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Infrared Image Enhancement for Power Equipment
Based on Fusion Color Model Space
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Abstract: There are numerous problems with infrared imaging using power equipment, such as dark
brightness and low contrast. To solve these problems, an enhancement algorithm using a color-model space
was proposed. In this method, the contrast and brightness enhancement of the image are processed in the HSV
and RGB spaces, respectively. First, the high gray levels of the image are preprocessed, and the mixed filtering
method is adopted to suppress the noise in the image. An enhancement function is used to improve the
brightness of the image. Finally, the enhanced image is converted into the HSV space, the H, S and V'
component images are extracted, the gamma transform and CLAHE algorithms are used to improve the
brightness of ¥ component, and a nonlinear saturation correction function is used to process component S to
improve the image contrast. Finally, the enhanced image in the HSV space is obtained by the corresponding
fusion of each processing and extraction component, and is transferred back to the RGB space to obtain the
final output image. Experimental results show that the proposed algorithm can significantly improve the
contrast and brightness of infrared images. The average gray mean and standard deviation of the enhanced 6
groups of images were 115.94 and 78.65, respectively, which are improvements of 81.59 and 36.17 compared
with the original image.
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Fig.1 Flow chart of image enhancement algorithm proposed in this paper
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Table 1 Objective evaluation results

Evaluation criterion Comparison algorithm Image 1 Image 2 Image 3
Original 15.42 29.26 58.35
HE 178.21 136.75 129.58
Homomorphic 31.82 55.50 69.67
MSR 27.05 46.70 70.25

# CLAHE 26.88 44.61 48.08
AGCWD 25.57 40.73 92.89
Reference [12] 45.70 86.46 140.67
Proposed 68.89 132.59 146.33
Original 38.84 55.38 33.21
HE 35.11 69.55 71.79
Homomorphic 65.54 72.37 44.11

s MSR 51.60 56.61 46.43
CLAHE 56.31 62.23 49.29
AGCWD 64.34 74.70 55.29
Reference [12] 81.23 84.28 59.44
Proposed 89.39 81.35 65.21

3 g

BT B R LA UG i A7 AE S PG X LR
REE AR, P2 H T — P T B 2 ) 1) RS 0 i B
e ZHIRE Y4y H4E RGB 5 HSV PR (o pi 71 4% 1]
Hot EUG AR TR 7 R s s Aab 2, SR 5%/ RGB
F] rp 3G 50 R R Fe e &8 HSV 2 [alh, B E i mifh s
F] 4% 4 B8R MR ) H Sy V4> B sEATAS [ B A5 fl o)
Aha, JER RS EIMG B HSV 23 A% [0 RGB %% 8] 175

B A ANEUS . N T SRUEZ AT LU R
BFHIANRGITEE SO, 5 6 MOR[F R s
EAT TSRS . PR R EoR, WEW EE,
FH S SC B2 1 5 1) 20 41 PG H 55 B A OGS T R 1 2
TARKIEF, - HIEA HILEGEO fe2 I R 5% ]
B MNEHR S TEM bR S BE, BASSCRERY
558 S5 P21 ARG LK B S5 R b v 2 e, R
MULEH 15 HAh SR L, AR SCRVEESR TSNS
SR SXT RS —E .

231



a0 2 AN A N Vol.46  No.2
202442 H Infrared Technology Feb. 2024
%% ifﬁk : method for power equipment based on NSCT and improved Pal_ King
(1] FRAEAMR. 20 A1 I AR 7 2 v 3 38 4 o 1 2 PR (D). R F I, algorithm[J]. Computer Applications and Software, 2021, 38(11): 236-

[2]

[3]

[4]

[3]

[6]

[7]

[8]

91

232

2021(21): 119-120.

ZHANG Lina. Application of infrared temperature measurement
technology in substation operation and maintenance[J]. Electronic Test,
2021(21): 119-120.

BRAK, &5, WE, & ZBYERLS 3R AN E R T
WITEE]. LDOMRAR, 2021, 43(11): 1097-1103.

ZHAO Tiancheng, LUO Lyu, YANG Daiyong, et al. A multi-attribute
fusion method for digitizing infrared thermal characteristics of power

equipment[J]. Infrared Technology, 2021, 43(11): 1097-1103.

W, ERA, Jufh, & BTGB R AR BT

[7]. £I5MEAR, 2021, 43(7): 679-687.

ZENG Jun, WANG Dongjie, FAN Wei, et al. Research on component
identification for electrical equipment based on infrared thermography[J].
Infirared Technology, 2021, 43(7): 679-687.

BORER, FEFRIKk, ARIEMS, 5. BO#Z REEH Retinex ZLAHE{5IE5:

). RS8R, 2021, 36(3): 465-474.

WEI Ranran, ZHAN Weida, ZHU Depeng, et al. Improved multi-scale
Retinex infrared image enhancement[J]. Chinese Journal of Liquid
Crystals and Displays, 2021, 36(3): 465-474.

TEERMR, PR, BHI, & R RRE Retinex 5 5] 3 I
MILLAMNEMBIEBETTIR )], LD5MRR, 2021, 43(11): 1081-1088.

CHENG Tiedong, LU Xiaoliang, YI Qiwen, et al. Research on infrared
image enhancement method combined with single-scale Retinex and
guided image filter[J]. Infrared Technology, 2021, 43(11): 1081-1088.
B, 377, FIEX, %, S0k Retinex 52 EGRMEGH AT

R BB B3R D]. £TSMRAR, 2021, 43(10): 987-993.

ZHAI Haixiang, HE Jiaqi, WANG Zhengjia, et al. Improved Retinex and
multi-image fusion algorithm for low illumination image enhancement([J].
Infrared Technology, 2021, 43(10): 987-993.

W, BRAR, BELR, A T US| SRR A4 R R
B Bk, 2022, 43(1): 101-106.

XU Wu, YANG Haodong, TANG Hongyi, et al. Infrared image
enhancement algorithm based on improved weighted guided filtering[J].
Laser Journal, 2022, 43(1): 101-106.

P, HETS, B R 2T ETT B E R

AR, 2020, 42(9): 880-885.

HITIE]. LIoh

LI MU, ZHOU Ruijie, TIAN Zhejia. A thermal infrared image
enhancement method based on histogram[J]. Infrared Technology, 2020,
42(9): 880-885.

MR8, P4, RO W, 4. 2T NSCT Mgt Pal King 501 HL
WA LLAMEMGIGSR L], TR A 554, 2021, 38(11): 236-241,
287.

CHEN Yao, YIN Liju, XIAN Richang, et al. Infrared image enhancement

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

241, 287.
KA, LW, TR, 5 T MVOtsu Fxt BRI S5 s 2 s )
HLJJ LA NSST IRZLAM UGG 3[T]. IR FRES, 2020, 56(9): 179-185.
ZHU Ying, WANG Xin, WANG Aiping, et al. Electrical equipment
infrared image enhancement of NSST domain based on MVOtsu and
log-type fuzzy membership function[J]. High Voltage Apparatus, 2020,
56(9): 179-185.
XBRRE, T, ke, BTt CLAHE HJ SFe ZLAMERHT R[]
FFEHK, 2021, 47(1): 107-112.
LIU Chenyao, HU Mengzhu, ZHANG Longfei. Infrared image
enhancement of SF¢ based on improved CLAHE[J]. Optical Technique,
2021, 47(1): 107-112.
T, AN, T R R 5 R B 2 5T AR LR A LA VR R
MITEED]. RERHLIIEFR, 2021, 41(23): 7990-7998.
TAN Yuxuan, FAN Shaosheng. Infrared thermal image recognition of
substation equipment based on image enhancement and deep learning[J].
Proceedings of the CSEE, 2021, 41(23): 7990-7998.
WRIENR, HALE, JikiT, & SRIEE T B AN AR R s
SEIFICI]. LLSMRA, 2018, 40(11): 1112-1118.
CHEN Jishun, XTAO Lijun, WAN Xinyu, et al. Research on enhancement
and segmentation of power equipment infrared heat map in complex
environment[J]. Infrared Technology, 2018, 40(11): 1112-1118.
XFFgE, Jefh, FRRK, & T HSV R E G B IG5 ).
HEHNITESEIT, 2021, 42(9): 2552-2560.
LIU Shouxin, LONG Wei, LI Yanyan, et al. Low-light image
enhancement based on HSV color space[J]. Computer Engineering and
Design, 2021, 42(9): 2552-2560.
EFGR, HEE, ALHE. E T 5 B R G B RE SR05 FLD).
HEHGE, 2021, 38(12): 126-131.
WANG Lijuan, CHANG Xia, RENG Wang. Color image enhancement
simulation based on weighted histogram equalization[J]. Computer
Simulation, 2021, 38(12): 126-131.
KBS, SO, MR, S5 BT P E USRS LA B R e A B
FIBGHETTVET]. B 5414, 2019, 49(3): 376-380.
LIU Zhijia, XIA Yinhui, YANG Dezhen, et al. An improved method for
infrared image noise processing based on median filter[J]. Laser &
Infrared, 2019, 49(3): 376-380.
MFFdE, Jefh, AR, S GRS ORI 2 (A ) 2 A B TR
BERO]. EINKESEHR: HARBHERL, 2021, 58(1): 57-64.
LIU Shouxin, LONG Wei, LI Yanyan, et al. Non-linear low-light image
enhancement based on fusion color model space[J]. Journal of Sichuan

University: Natural Science Edition, 2021, 58(1): 57-64.



