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Abstract: Accurate modeling of underground roadway space environment in coal mine is an im-
portant guarantee for the perception environment, autonomous positioning, navigation and

control key technologies of coal mine mobile robots such as tunneling and inspection, and is al-
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so the key research and development direction of coal mine intelligent construction. At pres-
ent, the accurate modeling of underground space environment in coal mines is faced with the
problems of difficult feature perception, incomplete modeling information and low accuracy of
model construction. In this paper, the modeling of coal mine roadway based on millimeter
wave radar has some problems such as lack of point cloud and insufficient local reconstruction
accuracy. A digital modeling optimization method of coal mine roadway based on attention
mechanism and generative adversarial network was proposed. A "global + local" dual discrim-
inator was constructed to improve the generative adversarial network model, optimize the dis-
tribution and details of the generated network learning data, and provide accurate data for sol-
ving the problem of insufficient point cloud reconstruction accuracy. In order to improve the a-
bility of point cloud spatial geometric feature extraction, an improved discriminator method
with spatial domain attention mechanism was proposed to accurately extract the point cloud ge-
ometry and structural features required for roadway spatial modeling. The test results show
that the average absolute error of the overall width of the reconstructed roadway after optimi-
zation is 2. 02 cm, which is 28% higher than that before optimization, and the maximum error
is 7. 40 cm, which is 14 % higher than that before optimization. The average absolute error of
the overall height of the roadway is 1. 52 ¢cm, which is 23% higher than that before optimiza-
tion, and the maximum error is 4. 10 cm, which is 13% higher than that before optimization.
The proposed optimization method effectively improves the modeling accuracy of millimeter
wave radar in complex coal mine roadway environment, which is of great value for intelligent,
safe and efficient mining of coal mine robots based on high-precision coal mine roadway space
environment,

Key words: coal mine robots; millimeter wave radar detection; attention mechanism; genera-

tive adversarial networks; roadway digital modeling
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Fig. 1 Digital modeling optimization method of coal mine roadway based on millimeter wave radar array
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Fig. 2 The generative adversarial network model with
attention mechanism is introduced
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Fig. 3 Double discriminator generative

adversarial network structure
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Fig. 12 Roadway point cloud data generation type
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comparison diagram before and after modeling

PR AN &l 15 B, Bl 15a AR 3 A R #%
loss Hﬂéﬁ,iﬁkﬁﬁﬁwl%%ﬂ,ﬁﬂ loss fH %2 i » R A=
IAR A M S A S AR 2R, B A
IR AT 2 30 T B, 6 B 2B 28 2% 23 2E B
i E I s AEAS . TR )G Wk TR e BRI
RO ) B TR s s R R .

B 15b Sy Ja 3 0 50 2% loss i1 2% . J=) & 340 1) 28
YIZRBI I loss (B ALK, 3= BT Jmy &8 4 531 & AR ME X 43
TSR B JR 3 A5 2 B Bl DI S AR AT R
T TR B R R ) S g A b AR R R A B
FLON. FEVIZR 5 WP T B A 3R JR 3 40 il
i ELA R o 1 R A R e

15¢ 2y 4 Jm H i 2% loss £k, 42 Jm) ) #%
YW loss (B BAK » 3R m 42 5y 240 590 45 Mk LA X 43
LS B R R 5 . Bl I G AT R W
T UL 4 JR H 0 2% 2% 2 T R 47 s R BB AR S =
W I Ph. ARV ZR G A TR T BT AR s Rom & R A
Sl B = I AR s = U R



312 o E B K R %54 B

\ 0.7

\ 0.50

0.8 0.6 0.45

0.6f | 05 0.40

) \ . » 0.35

g 04 g 04 £ 030

~ 02 — 03 o T025

0 02F 0.20

(I] 2‘5 5‘0 7‘5 ](I)O 12‘5 ]5‘0 1%5 2‘00
EARIREL
()4 s loss i £k

(I] 2‘5 5‘0 7‘5 ]60]2‘5 ]5‘0 1I75 2‘00
EARIREL
(b)JRy i F0 531 g 1oss th 2%

0 25 50 75 100125150 175 200
IERUEL
()4 Ja H 5 #+ Loss [ £k

Bl 15 45K eR %L

Fig. 15

AT R BV IE AR R 1 B, X4
NUC {E B AR 2 B 50z 230 A (9 29 53 P52 22 5 i
NUC {ELAE i i W 2 78 o5 2 78 1B /9 0 A B0
¥s). NFEh Bk B - NUC [HB K23 . 1
A EHEE p (H AN, NUC A 32 ¥ 3 hni #
POILHELE p=1. 0% R p=1. 2%, ¥y 5 W]
AR X R AR Y AR 2 T BE LA R T AR Y
(2 ESAE RS iR e TR G )| B ke < S T S
W7 AT T I A RT 2R, CD it
RAGH/IN R A U = 5 52 B 5 2 1] Y
2SRRI ol MR BT 35 AT AT Bl R AR A 1E
ARG BE 2K

x1 FMER

Table 1 Evaluating indicator

b7 AR p TR NUC10™ )
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R 04% 0.6% 0.8% 1.0% 1.2%
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Fig. 16 Experimental effect diagram of roadway point
cloud data modeling optimization
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Table 2 Roadway error analysis( part)

L Wif/m R EAs s WRE/m MR /m REEAY
TV Thr mm we @ me @E | m @ R dE mE AE
1 3.129 2.568 0.021 0.032 0.676 1.215 11 3.118 2.575 0.032 0.025 1. 006 0.973
2 3.136 2.560 0.014 0. 040 0.448 1.554 12 3.133 2.581 0.017 0.019 0.527 0.719
3 3.138 2.560 0.012 0. 040 0. 397 1.554 13 3.136 2.585 0.014 0.015 0. 444 0.588
4 3.078 2.553 0.072 0.047 2.302 1.823 14 3.163 2.593 0.013 0.007 0.422 0.273
5 3. 084 2.569 0. 066 0.031 2.108 1.185 15 3.138 2.575 0.012 0.025 0.394 0.973
6 3.082 2.574 0.068 0.026 2.165 0. 985 16 3. 165 2.593 0.015 0.007 0. 486 0. 281
7 3.099 2.564 0.051 0.036 1.616 1. 369 17 3.166 2.588 0.016 0.012 0.505 0.465
8 3.116 2.565 0.034 0.036 1. 083 1. 365 18 3.163 2.602 0.013 0.002 0. 397 0.065
9 3.162 2.567 0.012 0.033 0.371 1.273 19 3.153 2.603 0.003 0.003 0.083 0.119
10 3.113 2.572 0.037 0.028 1.171 1. 069 20 3.123 2.592 0.027 0.008 0. 844 0.323
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