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Abstract—Based on the description of ground penetrating
radar (GPR) data processing and interpretation, this programs
solve the recognition and conversion of GPR original data and
display the GPR field data. The programs eliminate the built-in
post-processing software reliance on software dongle. The
conversion of the GPR original data turns out to be correct and
reliable by means of two group different radar systems. This
conversion program is more convenient to the processing and
analysis of the GPR original data. GPR users can freely add some
latest processing methods and modify it. The programs also
provide a basic platform for the secondary development of GPR
interpretation system.
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Ground penetrating radar (GPR) is a highly efficient
shallow geophysical detection technology. By transmitting
high-frequency electromagnetic pulse wave, GPR method uses
the difference of the electrical parameters of underground
medium according to the kinematics and dynamics
characteristics such as the amplitude, waveform and frequency
of the echo to analyze and infer the medium structure and
physical characteristics! ™*]. Comparing with the traditional
geophysical methods, because of the prominent advantages of
nondestructive, fast, simple and high precision’s, leads to its
wide attention in engineering geophysical exploration. GPR
instrument system can be divided into time domain and
frequency domain system. Time domain GPR system is widely
used in engineering investigation. Its main advantage is radar
image can intuitively reflect the structure of the target in the
subsurface. Frequency domain GPR system is mainly acquiring
electromagnetic wave frequency domain response of the
medium by using Fourier transformation. Stepped frequency
GPR system requires complex hardware system and signal
processing technology!™), so its development is slow, but it
has better resolution and accuracy. Now GPR is applied in
many fields such as geology, engineering, resource,
environment, military and so on ®I171®],

INTRODUCTION

For shallow geolo&ical survey, GPR has a greatly wide
application prospect”™°) At present, most of GPR in China
are given priority to using foreign brands. But these GPR

Natural Science Foundation of China (51409088)

© 2016. The authors - Published by Atlantis Press

398

Ruihu Zhu, Zhiyi Lei

College of Harbour, Coastal and Offshore Engineering
Hohai University
Nanjing, China

systems are limited to the software dongle . GPR users can’t
apply the software and modify the algorithms. So it is very
inconvenient to GPR users.

II. THEORY AND METHOD

GPR data processing!" """l play an important role in

improving the quality and interpretation of GPR profile. For
GPR users working in the field of the practical production unit,
they want to have a kind of simple and intuitive practical
software to improve work efficiency. Now the development of
GPR processing software is basically including frequency-
domain filtering, frequency-wave number-domain filtering,
deconvolution and migration.

GPR data processing objectives are to suppress random and
rule interference. GPR image shows available reflection with
the greatest possible resolution. Parameters extraction of
reflected wave (electromagnetic wave velocity, amplitude and
waveform) is helpful to geological interpretation. Common
methods for radar data processing include digital filtering,
inverse filtering, migration diffracting and enhancement
processing!*'*l. Digital filtering is to use different spectrum
characteristics to suppress interference wave. Inverse filtering
is to obtain reflection coefficients of each layer medium
interface. Migration diffracting is moving each reflection point
to its original position in radar record and reflects real
distribution of underground medium. GPR ‘CT’ means a
tomography technique!' ™' that returns model parameters such
as velocity, it can obtain clear image in object. It is
Enhancement processing is to enhance effective signals, as
clearly as possible to reflect distribution of underground
medium.

The purpose of GPR measurement is to acquire the
geological interpretation. According to the waveform and
strength characteristics of the reflected wave group, GPR users
can infer the geological meanings from the radar image profile
and construct geology-geophysical interpretation section
through the event tracking. The final radar map of surveyed
area provides a basis for engineering design and construction.
At some special places, three-dimensional GPR images can
provide a more intuitive interpretation' ", Owing to the GPR
data reflect electrical distribution underground medium, GPR



users need to organically combine the geological information,
drilling and GPR image in data interpretation, set up geology-
geophysical model about the surveyed area and speculate
underground geological structure.

Now the data processing and interpretation of GPR system
is the direct application of own post-processing software.
These systems include SIR, EKKO, IDS, RAMAC,
GEORADAR series etc. But all kinds of software are restricted
by the software dongle and expensive. The processing methods
are not complete, and GPR users can’t modify original

algorithms and add some latest processing methods in software.

Therefore, the recognition and conversion of GPR original data
is the first key step. On the basis of recognition and conversion
success, GPR users can add some latest processing methods
920 \which are not in own post-processing software and
achieve the purpose of the final geological explanation.

III. EXAMPLES

This research adopts SIR-10H radar system of American
GSSI company and RIS radar system of Italian IDS company
as examples to illustrate how to identify the original
measurement data.

For SIR system, the suffix of original data is the form of
*.dzt. The original data is test.dzt, the central frequency of
antenna is 400 MHz. It is opened in ultra-editor and shown in
Fig.1 and Fig.2.

The GPR original data is saved as the form of hexadecimal
numbers. The file header information is displayed on the row
of c0 h in Fig.1 and the rest is zero. The header file bytes are
1,024(400 h) in Fig.2, the file header and the record are
separated from the position of the black and vertical arrow.
One data takes two bytes, each record has 512 sampling points,
so each trace has 1,024 bytes.

For RIS system, the suffix of original data is the form of
*.dt. The original data is LID10001.dt and the central
frequency of antenna is 1.6 GHz. It is opened in ultra-editor
and shown in Fig.3. But it is not the same surveyed area with
SIR.

The header file bytes are 15,420, one data takes two bytes,
each trace has 512 sampling points and 1,024 bytes.
Furthermore, there is an additional four bytes at the beginning
of each trace record. In fact, each trace has 1,028 bytes. The
position of the black and vertical arrow is the separate place
between the header file and the record file in Fig.3. The part at
the back of the black and vertical arrow is belong to trace
record file part.

The above results show that GPR original data are saved in
the form of the hexadecimal numbers with a header file part.
However, for different radar systems, the file header is
different and data organization in each trace record is also
different.
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00000000k : FF 00 00 04 00 02 10 00 00 20 00 00 20 42 00 Q0
00000010k : 0O0 00 00 00 00 00O BO A1 Bl CO 00 00O SC 42 01 00
00000020k oD 06 95 34 00 00 OO0 00 80 00 16 00 96 00 11 00
000000320k : A7 OO0 OE OO0 01 OO0 OO0 OO 10 41 00 OO 00O OO OO OO
00000040k 00 00 00 00 OO0 OO0 OO0 OO0 OO0 OO OO0 OO0 OO OO0 OO o0
00000050k : 00 00 00 Q0 00 Q00O 0O 0O 00 00 00 00 OO0 OO0 0O Qo
00000060k oo 00 325 31 20 323 20 24 320 30 20 4D 48 FA& 00 00
00000070k 00 10 &3 &C 23 00 00 00 OO0 OO OO0 OO OO OO 48 9C
0000008 0h 05 00 00 00 OO0 OO OO 00 40 41 00 00O 4C 42 00 00
00000090k 78 42 00 00 S0 42 71 79 64 74 0D 0A 32 30 30 39
000000=a0kh: 20 24 21 24 0D 0A OO0 01 02 00 00 24 41 02 02 23
000000bOh 23 D32 2ZF 324 01 00 00O 00 OO OO OO OO OO OO OO OO0
000000=0h 00 00 00 OO0 OO0 OO0 OO0 OO0 OO0 OO OO0 OO OO OO0 OO o0
0000004d0h 00 00 00 OO0 OO0 OO0 OO OO0 OO OO OO0 OO OO OO0 OO OO0
000000=0h 00 00 00 00 00 OO0 OO0 00O 00 00 00O 0O 00O o0 oOo o0
0000O00£f0hk: 00 00 00 Q0 00 QOO 0O Q0O OO0 Q0O 00 00 OO0 00 OO Qo
00000100k 00 00 00 00 00 OO0 00 00 OO0 00 00O OO 00O o0 oo o0
00000110k : OO0 00 OO0 Q0Q OO0 0O OO OO OO OO OO OO OO OO OO OO
000001200 : 00 00 00 00 OO0 OO OO0 OO0 OO0 OO OO0 OO OO OO0 OO o0
00000130k 00 00 00 00 00 OO OO OO0 OO0 00O OO0 0O OO 00O OO o0
00000140k : 00 00 00 00 00 QOO0 00O 00 OO0 OO OO0 OO OO0 OO0 OO a0
Fig.1. Header file part in original data(SIR)

0000032b0h 00 00 00 00 OO0 OO0 OO0 OO0 OO0 00 OO0 OO0 OO OO0 OO0 o0
0000030k 00 00 00 00 OO0 OO OO0 OO0 OO0 00 OO0 OO0 OO OO0 0O o0
000003240k 00 00 00 00 OO0 OO0 00 OO0 OO0 00 00 OO0 OO 0O 00 og
00000 3e=0h OO0 00 00 00 00 00 OO0 00 00 00 OO0 00 00 OO 00 OO0
0000032 f0h 00 00 00 00 OO0 OO0 OO0 OO0 OO0 00 OO0 OO0 OO OO0 OO0 o0
00000400k %FF FF 00 80 00 20 00 20 01 80 01 80 01 280 02 820
00000410k 0z =20 04 20 05 20 05 20 07 20 02 20 09 20 OB 20
00000420k oC 80 0OE S0 10 80 12 80 15 S0 17 80 14 S0 1C 80
00000430k 1F =80 21 =20 24 80 25 80 2% 80 28 80 29 820 ZE S0
00000440k 2C 80 2B 80 2C 80 2B 80 29 80 27 80 27 80 2D 80
00000450k 43 80 83 S0 1lia 81 4F 82 7D 84 06 88 21 8D AC 93
000004600 22 9B A3 A2 22 A9 93 AD 21 AF 56 AD 2E AS 04 A0
00000470k 80 95 74 89 DB 7C 282 70 34 65 89 5B EE 53 44 4E
0000042800k B9 4B OE 4B 68 4C 78 4F ES5 53 4E 59 52 S5F 98 65
0000049 0h: CF eB B2 Y1 2e 77 F2 7E OB 20 &3 232 FA 25 D1 g7
000004a0h EF 88 SB &9 23 89 58 88 13 87 75 85 A5 83 CE 81
000004b0h 1B 80 AF 7E A8 7D 16 7D FE 7C 4F 7D F9 7D DD 7E
0000040k D8 7F Cs6 80 87 81 01 82 26 82 FO 81 64 81 93 80
00000440k 93 7F 81 7E 7A 7D 98 7C FO 7B 92 7B 82 7B BF 7B
000004=0h 3E 7C FO 7C C3 7D A4 7E 7E 7F 3B 80 CE 80 ZEB 81
000004 f0h S50 81 3E 21 FD 80 9C B0 29 80 B4 7F 4C 7F FD 7E
00000500k CD 7E C2 7E DE 7E 14 7F 67 7F CB 7F 34 80 94 80
00000510k : EF 20 2D 21 4B 21 42 21 20 21 DS 20 gE 20 F2 7F
000005 Z0h 6F 7F FO 7E 81 7E 2E 7E 00 7E FE 7D ZB 7E 86 7E

Fig.2. Record file part in original data(SIR)

00003b=0h: 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 zO
00003kf0h: 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20O
00003c00k: 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 2O
00003cl10k: 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20 zZO
00003cZ0h: 20 20 20 ZO 20 20 20 2O 20 20 20 20O, 20 Z0 20 zZO
QOO00ZcZ0h 20 20 20 zo 20 20 20 zZo 20 20 20 20*52 o0 Qo0 Qa0
00002c40h: 10 FE 14 FA EE F9 FE F9 FC F9 FD F9 Fa FS 06 Fi
00003=S0h: 23 Fa 5S4 Fa& 53 Fa AS FAa A1 FA 83 Fa 61 Fa 3F Fa
00003c60h: 24 Fa OC Fa FF F9 FD F3 10 Fa 26 FA4 45 FA 6D Fa
00003c=70h: 85 Fa 93 F&a 98 Fa 91 Fa 739 Fa 51 FA 25 Fa EF F3
00003cS0h: DD F3 OC F& 7C Fa 13 FB 39F FC S9F 00 BE 08 F8 13
00003=90h: B? 1F EF 27 27 22 17 12 2E F2 43 DE C7 D3 5F DB
00003ca0h: E4 ES 4C FO 9C Fa 11 00 6C 03 70 0O 00 04 Fa 01
00003ckODh: CO FF C8 FC CC F3 CC F7 A9 Fe F? F5 DD E5 BE F&
00003cc0h: 86 FB 6C Fa Fa FE 1E FC 48 FEB 29 FA CF F9 42 Fa
00003cd0h: E2 Fa EC Fa 46 Fa4 6B F23 A7 F2 52 F2 6 E3 2 Fg
00003c=0h: 45 EF3 0 F? 0OE Fa EE F3 22 F2 EZ F3 EZ EF2 Sa F3
00003cfDh: 72 Fa 56 FE CF FE 22 FEB 22 FA S7 F7 F& E3 48 FE3
00002d00h: EBF F4 F7 0= FE 8C FD =D FE €4 FD E2 FC 10 FD
00003d10hk: &C FE AE FF 0& FF EF7 FE Feé F7 CF F3 79 FEz 03 F3
00003dZ0h: 1D Fe D3 F2 E7 Fa E1 FBE CC FE FE F4 E1l F3 3E F3
00003d30h: E& F8 05 F3 71 F3 44 Fa E1l Fa 05 FE 95 Fa C1 F3
00003d40h: 06 F3 96 F8 97 F8 E4 F8 539 F3 DC F3 1E Fa 1E Fa

Fig.3. Header file part and record file part in IDS system

Based on the above analysis, this article adopts Visual C +
+ 6.0 as a development tool to implement the conversion of
the GPR original data. The internal hexadecimal data are
converted into identifiable decimal data (ASCII data).
According to the ASCII data, the waveform are displayed by
the following format:

X(i,)=(A(i,j)-32768)/32768 (1)

Where i is sampling point number, j is trace number, A(i,j)
is ASCII data and X(i,j) is waveform data or the amplitude of
wave. The number (32768) is as the waveform zero position.

The detailed conversion process can be displayed through
the program flow chart (Fig.4). The executing results of the
program are shown below:

For SIR system, the original data file is test.dzt, and the
converted file is test.txt (Fig.5). Text data permutation style is
the row-priority arrangement. Radar image are displayed in
the form of waveform changed area (Fig.6). The horizontal
axis represents scan numbers. One trace is a scan or a stack of
several scans. The vertical axis stands for sampling points.
The Fig.6 is the same with the outcome displayed in the
software of Radan developed by GSSI company.
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Fig.4. Recognition and conversion program flow chart

For RIS system, the original data file is LID10001.dt, and
the converted file is LID10001.txt (Fig.7).

Text data permutation pattern is identical with test.txt.
Radar image are displayed in the form of grayscale!"! (Fig.8).
The horizontal coordinate denotes scan numbers and the
vertical coordinate signifies sampling points. The Fig.8 is
equal to the result displayed in the software of GRED
developed by IDS company.

Experiments indicate that the converted image and the
original image generated by software in two radar systems is
the same. Therefore it proves that the data conversion is
correct.

Fig.5. Converted decimal text file (test.txt) (SIR)

i 19]1"';
b il

400

sample

Fig.6. Wiggle figure profile generated by test.txt (SIR)

64272,64273 64272, 64273, 64270, €4274 64271, 64272, 54272 64271, 6427064270, 64277 64276 64276, 64270,64275, €4275 64279, 64282, 54273 6427€, 64276 6427
4,63986, 63988, 63984, 33965, 6398¢, 63387 63935, £3983, 62984, 63983, 63984 63984, 63985 63984, 63982, 63983 63982, 633 1,63583, 53964 63
991, 6399463991, 63992, 62990, 63593, 33952, 6399F, 6339663936, £3991, 63996 63990, 63991, 63991, 6399263995, 63597, 5. " 63930, €3997 62996,
6403164033 64038, 54134 64037, €4033 64036, 64033, 54028, 6404(, 64047 64037, 64045, 64040 64036, 54036, 64034 € 33 MEIM B4, sa0i1 B404E, 64145 6403
764129, 64129, 64124, 54176 64130 64126 64124 £4:23 64127 64132 54134 61133 64131 64134, 64135 64132 £412¢ 64128 64131 £4:24 64127, 64123 54127 £4
131, 54138, 64140, 64142 64135 64137 54176 6413€ 64143 64145 £4741 64104 h4142 54144 61145 64147 64145, 64145 54147 64147, 64140 64135 £4233 64130,
64052, 64049, 64045, 64145, 64046, €404), 64045, 64052, 54050 6404€, 64049, 64049, 64047, 6404564051, 64048, 64042, €4041, 64038, 64042, 54040 64047, 64244, 6404
1,63994, 64001, 64003, 54000 63995, 63390, 63937, €3985, 61984, 6385, 63994, 63996, 63996, 63994, 63996, 64002, 6401%, 64114, 64016, €4003, 64006, 63595, 53956 63
043, 04047, 64046, 64045, 64049, 64059, 54049 64047, 64139, 64042, €4052, 64058, 64051, 04048, 64044, 64042, 62042, 64042, 54041 64040, 64240, 64045, €405, 64053,
64126, 64118, 64116, 64114, 64112, €4:14, 64104, 64110, 54113 64115, 64113, 62110, 64113, 6411764120, 64117, 64115, €4:03, 64109, 64127, 34121 64127, 64130, 6413
U,64120,64120,64123,34127 64131, 64131, 64133, €4237, 64142, 64144, 4141, 64140, 04142,64138, 64137, 64142, 6414¢, 4143, 64141, €4233,64137, 64139, 54129 64

764087, 64093, 64094 64097, 64094 5401 640BE. 64185, 4033, €4080. 64086 64082 408664084, 64084 62073, 6408- 34066 6406E. 64166 64036, £4064 64068,
63“69 63970_6397¢,53372,63973.€397162973. 63675 339963965, 63966, 63970, 6387063975 6398163986 63382, €381
7.64112 64106, 64110, 34113 64112 64132 64110, £423) 64129 64117,
140,202, £4.103,94.1,17 56,18, €5507, 1[5 335 E‘E[Il 148,
0177 10316, 10433, 10441, 1040

L63580.33957 63991, 64203.6393
64125, 64108, 54108 64
62,65303,655]

§4112, 64111, 64113, 64100, 6411064102, 6409¢ 64106, 64179, €47

LN 1:7 219 14¢,197,118.79,120. 91,72, 93,52,65521, 5524 6€, 26, 5,134 EE:E T

AZ 63139 62897 62506, 61E12 50866 EJDE 6[I135 [N [IH El“[l? 62232 6261 h231[I 61725 61[I73 60346, 59897 EEI[IW 6]3[I1 6[I131 6[I
712,783, 299,265,994, 1064 528, €80, 1517737, 1528, 1347 1289, 1563, 1908, 1523, 1547, 1838, 2280, 2003, 930, 358, €52, 331 864, 854,933 747 529,

8,65177, 101,695, 7730739, 55483 6344 5514, 6547, €5433, 164 424,616 40865491 65040, 64640 6450¢ 65111 65445, 8-, 377,409, 43¢, 677, 1063 1021 ,97]
100, 54234, 63701 63284, 63206, 6341:, 5395 6391% 6326761150, £3577 63074 6408¢ 04217 64259, 6436164391, 64735 34076 64006, 64031 6148, 446264737,
62709,62707. 6256¢,62168.6:823, €161 621°5. 62570, 53060 63161, 6291262920, 63362,63879. 63783, 5333563108, €2343,62757, 62604, 526(3. 6279462308, 6267
6,63848, 63870, 63643, 53340 6342€, 64206, 63831, €3385, 6597, 6385, 63428, 63408, 63500, 63460, 63497, 63539, 63524, 63304, 62976, €2603, 62560, 62660, 53550 64
811, 63878, 63915, 63853, 62864, 6348, 33815 6380€. 63336, 63973, €4:35. 64095 6389¢ 8378863767 63093, 63651, 63662, 33720 63862, 64108, 64038, €4082 62964,
50.65272, 6531365413, 19€ 371,342 171, 14935516 63367 65214 65020, 64884 64723 64602, 14600 64640, 64715 64904, 65095 55322 63354, 6526265375110, 2
4160 64287 54320 64333, £4414 64398 64249 34206 64360 64496 64417 64355 64373 £436¢ £4256 61218 64234 64185 64048 53763 63065 64248 62818 £2025
911, 56261562575, 62697, 62087, 63275, 33377, 63851, 6379163634, €3630, 63609 63618, 63675, 63692, 63663, 63698, 63£35, 53262 62954, 62762, 62637, £275] 6
5, 65494 64R77 212 1213, €78, 54353 6266F, 62181 62328, €2713 67476 £4435 85090, 65206, 65074 65108, 65316, 654E4 63462, 65110, 64113, £3095 62638, 62
39,62341, 62601, 62681, 62813, 52158, 62007, 62463 63756, £4923, 64795 63605, 62853, 63641, 64957 65371, 64959, 6412 63 3146, 62859, £2691 62557, 6247

Fig.7. Converted decimal text file (LID10001.txt) (RIS)

1] 20 40 60 s0 100

120 140 160 180

scan

500
sample

Fig.8. Grayscale image generated by LID10001.txt (RIS)

Furthermore, the conversion program is suitable for most
of the radar systems. It will have the widespread application
prospect in the future.



IV. CONCLUSIONS

We can obtain some conclusions from the above
experimental results of the two group radar systems.

e The conversion-program of the GPR field data turns
out to be feasible and correct by means of two group

different radar systems.

GPR users can completely eliminate the limit of
software dongle and freely add some latest algorithms
and data processing methods through the recognition
and conversion program. It is very convenient to GPR
users.

This paper also has two aspects of practical
significance. One is providing a way to eliminate
software dongle restrictions for data processing with
flexibility for GPR data processing and radar image
analysis. b providing a basic platform for the secondary
development of post-processing software or special
post-processing software development.
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