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Power Equipment Infrared and Visible Images Registration
Based on Cultural Wolf Pack Algorithm
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College of Electrical and Electronic Engineering, North China Electric Power University,
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Abstract Visible and infrared images are important ways for power inspection robot to detect the health status of
power equipment. Image registration can combine the advantages of two types of images and provide a better basis
for subsequent status monitoring. To improve the registration accuracy due to the blur of infrared image, this paper
proposes a normalized mutual information algorithm based on saliency gradient. First, based on the visual saliency
detection of the infrared image, the edge gradient information of saliency area is enhanced. Second, the saliency
gradient information and normalized mutual information are combined as a measurement function of registration.
Third, to improve the convergence of the image registration algorithm, a cultural wolf pack algorithm is proposed.
This algorithm introduces the hierarchical evolutionary characteristics of cultural algorithm into the wolf pack
algorithm to establish the beliefl space and population space. In the iterative process, the evolution of population
space is guided by the knowledge of belief space. Finally, the substation inspection image, standard registration test
image set, and standard test functions are selected for comparative experiments. The results show that the proposed
algorithm has better performance in registration rate and registration speed.

Key words image processing; power inspection robot; image registration; cultural wolf pack algorithm; normalized
mutual information
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Fig. 2 Saliency gradient of infrared image. (a) Original image; (b) image after saliency detection;

(c¢) infrared image after division; (d) image after enhancing the saliency area; (e) image of saliency gradient
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Fig. 3 Saliency gradient of visible image. (a) Visible image; (b) image of saliency gradient
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Table 2 Parameters of optimization algorithm

Algorithm Parameter
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Fig. 5 Experimental sample of standard registration data set.

(a) Visible image; (b) infrared image
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Table 3 Registration result of standard test image set
MAE RMSE Registration time /s
Sample
GWW-NMI SMI SGNMI GWW-NMI SMI SGNMI GWW-NMI SMI SGNMI
1 0. 897 1.435 0.931 1.213 2. 241 1. 391 0.734 4. 231 1.032
2 1. 293 1.692 1.125 1.479 2.693 1.592 0.823 3.328 1.143
3 0.736 1.613 0.962 0.986 2.861 1.242 0.672 4,054 1.097
4 1.043 1.973 0.947 1.435 3.173 1. 374 0.743 4.426 0.969
24 50 AR I3 1A AR 4R A D o 45 ST 3 (E
Table 4 Mean value of registration results of 50 sets of standard test image sets
Mean MAE Mean RMSE Mean registration time /s
GWW-NMI SMI SGNMI GWW-NMI SMI SGNMI GWW-NMI SMI SGNMI
1.010 1.673 1. 040 1. 387 2.490 1. 324 0.926 3. 847 1.239

N 3 F1g 4 PRl RL& R, SMIT 5 ik I 4
R B 2% . SGNMI & A T SMI 543 fir
FH Y B R] 8 A R . GWW-NMI 5 i Al
SGNMI 7k ¥ 0 A 15 Hb %) ik 6 32 33F A7 TG o
PRI, PRN GRS B O VE RS TE AR T . B T AR SR
TR R H T 0 R, B LA e GWW-
NMI 533 B B (a4 K. X & B SGNMI 553 7
G Pk — 7 B R A S b 1 4 T o ARk X 2T A R
PGSR 1 35 0 1
5.1.3 FEFRHEIEEALER 3

T B UE SGNMI $ 32 78 52 b i 7 38 K v i 1oz
FHRCR ST S PR A s R AT X L, FEAICE T4
AF Ll ffT ] CMOS B8 AL &4 (Sony IMX214) 2R
LT 0O AR, R 4 5 80 B AR AH AL ( Therm-
App TH) RELINEMG . LOAMBEHL S Ean % 5

7R o
F5 LIMENLIS

Table 5 Parameters of infrared camera

Parameter Value
Resolution /pixel X pixel 384 X288
Scene temperature range /°C 0—-200
Temperature accuracy /% +2
Wavelength /pm 7-13
Focus range /m =>0.6
Frame rate /Hz 8.7

ER R AW E] 2 2019 4F 11 A 19 H 15 B, &
R 5 °CLRABHL.PM, ; A 193, HR4E 50 420 4h
FUAT UL S AR AE RS2 RFE A, 3543 SE B AR A 4 & 9
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Fig. 10 Test results of the actual data set.

(a) Registration time; (b) MAE; (¢) RMSE
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Table 6 Standard test functions

Function Expression Feature Solution space Global extremum
D
Sphere [ = 21,2 L/U [—10,10] 0
i=1
D
Sumsquares [, = Zl‘ff L/U [—10,10]" 0
i=1
Booth fs=C(,+2x,— D" +Qx, +ax,—5)° L/M [—10,107" 0
D i
Quadric f" = 2 (El'k ) z L/M [7305301100 0
i=1 k=1
Powersum Z [(21 )—b. ] H/U [—10,107 0
=1
D D K D .
Zakharov fo= 2 a2+ (270.5ix,) +(D)0.5ix,) H/U [—10,10]" 0
= i=1 i=1
Griewank fs 4000 2 Hcos< ) H/M [—600,600]" 0

Ackley [ :—ZOexp( [ = 21 )—exp|: Ecos(Zﬂr )}JrZOJre H/M [—32,32]" 0
i=1

T OUACT B R REXT L

Table 7 Performance comparison of optimization algorithms

Function Algorithm MEAN STD SR /% AEN
WPA 6.31x10 " 8.13x10 ¥ 100 111. 30

Sphere CPSO 7.8X107"* 2.1X107' 100 34.70
CWPA 2.45X107" 8.97X10"% 100 102. 10

WPA 2.16X107% 8.57X10~°" 100 88. 46

Sumsquares CPSO 1.03x107" 1.05x107° 100 33. 64
CWPA 4,84X10 2.17x10 % 100 77.56

WPA 1.32X10 ° 1.7x10°° 100 145. 50

Booth CPSO 0 0 100 31.24
CWPA 1.07x10""° 1.25x10°° 100 87.42

WPA 7.60X10"" 2.21X107% 100 326.52

Quadric CPSO 6.88x10"" 1.46X10"° 0 2000. 00
CWPA 6.82X107" 3.12X107 100 226. 60

WPA 6.63x10 " 2.30x10 100 113. 30

Powersum CPSO 1.09Xx10 ¢ 1.01x10"° 100 1172.00
CWPA 4.84X107'% 1.27X107"% 100 38. 42

WPA 3.18X10°* 2.98%107" 100 391. 80

Zakharov CPSO 1.20 2.20 0 2000. 00
CWPA 4.15X107' 2.06X107" 100 237.98

WPA 1.44X107% 5.56>x10" % 100 243.52

Griewank CPSO 1.03x10"* 2.97x10"* 0 2000. 00
CWPA 6.63X107" 1.88X107% 100 221.94

WPA 9.33x107" 1.19 60 991. 04

Ackley CPSO 9.37x10"! 1.37 0 2000. 00
CWPA 4.62X107" 3.29X107" 100 193.51
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Fig. 11 Experimental results of actual data set.
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