place will be added to Google Earth®.

Google Earth® Refresh: Press this button to
refresh Google Earth® with any changes made to
the exported items. A new Temporary Place will
be added to Google Earth® and will have the
same file name as the original file.

Export ltems Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.

Output Parameter: There are four Output Parameter options to choose from when exporting layers.
Although depth is the typical output parameter, there are applications where other values such as velocity
(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

o Depth
e Amplitude
e Velocity
e Time
Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to Tnterval Colors XD
denote different ranges. The user can specify from 0 to 8 intervals.
Minimum Value: The minimum value for the interval range. For example, if the o —
user choses Amplitude for the output parameter, the Minimum Value is the e M
minimum amplitude. sosse I
4.8-7.2 (in) 1+
Maximum Value: The maximum value for the interval range. For example, if the 7.2- 95 (i) O
user choses Amplitude for the output parameter, the Maximum Value is the 8.6~ 12 () L E
maximum amplitude. > 12 () e

Interval Colors: Opens the Interval Colors dialogue box, which allows the user to
select a color for each interval. Click on the down arrows to select a different color
or choose Other to open a color editor window.

oK | ‘ Cancel
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Settings Group

Recall Settings: Press this button to recall the current export settings (Export Items and Layer Options)
that have most recently been saved by pressing the Save Settings icon.

Save Settings: Press this button to save the current export settings (Export Items and Layer Options) as
the default settings for all files.
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Dual Polarization Horn BridgeScan

The Dual Polarity Horn BridgeScan Ribbon is designed to process data specifically collected to determine
bridge deterioration using three air-launched horn antennas instead of a ground-coupled antenna. The
antennas are configured with two 1 GHz horn antennas positioned inline (one behind the other) and one
antenna oriented at 90 degrees relative to the other antenna so that the radiated polarization is
perpendicular.

During data processing the data from one antenna is subtracted from the other antenna to isolate the
reflection from the top rebar in the bridge deck. For asphalt-overlaid bridge decks the concrete surface
reflection interferes in time with the top rebar reflections. The concrete surface reflection from both
antennas is approximately the same, but one antenna orientation is more sensitive to the top rebar.
Subtracting the data from the two antennas enhances the top rebar reflection.

&

H
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i

©

RADAN™

for
Dual Polarization
Horn BridgeScan™
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GSSI Button

Clicking on the GSSI Button allows the user to:
e Open a File/Project
e Assemble Files
e Import GPS
e Save a File/Project

e Save As a File/Project under a different name or
format

e Export data

e Print data

e Close a File/Project

e Close All Open Files

e Open a previously processed File/Project
e Options to change languages

e Exit RADAN 7 Software

RADANE® 7
Manual

- Recent Documents
Open
\

I‘"‘mlf Assemble Data File

-

1 C\Users\..\GRID___002.DZT
¥ 2 cousers\,.\ZUB_AD11.DZT
3 C\Usersh,..\FILE___001.DZT
4 C\Users\,.\FILE____001,DZT
5 C:AUSERS),, \ZUB_AD11 P.1,DZT

§ C:USERS\,.\ETOWA P_111,02T

7 CAUSERS\.\ETOWA P_11.D2T

8 CAUSERSY., \ETOWA P_1.DZT

*
J Close All Open Files

(&5 options |[fm Ext |

Home Ribbon
2 gpen || {8 unesan [T wiggle = Wy Files = Tables (% Giobal settings || &S3 Color Tables - [ transter - - e
o Fiscope | — Processe: oW = Colar ¥arms - B8 s 4 =,
- - o Frint Help
Clote || G830 View = Depth Pane || T Process Lists ‘& Data Channel Properties BB Display Gain: 0 - i 5
File [Crata Windows Other Windows Dusglay Chpboard  Prmt Help

Open: Opens the currently selected project folder to open additional files.

Save: Saves the selected data file. If multiple files are open it saves the tab that is active. Any new targets

or picks added to the data will be saved.

Close: Closes the currently selected data file. If multiple files are open it closes the tab that is active.

Data Windows Group
LineScan

In the linescan display data are displayed in a color-amplitude
form, where a color is assigned to a specific positive or
negative amplitude value of the recorded signal dependent
upon the color table and color transform selected. The vertical
scale represents time (or depth) while the horizontal scale
represents the horizontal distance traveled by the radar
antenna. The Linescan display is the most useful for mapping
man-made objects, such as underground storage tanks, pipes,
and drums or for mapping geologic layers.
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Scope

This will display an O-Scope to the right of the linescan
data. Hold the left mouse button down while pointing to
the linescan data to correspond the same point with the O-
Scope using a horizontal line.

3D View

This will display the data as a 3D Cube. More information
and options on this mode are discussed in the Basic
Processing/Tutorials section under Basic 3D Grid
Navigation.

Wiggle

This display shows individual scan traces. The settings for
this display can be changed in the Properties Pane.

Location
Used primarily for 3D Grid files or individual

RADANE® 7
Manual

GOCO L

profiles with GPS data, location will display a
grid showing the location of each profile.

¢ Holding the left mouse button down on
the linescan data will show the location
of that spot on the location display.

¢ Right-click with the mouse inside of the
location display to access the following:

0 Move 3D Area: Change the starting
coordinates of the grid.

0 GPS Coordinates: Add or modify = == s

the GPS Coordinates for the grid.

o Right-click with the mouse on the end of a line to access the following:

0 Nudge Profile: Shift the profile forward or backward along the line.

o Edit Profile Coordinates: Change a profile’s location within the grid.

Depth Pane

Toggles the Interactive Interpretation Pane On or Off below the linescan display.
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Other Windows Group
Toggle On or Off different data property windows.

My Files: This tab contains lists of My Data, My Recent Data, and GSSI Example Data for quick
reference and to open. The example data is available for download from the GSSI Technical Support
website.

Processes: The Processes Tab has the same options as those located under the individual ribbons, which
are described in more detail later in this section. This opens a menu option by clicking on the 4 and then
selecting which processing steps to apply. Selecting a step will open the applicable Process Bar located
beneath the Processes Tab.

Process Lists: Opens a list of macros available for data processing.

Tables: This pane will display database information about the currently active file. Tabs are displayed
depending on the type of application or process underway.

File Header: Header information about the displayed file.

Window Settings: The Properties Pane automatically updates based on which data display, 2D or 3D is
currently selected.

Data Channel Properties: Shows channel information for the selected data. Datasets with multiple
channels will display individual properties for each channel.

Global Settings: Display Global Parameters for all files in a particular project prior to opening any files
and allow you to switch between available Application Displays. Once a file is open, the Global
Parameters cannot be changed.

Display Group

Color Tables

E

"
]
5

Color tables are used to code the amplitude of each scan (i.e., the recorded radar
signal). Colors on the left side of the spectrum represent strong negative amplitudes.

¥z
W

As the colors go to the right, this represents the amplitude getting weaker (or Closer t0 | m—— —
0) and the middle of the spectrum is the area of weak amplitude. As the colors go T ——
further right from the middle, this represents a stronger positive amplitude. I — e
o For example, white in color table 1 corresponds to the highest positive —

amplitude pulse; therefore, when it appears on the radar record, it means that there is
a strong reflection (or a high dielectric contrast).

. In some color tables (such as 23), black indicates a low amplitude reflection.
Therefore, a large black region on the linescan plot could be indicative of a uniform
structure (such as a homogeneous sand deposit) with little or no dielectric contrast.

I

Color Xforms
The Color Transform can be changed to enhance weak amplitude or small contrast reflectors. The color

transform determines whether the color scale applied to the radar wave’s amplitude is  [Eeerem =8 =7 T 7o,
linear, logarithmic, exponential, or customized. This function can also be used to de- ——
emphasize — —
. [ l
certain E— —
I I
[ I
— e
| -
S 2 . -
— —B
| N
13
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Display Gain

To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data
window and select Display Gain. Then select from a preset list of multiples ranging from-6 upto |,
60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu. This 5
will change all samples, no matter where they are in the scan trace, by the same amount. 0

e Altering the display gain does not change data values like Range Gain, which is described fo
later in this section under the Easy Processing and Processing sections.

4 [m

e Altering the display gain may make it easier to see lower amplitude targets.
Transfer

Transfer is accessed through the Home Ribbon or by right-clicking on the data and has three options for
changing how the data are displayed.

Abs: Shows the absolute value of the data (all positive peaks).
Negate: Flips positive and negative peaks.

Spectrum: The displayed scan will be replaced with its frequency spectrum plotted in terms of
relative amplitude (O to 1) versus frequency in MHz.

Show
This toggles the display of any targets or layers On or Off in the linescan and 3D-View.

Clipboard

Copy Active Window to Clipboard to paste the image in a third party software.

Print )
ick Print: Print directly to a default print — 3

Quick Print: Print directly to a default printer. R r— _

Setup: Enter print options such as Scans per Inch, Print Page Headers, CONtinUOUS | 5 page Hescess

Page, and a user selected logo (Load Logo) or GSSI logo. (] Goninaous Fage

Print Preview: Preview output on the screen prior to printing. =

Help

Index: Opens a .pdf of this manual.
About: Displays version and copyright information.
Update: Checks for available updates. This requires an internet connection.

View Ribbon

This tab contains menu options that are used while displaying 3D data and using Interactive Mode.
Information about specific processing for 3D and Interactive 3D is discussed in detail in the Basic
Processing/Tutorials section.
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Scales Group
Vertical Scale: Select between Time (ns), Depth, or Samples.

—

Vertical Horizontal

Horizontal Scale: Select between Distance, Coordinates (GPS if available), Scans, or None. - -
Scales

Units Group 3% Vertical Units in -

Select between English or Metric units for the vertical and horizontal scales. b Horiz Units in

Select units for GPS Coordinates. @ cPs nits - =
. M | Units

Coordinates Group ool cps

Toggle between Local or GPS coordinates display. Coordinates

Processing Ribbon
The Processing Steps Group includes steps for horn calibration, reflection picking, and layer

interpretation. 2 0 —
| w T E MO
Processmg Steps Group Harn Reflection Horn Bridge
Horn Calibration Calibration Picking Analysis
Processing Steps

Settings from the horn calibration are stored with the processed
data file header and accessed when the calibration file is used in the reflection picking tool.

1 When the Horn Calibration icon is selected from the Processing Group, the left pane will display the
Horn Calibration Process Bar.

¢ Automatic Mode: Perform an automatic horn calibration or choose to select custom calibration
settings.

e Use Air Wave File: The airwave file is most commonly collected by turning the antennas upside
down so that they radiate upward. This file is obtained using the same SIR 10/20/30 settings as
the metal plate calibration file. Use of an air wave file is optional and not typically used.

0 No: No air wave file was collected or one is not being used.
0 Yes: An air wave file has been collected. Enter the air wave filename in the space to the right.
o # of Channels: Number of channels in the data file currently open.

¢ Channel: Choose which channel to calibrate. Setting this to ALL will process all of the channels
with common parameters.

0 Antenna Type: Select the antenna used for data collection.
o Serial Number: Serial number of chosen antenna if it is a Smart antenna.

2 Click Apply and Reset, and adjust if necessary.

3 Click OK once desired results are achieved. It is
recommended that the .CZT calibration file is
saved with an easily recognizable name to
identify it during processing.
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Reflection Picking

Reflection Picking corrects the ground surface of Horn BridgeScan data based on the previously created
Horn Calibration .CZT file. This process eliminates unwanted signal noise to enhance reflections from the
pavement layers making them easier to track. Measures the return times of the reflections and calculates
the two-way travel time for each of the pavement layers from the data.

1 When the Reflection Picking icon is selected from the Processing Group, the left pane will display the
Reflection Picking Process Bar.

2 Cal(ibration) File Select Method: Select the method for identifying the .CZT, calibration file.
o User Select: Manually choose the calibration file.

e Current Output Folder: Will search for a .CZT file in the current Output Directory specified in
Global Parameters under the Properties Pane prior to opening any data.

o Antenna Database: If there is a serial number and model number an antenna database will
automatically be created. If survey conditions are consistent enough the user does have to
recollect a calibration file prior to each survey. Instead the antenna database can be used.

e Auto Select: If Auto Save is set to No it will search the current Output Directory specified in
Global Parameters. If the Auto Save is set to Yes it will look in the Proc folder that is
automatically created within the Source Directory as specified in Global Parameters. If more than
one .CZT is located in the specified folder, RADAN 7 will select the first one in alphanumeric
order. If no .CZT file is found it will search the antenna database.

3 Automatic Mode: Select whether or not to use standard settings. If No is selected the following
options are available.

e Background Removal: Removes horizontal banding in the data.
e Starting Depth: Specifies the starting depth for Background Removal.

¢ Apply Inline Position Correction: Correct for inline offset specified in Channel Positions tab
of the Table Pane.

4 Click Apply and Reset, and adjust if necessary.

5 Click OK once desired settings are achieved. RADAN 7 will prompt the user to specify an antenna
calibration file.

Create 3D File SR
A step-by-step guide combining collected files, processing i s
the files, and preparing the newly created “bridge” file for e
further processing. Creation of a 3D file is necessary to T ——
complete Bridge Deterioration Mapping, but is not necessary
for Bridge QA.
1 Click Create 3D File.
2 Browse to the appropriate folder where the collected
bridge files are located. v ] o] [

3 Create an output filename for the newly created bridge
3D file.
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4 Click Next.

Add fies to the 3D Eridge Fie by sither highlighting in the left
windaw and pressing the "Add” butten, ar by double-dicking the

5 Add the bridge files from the left pane to the right pane eftmouse uttn.

by: Available Files in Folder Files to Combine
o Double-clicking on the File, or o

FILE___ 009.DZT
FILE___ 010.DZT

e Click on the File and click Add >, or oo

FILE__ 013.DZT

e If Appropriate, click Add All, or REoistn
FILE___017.D7T
e Highlight a group of files and click Add > AL oo

=

GRID 001.DZT

e Remove files from the right pane by doing the same
procedures in the right pane

6 <Back || mext> | [ canel | [ Hep
Click Next.
- ile Grou rea =
7 File Group 3D Area: e frp
Bridge Survey Information
e Enter the length of the bridge. (D speoty e damcoleconrformatm
Individual file coardinates can be adjusted later.
e Enter the starting distance of the FIRST line collected " .
. Starting Dist. from Curb or Lane Stripe (i 0
from the Curb or Lane Stripe. S, .
o Enter the spacing between each profile or line.
ki i =
e Click the down arrow to select how the data were e e petenafhe —
collected. ol e e Sy
one channel subtracted from the other channel,
e Select whether the data were collected Standard or
Inline.
) <Back || Mext> | [ cancel | [ hep
8 Click Next.
9 Adjust File Group Details: Can edit the individual profiles.
o Filename: The name of each file collected. File Group Details
e Across Dist.: The distance from the curb of each of L mm——
th e fl IeS COI I ected . r;::é;%dlﬁi:g:wh coordinates can always be edited using the
. . . . Filename Across Dist. Rev.Dir. St loc. Edit5t. loc. Endloc. Edit End Loc. #
¢ Rev. Dir.: If the files were collected in a zig-zag P [ 14667 Egtstloc |sTe7ss  EdtEndlor
. ogs . . 2 FILE__ 009.4.00 X 1.500012 Edit St. Loc. | 57.875465  EditEnd Loc.
pattern and this was SpeCIerd, an X will aUtomatlca“y 3 FlE__owism [ 08330 Edtstloc |57.39978%  EdtEndloc.
be entered that the file will need to be reversed. B e oo . e
6 FILE____013.[ 12.00 x 1.791681 Edit St. Loc. | 58.333802 EditEnd Loc.
e St.Loc.: This is the starting location of the file — [l e
e Edit St. Loc.: Correct the starting location of the file L N 20 N
as necessary. — D e
e End Loc.: This is the ending location of the file. DT (| (W | S

e Edit End Loc.: Correct the ending location of the file
as necessary.
10 Edit the Starting and Ending Locations of each file follow these steps.
e Click Edit St. Loc. or Edit End Loc. for EACH file, one at a time.

o Move the slider bar until the vertical line on the data matches the beginning of the bridge. This
point will likely correspond with the middle of the bridge joint. Use the left and right arrow keys
on the keyboard to make minor adjustments, as well as clicking on the up and down arrows on the
screen
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e Click OK.
e Repeat this process for the Starting and Ending Locations for ALL files.

.l_*. ——

e shder i st bk e Locaber ar By 1 ke iocaben:

11 Click Next.
12 Enter the Bridge Joint Skew Angle: This will be a Gther Options X}
positive number if the bridge is angled to the right and e e s
- - - - pec W angls ing Joir
negative number if the bridge is angled to the left. g0 cgress o 1 s o
ﬂwmagh\wcl:kw nglngpoau' & = e
13 Click Finish.
T
f::l-' Bridge Joint
TrafficFlow ——>
Origin Point (Minimum X and Minimum Y)
Bridge joint skew angle (degrees) | @
[ <Bad J[_Fnsh ] [ concel | [ e
Horn Bridge Analysis

This technique locates areas of probable concrete deterioration in a bare concrete or asphalt overlaid
concrete deck. This is done by graphing the relative reflection amplitudes across the survey area and
assigning threshold values to the amplitude range. Areas of deterioration will attenuate (weaken) the radar
signal. This process indicates the presence of deterioration and not the type or cause of that deterioration.

1 When the Deterioration Mapping icon is selected from the Processing Group, the left pane will

display the Deterioration Mapping Process Bar.

2 Velocity Calculation: Choose how the radar wave velocity is calculated. | LR [plamcet H Apply ‘
o Surface: Select the Surface type of the bridge deck. Either Asphalt Overlay | = beteriomation Mapping
or Concrete Surface. Surace . Admhel Dvers
e Time-Zero Amplitude Threshold: RADAN 7 defaults to the location of velocly (To... | 0.427

Dépdectric C.., 532

the surface. If this isn’t calculated correctly it can manually be adjusted.

e Velocity (Top Layer): RADAN 7 will use the velocity from the File Header
information. If this is incorrect it can manually be adjusted.

o Dielectric Constant: This is related to the Velocity and will update as the Velocity if modified.
3 Click Apply and Reset, and adjust if necessary.

4 Click OK once desired results are achieved.
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2D Interactive Ribbon
B show w3 Pick Type (Target - Pick Polarity |Positive - i,@ D|sab|ed. _@Select Range ?fEZTracker ¥, Global Options ﬁCSV File
| B Add or Edit| || #% Focus Rebar - I Ysearch width (9 - || I1Single Paint 3, Ground Truth start & Settings 73 Excel

] i8] seledt Block Stop E@ pisplay Gain: |12 - ||| g kML File
Interactive Status Ohbjects Pick Attributes Pick Tool Other Options Export

This ribbon allows you to add targets and layers to your 2D data and display them in 3D.

Interactive Status Group
Show: Toggles On or Off the targets and layers already added to the data.

Add or Edit: When selected the targets or layers already added to the data will be displayed and you can
either edit the existing interpretations or add new ones. Selecting Add or Edit enables the rest of the 2D
Interactive Ribbon.

Objects Group

Pick Type: Pick between Layer or Target.

Focus: In Free Draw mode, this specifies the object that is being entered or modified. If multiple objects
have already been drawn they will appear in the drop down menu.

New Object: Click here to draw additional objects.

Pick Attributes Group

Pick Polarity: \When picking layers or targets, the user may specify which portion of the reflection to
attach new picks to Positive, Negative, Absolute, or None polarity.

Search Width: In pixels, enter the search width for the Single Point picking tool.

Pick Tool Group
Disabled: Disable Picking Tool.
Single Point: Enter Single Points for target picking. A left mouse click adds a point and a right mouse
click deletes a point.
e Adding Picks in Single Point Mode

o0 A search will be performed on all of the scans between the left and right inside edges of the
mouse cursor to locate the maximum amplitude. If the search is successful, a pick will appear
on the data. The type of search used to locate the new pick can be customized in the Layer
Options menu choice (Layer Tab of the Tables Pane).

o A pick will only be successfully added if a reflection can be located over the cursor search
width.

o0 If no pick is added after pressing the left mouse button, reposition the mouse cursor and click
the left mouse button again.

0 For cases where the reflection peak is reversed polarity, the user would first need to select
Neg. Peak for the Layer Properties under Layer Options in the Interactive Interpretation main
menu, then place the mouse cursor over a negative polarity reflection.

e Deleting Picks in Single Point Mode: To delete poor picks, a procedure similar to adding
picks is followed.
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Select Block: The Select Block picking tool is designed to operate over a large number of scans. When
Select Block is activated a translucent square appears over the data when the user clicks the left mouse
button. The select block contains tiny squares on each face and corner for resizing.

Select Range: \When Select Range is activated a translucent overlay appears over the data, extending the
entire length of the profile. It operates similarly to the Select Block, except that all operations performed
using the Select Range picking tool are performed within the time interval (slice width) of the selected
area on all of the scans in the file. The slice width is adjusted by clicking the left mouse button on one of
the handles (located at the top and bottom at the horizontal midpoint of the slice) and dragging the handle
to the desired location.

Select Block and Select Range: The following options are accessed by right-clicking within the block
or range selected.

e Add Points: Will activate the program to begin a smart =

W 144 268 432
search for reflection peaks within the selected region. el pvpeilepry e laeanalaas
Circles will overlay the data where reflection peaks are =
identified by the search algorithm. Picks will be added =0
to whichever Layer or Target is currently active (i.e. in i,

Focus).

Delete Points

i
=

o Delete Points: Will activate the program to start
deleting the picks of the current Layer or Target located
within the selected region.

Pick Mod, Opfions  #
Interpolate Pts.

AR e PR N

o Pick Modification Options

0 Change Pick ID: Change the layer or target number assigned to the picks located within the
selected region. For example, the user desires to change the layer # of a group of Layer 3
picks to Layer 2. The user must select layer 3 as the Current Layer, position the Select Block
(or Select Range) over the group of points and click the right mouse button to access the Pick
Modification Options. Select Change Pick ID to switch from Layer 3 to Layer 2.

0 Change Pick Velocity: Changes the velocity of the currently selected
layer picks located in the selected region. It opens a dialog box for
entering the desired velocity. The user can choose to either specify the
new velocity, use the nearest core, or ground truth, data, or use results
from velocity analysis. Choosing Lock Velocity keeps the data from
being change with subsequent velocity modifications.

Ny D

Velocily Cale [speciy

New Velociy  [mins) 01222

"1 Lock Velocity

0K | Cancel |

Select velocily calculation methad foe
zelected packs. Check 'Lock Velocity" to
prevent it from being changed when
modfifling the velocity method elsewbene

¢ Interpolate Points: Will interpolate layer picks (add new picks between existing ones) using
the interpolation method (Linear or Nearest Neighbor) specified in Global Parameters under
Interpolation Method.

Ground Truth: Selecting the Ground Truth icon allows the user to individually adjust the depth of picks
based upon a true measured depth. As depths are entered they appear in the Target or Layer Ground Truth
tab of the Table Pane.
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e To enter individual Ground Truth information:
0 Select Ground Truth from the Interactive Mode window.

RADANE® 7
Manual

o0 Click in the data the spot where the ground truth was collected.

o0 Enter the depth.
o Click OK or Cancel.

e To specify all new layer picks to have velocities calculated from the ground truth data, change the
Vel. Method from Default Vel. to Core Data in the Layer tab of the Table.

EZ Tracker: Allows the user to add a layer or targets by interpolating data between mouse clicks.

1 Choose Pick Type and choose the appropriate layer or target to Focus (edit).

2 Start: Select to start EZ Tracker. Add layer picks with the left mouse button and delete layer picks
with the right mouse button. Picks are interpolated between left mouse button clicks. The closer the

click spacing the better the results will be.

3 Right-click to undo the previous selection. This only goes back one time.

4 stop: Select to stop EZ Tracker.

5 If there are breaks in the layer then select and Stop and Start to skip the break.

Other Options Group
Global Parameters

¢ Single Pt. Search Length: \When using Single Point
Picking Tool, this setting determines whether the pick is
entered at the closest peak or using the cursor length.

¢ Amplitude Values: Use Data Units, decibels (dB), or
Normalized dB.

0 Data Units: Provides the layer bottom reflection
amplitudes in the actual data values.

Global Parameters

5]

Single Pt. Search Lenath Clozest Peak, hd
Amplitude WV alues Data Unitz -
Interpalation Method Automnatic hd

| Fill layer with digplay color in depth pane

| 0k | | Cancel | | Help |

o dB: Converts the data units amplitudes to decibels (dB) by using the equation 20*log10(x)

where X is the absolute value of the data amplitude.

0 Normalized dB: Normalizes the data amplitude relative to 32767 for 16 bit data and

2147483648 for 32 bit data before converting to dB.

¢ Interpolation Method: Each time a pick is added a search is performed to locate the
corresponding feature of the reflection that will be used to identify two-way travel time and

amplitude. Use either Automatic, Nearest Peak, or Linear.

0 Automatic: Performs tracking based on a custom algorithm, which is designed to capture
continuous layers that vary with depth. When mouse clicks are spaced more than 20 scans

apart this mode switches to Nearest Peak.

0 Nearest Peak: Search for the nearest peak between existing picks.

0 Linear: Draws a straight line between two previously interpreted picks.

e Checking the box will fill the layer with a chosen color in depth pane.
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e Click OK or Cancel. Help will open a .pdf of the RADAN 7 manual.

Settings

Filled Layers | Non-Filled Layers

¢ Load Default Settings: Loads previously saved default settings for Interactive Mode.

o Save As Default Settings: Saves the current Interactive Mode settings including all layer
properties and display options.

Display Gain
To change the Display Gain, click Display Gain in the Home Ribbon or right-click on the data 12 i

window and select Display Gain. Then select from a preset list of multiples ranging from -6 up
to 60. Input a Custom Value by right-clicking and selecting Custom from Display Gain menu.
This will change all samples, no matter where they are in the scan trace, by the same amount. 5

e Altering the display gain does not change data values like Range Gain, which is

4 [m]

1.0

described later in this section under the Easy Processing and Processing sections.

¢ Altering the display gain may make it easier to see lower amplitude targets.

Export Group

Picks may be exported to a comma delimited ASCII (CSV) file, saved as a JPG image file, or the layer
information exported to a KML file (if GPS was collected with the data) for viewing in Google Earth.\

CSV File e e
Click CSV File to export picks to a comma delimited ASCII file
and select which fields to export. (= R TS SuputFeds
’; Custom
e Use Existing: Use existing custom fields that were s gt =
created in Create Custom or are available for specific Eraallac i

applications from GSSI.

(0}
o
(0}

Select an Available Export Configuration.
Modify Options for Filtering Data as necessary. eected Export Contg: |1
Save the exported CSV file.

e Create Custom: Select fields to export. prrrem = [ e ] g

(0}
o
o

(0}
o

Select the desired Export Category.
Choose which Available Fields to include in the CSV file.

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

Name the custom export. Create a general name for use with other data.
Save the exported CSV File.
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e Modify Existing: Modify an existing field list to create a new one.
0 Select an Available Export Configuration.
0 Select the desired Export Category.
0 Choose which Available Fields to include in the CSV file.
o

Choose whether to export all of the data or specify ranges or certain values. If filtering
exported data, then modify Options for Filtering Data as necessary.

o0 Choose whether to output the data at a specific distance interval.
0 Save the exported CSV File.
e Use Most Recent: Uses the settings from the last used CSV export.
Excel

Opens a dialogue box to enter project information. Then create a report in Microsoft Excel with user-
entered information, data properties, and an image of the currently selected view.

KML File

A KML file is a file type used to display geographic data in an earth KML Output Options
browser, such as Google Earth and Google Maps. KML files have a
tag-based structure with names and attributes used for specific display 41675 Track
purposes. RADAN 7 can export certain kinds of information as a KML | User Marks
file and easily view that information in Google Earth. This section V| Targets
discusses exporting layers identified in Interactive Interpretation. In 7] Ground Truth
order to create a KML file. The data must have been collected with Layers
GPS or GPS coordinates were added to the data. | Okt Paneir [ Depih
e GPS Track: Select whether or not to export the GPS trajectory. | Line Width (Pixels) 5
o User Marks: Select whether or not to export User Marks. Minimum Valie  (R)
o Targets: Select whether or not to export Targets. l Maximum Value  (F) 12.00
¢ Ground Truth: Select whether or not to export Ground Truth Number of Intervals (5
points, or Core Data. | .
e Layers: Selects whether or not to export Layers. Multiple Il Note: Only displayed layers and targets of
Iayers are exported one at a tlme 1 displayed channels will be output to KML file.
0 Channel: Selects the data channel to export. Different [ concel |

channels can be exported if a multi-channel file was
collected.

0 Output Parameter: Select depth, amplitude, velocity, or time depending on the type of data

being exported with the layer.
0 Line width: The KML output line width in pixels.

0 Minimum/Maximum: This sets the range of output values specified in the Output Parameter

option.
Number of Intervals: The number of evenly spaced breakpoints for the output data.

View/Edit Layer Colors: Modify the colors applied to each output interval (based upon
Output Parameter and Number of Intervals previously selected).

The output of this is a KML file named after the saved data file and the date of the export. To import into
Google Earth, simply drag this file onto Planet Earth and it will zoom to the given location of the data.
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Google Earth® Ribbon

The Google Earth® Ribbon provides viewing and exporting options for data collected with GPS. Options
include viewing GPS Tracks, User Marks, Layers, Targets, and Ground Truth in Google Earth, exporting
to a KML file, and launching and refreshing Google Earth®.

RADANE® 7
Manual

fe KML File
& Google Earth
E Google Earth Refresh

Display/Save Options

Layers

v | Targets

7| GPS Path
V| Ground Truth

V| User Marks

Export liems

330utput Parameter Depth
== Line Width (pixels) &
[[nNumber of Intervals |5

F Minimum Value 0
i =k Maximum Value 12
~ | W Interval Colors
Layer Options

£ Recall Settings
. Saye Settings

Settings

Display/Save Options Group

There are three options in this group for saving or displaying export items in Google Earth®.

KML File: Click this button to save selected export items to a KML File. A KML file is a file type used to
display geographic data in an earth browser, such as Google Earth® and Google Maps®. KML files have
a tag-based structure with names and attributes used for specific display purposes.

Google Earth®: Click this button to launch Google Earth® with the selected export options. A

Temporary Place will be added to Google

Earth®.

Google Earth® Refresh: Press this button to
refresh Google Earth® with any changes made to
the exported items. A new Temporary Place will
be added to Google Earth® and will have the
same file name as the original file.

Export Items Group

This group allows the user to choose which items will be exported as part of a KML file. Only the
displayed layers and targets associated with the displayed channel are exported.

Layers: Currently displayed layer(s). Select which Layer(s) is displayed by checking the Display box in
the Layers Tab of the Table.

Targets: Currently displayed target(s). Select which Target(s) is displayed by checking the Display box
in the Targets Tab of the Table.

User Marks: Export User Marks as they appear in the Way Points Tab of the Table.
GPS Path: The GPS Path associated with Channel 1.
Ground Truth: Currently displayed Ground Truth data for Layers or Targets.

Layer Options Group
This group allows the user to customize how the displayed layers are exported.

Output Parameter: There are four Output Parameter options to choose from when exporting layers.
Although depth is the typical output parameter, there are applications where other values such as velocity
(e.g. new pavement) or amplitude (e.g. bridge deck) provide valuable information.

e Depth

e Amplitude
e Velocity

e Time
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Line Width: Display width of the line in Google Earth®.

Number of Intervals: Exported values can be broken into different colors to denote
different ranges. The user can specify from 0 to 8 intervals.

Minimum Value: The minimum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Minimum Value is the minimum
amplitude.

Maximum Value: The maximum value for the interval range. For example, if the
user choses Amplitude for the output parameter, the Maximum Value is the
maximum amplitude.

Interval Colors: Opens the Interval Colors dialogue box, which allows the user to
select a color for each interval. Click on the down arrows to select a different color
or choose Other to open a color editor window.

Settings Group

RADAN® 7

Manual

Interval Colors

]

<0 (in)

0- 2.4 (in)
2.4 - 4.8 (in)
4.8 - 7.2 (in)
7.2-9.6(in)
9.6 - 12 (in)

=12 (in)

L]k
|8
- -
1
__|§
-
|8

‘ Cancel

Recall Settings: Press this button to recall the current export settings (Export Items and Layer Options)

that have most recently been saved by pressing the Save Settings icon.

Save Settings: Press this button to save the current export settings (Export Items and Layer Options) as

the default settings for all files.
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Section 5: Basic Processing Tutorials

This section offers step by step tutorials for some basic processing functions. For details on what each
option does, refer to Section 3: Navigating through RADAN 7. Each of the tutorials use example data that
can be downloaded from the GSSI Technical Support website. http://support.geophysical.com. Save the

sample data on a computer.

Using the Proc. Lists Tab

Adding Processes: How to add Categories and Processes within Categories in the Proc. List Tab for use

over and over again.
1

2 Right-click on any of the Categories. The

processes or categories will be placed under the
selected category.

Select New.

Select:
e Category: Creates a new category.
0 Enter a Category Name and click on OK.
o Process List: Creates processes under the
currently selected category.
0 Enter a Process List Name.

0 Select and Add all processes
to be included with this group.

Click on OK.

Editing or Deleting Processes: The user may Edit or
Delete Categories or Process Lists by right-clicking on
them with NO data files open.

Export or Import Processes: The user may Export or
Import Categories or Process Lists as XML files by
right-clicking on them and exporting them for use on
another computer, or importing them from another
computer.
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Select the Proc. Lists tab from the Data, Processes, and Proc. Lists Pane.

New 4 Category
Import Process List
Create P_
Process List Mame:

’ Easy Processing

’ Processing

’ StructureScan

’ RoadScan

-y BridgeScan
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Creating a Manual Grid

These following steps will take the user through taking individual data files (.dzt) that were collected in a
grid layout and combining them to create a 3D Grid file (.m3d). Files could be collected in the X direction
only, Y direction only, or both X and Y directions. If the grid was collected using Quick 3D on the SIR
system then just open the .B3D file and the grid will assemble automatically.

Sample Data: Grid___ 036.3DS

1

o 1 A WN

Prior to opening any data set the Source
Directory (And Output Directory if Auto Save
File is set to No) and the Vertical Units and
Horizontal Units in the Global Settings.

Click the GSSI Button > Assemble Data File > 3D File.
Choose the location for the 3D Grid file.

Enter a filename for the Grid being created.

Click Save.

3D Grid Options: Enter the grid parameters.

3D Filename: This is the file name created in Step
4 and will automatically be loaded.

Files in X/Y Direction: Fill in the tabs as
appropriate. For Grid___ 036 data were collected in
both the X and Y Direction so both tabs need to be
filled out.

Starting (units): Both the X and Y Direction
startedat X =0and Y = 0.

X-Length/Y-Length: Grid __ 036 measured
50x50ft in both directions.

RADANE® 7
Manual

3D Gnd Options

3D Flename CAUSERSAGALES\DOCUMENTSWANUALS RADA

| | Files in %-Direction | Files in ‘f-Direction |

Girid Lirnits
Stanting ft) X Length (i) 50

yl= 0 .10 I Yiengh @ 50

# Profie Lines 26 ’ —
Line Order —
— A
Line Spacing  [ft] 2 |

‘working Folder-» CAUSERSWGALES\DOCUMENTSA
/| Ao Load Files from 'Working Folder

0K Cancel '

# Profile Lines: 26 individual profiles (transects) were collected in both directions.

Line Spacing: Transects were spaced 2ft apart. This is automatically created by the # Profile
Lines and the line length. Use this to check for errors in the input parameters.

Line Order: Grid___ 036 was collected starting in the SW corner (bottom left) and transects were

collected in a zig-zag pattern.

Working Folder: This is where data are stored. Clicking this button will open a browser to
select a different directory. Select the folder for X or Y Direction files depending upon which tab

is being filled out.

Auto Load Files: Check this box to automatically load files from either the X or Y file folder.

Click OK.
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8 3-DFile Creation: Shows the locations and orientations of the individual transects. Edit individual
transects in this view if necessary. Can add or delete lines if they were not Auto-filled in the correct

order.

e L |
|

. N

Filename St *End hED YEnd %

GRIDTEST 0.o0 B0.00 Qoo a0.00 B0.00 |

FIL..._001 0.00 50.00 0.00 0.00

FIL..._00z2 50.00 0.00 2.00 2.00 L

FIL..._003 0.o0 B0.00 4.00 4.00 3

FIL..._004 a0.00 0.oo g.00 E.00

FIL..._005 0.00 50.00 8.00 a.00

FIL..._00& A0.00 n.oo 10.00 oo —

FIL..._007 0.o0 B0.00 12.00 12.00

FIL..._008 50.00 0.00 14.00 14.00

FIL..._009 0.00 50.00 16.00 16.00

FIL..._010 a0.00 0.oo 18.00 18.00

FIL..._011 0.o0 B0.00 20,00 20.00

FIL.._012 50.00 0.00 22.00 22.00

FIL._013 n.on RO.00 24.00 24.00

FIL.._014 a0.00 0.oo 26.00 26.00

FIL..._015 0.00 50.00 28.00 28.00

FIL..._01E 50.00 0.00 30.00 30.00

FIL.._017 0.o0 B0.00 3200 32.00 [ ]

FIL.._018 a0.00 0.oo 34.00 34.00 [0.0,0.0) R0.00

FIL..._019 0.00 50.00 36.00 36.00 -

EvenSpaced 3D Sei ] fey)  [0.00,0.00] i [ ok ][ cence |

9 Click OK when satisfied with the look of the grid. All of the files will be combined into a single grid
file called Grid___036.DZT.
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Creating a Super Grid

Combine multiple processed 3D Grids to create one “Super” 3D Grid. This will create a new file with the
extension .S3D.
Sample Data: Super3D > Grid___007-010.3DS

1 Prior to opening any data set the Source Directory (And Output Directory if Auto Save File is set to
No) and the Vertical Units and Horizontal Units in the Global Settings.

2 Process each grid individually (see the Common Processing Steps later in this section). Individual
grids can be created either by opening a .B3D file or manually assembling a grid as in the preceding
tutorial.

3 Once each of the grids have been processed click the GSSI Button > Assemble Data File > Super 3D

File.
- . . ripe(ﬁl_e Creation

4 Choose the location for the Super 3D Grid file. Ce=r

5 Enter a filename for the Grid being created. Dl =

6 Click Save. |

7 Click Add File to retrieve individual grids. |
|
|
|
|
| 0000
k| frpl (000000 R 0K,

8 File Parameters i

¢ Filename: Click Filename to browse and retrieve Filenams > | C\sers\Gales\DocumentsiManuals
each grid. % (] e

e Starting (X,Y) Coords: Enter the X,Y starting Starting [x2¥) Coords 0.00 0.00
position for each grid. Ending [X.Y] Coords 10.00 1000
o Grid__ 007: Starting (X,Y) Coords = (0,0)
o Grid___008: Starting (X,Y) Coords = (0,10) Riotatian Angls (Counter 0
o Grid__ 009: Starting (X,Y) Coords = (10,0) [ Fip Horizontally [ Flip Vertically
o Grid___010: Starting (X,Y) Coords = (20,0) [ ok | [ Concel
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o If necessary, a grid can be Rotated, Flipped Horizontally, and/or Flipped Vertically, depending on
how it was collected relative to the coordinates of the other grids being assembled.

e Click OK when done.
e The Super 3-D File Creation window
should look like the image to the right.

9 Click OK when satisfied with the look of the
grids. All of the individual grids will be SUPERID
combined into a single grid file.

(0.0.00) 30,00

fy) (0.00,0.00)f [ ok | [ Cancal
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Appending Files

Append separate profiles to create one file.

RADANE® 7
Manual

Sample Data: Grid___009.3DS s [ =]
1 Priorto opening any data set the Source Directory (And Crente Appended Fie
Output Directory if Auto Save File is set to No) and the -
Vertical Units and Horizontal Units in the Global Settings. Select folder of fies for appending.
2 Click the GSSI Button > Assemble Data File > Append SRS\ ESIPOCUMENTSICLASSES RADANTRADANCLASS |, Browse )
Files.
. . . Spedfy output appended Append
3 Choose the location of the files being appended. o=z
4 Enter a filename for the Append Files output. (3) Meroe fis databases ? Elererbensas s
@ Yes - Merge into one long profile
5 Click Yes to merge the databases together creating one
long profile.
6 Click Next.
. <back [ MNext> | [ o | [ Heb |
7 Choose to Append All to select all of the profiles from {
Grid___009.
f s - L) s - L=
} Select files to append by either highlighting in the left window Select files to append by either highlighting in the left window
and pressing the "Add” button, or by double-dicking the left and pressing the "Add" button, or by double-dicking the left
mouse button. mouse button.
Available Files in Folder Files to Append Available Files in Folder Files to Append
SE—oronr - e ooz orr =
FILE___ 003.DZT FILE___ 003.DZT
FILE___ 004.DZT FILE___ 004.DZT
FILE___ 005.DZT FILE___ 005.DZT
FILE___ 006.DZT L FILE___ 006.DZT L
A oo 1 e —oos 077 1
FiEoiorr FE— i e
FILE___ 011.DZT FILE___ 011.DZT
FILE, 012.0zT FILE___ 012.D7T
FILE___ 013.DZT FILE___ 013.DZT
FE—bison FEoiaorr
me_peo |, e—beor .
<ok || [coa | b sgack [ Fosh | [ concdl | [ e |

8 Click Finish.

0.100
0.z00

0.300

sl b b b

0.400

_AA Af\!\ﬁ,’\f\.% AR AAAN
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Basic 3D Grid Navigation

When viewing data in the 3D mode (Home Ribbon > 3D-View), there are many options available to assist
in interpretation of the data and provide improved images for documentation purposes.

Sample Data: Grid___009.3DS

1 Prior to opening any data set the Source Directory (And Output Directory if Auto Save File is set to
No) and the Vertical Units and Horizontal Units in the Global Settings.

2 Open and process the Grid___009.B3D file as needed (i.e. Time Zero, Background Removal, and
Migration).

3 Click on 3D-View from the Home Ribbon. The View Ribbon will automatically open.
4 Display Window:

e Left Pane: Continues to display the individual profiles. To view different profiles use the left and
right arrows located to the bottom left of the 2D profile.

¢ Right Pane: Displays the 3D Grid image.

GRID___003.DZT GRID__ D09 P_1DZT x -
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Right Click Display Options

Right click on the 3D Grid and access Display Gain and Transfer. Test changing each of the settings to
see how they affect the 3D Grid.

1 Click Display Gain and select the Gain that will best display the data. Can choose from nine preset
values or create a Custom Display Gain.

GREL_DSON  GRD__0s P_LDET

Display Gain=0

[

0.100_

0.200_

0100

Display Gain = 30

0400

Lon

2 Click Transfer to change how the data |
are displayed.

o Click Abs Value to display all
targets as a positive amplitude. 5
¢ Click Negate to display all targets ) %’\C
as a negative amplitude.

[N S .V

|Lam
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Zooming In/Out the 3D Grid Image

1 Click the mouse on the 3D Grid image.

2 Hold down the [Ctrl] key on the keyboard and press the up and down arrow keys. If there is a wheel

on the mouse, use it to zoom in and out on the image.

Resizing the Display
1 Point to the vertical bar located between the 2D image and 3D image.

2 Hold the left mouse button down and move the bar left or right.

Comparing 2D Location
with 3D Location

1 Hold the left mouse button down
while pointing at the 2D image in
the left pane. Cross hairs appear in
the 3D image that corresponds with
the location of the cursor.

2 To view other profiles, click the left
and right arrows located in the
bottom left of the 2D pane.

Slicing Through the 3D
Grid Image
There are two ways to slice the 3D Grid image.
1 Movethe X, Y, and Z slices using the mouse:
e Point to the X, Y, or Z slice with the mouse.
¢ Hold down the [Ctrl] key on the keyboard.
e Hold down the left mouse button, and move the mouse.
2 Use options in the 3D Volume Options Ribbon:
e Use the X, Y, or Z-Slice Position sliders to move the chosen slice.

% | trBookmark | & | § Pan Paints 4 Contours || X-Slice Position N ¥-Slice Position -r'l Z-Slice Depth
[EP¥| e reset & | q zoom || |[¥tines surfaces || 2 U@ (=] i@ 29

P— i Animation 0 Animation
el z| % || © Rotate || ' waypoints [ﬁ Slices| i = il = i

3D Slice Controls Viewpoint 30 Show/Hide ¥-Slice ¥-Slice

Animation
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Drawing Pipes

1 Click Free Draw in the 3D Volume Options
Ribbon > 3D Interactive Mode.

2 Draw a pipe:
o Double-click on one end of a target.
o Double-click the other end of the target.

3 Add additional pipes:
o Click the New Target icon.

o Repeat process for drawing the first pipe.

e To draw additional pipes repeat the previous
steps.

4 Asnew pipes are added, note the pipe
information located in the Free Draw Groups Tab in Table Pane located at the bottom of the screen.
The following options can be modified.

[ Name: [ Display Color ] Size fPix) I Black Cutine | Diameterin) [ Lk ~
1 1 3 8] 73
2 ® Grean +| 6 . r K
3 ® Red = = O i
4 3 Fed |6 r 3 ¥

14 4 b || WayPoits  Moles. ChannelPosdions | Profies | Fres Draw Pomts | Free Draw Groups, \elocly Anajysis | 30 SubArea Optians

e Choose whether or not to display the target.
e Choose the color of the target.

o Choose the pixel size of the target.

o Choose whether or not the target will display with a black outline.
e Choose the diameter of the target.

e Choose to link the two dots.

5 Right click on a pipe and select Delete to delete a pipe.

6 Click the GSSI Button > Export.
e Save as an image file (.JPG, .BMP, or .PNG).
e Save as AutoCAD format (.DXF).
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Interactive Processing

This section describes the basic processing steps for picking layers and/or targets in data. Used primarily
for RoadScan and BridgeScan, this can be used for any application and is also available in the 2D
Interactive Ribbon. The layers and targets created are exported to a comma delimited ASCII file for use in
any third party software. If GPS was collected with the data, targets and layers can be exported to a KML
file for use with Google Earth.

,.:._,:.-“F‘ickT].rpe Layer T || e Pick Polarity |Positive = | lLg Disabled Eﬂelect Range EZ Tracker
# Focus |Layer 2 = || LXsearch width 9 = | L1 5ingle Point |a Ground Truth Start
New Target Select Block Stop
Interactive

Sample Data: FLOOR.DZT

1 Open FLOOR.DZT.

2 Click 2D Interactive Ribbon.

3 Click Add or Edit to turn on Interactive Mode.

Target Picking
1 Pick Type: Select Target.
2 Focus: Select Rebar (this will be the only option available to start).

3 Pick Polarity: Select Positive since the targets of interest in FLOOR.DZT
are positive.

4 Ssearch Width: Use the default search width of 9 pixels.

n

Click on the Single Point icon.

6 Position the mouse over the area where the pick is to be added.
e Click the left mouse button to add target picks.
o Click the right mouse button to delete target picks.

7 Click the New Target icon.
8 Click the Select Block icon.

9 Expand the block over a group of targets in the 2D
display.

10 Right click inside of the block and choose Add Points.

11 Click the New Target icon.
12 Click the Select Range icon.

13 Size the height of the box, the width is automatically
set to be the length of the profile, to encompass the targets.

14 Right click inside of the range and choose Add Points.
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Layer Picking Tools
1 Pick Type: Select Layer.
2 Focus: Select Layer 1 (this will be the only option available to start).
3 Pick Polarity: Select Positive since the targets in FLOOR.DZT are positive.
4 Search Width: Use the default search width of 9 pixels.
5 Display Gain: Adjust the Display Gain so that the layer of interest is identifiable.
6 Click on the Select Block or Select Range icon.
7 Adjust the block so that it encompasses the layer.

o Click the left mouse button to add layer picks.
o Click the right mouse button to delete layer picks.

8 Select Layer 2 from the Focus menu.

9 Click the EZ Tracker icon.

10 Click Start.

11 Click once with the left mouse button at the beginning of a layer.

12 Click again at the end of a layer. All of the points in between will be filled in. The EZ Tracker is more
accurate when the mouse clicks are closer together.

13 Click Stop and Start to end one section of the layer and begin another.

I Cotr I Sien 1P} [ WeiNeres | Defmaveiwe | DemaDel
- = | Defat Vel LA 602

L]

5 = Dufan Vel « (0122 &0
Green |5 » | Defalt Vel «|0122 o

L] =« Dulan Ve =012 (1]

§

) Layer & " Bown . « | Delait Vet -|0122 602
P4 Wy Pointy | Mobes, Wy Point Namei | Crannel Positions | Profiles | Layer Deptis | Velooty Analyais | Layer Grownd Train | Layer e Detaiis | Layens
flesPIODRDZ Dul-Neris  laeden cosm
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Ground Truth
1 Click on the Ground Truth icon.

2 Position the mouse over the top of a target. Choose any of the individual pieces of wire mesh from the
example.

3 Click the top of the target located at
approximately 14ft with the left mouse
button.

4 Select Depth: A new menu will open. Enter
a depth of 0.5ft. The depth is found by
measuring to a known target, such as taking a
core sample.

5 A ground truth point will be added to the 2D
profile and the Interactive screen that appears below the data.
A new entry will also be made to the Target Ground Truth tab in
Table Pane.

6 Change Pick Velocity: Once a Ground Truth S
point is added to the data it can be used to
adjust the velocity of adjacent target or layer
picks.

e Use Select Block to choose a group of
picks.

¢ Right click within the block and choose
Pick Mod. Options > Change Pick

Velocity.
e Choose Core Data from the Velocity Calc. -
menu. 1
e Click OK and this will apply the nearest E

Core Data (i.e. Ground Truth) information
to the selected picks.
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Time Zero Correction

Sample Data: EXCAVATIONL1.DZT

1 Open EXCAVATION1.DZT

2 Click on Easy Processing > Time Zero or click on the Processing > Time Zero.

3 Grab the first Positive Peak of the scan trace and adjust it to the top. The peak of the first positive
wave will be bisected by the horizontal line at 0.0.

MK "EIE
@_;_u- Vo ruereng weeq  mehericn P Beapton  fembagion (i tel demRespion Grege 5‘ mow Vm | feyPeemg | Pameay  Umduwinn Wi Seapton  Wembemgeian  (ee e Bapion  Gregef|
5B wh A RGO WM A~
S Ten | Gdgens Seibesy Mgenen ae W Bow  Ten | Edpens ey Mguces  Ai Wa
R g s R T s
winiee | Bh el el epd fensied Sered MO el el e
[reeruen S A -
e [
L] Oy e | L "
- —

vy

Ponstion Comsection Pouticn Lomection

of Chane 1 240 of Chane 1

ot | Wasean - bt W -
Chaneet Paramaters Bsma Parsmcters
St Ve S b
el kL] o S inth A8
Pessie.. 38 Pasie_ AM

4 Click on Apply to test the correction and once satisfied with the result click OK.

MN43-199 Rev G 226



Geophysical Survey Systems, Inc. RADAN® 7
Manual

FIR Filtering

Sample Data: BandPass.dzt

Background Removal

Background noise, often seen as horizontal banding, may be removed using the FIR Filter. Always
perform Time Zero Correction prior to Background Removal.

1 Open BandPass.dzt and perform a Time Zero
Correction.

2 Click on the Processing Tab > FIR Filter.

3 Select TRIANGLE from the Filter Filters >
Design menu.

4 Select BKGR REMOVAL from the FIR
Filters > Horizontal > Type menu.

5 Choose the filter Length. For this file choose the maximum number of scans in the profile, 1307, for a
full pass filter.

e To determine the maximum
number of scans click the left
mouse button once over the 2D
profile data.

e Scroll the mouse of the far right
side of the data. At the bottom
of the screen a Scan number will
appear.

6 Click on Apply to test the process
and OK when satisfied with the
results.
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Frequency Filtering

Removes High Frequency vertical noise.

1 Open BandPass.dzt. Perform a Time Zero Correction and Background Removal.

Right Click in the data
Click on Transfer > Spectrum.

Change Display Gain to 0.

i A WN

Determine the unwanted
frequencies, which will normally
appear bright white lines running
horizontally through the data. For
this file there is a bright white
line at approximately 135MHz.

RADANE® 7
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6 Click on the Processing > FIR

Filter.
7 Select TRIANGLE from the Filter Filters > Design menu.

8 Enter 150MHz as the High Pass value to filter out the unwanted frequency identified in the Spectrum
view.

9 Click on Apply to test the
process and OK when satisfied
with the results.
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Migration
Sample Data: New_Pit/GRID__ 001.3DS/GRID___ 001.B3D

Constant Velocity Migration

1
2
3

W

Open New_Pit/GRID___001.3DS/GRID___001.B3D.
Perform a Time Zero Correction on the data.

Change the color table to something other than
greyscale.

Increase the Display Gain to 12.
Click on Processing > Migration.

Position the ghost hyperbola over one of the real
hyperbolas in the profile.

Adjust the tails of the ghost hyperbola to match the
edges of the real hyperbola using the mouse.

Adjust the two vertical lines to encompass the
beginning and end of the hyperbolic tails using the
mouse.

Click on Apply to test the process. If the migration is

RADANE® 7
Manual

successful the tails of the hyperbolas will collapse and all that will remain is a dot, which represents

the top of the target.

10 Readjust the shape of the ghost hyperbola as

necessary to create the target dot.

11 Click OK when satisfied with the results.
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Variable Velocity Migration
1 Open New_Pit/GRID___001.3DS/GRID___001.B3D

2 Perform a Time Zero Correction on

the data. "‘:\m: . m.m GRID__001P_LDZT x
ns 0.4 0.8 & -
3 Change the color table to S e
something other than greyscale. mé:D -
4 Click on Processing > Migration. i g

i _f

5 Select Profile L018. Use the s0.0]
arrows at the bottom left of the ]
Linescan view to cycle through
different profiles.

80.0—

oo |

-
in

Max Plot Velo... 095

ou | v H o -

6 Double click on the black box that | - g -
appears in the Velocity Plot. Ve Tap 08 100

7 Position the ghost hyperbola over i -
the shallowest hyperbolas in the T 125_
profile. R -

8 Adjust the tails of the ghost
hyperbola to match the edges of
the real hyperbola using the black box in the Velocity Plot.

Ll]l!

9 Adjust the two vertical lines to encompass the beginning and end of the hyperbolic tails using the
mouse.

10 Double click outside of the first P — iy oo _wirion >
black box in the Velocity Plot to T | e '
create a second black box. This i T [
will bring up a second ghost wo-| W -

] 25
hyperbola. w] H

11 Position the second ghost I i
hyperbola over the next hyperbola ] iy
in depth in the profile. = 3

100.0_ 75

12 Adjust the tails of the second ghost o “ — | 7
hyperbola to match the edges of — ;
the real hyperbola using the black L I 100
box in the Velocity Plot. e 7

13 Adjust the two vertical lines to :;% :og': e
encompass the beginning and end i | '
of the hyperbolic tails using the MacPlot Veo-. 095 z
mouse. L8

14 Double click outside of the second
black box in the Velocity Plot to create a third black box. This will bring up a third ghost hyperbola.
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15 Position the third ghost hyperbola
over the next hyperbola in depth in
the profile.

16 Adjust the tails of the third ghost
hyperbola to match the edges of the
real hyperbola using the black box
in the Velocity Plot.

17 Adjust the two vertical lines to
encompass the beginning and end
of the hyperbolic tails using the
mouse.

18 Click on Apply to test the process.
If the migration is successful the
tails of the hyperbolas will collapse
and all that will remain is a dot,
which represents the top of the
target.
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Processes

GRID__001 P_LDZT x

\N\ns Velocity Plot
ns 0.4 [IF]
Py
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19 Readjust the shape of the ghost hyperbola as necessary to

create the target dot.

20 Click OK when satisfied with the results.
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CMP Velocity Analysis and Migration

Sample Data: CMP.DZT and BEDROCK.DZT

To perform Velocity Analysis, data must first have been collected at multiple offsets using a bistatic
antenna configuration and the common-midpoint (CMP) method.

To estimate velocity from a CMP gather, collect GPR data using a bistatic antenna configuration in Point
mode with Stacking turned on. Initially, transmitting and receiving antennas start off adjacent to one
another at the zero offset position. Because of the size of the antennas’ housings, transmitting and
receiving antennas are never at a true zero offset position. Rather, the initial offset is the distance from the
symmetrical reference - i.e., the zero offset position- to the antenna’s centerline.

Data are then collected at multiple offsets as the antennas are moved symmetrically apart from the zero
offset position. The output data quality improves significantly using a large number of small offsets and
more stacking but increases the collection time. The operator will have to decide the best utilization of
time when establishing the best offset interval, the number of stacks per measurement, and number of
offsets, versus the desired quality of data output.

1 Prior to opening any data set Global Parameters as follows:
e Auto SaveFile: Yes
e Source Directory: Set to the location of Tutorial Data.
e Vertical and Horizontal Units: Meters

2 Open CMP.DZT.

3 Click on Processing > Velocity Analysis.
Processes CMP.dzt =
. H . mins VELOCITY DIAGRAM m
4 Configuration: N ags "R, [

o Step: 0.20 meters. The step interval distance the antennas are
moved apart each time data is acquired during the CMP gather. L.,

o Offset: 0.20 meters. The initial distance between the
transmitting and receiving antennas at their zero-offset positions ~ fooe
when they are at their closest spacing during the CMP gather.
Because of the antenna housing this value will always be greater ~ P**°
than zero.

25

800.0

5 Analysis: < ‘ S R - " -
¢ Min Velocity: This is the minimum velocity expected based . o H e -
upon the area where the CMP gather was completed. Adjust this -

value after running Recalc to improve the display of the velocity |~ Gomonton | s

in the diagram plot if necessary. ser 020 )

¢ Max Velocity: This is the maximum velocity expected based S o605 ) i
upon the area where the CMP gather was completed. Adjust this MaxVelocty 020 ]

value after running Recalc to improve the display of the velocity e 100_

in the diagram plot if necessary. e oo | _

e TO0 Method: Auto. Velocity 100 )

Time (n5) 0.00
Amplitude 1048576.00 N

e TO Value: Does not change since TO Method is set to Auto.

6 Adjust the left box that appears in the top left corner of the profile in the Linescan Display.
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7 Click the Recalc button and the program will calculate the estimated velocities of the layers present in

the data.

8 Variable Velocity Analysis: Once the parameters under the Velocity
Diagram are set the user can create a variable velocity curve based
upon the maximum velocity points.

o Double-click with the left mouse on the velocity diagram plot.
e Position the newly created box over the highest maximum velocity.

e Continue to double-click to create additional boxes to match with
maximum velocity spots.

9 Velocity Analysis Tab: The Tables Pane updates as more velocity
points are added in the Velocity Diagram.

10 Click Save to create a velocity file, CMP.VLC, for use in a Migration
process on the file collected over the same area as the CMP gather.

11 Open BEDROCK.DZT
12 Click on Processing > Migration.

13 Open Velocity File

Processes
mins

ns

YELOCITY DIAGRAM
0.05 0.20

200.0 —

e Load Vel. File: Double-click in the text field located to the right of Load Vel. File.

e Open CMP.VLC
14 Perform hyperbolic fitting as described in the Migration Tutorial.

15 Click OK to run the Migration using the velocity file created using CMP Velocity Analysis.

BEDROCK P_2.DZT

[Processes:
Nming Velocity Plot
ns 0.2 0.4 o
0.0 PRSI SR I R
e |
200.0—
300.0—
100.0— [1]
500.0
600.0—
700.0—
800.0_3
= Migration
Method Kirchhoff
Velocity (Top Lay... 0108
Dielectric mm
Time (ns) 19063
With 63
Gain 400
Bistatic Offset 000
Load Vel. File
Min Plot Velocity 001
Max Plot Velocity 059
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Distance Normalization

This will adjust the horizontal scale for data collected in Time Mode.
Sample Data: DistNorm.dzt

1 Open DistNorm.dzt
2 Click on Processing > Distance Normalization.

3 Inthe Properties Pane > Header note that Scans/Unit and Units/Mark information is entered from the
field notes when collecting the data.

e Scans/Unit; 25
e Units/Mark: 5

4 Remove the first user mark from the data. The first user mark should appear where the data collection
began, which is the second user mark for DistNorm.dzt.

e Select the Way Points tab in the Tables Pane at the bottom of the screen.
o Select the first User Mark using the mouse.

e Uncheck the User Mark box that corresponds with the first User Mark from the Waypoints Tab in
the Tables Pane.

il I

1‘I‘I'I‘['|-|‘r'|-|r}

5 Select Yes for Apply to User Marks.

6 Click on OK to run the Distance Normalization.
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Deconvolution

Remove horizontal noise that is not consistent across the entire profile, which can be removed using
Background Removal, or ringing noise.

Sample Data: TANKSINWATER.dzt

1 Open TANKSINWATER.dzt

2 Click on Processing > Deconvolution.

3 Right click on the vertical scale and change the scale to Samples.
4

While holding the left mouse button down, place the cursor in the middle of the first peak and note
the number of samples located at the bottom of the RADAN 7 window ( example: 64.88).

LI T |

100

L]
E]
IIIElIIIIl

(7]
=
=]

Y
=
=

[La]
=
=

5 Continue to hold the Left Mouse Button down, place the cursor on the next positive peak and note the
sample number (example: 88.86).

6 Note the difference of the two numbers. This is the number of samples that make up 1 pulse length
(example: 88.86-64.88 = 23.98).

7 In the Deconvolution Process Pane
e Operator Length — The number noted in Step 6 (example: 23.98).

¢ Prediction Lag — Start with about %2 of the Operator Length and gradually work lower. The
lower the number, the more noise will be produced in the Deconvolution output.

¢ Prewhitening % - Leave as default.
e Overall Gain - Change the Display Gain to improve contrast in the processed data.

8 Click on Apply to test the process and OK when satisfied with the results.
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Note: After removing the horizontal
bands the data can be further improved
by applying an FIR frequency filter.

o
=
=

IiIIJIIIIIIIIIIiIIII}
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Horizontal Scaling

This process is used to shrink or expand a profile by extracting or interpolating between scans.
Sample Data: Strats.dzt

1 Open Strats.dzt
2 Click on Processing > Horizontal Scaling.

3 sStacking: This will average a specified number of scans and
replace those scans with the average scan.
e Input 3 as the Stacking Value.

o Click Apply to test this function.

| 0 et

=
o
=

i g i il

in B in 2

= = = =
T 0 o T o R T

4 skipping: This will skip and delete scans at a specified interval.
e Input 1 as the Skipping Value.
e Click Apply to test this function.

5 Stretching: This will add scans at a specified interval.

e Input 2 as the
Stretching Value.

o Click Apply to test
this function.

6 Click OK when
satisfied with any of
the results.
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Surface Normalization

Surface Normalization corrects for topographic changes.
Sample Data: SurfaceNorm.dzt

1 Open SurfaceNorm.dzt
2 Click on Processing > Surface Normalization.

3 Elevation values have to be manually assigned to the markers using Edit Markers if they are not
imported with GPS data. When entered, elevation data will be stored in the Way Points tab of the
Table Pane.

Normal Level: Since Auto Level will be set to Yes this option is not available.
Vertical Scale: Start at a 1:1 scale.

Auto Level: Set to Yes

N o u b

Click Apply and Reset. Then make adjustments to Vertical Scale as necessary. For this example a 1:2
scale works best.

Click OK once desired results are achieved.

Before Surface
Normalization.

After Surface
Normalization.
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Range Gain
Sample Data: NEWSAMPLE.dzt

Processes m

ft

1 Open NEWSAMPLE.dzt TR T P
2 Click on Processing > Range Gain. = -
3 Select Gain Type: Exponential S =
= 10__
4 Enter Number of Points. For this _ .Z;z_,/ -
dataset 5 Gain Points work well to R I I }
adjust the Time Variable Gain curve. == -
5 Grab boxes to adjust the gain. e =1 -
= -
6 Click on Apply to test the process and g0, +* Z
OK when satisfied with the results. o || coce H oy ‘ -
= Range Gain - -
# of Channels 1 -
Gain Type Expon... 40 -
= Channel Parameters -
# Of Points 5 -
Gain 1 -4.00 -
Gain 2 23.00 -
Gain 3 8.00 -

Gain 4 500 i

 NEWSAMPLEDZT x |

ra -
= =
[ | | [l | | [ | | | [ | | I | |

w
=

Y
=
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Section 6: Processing for Specific Applications

This section will provide a step by step processing guide for specific applications. These are simply
suggestions for basic processing. For detailed information of each step, please refer to Sections 3, 4, and
Section 5.

StructureScan

StructureScan Optical 3D data or a 3D grid
collected with a 1.6 GHz, 2.0 GHz Palm or a 2.6 o
GHz antenna in the Quick 3D program on the SIR . ran .
3000 can be easily processed in this model. Be ==
sure to select Standard Processing as your St
Current Display in the Global Parameters pane. S
This mode can also be used to process oo ssem e [ S
StructureScan Mini or Mini HR 3D data, though if | = . |~ 5
you also have RADAN for SSMini installed, the e
RADAN 7 software will default to the RADAN e e
for SSMini mode. . i .

=]

Sample Data: Grid__009.3DS

Processing the Data

1 Before opening any file, configure the software using the Global Settings button located in the Other
Windows section of the Home Tab.
e Auto Save Files
e Source Directory.
e Qutput Folder (if Auto Save is set to No).
o Vertical and Horizontal Units.
o Application-Specific Display set to “Standard Processing.”

2 Click the GSSI Button and Open a Grid file (.b3d).

3 This will display the first profile of the grid. Click the Left and Right arrows located in the lower left
corner of the Display Pane to view other profiles.

4 If necessary, right click in the data and adjust the display gain as necessary to improve contrast.

5 Click the StructureScan Tab in the Ribbon Pane.

6 Click the Structure Icon located on the left side of the Ribbon. Structure
This will load a GSSI created macro in the Process Bar Pane. Processing

7 Click Apply and it will automatically test three processes:
e Time Zero Adjustment
e Smart Background Removal
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e Auto Amplitude Correction (Migration)
You may need to increase the Display Gain by right clicking on the data or in the Display section of

the Home ribbon.

RADANE® 7
Manual

8 Check the outcome of the processing. The hyperbolas should collapse to dots. If you still see
hyperbolas, adjust the Dielectric Constant value lower and retry. Inverted hyperbolas mean you need
to adjust the value higher. You will notice the Velocity value adjust accordingly.

10.0_~

-
o
=

fllllllilll

)
e
=

&
e

oo b oo oo b

10.0

15.0

20.0

9 Click OK once desired results are achieved.

View Depth Slices

it
i

o
=)

7.5

|IIII1IIII|IIII|III

While in the StructureScan Ribbon the user can view depth slices. This view shows the data from the top

and also offers the ability to slice through the data.

[EE Z-Slice Depth
i H ; T
Structure Combine View Depth
Grid Files Slices
|| Processing | | Combine Multiple Grid Files| | Depth Slice Viewing Z-Slice

" Full Thickness Slice | Thickness 0.25

+ || Maximum Depth|18.00

Depth Slice Control

1 Click the View Depth Slices Icon.

2 This opens a top-down view of the data.

3 Make adjustments as follows:
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o Slice Depth: Slice the Z slice up and down. Uncheck Full Thickness Slice prior to using Slice
Depth. You can also hold down the Control (CTRL) button on your keyboard and, using the left
mouse button, click and hold to drag the data up and .
down. T T

o Slice Thickness: Adjust the thickness of the slice.
This represents the amount of data in the Z plane that
you will see as a single image. The thicker the slice,
the more data will be shown and it may be difficult
to note relative depth differences in the objects. o8ds

o Maximum Depth: Adjust the Depth of the data

o When viewing from the very top of the data, may
either view as a Full Thickness Slice, or turn this
feature off.

4 Right-click the Depth Slices View:
o Adjust the display gain. Higher values will make the data brighter.

o Drill ahole. This will place a cylindrical, green marker in the data with the center point being
where you clicked. You can select a desired hole diameter. This is meant as a place holder in
order to help you spot any potential impacts of a core drilled at that location.

5 Print this image, or save it as a jpeg file.
e From the Home Ribbon, click Print to print.
o Click the GSSI Button, then click Export, and click Save as a JPG file to save as a picture file.

3-D View

1 Turn off View Depth
Slices in the
StructureScan Ribbon.

2 Clicking on the Home
Ribbon tab provides
options for viewing and
manipulating the
3D cube. Please refer to
Section 5, Basic 3D
Grid Processing for
options in this view.

= ok | Ge¥m | et | ["T] I Longtl [ Bevir [ e
_ [RT3T7Tw] WayPoein, hoes.  ChanneiPostens | Frofies | Froe Draw Points,  Free Draw Grougs | 30 Susires Opooes
Ready TI0N Velssem  Te3iim_ Thmeme1D  Reget
R T T @ oo | Eleonr, | @oones - | Ssooans, | oo | Tiesmor, | Ziusnior . [EITSITINT) ) sme
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RoadScan
Sample Data: ROADSCANO01.dzt and ROADSCANO002.dzt

1 Prior to opening any data, select Global Settings from the Other Windows section of the Home
ribbon. Find Current Display in the properties pane on the right and set it to RoadScan.

2 Once the RoadScan module is open select Global Settings again and confirm or modify the following
settings prior to opening any data.

e Auto Save File: Yes

e Source Directory: Location of Tutorial Data.
¢ Vertical Units: inches/cm

¢ Horizontal Units: feet/m

¢ Auto-Switch Display: Set to No. RADAN will kick you back into Standard Processing when
you open if file if you forget to set this to No.

e You may also find it easier to view the data using an exponential Color Transform. Select Color
Xforms from the Display section of the Home ribbon and set it to Transform 1.

Note: If you open data collected with the SIR 30 RADAN will automatically process the raw data
with the filters and gain settings you had implemented during collection. This includes the customer
FIR filters from the Horn antennas. GSSI recommends that you allow this process to finish before

proceeding. If you have Auto Save set to No, you will be prompted to save the file when it is
completed.

Creating the Calibration File

In order to process RoadScan data a metal plate calibration file needs to be created.

1 Click the GSSI Button and open the metal plate calibration file (bumper jump),
ROADSCANO001.DZT.

ROADSCANO02 x| -|

mi . 1.6200 1.6300 1.6400 1.6500 1.6600 1.6700 1.6800 1.6900
in I | [ | 1 111 1 I | 11 1

]

=

=]
TN
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2 Click the RoadScan Tab in the Ribbon Pane.
[] g%tl w3
3 Click the Horn Calibration Icon. This will open the Horn Calibration = _ A
process in the Process Bar Pane. Cinition” Wty Rienuiaion
Set Automatic Mode to No so that the following options appear: il

o Use Air Wave File: (This is not common). An air wave file is required for the older bistatic Horn
antennas (models 4208 and 4205). Set to No for any 4108, 4105, 41000S, or 42000S antennas.

o # of Channels: Set this to the number of channels of data that you have. Typically this will be
equal to the number of antennas used in your survey.

¢ Channel: Set the Antenna Type and Serial Number of the antenna. These will already be filled in
if you are using a Smart antenna.

scan |g
4 Click OK. This will create a calibration file (.CZT) for the road data collected. -
Take note of the CZT file’s name. 0
5 Close all files. 2
20~
Processing the Road File -
1 Click the GSSI Button and open ROADSCAN002.DZT. % -
2 Click the Reflection Picking lcon. -
3 Calibration File Select Method: Auto Select. This will select the CZT file -
corresponding to the smart antenna’s serial number. If this antenna was not a smart 60__
antenna, than choose User Select and browse to find the correct CZT file. -
4 Automatic Mode: Set to Yes. The reflection picking process has a number of - _
automatic filters designed to remove noise from your data. -

5 Click OK to apply the Calibration File to the Road File
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ROADSCANOO2 < ROADSCANOD2P2 x |

A d

mi 1.6100 1.6200 1.6300 1.6400 1.6500 1.6600 1.6700 1.6800 1.6900
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After Reflection Picking

Layer/Target Picking
1 Click the Interactive Icon.

2 Using the Interactive Pane of the RoadScan Ribbon, Begin entering picks for each layer. Refer to
Section 3, RoadScan Ribbon or Section 4, or Section 5, Interactive for detailed information how to
pick layers and targets.

3 When complete, save the comma delimited ASCII file for use in other 3 party software. The CSV
File selection under the Export Group will save an ASCI| file.

ROADFCANDGT ROADSCANOOZ P2 -
mi . . 1.6300 1.6400 1.6500 1.6600 1.6700 16800 1.6900

Picking Layer
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BridgeScan

This is for data collected specific to determine bridge deterioration.

Sample Data: EHB.dzt

1 Prior to opening any data, select Global Settings from the Other Windows section of the Home
ribbon. Find Current Display in the properties pane on the right and set it to Horn BridgeScan.

2 Once the RoadScan module is open select Global Settings again and confirm or modify the following
settings prior to opening any data.

e Auto Save File: Yes

e Source Directory: Location of Tutorial Data.
e Vertical Units: inches

e Horizontal Units: feet

Preparing the Data

1 Click the GSSI Button and Open EHB.DZT.

2 This will display the first profile of the bridge. Click the Left and Right arrows located in the lower
left corner of the Display Pane to view other profiles.

3 Right click in the data and adjust the display gain to increase the contrast.
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4 Click the BridgeScan Tab in the Ribbon Pane.
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5 Select Deterioration Mapping. This process will correct the time zero of the data as well, apply picks
to the rebar, and create a comma delimited ASCI|I file for export. This will open the Deterioration
Mapping process in the Process Bar Pane.

0 Select Concrete Overlay
0 Time Zero Amplitude Threshold.
o Velocity (Top Layer/Ft).

6 Click Apply to test the process.

7 If necessary, click Reset to make any adjustments to the three values and click Apply again. The
Dielectric Constant is most often the value that needs adjusting. If the individual pieces of
reinforcement do not appear as dots then the Dielectric Constant needs to either be changed. If the
pieces of reinforcement look like a “U” then the Dielectric Constant should be increased. If they
appear as upside-down “U”s then the value should be decreased. Continue adjusting until achieving
the desired results.

8 Click OK.
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Editing Target Picks e ==
1 Turn on Interactive Mode under the BridgeScan (0 selct hecesed ¢ :
Ribbon_ s e wport Category  Way Points and Targets -
2 Using the Interactive Group, make any adjustments e e I
to the picks generated by the Deterioration Mapping o - oy Fonisliat
process. Please refer to Section 3, BridgeScan rgtcom. | teme P e
Ribbon or Section 4, or Section 5, Interactive e
Processing for detailed information on how to pick witen. dpite |
targets. lovevel
i Layer Diel, | &
3 When complete, save the comma delimited ASCII :
file for use in other 3" party software. The CSV File
selection under the Export Group will save an ASCII <back [ Next> | [ concsl | [ reb
file. Select the following options to facilitate
exporting.

e Modify Existing

e GSSI - BridgeScan — Deterioration (Local Coords or Lat Long Coors)
e Way Points and Targets

o No Filtering

MN43-199 Rev G 249



Geophysical Survey Systems, Inc. RADAN® 7
Manual

MN43-199 Rev G 250



Geophysical Survey Systems, Inc.

Appendix A: Sample Data

RADANE® 7
Manual

These examples are presented for informational use only. Conditions will vary and may cause the images

to look different from the data shown here.
Examples 1 — 4 are data collected with a 1600 MHz antenna.
Examples 5 — 8 are data collected with a 400 MHz antenna.

Example 1: Concrete Block Data

User Marks entered during collection to
identify the ends of each block (black

2 voids within the
blocks

Example 2: Rebar Data

Filled cell with rebar

This is an example of rebar. Note the distance between the peaks is approximately 8 inches. Also note the
approximate depth, that they tend to be at a constant depth over the length of this profile, and the

brightness of the hyperbolas.
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Example 3: Mesh Data

This is an example of wire mesh. Note the distance between the peaks is approximately 6 inches. Also
note the approximate depth, the brightness of the hyperbolas, and the mesh varies in depth more than the
rebar example above.

Example 4: PVC

This is an example of two PVC pipes located above rebar. Note the plastic pipes tend to be dimmer than
rebar and that the first dominant color is black instead of white, which indicates a reflection that begins
with a negative and not positive polarity. The PVC is also shallower than the rebar.
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Example 5: Bank of Conduits

This profile shows a bank of conduits feeding into an industrial building. Note the dipping edge of a
trench cut to the upper left of the conduits.

Example 6: Empty PVC Pipe

This image shows three drain lines. The one in the middle (depth-wise) is an 8” PVC pipe (empty).
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Example 7: Water Main

This image shows data collected across a road, looking for a water main.

Example 8: Culvert

This image shows data collected along a driveway next to a business. This shows a concrete culvert with
two conduits running through the bottom of the culvert.
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Appendix B: GSSI Naming Convention

When Auto Save to Yes under the Properties Pane, GSSI will automatically name the processed files and
place them in an automatically created PROC folder inside the source folder. The naming convention for
the processed files is as follows:

e The original file is represented by <FileName>.dzt. Once this file is processed, a new file is
created in the PROC folder and named <FileName> P1.dzt.

o If the ORIGINAL file is processed again, then each processed file will increment by 1.

o If aprocessed file is processed again, another digit will be added to the name of the processed file
to create a new file in the PROC folder. Example: If a processed file <FileName> P1.dzt, is
processed again then the new file is named <FileName> P11.dzt.

The figure below diagrams the GSSI naming convention:

A. Original File B. Processed Files from | C. Processed Files from D. Processed Files from Processed Files
Original (Column A) Processed Files (Column B) | (Column C)

<FileName>P111.dzt

ShueNsmeE L de: <FileName>P11.dzt <FileName>P112.dzt
<FileName>p113.dzt

<FileName>P121.dzt

<FileName>P12.dzt <FileName>P122.dzt
<FileName>pl123.dzt

<FileName>P131.dzt

<FileName>P13.dzt <FileName>P132.dzt
<FileName>p133.dzt

<FileName>P211.dzt

SEREHAMeF2 a2 <FileName>P21.dzt <FileName>P212.dzt

<FileName>p213.dzt

<FileName>P221.dzt

<FileName>.dzt <FileName>P22.dzt <FileName>P222.dzt
<FileName>p223.dzt

<FileName>P231.dzt

<FileName>P23.dzt <FileName>P232.dzt

<FileName>p233.dzt

<FileName>P311.dzt

sESNANE=Y .t <FileName>P31.dzt <FileName>P312.dzt

<FileName>p313.dzt

<FileName=>P321.dzt

<FileName>P32.dzt <FileName>P322.dzt
<FileName>p323.dzt

<FileName>P331.dzt

<FileName>P33.dzt <FileName>P332.dzt

<FileName>p333.dzt
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Appendix C: Dielectric Constants

The relative dielectric permittivity is a unit-less measure of the capacity of a material to store a charge
when an electric field is applied. The dielectric constant is the real part of dielectric permittivity, as it is
normalized to air. Dielectric constant values vary from material to material. In dry materials the dry bulk
density primarily influences the dielectric constant. In partially saturated or saturated soils the dielectric
constant is primarily determined by the water content. Radar energy is reflected at boundaries of
electrically dissimilar materials where there is a contrast in the dielectric constants (i.e., where there is
electrical impedance). These boundaries typically occur at stratigraphic boundaries, but may occur at the
water table and within stratigraphic units where changes in electrical properties occur.

The chosen value of the dielectric constant is directly related to velocity and defines the relationship
between time and depth. In resistive soils, those with conductivities less than 20 millimhos per meter, the
average soil velocity may be approximated by:

e This equation is not valid in conductive
soils (such as clays) or soils with
conductive pore fluids (such as brackish
and conductive groundwater).

o When a dielectric constant value is input in
the header, RADAN 7 makes the
assumption that this value is valid
throughout the entire file, which may not
be representative.

e The dielectric constant may be changed to
evaluate the effect of different velocity assumptions of the location of features.

The dielectric constant may be determined from:

¢ On-site calibrations over targets of known depth. Use Ground Truth in Interactive Mode to
calibrate over known depths in RADAN 7.

e Common depth point or midpoint (CDP or CMP) calibrations using bistatic antennas over a
reflector of known depth (such as the water table).

o Estimated velocities or dielectric constants observed at similar sites.
e Hyperbolic fitting using the Migration Processing method (see Section 5).
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Air 1 Wet Sandstone 6
Snow Firn 15 Wet Granite 6.5
Dry Loamy/Clayey Soils 2.5 Travertine 8
Dry Clay Wet Limestone

Dry Sands Wet Basalt 8.5
Ice Tills 11
Coal 4.5 Wet Concrete 12.5
Asphalt Volcanic Ash 13
Dry Granite Wet Sands 15
Frozen Sand & Gravel 5 Wet Sandy Soils 23.5
Dry Concrete 55 Dry Bauxite 25
Dry Limestone 55 Saturated Sands 25
Dry Sand & Gravel 55 Wet Clay 27
Potash Ore 55 Peats (saturated) 61.5
Dry Mineral/Sandy Soils 6 (Osggjpgfeg)o ils 64
Dry Salt Sea Water 81
Frozen Soil/Permafrost Water 81
Syenite Porphyry 6
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Appendix D: Glossary of Terms

Antenna: A component of an impulse radar system designed to radiate radio waves (electromagnetic
radiation) from Applied voltage impulses (transmitting antenna), or conversely, to intercept radio waves
and convert them back into electrical impulses (receiving antenna). Antennas radiate or receive
electromagnetic energy.

Antenna Radiation Pattern: A plot of the intensity of the radiation received at a given radial distance
from an antenna versus angle, relative to a given reference axis. The pattern is a three dimensional
measure of the energy at a fixed radial distance from the antenna.

Attenuation: A measure of the loss of radiated signal amplitude or signal energy as it progresses
through a lossy medium. The loss can be due to a spreading loss as the wave expands out into the medium
and also due to an ohmic loss, due to the finite conductivity of the medium.

Background Removal: A digital signal processing function that filters by subtracting an average of a
large number of scans from each individual scan. The result is horizontal changes in the data are
accentuated while linear features (background) are suppressed.

Backscatter: A portion of a radar's transmitted energy that is intercepted by a target, or other object and
reflected (scattered) back in the radar's direction.

Bandwidth: The band of frequencies occupied by the central lobe of the spectrum of an electromagnetic
signal. Bandwidth is usually defined so that it includes most, but not all of the signal power. Generally, it
includes the portion lying between the points at which the power has dropped to half that at the center of
the band.

Beamwidth: The angular width of a slice through the main lobe of the radiation pattern of an antenna.
Bias: The amount by which the average of a set of values departs from a reference value.

Bistatic: The survey method that utilizes two separate antennas at a constant distance. One antenna has a
transmitter and the other contains a receiver sampler. With this method it is possible to transmit a higher
power signal and receive reflections with a greater time delay.

Common Depth Point (CDP) or Common Midpoint (CMP): Having the same midpoint between
source and detector.

Common Depth Point Method: A survey method that can be performed to calculate the
electromagnetic velocity of a material. This is conducted by transmitting from one antenna and receiving
from a second antenna at several known offsets (surface horizontal distance).

Clutter: Unwanted reflections from the ground, from within the ground or from above the ground. In the
case of ground penetrating radar (GPR), clutter may be produced by boulders, soil interfaces and other
scatters that are not of interest. Clutter can also be produced within the radar system.

Conductivity: The electrical conductivity of a dielectric material is a measure of the ease with which an
electrical current can be made to flow through it. In the MDS system, the unit of conductivity is the
Siemens per meter (S/m). Conductivity is the reciprocal of resistivity. The higher the conductivity of the
subsurface materials, the greater the attenuation of the radar signal.

Control Unit (C/U): An electronic instrument that interfaces a transducer (s) to recorders, processors,
displays, survey wheel, power supply, etc. It also has controls to allow radar functions such as range, gain
and filtering to be adjusted. A C/U can be analog, digital, or hybrid.

Data Channel: A software channel on the control unit that displays and records a received signal. It is
possible to have one transducer and four data channels with the same or varied processes.
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Decibel (db): A unit of measure for gain. A logarithmic unit used to express power ratios. One decibel
equals 20 LOG (P2/P1). Decibels are also used to express voltage ratios.

Deconvolution: A digital signal processing function designed to attenuate multiples and improve the
recognition and resolution of reflected events. A process that restores a waveshape to the form it had
before it underwent a linear filtering action (convolution).

Delay Time: The amount of time the radar wave propagates through a material, reflects off an interface
and returns to the receiver. Time lag introduced by either hardware (cable length, etc.) or software ( filter
averaging, etc.).

Depth of Penetration: In any medium, the radar wave is attenuated as it progresses due to losses that
occur. At radar frequencies in a conductive material (sea water, metallic materials, clay soils, etc.) the rate
of attenuation is very great and the wave may penetrate only a short distance (<1m) before being reduced
to a negligibly small value. In a resistive dielectric earth material (fresh water, granite, quartz sand, etc.),
where the losses are low, the depth of penetration can be quite great (>30m).

Dielectric Constant: See Dielectric Permittivity.

Dielectric Permittivity: Dielectric Permittivity is a property of an electrical insulating material (a
dielectric) equal to the ratio of the capacitance of a capacitor filled with the given material to the
capacitance of the identical capacitor filled with air. Earth materials are classified generally as conductors,
semiconductors and insulators (dielectrics). A dielectric material is a poor conductor of electric current.
The specific capacitance of a vacuum is Eo = 8.85 x 10-12 Farads per meter. The relative dielectric
constant, Er for air is 1 and is approximately 81 for fresh water.

Dielectric Interface: A place in the subsurface of a dielectric material where the dielectric permittivity
changes.

Diffraction: The phenomenon that causes electromagnetic waves in the beam of a directional antenna to
spread out. The bending of wave energy around obstacles without obeying Snell's Law. An event that
occurs at the termination of curved topped, or steeply dipping reflectors that is characterized by a
distinctive curved alignment.

Diffuse: To break up and distribute the energy in an incident electromagnetic wave in many directions.

Dipole: A simple antenna having two elements driven from the center of the antenna by a balanced
source.

Directivity: Ability of an antenna to concentrate transmitted energy in a given direction and to
emphasize the returned energy received from that direction.

Dynamic Range: The spread between the minimum signal at the input of a system, which produces a
discernible change in the output and the maximum input that the system can handle without saturating.
Measured in decibels (db).

Echoes: Radar energy reflected from a given target or object.

Electromagnetic Wave: A wave that is propagated by the mutual interaction of electric and magnetic
fields. Radiant heat, light and radio waves, are electromagnetic waves.

Finite Impulse Response (FIR) Filter: A digital signal processing function that convolves a finite
length function (boxcar, triangle) with the data. Each data value is multiplied by the corresponding filter
value and added together. FIR filters are digital filters and have no time delay.

Frequency: The number of positive and negative voltage amplitude cycles that a pure unmodulated sine
wave completes per second. The unit of frequency is Hertz (Hz).
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Frequency Domain: Mathematical realm in which the amplitudes of signals are expressed as functions
of frequency, rather than time. The frequency spectrum of a time varying signal is obtained by translating
the expression for the signal from the time domain to the frequency domain.

Frequency Domain (FK) Filter or Velocity Filter: A digital signal processing function that
discriminates on the basis of apparent velocity. Coherent arrivals with certain apparent velocities are
attenuated.

Fresnel Zone: The portion of a reflector from which reflected energy can reach a detector within one-
half wavelength of the first reflected energy.

Gain: A change in signal amplitude or power from one point in a circuit or system to another, often from
system input to output. See Range Gain.

Gigahertz: A unit of frequency. One GHz equals 109 Hz.

GPR: Acronym for Ground Penetration Radar.

GPS: Acronym for Global Positioning System.

Hertz (Hz): A unit of frequency. One Hertz equals one cycle per second.

High Pass Filter: A filter that passes without significant attenuation frequencies above some cutoff
frequency while attenuating lower frequencies. The same as low-cut filter.

Hilbert Transform: A digital signal processing function that determines the magnitude envelope,
instantaneous phase and instantaneous frequency of a received signal.

Horizontal Filter: A digital signal processing function that attenuates signals outside the filter function
across adjacent scans.

Infinite Impulse Response (IIR) Filter: A digital signal processing function that emulates an analog
filter function. An IIR filter is a filter function that offsets the data in time.

Interface: The common surface separating two different media in contact. A location in the subsurface
where the dielectric constant changes.

Isotropic Radiator: An antenna that radiates equally (both in amplitude and in phase) in all directions.
The imaginary source of the radiation used as a reference for the gain of a directional antenna.

Lateral Resolution: The ability of the system to resolve in a horizontal direction the smallest discernible
target. This is a function of antenna frequency, scan rate and speed of travel.

Low Pass Filter: A filter that passes frequencies below some cutoff frequency while substantially
attenuating higher frequencies. Same as a high-cut filter.

Magnetic Permeability: The magnetic permeability of a material is a measure of the difficulty of
magnetization of the material in an external field. The magnetic permeability of earth materials is taken to
be that of free space, = 4 x 10-7 Henrys per meter. Therefore, the relative permeability of earth materials
isUr=1.

Megahertz: A unit of frequency. One MHz equals 10° Hertz.

Migration: A digital signal processing function that rearranges data so that reflections and diffractions
are plotted at the locations of the reflectors and diffracting points rather than with respect to observation
points on the profile. Migration by computer is accomplished by integration along diffraction curves

(Kirchhoff migration), by numerical finite-difference downward-continuation of the wave equation and
other algorithms.

Monostatic: A survey method that utilizes a single transducer with either a single antenna with
transceiver or a dual antenna transducer with separate electronics.
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Multiple: Also known as ringing. Wave energy that has been reflected more than once. In radar data
multiples may occur when there is a large change in the dielectric permittivity or conductivity of the
medium. A multiple can be identified by signals that have the same time delay as between the surface and
the first reflector.

Nanosecond: A unit of time. One nanosecond equals 10-9 seconds; one billionth of a second.

Nearest Neighbor: This gridding method assigns the value of the nearest point to each grid node. This
method is useful when data are evenly spaced, but need to be converted to a grid file. Alternatively, in
cases where the data are nearly on a grid with only a few missing values, this method is effective for
filling in the holes in the data.

Noise: Unwanted, usually random, electrical or electromagnetic energy that interferes with the detection
of wanted signals. The term is also applied to any unwanted random variations in the measured value of
any quantity.

PC: Acronym for Personal Computer.
Permittivity: See Dielectric Permittivity.

Phase: Degree of coincidence in time between a repetitive signal, such as a sine wave and a reference
signal, having the same frequency. The angle of lag or lead of a sine wave with respect to a reference.
Generally expressed in degrees. 360 degrees corresponds to the period of the signal.

Point Reflector: A subsurface feature with electromagnetic properties different from its surroundings,
whose dimensions are approximately the same as the fresnel zone of the radar wave.

Polarization: The orientation of the electric and magnetic fields of an electromagnetic wave, such as a
radio wave. By convention, the polarization of the wave is the direction of the electric field. If the
polarization does not change as the wave propagates, the polarization is said to be linear.

Power: A measure of the quantity of electric energy, commonly expressed in Watts. One watt equals one
Joule per second.

Profile: A graph showing the depth measurements as a vertical cross section of the medium along a
horizontal line.

PRF (Pulse Repetition Frequency): The number of pulses per second transmitted by a pulsed radar.
Propagation: The outward spreading, or travel, of an electromagnetic wave, such as a radio wave.

RADAR: RAdio Detection And Ranging. An electronic system that transmits electromagnetic energy and
detects the location of reflected energy.

Radar Cross Section: A factor relating the power of the radio waves that a radar target scatters back in
the direction of the radar, to the power density of the radar's transmitted waves at the target's range. Takes
account of the cross sectional area of the target, as viewed by the radar, the target's reflectively and its
directivity.

Radiation: Energy in the form of an electromagnetic wave emitted by an antenna, in which free electrons
are accelerated. Radiant heat, light and radio waves are electromagnetic radiation. They differ only in
wavelengths.

Range: The radial distance from a radar to a target or other object. A user adjustable setting on a control
unit to determine the amount of time displayed and recorded (0 - thousands of nanoseconds).

Range Gain: Also known as time gain control or time varying gain. Control for varying the amplification
or attenuation of an amplifier, used to compensate for variations in input signal strength over time.

Receiver: The portion of the antenna used, to intercept the radio waves reflected from the subsurface and
convert them back into electrical impulses (receiving antenna).
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Reflection: The degree to which an object returns incident radio waves.

Reflection Coefficient: A description of the reflected field strength from an infinite interface between
two media 1 and 2. The reflection coefficient r is defined by:

r=272-71/2722+71
where Z is the impedance of the respective media.

Refraction: The bending of an electromagnetic wave that occurs when the wave passes obliquely from
one medium into another whose dielectric constant is different from that of the first medium. The bending
results from the speed of the propagation being different in one medium than in the other. Refraction may
also occur in a single medium whose dielectric constant gradually changes in a direction normal to the
wave's direction of propagation.

Resistivity: The reciprocal of the electrical conductivity is the electrical resistivity. The electrical
resistivity of a substance is a measure of the difficulty an electrical current can have flowing through it. In
the MKS system the unit of resistivity is the ohm-meter (Q -m). The symbol is Q

Resolution: The ability to separate two features that are very close together. The minimum separation of
two bodies before their individual identities are impossible to interpret. The smallest change in input that
will produce a detectable change in output.

Sampler: A circuit whose output is a series of discrete values representative of the values of the input at a
series of points in time.

Scan: One discrete sequence of events such as a sampling at all-time points of the amplitudes at a
receiver.

Scatter: The irregular and diffuse dispersion of energy caused by inhomogeneities in the medium through
which the energy is traveling.

Signal Position: The relative delay between the time when the Radar system sends out a transmit pulse
and when the Radar systems sends out a receiver pulse.

Signal-to-Noise Ratio: Ratio of the power or energy of a received signal to the power or energy of the
accompanying noise.

SIR: Acronym for Subsurface Interface Radar.

Spectrum: The distribution of the power or energy of a signal over the range of possible frequencies is
commonly represented by a plot of amplitude versus frequency. If the amplitude is a voltage, a plot of the

square of the amplitude is the power spectrum. The area under the power spectrum corresponds to the
signal's energy.

Specular Reflection: Mirror-like reflection occurring when an electromagnetic wave strikes a flat
surface, the irregularities (roughness) in which are small compared to the wavelength of the incident
wave.

Running Average: A digital signal processing function that averages a finite number of scans with a user
designated function to produce a single output scan. This method can be operated in continuous or static
modes.

Static Correction: Corrections applied to data to compensate for the effects of variations in elevation,
weathering thickness, weathering velocity, or reference to a datum.

Time Domain: Mathematical realm in which the amplitudes of electromagnetic signals are expressed as
functions of time.

Time Varying Gain: See Range Gain.

MN43-199 Rev G 263



Geophysical Survey Systems, Inc. RADAN® 7
Manual

Top Surface Normalization: Correction of data for the effects of surface elevation changes by time
(depth) shifting the data. The result is to present the data as if all measurements had been made on a flat
plane.

Transducer: An antenna or antennae with built-in or plug-in transmitter and receiver electronics.

Transducer Input Connector: The connector on the control unit that connects the cable from the
transducer/antenna.

Trans-illumination: This a method of surveying where a transmitting antenna transmits one way through
a material to a receiving antenna. Example; crosshole investigations.

Transect: The line along the surface that a profile is acquired.

Transmit Pulse: The impulse of radar energy from the transmitting antenna as seen at the receiving
antenna. This is shown on the recorded data at the top of the display. When the transducer is moved on
the ground surface the first arrival of the transmit pulse is interpreted as the surface.

Transmitter: The electronics, which after receiving a trigger pulse from the control unit, sends an
impulse of electromagnetic energy to the attached antenna.

Travel Time: The amount of time (nanoseconds) that the radar signal takes to travel from the transmitting
antenna to a target or receiving antenna. This is used for transillumination methods (also called Transit
Time).

Trigger Pulse: Pulse generated in the control unit that is sent through the cable to the transmitting
antenna.

Two-way Travel Time: The amount of time (nanoseconds) that the radar signal takes to travel from the
transmitting antenna, reflect off a target and return to the receiving antenna. This is used for most
standard GPR field methods.

Velocity: The speed at which electromagnetic signals propagate. In air or free space, electromagnetic
energy propagates at the speed of light. In dielectric materials, the velocity of propagation is slower by the
square root of the dielectric constant.

Vertical Filter: A digital signal processing function that attenuates signals outside of the filter function
for each individual scan

Vertical Resolution: The ability to separate two feature within one scan that are very close together. The
minimum separation of two bodies before their individual identities are lost on the resultant map or cross-
section. A function of transducer frequency, sampling interval and range.

Some of the above definitions are from the following sources:

Encyclopedic Dictionary of Exploration Geophysics, Third Edition, R.E. Sheriff, Society of Explorations
Geophysicists, Tulsa, OK, 1991.

IEEE Standard Dictionary of Electrical and Electronics Terms, John Wiley and Sons, Inc., New York,
NY, 1972.

Van Nostrand's Scientific Encyclopedia, Fifth Edition, D.C. Considine, Van Nostrand Reinhold
Company, New York, NY, 1976
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