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Abstract: In the past ten or twenty years, more and more geo-resistivity obser-
vation stations are being faced with increasingly electromagnetic interference,
such as subway and rail traffic system in urban area, which seriously affects the
quality of observation data. The AC geo-resistivity observation method has been
found to be effective to solve this problem and can be used for earthquake moni-
toring and prediction. This paper introduced firstly the theory of the AC obser-
vation method, and then three different signal detection methods, i.e., the
digital filter method, the spectrum analysis method and the correlation detection
method, are used in the simulation. The analysis results are obtained by simula-
ting an actual work process of AC geo-resistivity observation method. Compari-
son of the relative error and relative standard deviation on the condition of
different signal-noise ratio, sampling rate or sampling time shows that frequen-

cy spectra method can be taken as the best method for the signal observation,
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providing theoretical basis for developing the AC geo-resistivity observation

system.

Key words: geo-resistivity observation; AC geo-resistivity method; frequency

selective receiver; numerical simulation
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Fig. 1 Schematic diagram of principle for AC Umn
geo-resistivity method 1.

A and B are current-emitting electrodes, and JJ:(: EFI K ?ﬂ%ﬁ%%ﬁ( ) ﬁi‘l‘ﬁ/z}fﬁi‘]

M and N are measuring electrodes
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Table 2 Bandpass filter performance parameters used in simulation

WA TS PR /He SRR/ He 5L/ Haz WAl /dB AT R/ dB B %
1 0.1 10 0.02 0.01 80 837
2 0.5 10 0.02 0.01 80 837
3 1o 10 0. 002 0.01 80 541
4 0.1 20 0. 002 0.01 80 1068
5 0.5 20 0. 002 0.01 80 1068
6 1.0 20 0. 002 0.01 80 1014
7 0.1 30 0. 002 0.01 80 1602
8 0.5 30 0. 002 0.01 80 1602
9 1.0 30 0. 002 0.01 80 1521
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Table 3 Simulation results of three signal detection methods on the condition of different SNR

(sampling rate is 10 Hz, number of samples is 2000, signal frequency is 0.1 Hz)

{5 M1t /dB 5k F5HRIE/mV  BHE/ mV E{l/mV AR T 2 ¥y 2% AHXT 0y 22

B e 0.5 0.537 0.037 7.342% 0.044 8.138%

—10 A S A ) 35 0.5 0.507 0.007 1.445% 0.045 8.837%
BB 1% 43 Mt s 0.5 0.503 0.003 0.643% 0.034 6.789%

BT e 1.5 1.518 0.018 1.179% 0. 044 2.930%

0 A A 3% 1.5 1.506 0.006 0.414% 0.045 2.988%
A AT 1.5 1.503 0.003 0.175% 0.034 2.269%

BT Rk 4.5 4.507 0.007 0.156% 0.046 1.012%

10 A 6 A ) 3 4.5 4,506 0.006 0.131% 0.045 1.000%
A AT 1 4.5 4.502 0.002 0.054% 0.034 0.757%

BT D 15 15. 001 0.001 0.009% 0.046 0.305%

20 A G A ) 15 15. 006 0.006 0.039% 0.045 0.300%
B A AT 1 15 15.002 0. 002 0.016% 0.034 0.227%

BT U s 45 44. 986 —0.014 0.032% 0.046 0.102%

30 RH S K6 0 45 45. 006 0. 006 0.014% 0. 045 0.100%
A AT 45 45. 002 0.002 0.005% 0.034 0.076%

BT U s 141.5 141. 435 —0.065 0.046% 0. 046 0.032%

40 R e R I 141.5 141. 507 0.007 0.005% 0. 045 0.032%
A AT 141.5 141.502 0.002 0.002% 0. 034 0.024%

B uE Ik vk 447 446,776 —0.223 0.050% 0. 046 0.010%

50 A S A ) 3 447 447.010 0.010 0.002% 0. 045 0.010%

B 43 7 447 447.002 0. 002 0.001% 0. .008%

&
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T4 OORKEZFEN 10 Hz, REEEECH 2000, 554050 0.5 Hz B0 25
Table 4 Simulation results of three signal detection methods on the condition of different SNR

(sampling rate is 10 Hz, number of samples is 2000, signal frequency is 0.5 Hz)

{5k /dB 5k fH 5 IRIE/ mV  BWMEE/ mV 2ZH/mV X iR 22 Y52 AHXS 77 2

B ug Ik a ik 0.5 0. 507 0.007 1.371% 0.035 7.000%

—10 LB S RIS 0.5 0.497 —0.003 0.502% 0.036 7.202%
3 o3 A 1 0.5 0.498 —0.002 0.325% 0.028 5.629%

BT g B vk 1.5 1. 496 —0.004 0.236% 0.036 2.434%

0 LB S RIS 1.5 1. 496 —0.004 0.240% 0.036 2.409%
A% oy BT i 1.5 1.498 —0.002 0.152% 0.028 1.864%

BT R B vk 4.5 4. 496 —0.004 0.094% 0.036 0.809%

10 2 A I 4.5 4,496 —0. 004 0.087% 0.036 0.803%
AR oy BT % 4.5 4. 497 —0.003 0.056% 0.028 0.619%

BT R e B vk 15 14. 995 —0.005 0.034% 0.036 0.243%

20 A 6 A ) 15 14. 996 —0.004 0.026% 0.036 0.241%
R 43 15 14.997 —0.003 0.017% 0.028 0.186%

BT B A vk 45 44. 993 —0.007 0.016% 0.036 0.081%

30 LB RIS 45 44,996 —0.004 0.008% 0.036 0.080%
R 43 b 45 44,997 —0.003 0.006% 0.028 0.062%

B UG U 2R 141.5 141. 486 —0.014 0.010% 0.036 0.026%

40 LB S RIS 141.5 141. 497 —0.003 0.002% 0.036 0.026%
R A3 BT 141.5 141. 497 —0.003 0.002% 0.028 0.020%

B UE B 2 447 446. 963 —0.037 0.008% 0.036 0.008%

50 RH S 6 0 s 447 447,000 —0. 000 0.000% 0.036 0.008%
R A BT 447 446.997 —0.003 0.001% 0.028 0.006%

# 5 RAEARN 10 Hz, RAESECN 2000, (554N 1 Ha 0105 E 4520
Table 5 Simulation results of three signal detection methods on the condition of different SNR

(sampling rate is 10 Hz, number of samples is 2000, signal frequency is 1 Hz)

{5 M1k /dB 5k fFZRIE/mV KW EE/ mV 21/ mV LiERORT T~ ¥y 2% AR 1407 22

BT R Ak 0.5 0.514 0.014 2.743% 0. 048 9.317%

—10 LB RIS 0.5 0.502 0.002 0.489% 0.053 10. 529 %
B 43 BT s 0.5 0. 500 0. 000 0.037% 0.033 6.576 %

BT B vk 1.5 1. 505 0.005 0.334% 0.049 3.278%

0 RH S K6 0 1.5 1.501 0.001 0.059% 0.053 3.527%
3 23 A 1 1.5 1. 500 0. 000 0.031% 0.033 2.189%

BT R g s 4.5 4.505 0.005 0.111% 0.049 1.095%

10 LB ORIRS 4.5 4.500 0. 000 0.009% 0.053 1.176 %
3 43 A 4.5 4. 499 —0.001 0.015% 0.033 0.729%

B uE Ik 2 vk 15 15. 005 0. 005 0.033% 0. 049 0.329%

20 AH A 3 15 15. 000 0. 000 0.002% 0.053 0.353%
3 43 A 15 14. 999 —0.001 0.005% 0.033 0.219%

Bk T AR 45 45.005 0. 005 0.011% 0. 049 0.110%

30 LB S RIS 45 45.001 0.001 0.001% 0.053 0.118%
B 43 BT s 45 44,999 —0.001 0.002% 0.033 0.073%

BT NE I 2 s 141.5 141.505 0.005 0.004% 0.049 0.035%

40 LB S RIS 141.5 141. 501 0.001 0.001% 0.053 0.037%
B 43 BT 1 141.5 141. 499 —0.001 0.001% 0.033 0.023%

BT R A s 447 447,005 0.005 0.001% 0.049 0.011%

50 26 A I 447 447,004 0. 004 0.001% 0.053 0.012%
R 43 A 447 446.999 —0.001 0.000% 0.033 0.007%
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Fig. 5 Comparison of relative error (left) and relative standard deviation (right) with the
variation of SNR on the condition of different frequency for three signal detection

methods (sampling rate is 10 Hz, number of samples is 2000)
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or V5 PRS0 5% 22 K L e L 199 46 K T i /)
3.2 TARAREXRNHESERIER
AT B, 25 T AR RE SR AR I R A I A S AE R, SR EERAF I Bk
WAt o AHORAGH I 3k A 0 A 35 AR T 0CR
fBE RAEMS ] 2 200 s, {58 LN —10 dB. RAEEARy 1030 Hz, £ 6 F13K 7 20514
TAGE WA 0.1 Hz F1 1 Hz W AYAR XS 15 22 FAR X ¥ 07 ZE W9 0 BLE5 R, W] LR . 72 R A
g 10—30 Hz, 555552 0. 1 Hz #1 1 Hz IF . 555 73 Hr ik (RS 5222 45 SR FIAR X £
Tr A5 R Y 5N o AR R DN RCR B0 T AR S A Ik AT DB A 1
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F 6 RAEMFE N 200 s, fEMEL N —10 dB, fFS %N 0.1 Hz W07 B 4%
Table 6  Simulation results of three signal detection methods on the condition of different sampling

rate (SNR is —10 dB, sampling time is 200 s, signal {requency is 0.1 Hz)

RHA/Hz Ji ik FFRIE/mV BWEE/ mV ZH/mV A RE Yo7 % AR 107 22
BT A vk 0.5 0.516 0.016 3.269% 0. 040 7.702%
10 HH S I 0.5 0.509 0.009 1.832% 0.041 8.052%
B3 o3 A 0.5 0.501 0.001 0.170% 0.025 5.004%
B e P A 0.5 0.509 0.009 1.716% 0.025 4.849%
20 AH A ) 32 0.5 0.503 0.003 0.544% 0.026 5.150%
AR 53 BT i 0.5 0.499 —0.001 0.153% 0. 025 4.994%
Bk B v ik 0.5 0. 507 0. 007 1.374% 0. 020 4.010%
30 AH A 32 0.5 0.503 0.003 0. 696 % 0. 020 4.057%
B A3 A 12 0.5 0.502 0. 002 0.392% 0. 020 3.982%

KT ORRERIE Y 200 s, fFBEHEN —10 dB. {55515 1 Hz B i {5 AR
Table 7 Simulation results of three signal detection methods on the condition of different sampling

rate (SNR is —10 dB, sampling time is 200 s, signal frequency is 1 Hz)

RHEA/Hz 75 i FERE/mV  BWHE/ mV  Z{H/ mV iR Y5 % AHXT 3405 22
Bk A 0.5 0.537 0. 037 7.342% 0. 044 8.138%
10 H 26 e ) 0.5 0. 507 0. 007 1.445% 0. 045 8.837%
B0 1% 43 My 0.5 0.503 0.003 0.643% 0.034 6.789%
BTk AR R 0.5 0.517 0.017 3.440% 0.028 5.491%
20 VB CRIINS 0.5 0. 500 0. 000 0.040% 0.027 5.400%
% 43 BT i 0.5 0. 500 0. 000 0.029% 0. 025 5.011%
Bk B v ik 0.5 0.516 0.016 3.173% 0.022 4.329%
30 R 6 A6 I 0.5 0.506 0. 006 1.276% 0.025 4.891%
3 43 M 0.5 0. 504 0. 004 0.854% 0.025 5.016%

£ REERN 10 Hao (ZMEH Y —10 dB. (3553 0.1 Ha I 905 2455
Table 8 Simulation results of three signal detection methods on the condition of different sampling

number (SNR is —10 dB, sampling rate is 10 Hz, signal frequency is 0. 1 Hz)

R B B VRS FEEIRIE/mV AWIHE/ mV 2H/mV R E ¥y 2% ARXS 3405 22
B UE U A 0.5 0.537 0.037 7.342% 0. 044 8.138%
2000 AH A ) 2 0.5 0.507 0. 007 1.445% 0. 045 8.837%
B 23 A 2 0.5 0.503 0.003 0.643% 0. 034 6.789%
b & 3 ST RS 0.5 0.532 0.032 6.371% 0.023 4.345%
4000 AH A i 0.5 0.501 0. 001 0.211% 0.023 4.495%
B 23 A 2 0.5 0.503 0.003 0.539% 0.021 4.128%
I ER R ETaS 0.5 0.534 0.034 6.857% 0.022 4.114%
5000 R R I 0.5 0. 504 0. 004 0.739% 0.021 4.202%
A AT 0.5 0.503 0.003 0.516% 0.019 3.688%
BT U s 0.5 0.531 0.031 6.227% 0.018 3.384%
8000 LB RIES 0.5 0.501 0.001 0.103% 0.017 3.383%
B3 oy B 0.5 0.502 0.002 0.429% 0.017 3.332%
BTk A 0.5 0.534 0. 034 6.746% 0.016 2.996 %
10000 AH A 2 0.5 0.503 0.003 0.560% 0.015 2.940%
P 43 BT 0.5 0.502 0.002 0.490% 0.014 2.839%
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Table 9 Simulation results of three signal detection methods on the condition of different sampling

number (SNR is —10 dB, sampling rate is 10 Hz, signal frequency is 1 Hz)

R b A VRS HS R/ mV MBE/ mV 2EEH/mV o MR ¥y % AHXT ¥ 7 2%

BTk A 0.5 0.514 0.014 2.743% 0. 048 9.317%

2000 AH A 3 0.5 0.502 0. 002 0.489% 0.053 10.529%
AR 43 BT i 0.5 0.5 0. 000 0.037% 0.033 6.576 %

Bk A 0.5 0.508 0. 008 1.695% 0.027 5.363%

4000 AH A ] i 0.5 0.499 —0.001 0.269% 0. 029 5.789%
B3 o3 A 0.5 0.5 0. 000 0.060% 0.025 4.965%

BT UE A 0.5 0.507 0.007 1.323% 0.021 4.166%

5000 VB CRIINS 0.5 0. 499 —0.001 0.263% 0. 020 4.097%
AR 43 BT i 0.5 0.5 0. 000 0.072% 0. 020 3.903%

Bk B Ak 0.5 0. 507 0. 007 1.309% 0. 024 4.832%

8000 R R I 0.5 0. 497 —0.003 0.541% 0.025 5.024%
T 43 M 0.5 0.498 —0.002 0.319% 0. 020 4.104%

BTk P A 0.5 0.509 0. 009 1.750% 0.014 2.748%

10000 A S A 3% 0.5 0.5 0. 000 0.058% 0.014 2.791%
I 43 BT 1 0.5 0.499 —0.001 0.123% 0.014 2.713%
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