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Research on coal mine underground image recognition technology based on

homomorphic filtering method

GONG Yun, XIE Xinyu
(College of Geomatics, Xi’an University of Science and Technology, Xi’an 710054, China)

Abstract: Visual SLAM technology is widely used in underground search and rescue work, and the quality of image collected by robot
directly determines the quality of image composition. At present, due to the influence of dust and light source con-ditions in underground
coal mine, the enhancement effect of underground image needs to be improved. At present, the coal mine monitoring image enhancement
effect needs to be improved due to the influence of dust and light source conditions in the coal mine.In order to solve this problem, this pa-
per puts forward a HSV space combined with Adaptive Gamma Correcti-on with Weighting Distribution (AGCWD) homomorphic filter-
ing method.Firstly, to solve the problem of over-enhancement of the highlight and shadow areas existing in the classical homomorphic fil-
tering algorithm, the AGCWD algorithm is used to carry out adaptive gamma correction for the probability density of the / component in
HSV space, and the new probability distribution is non-linearly mapped to improve the applicability of the homomorphic filtering to the
high light and shadow ar-eas.Then single-parameter homomorphic filter is used for processing to alleviate the problem of difficult paramet-
er selection c-aused by multiple parameters.In order to preserve the detail of the image, and then the results of single parameter after the

homomorphic filtering to carry on the Contrast Limited Histograme Equalization(CLAHE);Finally, HSV inverse transformation is carried
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out to obtain the image in RGB space, and image enhancement is completed.By the improved homomorphic filterin-g algorithm, CLAHE

algorithm and classical homomorphic filtering algorithm proposed in this experiment, the result image mean, standard deviation, peak sig-

nal-to-noise ratio (PSNR), information entropy and other indicators are evaluated.Compared with the CLAHE algorithm, the improved ho-

momorphic filtering algorithm is improved by 65.29%, 21.58%, 17.03% and 5.18% respectively, and compared with the classical homo-

morphic filtering algorithm, it is improved by 52.07%, 40.73%, 36.23% and 8.96% respectively.The experimental data show that the im-

proved homomorphic filtering algorithm can enhance the b-rightness and contrast of the image and keep the detail information of the im-

age. At the same time, the overenhancement p-henomenon of classical homomorphic filtering on the image with large gap between light

and dark is suppressed to a certainn extent.

Key words: image enhancement; gamma correction; single-parameter homomorphic filtering algorithm; CLAHE algorithm; image pro-

cessing
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Fig.9 Gray histogram of experimental results of roadway image
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Table 2 Roadway image performance index
=Sl HfH b2z PSNR 7B
A 43.1720 452512 — 6.6420
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Fig.10 Experimental results of mining face image
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Table 3 Mining face image performance index

BRI BifA TR PSNR & B
JE 63.4257 54.662 7 — 7.302 4

[FIASIEDATE 1044265  58.8461 167245  7.730 5
CLAHE®& 1% 90.945 4 67.478 5 17.400 5 7.731 4
ENTIERERGR 124.0045 692393 185981  7.95438

248

4 & &

D) [RS8 7 1 —Fh 4 Ry iy ik, X T
B I WA 22 BE AR K AUSAAR, 151 e 346 58 15 5358
MG F I, S5l — TR R e, T LAE A
AGCWD J7 ¥4I T s A W15 2538 i MR % e
LM I I R T 8 M 30 A5 (A5 B8 20 43 A 5 -
T, AN BT R AR, R TN ik (] 25 8 ik



& mA: T RIS IR BGOSR BRI

2023 455 3 1A

Xof fe G DRI BH B2 IX (R 38 I o ARAE S Y pR 8k ) il
5 ] 25 B D 1 ) T AT AR R 25 43X — TR B, R
B AL 328 PRECKE R S B B R Y 4 AR S8R
— NN SEL, W T SRR B R Y [ B
A o3 F AT — o G 25, RENS 0S8 i 1 [) A Dk
FPETEAR TG 0 sh 253 st B TR 4 B4

2) 3 35 S AR IG5 VR A B S AR R T
AN X B S, 45 R B, ek i [R) A8 I A
T CLAHE Jiik, Y(H. A2z | EfHIEMELL (PSNR)
A B R T 65.29% . 21.58% . 17.03%., 5.18%,
FHAR T 28 M [m] 25 08 0% J7 35 3 R & T 52.07%.
40.73%. 36.23%. 8.96% . X AL F Ak #E’JHM
TR T 7 K R A% 7 1 i R 1Y) 5 B RIRT LU, IR R
PG %) 24019 15 S8 1 TR B iR A — e R T?fﬂﬁ%JTééJﬁi
[ A B8 P 0T W S 22 B R A5 R i s i 42

3) iz gE HORX I N ARSI S TG R, JR AL
AT 55 0T LA W AR R A 7 30 e, (HHE T A3 R
FHWECRB K, 7] Be 2 80X 7 R AERT R RE L
A — A BB, BRIV fe] T 2 1 SR LR 14 [R] o 4 i
[RGB ST A a5 ) SR (] L

S % ik (References):

(1] EREE, P SOF, AR, B % e R e, IR S5 &

BRIBR AN 0], JREEAR, 2018, 43(4): 903-913.
WANG Guofa, PANG Yihui, REN Huaiwei. Innovation and prac-
tice of safe and efficient fully mechanized coal mining theory,
technology and equipment[J]. Journal of China Coal Society, 2018,
43(4):903-913.

(2] # XN, S S, 55, CANRIESLAMIREE
78 0] TR S 7], 2021, 29(8): 1-6,41.
MIAO Sheng, LIU Xiaoxiong, HUANG Jianxiong, ef al. Research

of U-AV visual

SRR JE B

on the development slam environment
perception[J]. Computer Me-asurement & Control, 2021, 29(8):
1-6,41.

(3] B RTHS S EWE
PUERHERAE, 2020.

YANG Mengjia, SLAM Technology Based on Inertial Navi-ga-

w1 SLAMEE R 5% [D]. PE %

tion and Binocular Vision Fusion[D]. Xi’an: Xi’an University of
Science and Technology, 2020.

[4] SOARES Jodo Carlos Virgolino and Gattass Marcelo and Meggi-
olaro Marco Antonio. Crowd-SLAM: Visual SLAM Towards
Crowded Environments using Object Detection[J]. Journal of Intel-
ligent & Robotic Systems 2021, 102(2).

(5] E w9k o, i, 5 FGHsR ALk
2017, 10(4): 438—448.

WANG Hao, ZHANG Ye, SHEN Honghai, et al. Overview of im-

01 D,

age enhancement algorithms[J]. Chinese Optics, 2017, 10( 4) :
438-448.

[6] Eesmmi, mpmite, 1 b, 55 LT HRRE A EUR 2y R #i ik

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

A7 i [T BEHLAAR, 2021, 44(2): 292-303
BI Xiuli, QIU Yumeng, XIAO Bin, et al. Image histogram equaliz-
ation detection method based on statistical features[J]. Chinese
Journal of Computers, 2021, 44(2): 292-303.
WANG Fengjuan, ZHANG Baoju, ZHANG Cuiping, et al. Low-
light image joint enhanceme-nt optimization algorithm based on
frame accumulation and multi-scale Retinex[J]. Ad Hoc Networks,
2020, 113(4): 102398.
DONG Shuai, MA Jia, SU Zhilong, et al. Robust circular marker
localization under non-uniform illuminations based on homo-
morphic filt-ering[J]. Measurement, 2021, 170(5): 108700
TEZR 0. BT H 5 R 245 1k A Retinex (1) 5 25 2 35 5 01 58 [D].
P2 PHIERAE, 2016.
WANG Qinfeng, Research on image dehazing algorithm b-ased on
histogram equalization and Retinex[D]. Xi’ an: Northwest U-
niversity, 2016
X g, SO, REEE, . ST RetinexFRIS 141G A {5
SREEA [T]. k) S, 2019, 44(9): 139-143.
LIU Jian, GUO Xiao, XU Xinlong, ef al. Low illumination image
enhancement technology based on Retinex theory[J]. Fire Con-
trol & Command Control, 2019, 44(9): 139-143.
B, WS W, HRARAR, G5, BT A 10 LR B iR T T A B i AT
il e S G DHE 7 1k (7). R = HOR, 2022, 50(9):
179-191.
CHENC Jian, YAN Pengpeng, YU Huasen, ef a/. Image stitching
method for the complicated scene of coalmine tun.nel based on
mismatched elimination with directed line segments [J]. Coal Sci-
ence and Technology, 2022, 50(9): 179-191.
ZENG Fei WU Qing, DU Jun. Foggy image e-nhancement based
on filter variable multi-scale retinex [J]. Applied Mechanics and
Materials, 2014, 2973: 1041-1045.
A, B, T RS TR SRR R S R %
LB 0], MR TG 244E, 2019, 24(1): 66-70.
DONG Jinwei, ZHAO Chunli, HAI Bo. Image demogging al-
gorithm for fusion homomorphism filtering and wavelet trans-
form[J]. Journal of Harbin University of Science and Technology,
2019, 24(1): 66-70.
BRFEMG, AT, RAUK, 5. BT RRIIR A0k P iR [ R
SRETIE[I]. LU, 2020, 37(6): 342-346.
CAI Xiumei, MA Jinlu, WU Chengmao, et al. Color i-mage en-
hancement algorithm based on Fuzzy homomorphic filtering[J]
Computer Simulation, 2020, 37(6): 342—346.
KANWARPREET Kaur, NEERU Jindal, KULBIR Singh. Im-
proved homomorphic filtering using fractional derivative-es for
enhancement of low contrast and non-uniformly illu-minated im-
ages[J]. Multimedia Tools and Applications, 2019, 78(19): 27891—
27914.
e OBk AT IOF, B, SR OBIRRI G iRk LR
BHLUN ST, 2010, 27(5): 1625-1628.
LIANG Lin, HE Weipin, LEI Lei, et al. Overview of image en-

A0

hancement methods under uneven illumination[J] Application Re-
search of Computers, 2010, 27(5): 1625—1628.
FERET, 2RV, XA, 55 BT R AU IRy AT AL

249


https://doi.org/10.13225/j.cnki.jccs.2017.1705
https://doi.org/10.13225/j.cnki.jccs.2017.1705
https://doi.org/10.16526/j.cnki.11-4762/tp.2021.08.001
https://doi.org/10.16526/j.cnki.11-4762/tp.2021.08.001
https://doi.org/10.3788/co.20171004.0438
https://doi.org/10.3788/co.20171004.0438
https://doi.org/10.3969/j.issn.1002-0640.2019.09.027
https://doi.org/10.3969/j.issn.1002-0640.2019.09.027
https://doi.org/10.3969/j.issn.1002-0640.2019.09.027
https://doi.org/10.3969/j.issn.1002-0640.2019.09.027
https://doi.org/10.15938/j.jhust.2019.01.011
https://doi.org/10.15938/j.jhust.2019.01.011
https://doi.org/10.1007/s11042-019-7621-5

2023 4F55 3 1A

#EMFHK

%51 %

[18]

[19]

[20]

250

PG A ). IR, 2020, 43(24): 75-80.

WANG Zhiqi, LI Rongbing, LIU Jianye, et al. Image enhance-
ment algorithm based on homomorphic filtering a-nd histogram
equalization[J]. Electronic Measurement Techn-ology, 2020,
43(24): 75-80.

HANA F M, MAULIDA I D. Analysis of contrast lim-ited adapt-
ive histogram equalization (CLAHE) parameters o-n finger
knuckle print identification[J]. Journal of Physics:Conference
Series, 2021, 1764(1): 012-024.

BT 0 PR B AR N LL B SR T B B SY (D). 7Y
2 P EBERE P 2O E R UM ST, 2018.

NU Zhuanli. Contrast enhancement of high resolution optic-al re-
mote sensing image[D] Xi’an: Xi'an Institute of Optics and Preci-
sion, 2018.

HUANG Shihchia, CHENG Fanchieh, CHIU Yisheng. Efficient
contrast enhancement using adaptive gam-ma correction with
weighting distribution.[J]. IEEE transact-ions on image pro-
cessing:a publication of the IEEE Sign-al Processing Society,
2013,22(3): 1032-1041.

[21]

[22]

[23]

[24]

R, . BT IR 2SR 0 - T R PR R e R S
0. ML EL, 2021, 38(2): 249-252, 426

LI Lianzhi, XING Chuan. Color enhancement algorithm of p-lane
vision image based on homomorphic filtering[J] Com-puter Simu-
lation, 2021, 38(2): 249252, 426

HUANG Lidong, ZHAO Wei, WANG Jun, et al. Combination of
contrast limited adaptive histogram equalisation and discrete
wavelet transfo-rm for image enhancement[J]. TET Image Pro-
cessing, 2015, 9(10): 908-915.

NI, BT 2 T R A R R SR R BT 5 [D]. %R %
PRITE Rz, 2020.

HAN Shaogang. Image enhancement algorithm based on m-ulti
histogram equalization[D] Anqing : Anqing Normal University,
2020.

B BLBEE SRR B RN T AT I [D). AR o
A2, 2019.

YANG En. Study on reflectance spectrum characteristics and re-
cognition method of coal and rock[D]. Xuzhou: China Universit-y

of mining and Technology, 2019.


https://doi.org/10.19651/j.cnki.emt.2005346
https://doi.org/10.19651/j.cnki.emt.2005346
https://doi.org/10.1109/TIP.2012.2226047
https://doi.org/10.1109/TIP.2012.2226047
https://doi.org/10.1109/TIP.2012.2226047
https://doi.org/10.1049/iet-ipr.2015.0150
https://doi.org/10.1049/iet-ipr.2015.0150
https://doi.org/10.1049/iet-ipr.2015.0150

	0 引　　言
	1 改进同态滤波方法
	1.1 加权分布的自适应伽马校正
	1.2 单参数同态滤波
	1.3 对比度受限的自适应直方图均衡化

	2 方法流程设计
	3 试验分析
	3.1 轨道图像分析
	3.2 巷道图像分析
	3.3 采矿面图像分析

	4 结　　论
	参考文献

