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Mine external fire recognition and anti-interference method based on the internal
concavity of image

SUN Jiping, LI Xiaowei
(School of Artificial Intelligence, China University of Mining and Technology-Beijing, Beijing 100083, China)

Abstract: Early detection and distinguish of mine fires can avoid or reduce casualties, property damage, and secondary ac-
cidents. There are no natural light sources such as sunlight, moonlight, starlight, and lightning underground, and the main

factor affecting the recognition of mine fire images is the mine light source. Circularity can eliminate interference from cir-
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cular light sources, but it is difficult to exclude interference from non-circular light sources. Rectangularity can eliminate
interference from rectangular light sources, but it is difficult to exclude interference from non-rectangular light sources. In
engineering practice, due to the different shooting angles of the camera, the image of the mine light source may deform
and cannot present an ideal regular shape. It is difficult to eliminate the interference of the mine light source using circular-
ity and rectangularity algorithms. It has been revealed that the area of the external connection graphic area of the flame im-
age is significantly larger than the actual area of the image, and the external connection graphic area of the actual light
source image of the mine, such as circular lamps, rectangular lamps, and square lamps, is approximately equal to the actu-
al area of the light source image. In this study, a mine fire recognition and anti-interference method is proposed based on
the internal concavity of image, the ratio of the target image area to the external connection graphic area of the image (i.c.
internal concavity of image) is calculated, and the flames and mine light sources are distinguished based on the small con-
cavity value in the flame image and the large concavity value in the mine light source image. The internal concavity meth-
od proposed in this paper is not affected by the distance from the camera to the detection target and the size of the image,
the installation position and angle of the camera to capture the detection target, and the shape of the mine light source. It
has strong adaptability and high recognition accuracy. The experiment shows that the internal concave recognition method
calculates the maximum average difference between the mine interference light source and the flame image, with the smal-
lest fluctuation and the best discrimination. It is also least affected by the camera’s shooting angle and distance, and has
the strongest anti-interference ability, with an accuracy of 91.6%. The rectangular recognition method calculates the aver-
age difference between the mine interference light source and the flame image, with small fluctuations and good discrimin-
ation. It is less affected by the camera’s shooting angle and distance, and has average anti-interference ability, with an ac-
curacy rate of 72.5%. The roundness recognition method calculates the minimum average difference between the mine in-
terference light source and the flame image, with the highest fluctuation and the worst discrimination. It is less affected by
the camera shooting distance and more affected by the camera shooting angle, and has the worst anti-interference ability,
with an accuracy of 12.0%. Therefore, the internal concave recognition method proposed in this paper is superior to rect-
angular and circular degrees, with the best discrimination, minimal influence from camera shooting angle and distance,

and the strongest anti-interference ability.
Key words: mine fire; internal concavity of image; image outline; external connection graphic area; fire monitoring;
image recognition
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Fig.1 Flame and contour image features
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Fig.2 Circular light source and contour image features
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Fig.3 Rectangle light source and contour image features
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Fig.4 Square light source and contour image features
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Fig.5 Flame contour externality and area image
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Fig.6  Circular light sources contour externality and area image

L&A b 2R B, TRE 5 PG i B AL 55 B
R AMEE AR, BTG IR BG4 s Mz E UL
A N MRS L

K51 3(b) PG ES R L de s ™ AR IR B 2k B, 15
KT CIR EUR G B AME R, i 7(a) iR . AHE
A ilh, KGR EIR 6 M2 R 5 S bR i LT
A, FAEOR, SMERNAEEIER IR E
1% WP ) A E 3(b) Frs KGR RS T
TS, =1365.4, W (6) HHEK 7(b) K ITIE
TR R E A R AR S, =1 390.0, 4R (7) 115

KGR R M N,=0.982, XFEH, K6
U5 G RO S5 T MG R ER A ME AR, K TE
T MG B o T AR LB 9 M1 G T R

(a) KI7IEHCER A 2 11 F % (b) KT G AME ETHAR R
K7 RIFEOCIRES ERAME e i AR A A
Fig.7 Rectangular light sources contour externality and

area image
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Fig.9 Mine fire recognition and anti-interference method based

on the internal concavity of image
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Fig.13 Area and external connection graphic area
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Table 1 Result of internal concave recognition in mine light

source images
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Fig.14 Selection of fire alarm threshold
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Table 2 Analysis of internal concave recognition results in flame and its interfering light source images
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Table 3 Comparative analysis of circularity, rectangles, and internal concavity in flame and mine light source images
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Table 4 Comparative analysis of circularity, rectangles, and internal concavity
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Table 5 Comparison of recognition accuracy, precision, and

recall for circularity, rectangles, and internal concavity
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