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Depth estimation of buried structures based on the GPR reflected waveform

characteristics
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ABSTRACT To overcome the defects of the depth estimation of buried structures by the empirical method a new method to estimate
the depth based on the reflected waveform characteristics of buried targets was put forward by extracting few points from the reflected
waveform. Accuracy analysis was performed in consideration of waveform distortion. The results show that on ideal undistorted ground
penetrating radar ( GPR) data the proposed method is accurate in estimating the depth and the horizontal position of buried targets as
well as the electromagnetic wave speed. An average error of 55.202% occurs in depth estimation based on distorted waveform data
even though the estimation result of wave speed is accurate as before. So the method is corrected to confirm the depth of buried targets
using the estimated wave speed and the two-way travel time of the reflected wave from the structures when facing distorted GPR data
and the accuracy of estimation satisfies the requirements of the GPR method. This method is more satisfactory and robust compared
with the empirical method.
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Table 1  Designed positions and simulation results of rebar
1 2 3
v/
x/m Hy/m %, /m t; /ns X, /m i, Ins %3 /m ty/ns  (mens™') H/m x,/m Ry 1%
1* 0. 50 0.15 0. 262 3.748 0. 470 2.138 0.585 2.633 0. 139 0. 146 0. 502 2. 668
2# 0.70 0.20 0. 482 4. 101 0. 680 2. 940 0. 857 3. 966 0. 135 0.197 0.702 1. 500
3# 1.00 0.15 0. 850 2.775 0.972 2.126 1. 085 2. 621 0. 140 0. 147 1. 001 2.000
4* 1.20 0.20 1.015 3.812 1. 170 2.922 1.295 3.459 0.129 0. 187 1.199 6. 500
5* 1.50 0.25 1.267 4.874 1. 465 3.736 1.677 4. 850 0. 131 0.244 1. 499 2.400
6" 1.70 0. 20 1.470 4.231 1. 682 2.951 1.812 3.559 0. 136 0. 199 1.702 0. 500
7* 2.00 0.30 1. 810 5.269 2.047 4.738 2.160 5.381 0.132 0.303 2.003 1. 000
8* 2.20 0.25 1.917 5.399 2.175 3.771 2.372 4.785 0.133 0.250 2.201 0. 000
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Table 2 Error of depth estimation based on distorted data

Hy/cm t/ns H/em  AHlem — Ry/%
1 9.5 2.093 2.141 7.359  77.463
2 10.0 2.184 8.030 1.970 19. 700
3 10.3 2.366 6. 663 3.637  35.311
4 9.0 2.184 6.934 2.066  22.956
5 1.1 2.457 13.913  2.813  25.342
6 9.1 2.184 5.209 3.891  42.758
7 12.2 2.548 7.706 4.494  36.836
8 11.9 2.639 7.106 4.794  40.286
9 11.5 2.730 7.058 4.442  38.626
10 9.4 2.093 4.912 4.488  47.745
11 9.0 2.002 5.298 3702 41.133
12 8.1 2.002 0. 000 8.100  100. 000
13 8.8 2.093 0. 000 8.800  100. 000
14 7.5 1.820 2.231 5.269  70.253
15 8.5 2.002 3.218 5282  62.141
16 8.5 2.002 3.189 5.311 62.482
17 8.0 1.911 2.703 5.297  66.213
18 7.4 1.729 1.451 5.949  80.392
19 7.4 1.638 2.089 5.311 71.770
20 8.2 1.638 3.064 5,136 62.634
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