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Abstract: This article proposes a new method for continuous advanced detection and imaging of abnormal body during excavation. The
problem of poor accuracy in single imaging with fixed field sources is effectively addressed. It provides strong support for parallel
operation of tunnel excavation and forward detection. Firstly, a theoretical model for continuous advanced detection and imaging of
abnormal body during excavation is formulated. Then, the imaging effect and accuracy improvement methods for abnormal body
identification are studied. On the basis of effectively identifying the geometric shape of the abnormal body ahead, the mean square error
of conductivity is reduced from 0. 273 to 0. 156 by increasing the excavation mileage, from 0. 173 to 0. 153 by increasing the potential
sampling frequency, and from 0. 183 to 0. 167 by increasing the number of potential measurement points. The imaging accuracy is
gradually increased. Finally, the imaging effect of anomalies with different types and shapes in front of the field source during excavation
is analyzed. A mud trough experimental system is established, and comparative experiments on imaging effects are carried out. The
effectiveness of this method is evaluated.
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Table 1 Logarithmic initial value of conductivity of 10 x10 square grid in two-dimensional area
X
Y
-45 m -35m -25m -15m -5m 5m 15 m 25 m 35 m 45 m
-45 m -2.521 -2.515 -2.561 =2.547 -2.533 -2.574 -2.587 -2.557 -2.516 -2.581
-35m -2.521 -2.579 -2.551 -2.533 -2.556 -2.582 -2.534 -2.545 -2.575 -2.556
-25 m -2.540 -2.513 -2.558 -2.574 —-1. 146 -1.128 -1.192 -2.555 -2.553 -2.521
-15m -2.558 -2.507 -2.566 -2.509 -1.125 -1.130 -1. 109 -2.549 -2.558 -2.575
-5m -2.516 -2.509 -2.563 -2.583 -1.139 -1.149 -1. 109 -2.578 -2.553 -2.564
5 m -2.512 -2.554 -2.535 -2.570 -1.153 -1.169 —1.142 -2.550 -2.541 -2.538
15 m -2.593 -2.507 -2.576 -2.551 -1.144 -1.122 -1.199 -2.537 -2.570 -2.588
25 m -2.599 -2.537 -2.578 -2.522 -1.142 -1.146 -1.118 -2.566 -2.568 -2.548
35 m -2.519 -2.558 —-2.587 -2.551 -2.579 -2.580 -2.583 -2.580 -2.585 —-2.587
45 m -2.562 -2.579 -2.524 -2.535 -2.539 -2.525 -2.575 -2.525 -2.577 -2.574
F32 1 S RME LD BT 5 2 B S b T LA 40 s
NI L B, AR L R AR T X F S 0 B 14
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(-38,0).(-37,0).(-36,0).(-35,0).(-34,0), i
(=33, 0) (=32, 0) .(-31, 0) .(-30, 0) FI(-29, 0), 40 - o
TERALIN S 5 (=50, 0) o7 A & 3705 b, IR AE ~40 e Al
SRR AP (24, 0) SR « BB L s SR T
o i HU%Zj] ,%/}E&Eﬁ{i{mu,ﬁﬂﬂ@ 2 FJ]"IT\‘O Fig. 1 Visualization diagram of logarithmic initial
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Table 2 Potential of the rear measuring point when

the field source moves v
YR AL bR
W) 55 AR
(-24,0) (-20,0) (-16,0) (-12,0)
(-41,0) 3.612 687 3.478 303 3.478 303 3.239 540
(-40, 0) 3.641 735 3.500 272 3.500 272 3.251 453

(=39, 0) 3.673 965 3.524 312 3.524 312 3.264 149
(=38,0) 3.708314  3.549 546  3.549 546 3.277 102

(=37,0) 3.745225 3.576 198  3.576 198 3.290 369
(=36,0) 3.785149  3.604 471 3.604 471 3.303 978
(=35,0) 3.828655 3.634605 3.634 605 3.317 965
(=34,0) 3.876485  3.666 898  3.666 898 3.332 370
(=33,0) 3.929596  3.701707  3.701 707 3.347 238
(=32,0) 3.989316  3.739487  3.739 487 3.362 621
(=31,0) 4.057487 3.780817  3.780 817 3.378 585
(-30,0) 4.136959 3.826512  3.826 512 3.395 229
(-29,0) 4.234886 3.879193  3.879 193 3.413 222
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(a) SIRALT (24, 0)7™ A= iy B AL B AR 45 1
(a) Field source at (—24,0) yields potential data imaging results
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(b) Field source at (=20, 0) yields potential data imaging results
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(c) Field source at (—16, 0) yields potential data imaging results
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(d) Field source at (=12, 0) yields potential data imaging results
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Fig.3 Imaging results of potential data generated by

a single set of field sources
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Table 3 Logarithmic initial value of conductivity of accompanying tunneling imaging

X
Y
—45 m -35m -25m -15m -5m 5m 15 m 25 m 35m 45 m
-45 m -2.405 —-2.348 -2.283 -2.231 -2.203 -2.211 —-2.249 -2.301 -2.344 -2.365
-35m -2.472 -2. 406 -2.320 -2.227 -2.144 -2.123 -2.172 -2.251 -2.320 -2.358
-25m -2.566 —-2.498 -2.412 —-2.286 -2.083 -1.997 -2.055 -2.171 -2.276 -2.338
-15m -2.654 -2.573 -2.513 —=2.445 -1.995 -1.836 -1.925 -2.087 -2.228 -2.315
-5m -2.620 -2.592 -2.610 -2.589 -1.790 -1.699 -1.837 -2.032 -2.197 -2.299
5Sm -2.593 -2.481 -2.517 -2.628 -1.887 -1.736 —-1. 849 -2.035 -2.197 -2.298
15 m -2.691 -2.585 -2.525 -2.518 -2.089 -1.895 —-1.949 -2.092 -2.228 -2.313
25 m -2.624 -2.570 -2.490 -2.369 -2.157 -2.043 -2.074 -2.175 -2.274 -2.335
35 m -2.522 -2.468 -2.385 -2.287 -2.189 -2.148 -2.180 -2.251 -2.317 -2.356
45 m -2.439 -2.386 -2.322 -2.264 -2.225 -2.221 -2.251 -2.298 -2.340 -2.362
3.1 3AHIRREHE B2 X AR A i B 0 R0 (=24, 0).(-22,0) (=20, 0) .(~18, 0) . (=16, 0),

AR TS L U i B ERL AR T AR B AR R, 1 0,
P38 I 7 PR I 555 SR 4 FELASE 1A A 3R R i A T A 1)
2, BN ) BEIATE I (-24, 0) 57 « iy 1) B
sl 2 m I, J5 5 FLASEI SR AR — Uk LS B, BV o7 30
JTHSR RN 2 m/%;2) o Al S B S
W28, 134, Hk, REHES SRR K
R AE AR S AR FITAE & il 58 BE R — 10~ 20 m, % 5 B 4
AR s 2 (-12, 0) &, IR S E RN 12 m,
L, BN RS2 m, B E

(=14, 0) (=12, 0) s HF LA I 25 53 591 SR B — B
FELASE 300 5 I — 2H 5B B g I e 0 A5 %) 5080 5 = il
B UEAT I A S R B RS, RIZIRAE (-24, 0) |
(=22, 0) A5, FEP AL — R, HIRAE (24, 0) (-
22,0) (=20, 0) i, M= S mf A — SR, LA EHE | Bl
PR IR 5 R,

JNIED'S AT, 224 37 Y8 i 4 B AR T8 A0 38 e, HCEB B A
15 B 3R D B R DU SR 25 SRR Gk ) B
(FE5Ca) ~(c) ) SRR B S5 U 00 56 5 2 1
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Table 6 Logarithmic initial value of 10x10 square grid conductivity with high resistivity anomaly
X
Y
-45 m -35m -25m -15m -5m 5m 15 m 25 m 35m 45 m
-45 m -2.521 -2.515 -2.561 —2.547 -2.533 -2.574 -2.587 -2.557 -2.516 -2.581
-35m -2.521 -2.579 -2.551 -2.533 —-2.556 -2.582 -2.534 —-2.545 -2.575 —-2.556
-25m -2.540 -2.513 -2.558 -2.574 -4.992 -4.979 -4.906 -2.555 -2.553 -2.521
=15 m -2.558 -2.507 -2.566 -2.509 -4.959 —4.958 -4.932 -2.549 -2.558 -2.575
-5m -2.516 -2.509 -2.563 -2.583 -4.956 —4.943 -4.977 -2.578 -2.553 -2.564
S5m -2.512 -2.554 -2.535 -2.570 -4.936 -4.992 —4. 946 -2.550 -2.541 -2.538
15 m -2.593 -2.507 -2.576 -2.551 -4.949 -4.955 -4.997 -2.537 -2.570 -2.588
25 m -2.599 -2.537 -2.578 -2.522 -4.934 -4.971 -4.923 -2.566 -2.568 —2.548
35 m -2.519 -2.558 -2.587 -2.551 -2.579 -2.580 -2.583 -2.580 -2.585 -2.587
45 m -2.562 -2.579 -2.524 -2.535 -2.539 -2.525 -2.575 -2.525 -2.577 -2.574
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Fig. 8 Visualization diagram of logarithmic initial value of (a) High resistivity abnormal body
conductivity of body with high resistivity anomaly
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Table 7 Logarithmic initial value of 10x10 square grid conductivity with triangular anomaly body with low resistivity
X
Y
-45 m -35m -25m -15m -5m S5m 15 m 25 m 35 m 45 m
-45 m -2.521 -2.515 -2.561 =2.547 -2.533 -2.574 —2.587 -2.557 -2.516 -2.581
-35m -2.521 -2.579 -2.551 -2.533 -2.556 -2.582 -2.534 -2.545 -2.575 -2.556
-25m —-2.540 -2.513 -2.558 -2.574 -1.192 -2.579 -2.506 -2.555 -2.553 -2.521
-15m —-2.558 -2.507 -2.566 -2.509 -1.159 -1.158 -2.532 -2.549 -2.558 -2.575
-5m -2.516 -2.509 -2.563 -2.583 -1. 156 -1.143 -1.177 -2.578 -2.553 -2.564
Sm -2.512 -2.554 -2.535 -2.570 -1.136 -1.192 —-1. 146 -2.550 -2.541 -2.538
15 m -2.593 -2.507 -2.576 -2.551 -1.195 -1.155 -2.597 -2.537 -2.570 -2.588
25 m -2.599 -2.537 -2.578 -2.522 -1.134 -2.571 -2.523 —-2.566 -2.568 -2.548
35 m -2.519 -2.558 -2.587 -2.551 -2.579 -2.580 -2.583 -2.580 -2.585 -2.587
45 m -2.562 -2.579 -2.524 -2.535 -2.539 -2.525 -2.575 -2.525 -2.577 -2.574
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Fig. 10 Visualization diagram of logarithmic initial value of 11 R = AT S RN s 4
conductivity of body with triangular anomaly Fig. 11  Identification and imaging results of low-resistivity

body with low resistivity
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