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Abstract

GPR (Ground Penetrating Radar), developed as a technology for geotechnical investigations such as sinkhole
exploration, was used limitedly as a method to resolve undetectable lines in underground facility exploration.
To improve the accuracy of underground facility data, the government made it possible to explore underground
facilities using a non-metallic pipeline probe from July 2022. However, GPR has a problem in that the exploration
rate is lowered in the soil with high moisture content, such as soft soil, such as clay layer, and there is a lot of
variation in long-term accuracy. In this study, as a way to improve the accuracy of exploration considering the
characteristics of GPR and the environment of underground facilities, we propose a GPR exploration method for
underground facilities using permittivity constant correction and pattern analysis of GPR image data. Through
this study, the accuracy of underground facility exploration and high reproducibility were derived as a result of
field verification applying GPR frequency band and heterogeneous GPR.
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o X(N) Y(E) Ax X(N) Y(E) Ax | AX AY AD | AH
3| 539043.264 | 182018.574 | 126 | 539043.300 | 182018.609 | 124 | -0.036 | -0.035 | 0.050 | 0.02
4 | 539038.562 | 182023938 | 1.08 | 539038.442 | 182023.822 | LIl | 0.120 | 0.16 | 0167 | -0.03
5 | 539033721 | 182028.688 | 1.12 | 539033757 | 182028722 | 1.17 | -0.036 | -0.034 | 0.050 | -0.05
6 | 539028750 | 182034.517 | 1.13 | 539028714 | 182034.483 | 116 | 0.036 | 0.034 | 0.050 | -0.03
7 | 539024.288 | 182039.101 | 1.13 | 539024.190 | 182039.011 | 1.I1 | 0.098 | 009 | 0.133 | 002
8 | 539020.327 | 182043.278 | 1.06 | 539020.385 | 182043.333 | 1.07 | -0.058 | -0.055 | 0.080 | -0.01
9 | 539013.501 | 182050.602 | 1.04 | 539013.549 | 182050.649 | 1.02 | -0.048 | -0.047 | 0.067 | 0.02
10 | 539011.007 | 182053.441 | 0.90 | 539011.103 | 182053.533 | 0.89 | -0.096 | -0.092 | 0.133 | 0.01
11 | 538997.207 | 182042.057 | 1.02 | 538997173 | 182042.094 | 1.02 | 0.034 | -0.037 | 0.050 | 0.00
12 | 538992.501 | 182037.983 | 1.06 | 538992.534 | 182037.946 | 1.04 | -0.033 | 0.037 | 0.049 | 0.02
13 | 538987.804 | 182033.699 | 1.09 | 538987.848 | 182033.650 | 1.07 | -0.044 | 0.049 | 0.066 | 0.02
14 | 538981914 | 182028447 | 1.06 | 538981.880 | 182028483 | 1.05 | 0.034 | -0.036 | 0.050 | 0.01
15 | 538973719 | 182020941 | 126 | 538973.603 | 182021.061 | 121 | 0.116 | -0.12 | 0167 | 0.05
16 | 538969711 | 182017.358 | 1.27 | 538969700 | 182017369 | 123 | 0.011 | -0.011 | 0.016 | 0.04
18 | 538965.102 | 182013317 | 118 | 538965.125 | 182013.292 | 1.19 | -0.023 | 0.025 | 0.034 | -0.01

18-1 | 538966.567 | 182014.274 | 1.14 | 538966.544 | 182014298 | 114 | 0.023 | -0.024 | 0.033 | 0.00

182 | 538967.188 | 182015.044 | 1.12 | 538967.193 | 182015.039 | 113 | -0.005 | 0.005 | 0.007 | -0.01
19 | 538961769 | 182010.106 | 111 | 538961770 | 182010.107 | 1.08 | -0.001 | -0.001 | 0.001 | 0.03
20 | 538956.917 | 182005787 | 0.99 | 538956.917 | 182005787 | 0.98 | 0.00 | 0.00 | 0.000 | 0.01
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Table 7. Comparison of search results for each frequency band in the Siheung sewer pipe section (m)

. 350MHz (A) 200MHz (B) 2}-o](A-B)

T X(N) Y(E) Ax X(N) Y(E) Ax AX AY AD AH
3 539043.264 | 182018.574 | 1.26 | 539043.367 182018.673 1.23 | -0.103 | -0.099 | 0.143 0.03
4 539038.562 | 182023.938 | 1.08 | 539038.445 182023.824 | 1.03 0.117 0.114 0.163 0.05
5 539033.721 | 182028.688 | 1.12 | 539033.783 182028.748 111 | -0.062 | -0.06 0.086 | 0.01
6 539028.75 182034.517 | 1.13 | 539028.631 182034.405 1.1 0.119 0.112 0.163 0.03
7 539024.288 | 182039.101 1.13 | 539024.229 182039.047 1.11 0.059 0.054 0.08 0.02
8 539020.327 | 182043.278 | 1.06 | 539020.257 182043.21 1.04 0.07 0.068 0.098 | 0.02
9 539013.501 | 182050.602 | 1.04 | 539013.363 182050.467 | 0.99 | 0.138 0.135 0.193 0.05
10 539011.007 | 182053.441 0.9 539010.985 182053.42 0.85 | 0.022 0.021 0.03 0.05
11 538997.207 | 182042.057 | 1.02 | 538997.292 182041.962 1.03 | -0.085 | 0.095 0.127 | -0.01
12 538992.501 | 182037983 | 1.06 | 538992.621 182037.846 | 1.04 -0.12 0.137 0.182 | 0.02
13 538987.804 | 182033.699 | 1.09 538987.92 182033.571 1.09 | -0.116 0.128 0.173 0
14 538981.914 | 182028.447 | 1.06 | 538982.033 182028.32 1.03 | -0.119 0.127 0.174 0.03
15 538973.719 | 182020.941 | 126 | 538973.782 182020.876 | 1.23 | -0.063 | 0.065 0.091 0.03
16 538969.711 182017.358 1.27 | 538969.801 182017.267 1.3 -0.09 0.091 0.128 | -0.03
18 538965.102 | 182013.317 1.18 | 538965.235 182013.172 1.22 | -0.133 0.145 0.197 | -0.04

18-1 | 538966.567 | 182014.274 1.14 | 538966.615 182014.224 1.19 | -0.048 0.05 0.069 | -0.05

18-2 | 538967.188 | 182015.044 | 1.12 538967.319 182014.92 1.18 | -0.131 0.124 0.18 -0.06
19 538961.776 | 182010.099 | 1.11 538961.79 182010.085 1.12 | -0.014 0.014 0.02 -0.01
20 538956.93 182005.772 | 0.99 | 538957.038 182005.653 1 -0.108 0.119 0.161 | -0.01
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Table 8. Comparison of results of heterogeneous GPR exploration in Siheung sewer pipe section (m)

350MHz (A) 250-700MHz (B) 2}-o](A-B)

X(N) Y(E) Ax X(N) Y(E) Ax AX AY AD AH
3 539043.323 | 182018.632 | 1.24 539043.45 182018.754 | 1.199 | -0.127 | -0.122 | 0.176 | 0.041
4 539038.442 | 182023.822 | 1.11 539038.565 182023.94 1.152 | -0.123 | -0.118 0.17 | -0.042
5 539033.781 | 182028.746 | 1.17 539033.913 182028.871 | 1.176 | -0.132 | -0.125 | 0.182 |-0.006
6 539028.714 | 182034.483 1.16 | 539028.762 182034.528 | 1.145 | -0.048 | -0.045 | 0.066 | 0.015
7

8

9

539024.19 182039.011 1.11 539024.335 182039.144 1.06 | -0.145 | -0.133 0.197 | 0.05
539020.385 | 182043.333 | 1.07 | 539020.302 | 182043.253 | 1.036 | 0.083 0.08 0.115 | 0.034
539013.525 | 182050.626 | 1.02 | 539013.494 182050.595 | 1.021 | 0.031 0.031 0.044 | -0.001

10 539011.103 182053.533 | 0.89 | 539010.962 182053.398 | 0.874 | 0.141 0.135 0.195 | 0.016

11 538997.173 | 182042.094 | 1.02 | 538997.218 182042.044 | 0.99 | -0.045 0.05 0.067 | 0.03

12 538992.534 | 182037.946 | 1.04 | 538992.509 182037.974 1 0.025 | -0.028 | 0.038 | 0.04

13 538987.848 182033.65 1.07 | 538987.775 182033.731 1.06 | 0.073 | -0.081 0.109 | 0.01

14 538981.937 | 182028.422 | 1.05 | 538982.058 | 182028.293 | 1.044 | -0.121 0.129 0.177 | 0.006

15 538973.603 | 182021.061 1.21 538973.656 182021.006 1.23 | -0.053 | 0.055 0.076 | -0.02

16 538969.7 182017.369 | 1.23 538969.716 182017.353 | 1.245 | -0.016 0.016 0.023 | -0.015

18 538965.169 | 182013.243 1.19 | 538965.262 182013.142 1.23 | -0.093 | 0.101 0.137 | -0.04
18-1 | 538966.544 | 182014.298 | 1.14 | 538966.504 182014.339 | 1.168 0.04 -0.041 0.057 |-0.028
18-2 | 538967.168 | 182015.062 | 1.13 538967.072 182015.154 | 1.176 | 0.096 | -0.092 | 0.133 |-0.046

19 538961.77 182010.107 | 1.08 | 538961.784 182010.091 | 1.106 | -0.014 0.016 0.021 | -0.026

20 538956.944 | 182005.757 | 0.98 | 538956.996 | 182005.699 | 0.944 | -0.052 | 0.058 0.078 | 0.036
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