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Tab.1 Convolution CEA Operator of Underground
Geomagnetic Map
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Tab. 2 Evaluation Indexes of Regional Magnetic Field Characteristics
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Tab.3 Geomagnetic Statistical Characteristic Parameters
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Fig.3 CEA Convolution Processing of Underground

Geomagnetic Data

0128 4 19 DG E 295 2R 25 52 SR AR AR (DL E 25
Ko D MR SRR RS, A
WEZE . B TIT ANGTEE ST & KAT
R B AN 2L 3 m/s, 1A b A R R B
0.5s, VLA K 6 N A 15 mAL . HTF&IE
B RN A RS SR RS NN SR SR VA K )
R 0.3 m, 21 0.6 m, 35 B DT fic #F 2 1 C il
B 2ZEAE ARG BE VT E AR br . MG LA 1 —
AN VE B B2 43 F 3 Z0m

3 ER5H5MH

3.1 MM-CEA & E T4
& 4 fr s A% 3E H107 \H213 . H329 F1 H405

B 5 4 b % A High Pass 81 .Sobel 2 7l La-
place . 45 FUE 8 J5 — 2 Hh R 1]

M 4 tha] L HY . High Pass 57 %8 BUR ¥
Ji 4y A% b i B S AR A DX TR 55 4k T, SR R AR L
P RN RS AR R T B4R
38 H213 B AU 5~10 m ZS (L FRAEF W MR T 5
Sobel 5 F 4 FUG , & BB AR &F Of 4 [ A 14114 b
AGFRE BT Ak, B 4 H 3 1E H107 i H329
1€ Sobel B F B RUG HB TIJLAAS —HEZ i La-
place % PR & FUS A AU R T 5 AT Hb g 151 A8
FERFAE I 5 3 T A8 fb Y 25 5 B R IX 43 B, 85020
B 7 3 CEA B A T, Laplace & FUH +
X Ml R 5 o 1T B i A8 B o W 3 5 HL Laplace
A0 3 PR 0 1 A5 8 H107 \H213 F1 H329 Hb
Tl 5 4 LA B S bR R AR T 0 5 4 59 1R
Jic M 45 18 H405 M @4 %5 4 48 4 Laplace B + &
J& MR REAE AE — AR AR B s B
5 0 b % = 2 i 255 X LA, Laplace 5§
B R HLS AT DL RS B A R T
b 1 VG L R A7 o

F 4 24838 H107 . H213 . H329 1 H405 (1) J&
U H 7% BCHE A1 High Pass 8 1 . Sobel 8 7 il La-
place 55 F 4 B 9% J5 Hb % A5 4 1) 25 18] 45 1 RRAE
S

#4 CEASRAIGE ML= B 5 i 45 1E
Tab. 4 Statistical Characteristics of Geomagnetic Space
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Fig.5 Error Curves of Matching Results Before and After CEA Convolution in the Tunnels Under 300 nT Noise
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Performance Analysis of Convolution Enhancement of CEA Operator for

Underground Geomagnetic Matching

WANG Jinhua' ZHANG Bo'? GUO Liwen' LIU Shuming' ZHANG Hengjia'

1 ,School of Mines, East China University of Technology, Tangshan 063210, China
2 Aerial Photogrammetry and Remote Sensing Co.Ltd, Xi'an 710199, China

Abstract: Obiectives: Underground geomagnetic positioning is a new method for emergency refuge and
rescue. [ts geomagnetic matching probability and accuracy will be affected by the richness and stability of
the matching area. There is a problem of low probability of geomagnetic matching in some areas where the
geomagnetic space changes gently. Methods: A convolution enhancement operator of the underground is
constructed, named convolution enhancement algorithms(CEA), which is used to convolution enhancement
processing of geomagnetic data in underground matching area and geomagnetic vector of the target moving
track, so as to remove the noise of measured geomagnetic data and enhance the richness of geomagnetic in-
formation. CEA operator is a kind of convolution sharpening of geomagnetic features with column quantiza-
tion, is the modification of Laplace, High Pass and Sobel operators of image convolution, which is suitable
for underground strip area. The simulation test of mean-square-error algorithm (MSD) geomagnetic
matching before and after the convolution of CEA operator is carried out, which data is the geomagnetic da-
ta of 4 tunnels in a gold mine. Results and Conclusions: The test results show that the statistical parame-
ters of geomagnetic data fluctuate obviously after convolution by three CEA operators. The variation of geo-
magnetic data features before and after convolution by the High Pass operator is small, the variation of geo-
magnetic standard deviation and geomagnetic roughness is small, and the correlation coefficient sometimes
even weakens. The information entropy of geomagnetic data before and after convolution by the Sobel operator
is increased, which cannot keep the consistency of geomagnetic map trend, appears alienation. The Laplace
operator has obvious enhance effect, which keeps the change of the original geomagnetic map, increases the
difference degree of the data and reduces their correlation. Especially in the matching test of 600 nT noise, the
convolution processing of Laplace operator can reduce the impact of noise on geomagnetic positioning dis-
turbance, improve the probability and accuracy of geomagnetic matching positioning, and show strong ro-
bustness, which is suitable for data preprocessing model of underground geomagnetic matching.

Key words: underground geomagnetic positioning; Laplace convolution; convolution enhancement; noise

disturbance
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