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Abstract: At present, most underground gas inspection robots use lifting mechanism or fixed probe to

sense gas environment, which influences robot’s driving flexibility, and due to the limitation of robot body
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mechanism, most inspection robots can only detect local gas environment information within sensors
installation range, and lack of gas concentration detection in any cross-sectional space of the roadway. In
view of the above problems, an intelligent detection system of gas environment in roadway of coal mine
inspection robot based on gas diffusion model was designed. The system is based on theory of gas
diffusion, combined with gas environment characteristics of coal mine roadways, and introduces influence
of wall rock, wind speed and gas diffusion coefficient on gas diffusion model, and establishes a gas
diffusion optimization model in roadway by using virtual image source method and BP neural network
intelligent algorithm optimized by genetic algorithm. The environmental information such as gas
concentration at any point of the inspection robot in the moving process is obtained by the sensor detection
system, and the gas diffusion optimization model is substituted to solve the optimal gas diffusion
coefficient. The gas concentration distribution at the corresponding point can be calculated and solved by
inputting the coordinate position of a certain point in the roadway. With movement of the robot, the gas
concentration distribution data on different coal mine roadway sections under its displacement path can be
obtained. The experimental results show that the system can calculate gas concentration at any point on
any cross-section of the roadway that meets the detection error requirements, and achieve dynamic real-
time detection; it overcomes limitations of traditional coal mine roadway gas detection methods. Using
inspection robots to replace the manual inspection of coal mine gas can provide a new idea and method for
intelligent detection of gas in coal mines.

Key words: coal mine inspection robot; gas environment information detection; intelligent detection;

dynamic detection; gas diffusion model; Gaussian plume model
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Fig. 1 Structure of gas environment intelligent detection
system in roadway of coal mine inspection robot
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Fig. 3 Flow of gas diffusion coefficient optimization
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Table 1  Sampling points of some inspection robots and manual inspection information, calculated values of system models
AL & AR A AL AR N 3R A s N 3RS 5 N LA 2 R 5 AR
FERUAL AR /m P vk BE AR/ V0 A FR /m A/ % BERLTSEAE/ %

20,—1.5,0.7 0.32 20,—0.8,1.5 0.33 0.426 3 0.096 3
30,—1.5,0.7 0.31 30,—0.8,1.5 0.33 0.422 6 0.092 6
40,—1.5,0.7 0. 31 40,—0.8,1.5 0.33 0.418 8 0.088 8
50,—1.5,0.7 0.31 50,—0.8,1.5 0.32 0.414 6 0.094 6
60,—1.4,0.7 0. 30 60,—0.8,1.5 0.32 0.410 2 0.090 2
70,—1.4,0.7 0. 30 70,—0.8,1.5 0.32 0.405 6 0.085 6
80,—1.3,0.7 0.31 80,—0.8,1.5 0.32 0.400 8 0.080 8
90,—1.4,0.7 0. 30 90,—0.8,1.5 0. 32 0.3957 0.0757
100, —1.3,0.7 0.29 100, —0.8,1.5 0.32 0.390 5 0.070 5
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Fig. 7 Comparison between calculated value of the system

model and manual inspection value

M2 1 A LB Y YR A SR T AR AT
AT LA N SR TE R Be Rl R G RE 5 AT
AR A W Y L X DR 22 WO K OR, i Kk E
0.096 3% H/NT 0. 1%, FEA 3 B T 224
T DX 5 T B T U R R I 7 1 25 R, SRR LT
R B AR R B SR B2 S B R
SARABEE B BRI S rT AT . th B 7 ml A i
o2 IR PN SRR N7 X =N TRl E e K R
N TR0 A6 100 1 ) 28 Ak il 28 AR — B0, R ML A8 A
(A AR TR il B 0 -, 10 B SR R R B T A
S UE A b TSR T AR AR R SRR
5 45iE

B BUAT BT A LA U ER B AR A I B

BfER . SRRV X RG wk TSR &
T ARG I T7 3 1Y Joy BRE  BE 6 ik 35 11 A°F A A 0
2 ZOR MR R b A T A AR BE L R S B B
AT AN L oA R R AU REAR DN R T —
ERSN SO RN

2 3 3 i ( References) :

C1] mdsr. Faes b FEdkS5ii)] T Ak,

2018,44(4) :90-94.

QUE Jianli. Construction and implementation of
platform for intelligent mine[J]. Industry and Mine
Automation, 2018,44(4):90-94.

[ 2] GOMATHI V,SOWMYA A S,AVUDAIAMMAL P S,

et al. Design of an adaptive coal mine rescue robot

using wireless sensor networks[ C]// Foundation of

Computer Science (FCS), 2015.

[3] HUSNINL, HANDAYANI A S, NURMAINI S,



22 -

5 B

% 46 %

[4]

[5]

L6]

L7]

[8]

L9]

(10]

et al. Odor localization using gas sensor for mobile
robot [ C ]// 1EEE International Conference on
Electrical Engineering, 2017.

HUSNIN L, SILVIA A, NURMAINI S, et al
Optimal gas sensors arrangement in odor searching
robot [ C ]// 1EEE International
Electrical Engineering & Computer Science, 2018.
HAN Fan, HERNANDEZ  BENNETTS V,

SCHAFFERNICHT E, et al

Conference on

Towards gas
discrimination and mapping in emergency response
scenarios using a mobile robot with an electronic nose
[J]. Sensors,2019,19(3) :685.

BYE AR 2R AR 22 R I AL A N R R AR R AL B R e BT 5T
[D]. Jbat  BEm L2 B 5T BB, 2014,

XUE Chunrong. Research on gas sampling and
processing system from intrinsic safety and survey
robot in mine [ D]. Beijing: China Coal Research
Institute, 2014.

ZEEZ. B RCEE BRI AWt 552 Em ]
O PR, 2015,36(1) 18-21.

QIN Yuxin. Design and realization of coal mine
disasters information exploration robot[ ]J]. Coal Mine
Machinery, 2015,36(1) ;18-21.

5 U I8 i i G K IR R BT R A LA N
RO W AT 5T 5 Bt (1] B 5. 2019, 45 (4) .
77-81.

ZHANG Haibo,

RU Ruipeng, ZHANG

Research and design of intelligent

Jing.
patrol robotic
system for gas of underground mine[J]. China Coal,
2019,45(4) .77-81.

SRR A B AE L A5 AF L BEET 25 SR T AR T KR AL S
ARG L] M e Bl 2 $0R, 2019, 47 (10) -
136-140.

ZHANG Shusheng, MA Jingya, CEN Qiang, et al.
Research on inspection robot system for fully-
mechanized mining face in coal mine[J]. Coal Science
and Technology,2019,47(10) :136-140.

XU K ST BRI 0T R S0 0k T R 1S R LA
(I BB, 2009,34(6) : 788-791.

LIU Yongli, CHEN Haibo. Poison gases propagation

rules of methane explosion in coal mine[ ]J]. Journal

[11]

[12]

[13]

[14]

[15]

[16]

(17]

of China Coal Society,2009,34(6):788-791.

BN AG B L KR RO TR IR SO B SR
FE Ry X4 4y 5 [T, v [ % & Rl 2 2 4R, 2007 (1)
91-95.

JIA Zhiwei, JING Guoxun,ZHANG Qiang. Analysis
on the diffusion of toxic gases from gas explosion and
the determination of risk area [ J ]. China Safety
Science Journal, 2007(1):91-95.

W AR L. BlG RIE BR A BR =S A 2 YK
feERE L] ARKITL,2018,49(8).78-82
XIE Xueling, ZHENG Xiazhong. Influence of
environmental factors on poison gas diffusion in
limited space[ J]. Yangtze River,2018,49(8):78-82.
SANCHEZ-SOSA ] E, CASTILLO-MIXCOATL ],
BELTRAN-PEREZ G. et al. An application of the
Gaussian plume model to localization of an indoor gas
source with a mobile robot [ J]. Sensors, 2018,
18(12) :4375-4391.

LIU X, GODBOLE A, LU C, et al. Optimization of
dispersion parameters of Gaussian plume model for
CO, dispersion [ J 7.
Pollution Research,2015, 22(22):18288-18299.

FPE RO R A AL LT R R ) U
eI B B0 Lo BT LD ). SR BT TR, 2016, 34 (7)
140-144.

WANG Dan, ZHAO Jiangping, LIU Donghua, et al.

Environmental Science and

Simulation of liquid ammonia storage tank leakage
diffusion based on Gaussian model[J]. Environmental
Engineering, 2016,34(7) ;140-144.

At . R L R R AR — R B Y O SR L
e I S R e [T, 5 HL S BF 9T, 2012,
29(1).123-126.

LI Shiwei, WANG ZENG

Jiangiang, Junwel.

Improved Gaussian estimate model algorithm for
radioactive gas diffusion[ J]. Application Research of
Computers, 2012, 29(1):123-126.

GB/T 3840— 1991 il % 3t J5 K <15 G 1) HE b o BY
BRI IEIS].

GB/T 3840-1991 Technical methods for making local

emission standards of air pollutants[ S].



