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Abstract: In response to the degradation of image quality caused by underwater environments in nuclear power
plants, such as color deviation, insufficient contrast, and blurred details, a novel underwater image enhancement
method based on the fusion of dominant features was proposed. Based on the implementation of image color
correction using the automatic color equalization algorithm, the sharpness and contrast of the images were enhanced
through an improved unsharp masking algorithm and a weighted adaptive gamma correction algorithm, respectively.
The enhanced images were subjected to multi-scale fusion of dominant features using weight maps. Using a dataset
of original underwater images from nuclear power plants as samples, the proposed method was compared with five
other underwater image processing techniques to validate its effectiveness. The results demonstrate that the proposed

method effectively addresses the issues such as color deviation, insufficient contrast, and blurred details in
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underwater images of nuclear power plants. The mean values of the underwater image quality measure (UIQM) and

information entropy are significantly higher at 3.103 7 and 7.502 7, respectively, representing improvements of

121% and 9.66% compared to the original images. Furthermore, the enhanced images generated by the proposed

method significantly increase in the number of feature point matching pairs, thereby greatly improving the efficiency

of visual feature extraction and matching. This research provides new technical support for underwater image

analysis and intelligent defect detection of equipment in nuclear power plants, contributing to the efficient utilization

and sustainable development of nuclear energy.

Keywords: nuclear power plant; underwater image; color correction; Gamma correction; unsharp masking; dominant

feature; multi-scale fusion; pyramid; intelligent detection

P8I B AE 0 K R #0585 i s iz AR
A BT B, AR KT AR o Al E A A
A2 HE i B 2 B TAE TOKR, 2 2R EE Toll $%
8K R AR T WA S, 455 Ll i R o B
FoAR ST B RS I W B FPAG T SR, B
KR BT AR AR T O R B At A o, X AT 5
00 TR BT 2 1 B2 T A R e b, R K Y
FI AR ' i o B ARIG, 38 75 2N TOG IR 4 Bh 4
AE R A 2 R, DG I WA Bt 23 52 i 141 4%
X FEE o SR B 10 PR B AR BE A R BUR MUK T
B B A7 R, AEXE LA ME 8 B 2 T8 ik 00 R
VIR 1Y AR B o A BEAE T T B YR 10 EE 2 A R
oy, AR EREIR S o e B L. PRI, BT
38 e A Ll K T B TR IR A RO I, A B
TR T A% L i 38 A7 ROCR RS ek, ST K B A
P F5 i, B AT 2 AR, o) 2 7 A% AE 14 s 28CR) A
RS A R AAEEE X

FUAD, 48 mUK T BB R R T3k 2204 3 - 5]
BAE R FEURIE SRR 2 2 xR KR
g, S F AR T WG I ST | R B A SR
SRR 7k, XS T7 ik Al A R R K A G Y
IS 75 2 1 PR ASERY R B € 5 L 468 () 0 SR
BRI 1k B e KT iU Y, P T8
TN IR AL R HEAT 002 5, MK S H T M A9 140 152
TESE PRI T AR, X SE 7 SR AP AR R s A2 2R | Xt
BRI 5 | RS RAN T32 IRAE R L [R5

B9 7 VR R T R OB B U R W KL S A

AT S B R B XoF LU B2 R AR 8 B i, 5
I R B T IR LG, UG SR T3 15 S8 5 T T RE I
o WRF WA ST 1 AR T LB £
RO Rl KR RS SR 05, TR RE S AT A
PR R A @0 . 25 RGPS 25 ) T, 14145 22
I 35 O 5 5 P9 L BE AR s Zhao S5 4R HY 1 FRE T

TEAEARRR 0 ARG & BRI PG a5k,

R AR R A AR LR 4 2 SR A5 A A A AR
B R HADSUPE B il 15 S, 456 A ) DX I
AEHEAT LG, DRI K R PR o s R 2245 3
i 22 ROBERS 55 4071 58 .05 1ok 3 5t K T M, fig
AT S5 SR R B LU BE RISy o B TEI5 0
588 7 15 AN [5] #13 BESRAR T RUK R IR 04 o, AR
T A PR 3 B 2% 7T B 5E H )  FH S8R e, A3 2>
ULICHRARIE . Bl N T BEEOR B PR A e, 5 R
22 I 2% 1A O T I 286 25 TR 8 2 ST AT T T
FTHRT RGBT . SR, X205 L ZR I 25
FEAS I SZHE, iR 52 2K T BREE Ao LLAR BUR H8 1Y
FEARR . i gk A IR, 37023 22 1R K
A R AR N REAS Bt S AT ML U 2545
(EHAE S TAR P AV AR 1B A it — 4™
ST, R AZ L SR 2K T B S B R BUR AR
)R, 4 1 TRl Rl 5 1) PG i T ik,
i 1o figp R A PR A B i 22 . 4R THECEAR Y | I
XS HEBE, R B AN RS AR i B TR, A
M3 g PR R A BT i . A9 B TE ML 7K R i
AR R RER DI S 1 Rl SERYBOR T

1 Ef&igE7 AL

ST BRI AT TEIR B 98 5 V5 B AR B
SEPUHEZR 2 I I 5l (0 4 4 B 2 ik R A v B K
TG T 484 (red green blue, RGB) =i il &
ol 3 AN [ B 0 i 22 R) e, 75 3 (R A RIK
2R IE MG R H el ik B AR 8L AL FE B (unsharpen
masking, USM) S 2 T+ G B SO 4015, V5 M ml &
1) 57— A A A TG 38 2 5 () AR, 3 A 5 A
1F (weighted adaptive Gamma correction, AGCWD) %
VAR R MR BN LUBE, VR MRl 128 — A A K
FI A A B EERAE, 15 B 2 R Rl& 5050 2 1R
iy AN SR SEAT RS, A5 3] 1R S B K T Rl G 1R
1% %0 B LS 4h FHE AR An A 1,



52 3 PAERT, A5 FETUCSRRAE LG AR LB K B0 o 171
PR A E+
USM PRI A EE+ > 0 E
N Bt SEE
v
> PR A TR | i T
JEhs 5 > PR LTRSS
> PR | SRR
A
¥ R R+
AGCWD T R BE A+ Y > A EE
EE R S
Bl ZEnhk TEGIEEE RN EIES
Fig. 1 Structural framework of underwater image enhancement algorithm for nuclear power plants
L1 ByEedEEx AR (R W A8 LA™ T R R DR 3X A TR, ) R EE

RS K T BREAL TR P A S AR, kiR IRV BT RIS A Ak S A sh B 1 L 5

XFAN [ PRl L' i I i A P 22 50 1 1, 5 B 5

80 000 - gclﬁannel1 1 000 000 — gclﬁannell 2 oo q 50 000 — B channel

- ann — ann - ann — G ch: 1

5 60 000 —Rehamna B 800000F o el 5 173001 R channe 5 40 000 t— § channel
) El 600 000 =} < 30000

40 000 12 500

Z 400000 2 10000 Z 20000
Z 20000 200 000 7500 10 000
0 0 5000 0

0 50 100150200250 0 50 100150200250

Pixel value Pixel value
(a) JEERIENE (b) Kt ARk

W B IR SR vk

Frscs, 45 R A 2,

— B channel

0 50 100 150200250 0 50 100 150200250

Pixel value Pixel value
(c) H 7 BRI (d) AN ARk

E2 AREELGENEGHREHEREERE

Fig.2 Color equalization and corresponding histograms of images processed by different algorithms
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Tab.2 Information entropy evaluation results of images enhanced by six different methods
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