BHSRE

Control and Decision

A FRMRHMERLA H7K T BRI R R
BRRIL, SR, WAL, RE2E, R

FIHIARSL:

IR oK 2 6 AT SR 28 B R A S S MR AR R 5 /K T RS 3R B2 . 2 5 TR, 2023, 38(6): 1560-1568.

i

TEZRIR]IE View online: https://doi.org/10.13195/j.kzyjc.2021.1826

BT BRSO HAB S EE

Articles you may be interested in

BRI R ERES R TC AL Z B bR IR ERRE
UAV multi—target tracking algorithm based on attention feature fusion

PR 5P, 2023, 38(2): 345-353  https://doi.org/10.13195/j.kzyjc.2021.1098
AR 2 58 A A UGBTI 2 B 21405 T OB LG Rl

Infrared and visible image fusion with improved residual dense generative adversarial network

Pl 5Pk, 2023, 38(3): 721-728  htps:/doi.org/10.13195/j.kzyjc.2021.1580

BT =g R WL A I i A B
Improved U-Net based on three—terminal attention mechanism for retinal vessel segmentation

PR 5 U5 2022, 37(10): 2505-2512  https://doi.org/10.13195/j.kzyjc.2021.0435
Al A B L Az AT AR

Domain generalization person re—identification based on attention mechanism

Pl 5HIK. 2022, 37(7): 1721-1728  https://doi.org/10.13195/j.kzyjc.2020.1844
R 2 IR 251 B4 1 2 e A T N B MR Bk

Lightweight pedestrian attribute recognition algorithm based on multi-scale residual attention network

PR 55 2022, 37(10): 2487-2496  hitps://doi.org/10.13195/j.kzyjc.2021.0411


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.1826
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.1098
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.1580
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.0435
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.1844
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2021.0411

8383 45 6 = % 5 xR Vol.38 No.6
20234 6H Control  and  Decision Jun. 2023

NS FIIFFIERE & RYK T EIRIERE A

ShRRpIt, REIE? Wl REXR REIFT
(1. TRFA R BRI AR, LB 110044; 2. PEBH K2 F R LR, ThFH 110044)

T8 BT R AT RSORR (0 2% 7™ 5 () Il R, Rt — P T R B AR 45 4 (1 3 45 S AR AE /K R I
G ISR, B o, TTh S R ARRAE Rl A AR, 5 S TR 4 501 5 AN [ 2 Ok )RR I 3R AT R, 32 P TX 48 %o 404 43 JE AR X
5 IR IR BN BE 15 SR G, VT BURFE TR R UL, SO Gud i v R L, R SOl e s iE R 1 518
B R TP S AL R AE R A e, o o) 28 i BOAN RV ek AR 3R ARRAIE R BB 0 #, BETT Bl A RRAE 3 s AR B,
3@ AT i S 52 BT DL T 19X 286 P 45 e 738 57 0 140 3 7 79 RSS2 26 460 3 7, T Do) 248 o JR NG B [X 3 1 2 = 5 B i, 1
THEREAR I R B, FE G dae /MU 20T R 22 401 2R 5 25 W AR BL IR 451 2%, 7E DR Fr MR SO IR B il B2 IF €. SR 25
FHA, BT H B0 AR T % I RFAE SR RS 77, BEAR K T MG I 25 B 5087, 3 7 AR 03 o B AR R D
KRR IRIES ) MEMSE; FERIVG RWRHERLG ;s RIDRIDLS; KT EEIY S
FES %S TP391 ERFRAERD: A

DOI: 10.13195/j.kzyjc.2021.1826 FHHRHE (FIRARSS) #RIRES (OSID): Gt
SIAH&N: B, IR, WL AL, &5, BhAS A RRE Al & 1K T R 3 5 [J]. 458 1) 5 3R, 2023, 38(6): 1560-
1568.

Underwater image enhancement algorithm based on dynamic
heterogeneous feature fusion

HAN Xiao-wei't, ZHANG Yun-ze®, XIE Ying-hong?, WU Bao-ju', ZHAO Yu-ying®

(1. Institute of Innovation Science & Technology, Shenyang University, Shenyang 110044, China; 2. College of
Information Engineering, Shenyang University, Shenyang 110044, China)

Abstract: Aiming at the problems of blurred details of underwater images and serious color distortion, this paper
proposes a dynamic heterogeneous feature fusion underwater image enhancement network based on the autoencoder
structure. First, a heterogeneous feature fusion module is designed to integrate different levels and different levels of
features to improve the overall perception of detailed information and semantic information of the network. Second, a
new feature attention mechanism is designed, the traditional channel attention mechanism is improved, and the
improved channel attention and pixel attention mechanism is added to the heterogeneous feature fusion process to
strengthen the network’s ability to extract pixel features of different turbidity. Then, a dynamic feature enhancement
module is designed to adaptively expand the receptive field to improve the network’s adaptability to image distortion
scenes and model conversion capabilities, and strengthen the network’s learning of regions of interest. Finally, the color
loss function is designed, and the absolute error loss and the structural similarity loss are jointly minimized, and the
color cast is corrected on the basis of maintaining the image texture. The experimental results show that the proposed
algorithm can effectively improve the feature extraction ability of the network, reduce the haze effect of underwater
images, and improve the clarity and color saturation of the image.

Keywords: deep learning; neural networks; attention mechanism; heterogen feature fusion; encoder decoder

structure; underwater image enhancement
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6 Test BIETEMRTLL

(c) UDCP

(b) Fusion

(d) Deep SEER (e) FunlE GAN

(f) UWCNN  (g) ALHEIL

7 Test C HERFTRXIILL
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HEEE SN T N T4 R 2. 2T IR E
2 3177 %, Deep SESRISI 7 — E AR E#RTH T
B A5 1 375 BT B (RO AN B, P2 A TR B
ffii. FunIE-GANUVFI] FH RO AN i xof (1) £ 2 )1 25,
H I 28 507k, BRARSR T T IS ATl BT, 7E 844 b 2]
T BB RO, AR S R AN = UWCNNE
5 HTSCHT IR B PR A TR B 2 ST T VB AR AE AR TR )
]/, B AR TE COR RS AE TR — 8 eI, R BB
HEAA i, 7 B 41 38 5 7 T 20— A g, 5 3%
GrEEAR L, Frist vk BB AS AL AR AT Rk 18 5 X 4%
R ) AR AE 4 5 RN R B 4l _E AL PR AT 5 N e 3, ]
B U Hb 22 B 55 P U, A5 15 R B R T D 35y i, AE AR
AR A B R T K BHA.
3.2 EMER

N T TR R It SR AR AT 0 BT VA, B
FMBEZINEHAT T 2SS H IR TS % e hr
PEAR . X5 b 25 BAZ A I K £E Test A Rl Test B, i
FH V& 5 W L (PSNR) 5 &5 44 A6 AL (SSIM) #E 4T 17
fii. PSNR [ 70 $0 i R I a5 RAE RGN A 1 5
25 PR 45 el b T, A 7 1) SSIML 73 B R WA 3 sl &8 I 5
25 PR AE 45 My RN SCHE b 5 izt

X T AN bR 2 EUE AR Test C, R B S %
KT BGRB8 br UTQMEP3 A UCIQERY %o} 1 5 Ji
TG AT VP, UIQM B E EK N RGO E R
(UICM). 7K F %35 Bl 1 (UISM) R /K T B % B
(UIConM) TS IA R (1) 77 X BLPE Al 7K T BUE IB Ak
2R, HAB RO, 3 BH IEUG 30 5 A R B . e 1 FITows,
TR H SR AE IR 2E Test A M Test B 341k B f AR,
F BT R H SRR 0 S 1 R 5 bR 2 R ) 22 e
AN FEFR T MR FERE L %o bb B RO R S FE 45 i _E A5
WE R, 5 Test ABAR A LL, ART7ET 7K
T MG H 45 Test B I SR A X 88022, AR T 5%
bl 51, T SRR L SK T MR R S RAT)
SNA B AR T, Ak, BT B VA AE MU 4R Test C 1
i) UIQM #& #7 § §5 T FunIE-GAN J7 %, UCIQE i 3|
T e, R A TR AR SR T AR L (R

®1 TRBZEESEIEREL

. Test A Test B Test C'
WiRrS
PSNR SSIM PSNR SSIM UIQM UCIQE
Fusion 179 073 1741 0.87 471 0.77
UDCP 1628 0.70 13.65 046 2.13 0.69
DEEP 2235 0.83 18.16 0.74  6.65 0.80

FunlE-GAN 25.66 0.88 17.95 0.75 6.82 0.62
UWCNN 2362 082 1482 061 636 0.57
YNSRI 27.58 094 2058 078 6.73 0.88

AL LS J7 THIAS 1 B IR SRR, SEINAF & N800
3.3 HRRSCI

T R 2% & AH A ) AR, AE R AIE
Ay S 56 S5 A A TR 1R 15 LT, 43 0o R I v AR
CP (channel pixel). 3 FFESE #8155 DFE (dynamic
S 1) 'R AIE Rl & A L HFF
(heterogeneous feature fusion) 545 2K bR G 53 134T 1H
RSCES. tHOmAD A ARAGAS. Bk IE 4214 BRI Al Y 2%
(baseline), H A [R5 HRIZ A5 5 028 B it 9 2% £ A [
SR PR 98 i S8 v ANASE FH L 4357 2R 08 W 28 14T 1 25,
i F EUVP Image {35 #5347 U1l 25 A1 K, 525620 44
WE N2 X105, FEAEH Ly 15 (0 366t FIZ B
GEAEDAEABL R 437 2R AR C 453 2R e I 8% AT I 2, SR e
A PN GRS G
3.3.1 WIS AMHIERET I

R 2 ABRIAE DML Test A b1 € BEXT L 45 R,
H12 2 H PSNR AT SSIM i A5 0] UL, A0 T B A 55
A A R B T SRR R P .

2 Test AJHRASCIE S EIERAILL

feature enhancement).

5l Cp DEF HFF PSNR SSIM
0 25.29 0.83
1 v 25.74 0.83
2 v 25.63 0.85
3 v v 25.85 0.89
4 v v v 26.63 0.92

N T B SR R AR AR A R, e D

P i N 25 A PR I T AL R A 4% 5 g ) R 07 O A2

B B 1 Level 4 Fr B2 RRAETE B EL S (1AL 5 2

P A BRI A L . G0 P 8 BT, JE e 40 R X 3 mT I,
W 4 fie 6 15 2 M 5 LB b BE DV B X 3

e 3 . %“’ ;

B
(o2 §
Lt a & o k:
: . i
i SRS &

(b) HFHER  (c) FHEER (d) WEEIG
HE [ERER

(a) JEH

B8 FENVHEMFENE
K] 9 N Toah A5 R AE AR R X 25 38 5 1 RUR X L,
A] CAE H S N 2h A4 3 5 AR B F T AR RR BG40
SR ENMIRIGCHE, HoA05 VR S e . A= 50.
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(a) J (b) FRAEBEL () MR
B9 BRSHEEERRRITT

332 HAREEVIHRBLET R

N T B B FH 22 4 2k e B A ok, BT it
DX 285 235 K60 328 250 6 B85 1.2 715 P 4 HA 5 2% o gk A7 3 gl
S 22 SEIG WK, B 10 A7E W 26 I 2RI 72 A AN [F] 45
KRB ARt 26, B 10 AT L, SAUEE A Ly Bk
A B, A5 FH 22 T4 2K bR 50 RT DA S50k B A1 DX % (g e 8
R G 2 R

0.10

0.09f — L, loss
—— L, +SSIM loss
—— L, +SSIM+COLOR loss

0.08
0.07 \
0.06
0.05
0.04

O'030 4 8 12 16 20

steps/10°
10 ARELs T L
HH ¢ 3 1] L, i I €4 %2 451 K Ji5, PSNR A1 SSIM 45
Fr¥A ST, RO BT v BRI O B BT B ROt B T
X 88 W S 7K T R s 1)

®3 TRIRKSEEITIILE

loss

L, SSIM COLOR PSNR SSIM
v 26.44 0.92
v v 27.34 0.93
v v v 27.59 0.93
y
4 & #

AR T — b S K AL i 5 0 50 S R I 1 5
(7T BB 5 0 45 2% I 208 o i ) 2 - ) 2 45 740
BEAT CRCHE, BT IR AN TR AR B AR ALY
SRR RV P R A i R, L AR I SRR B
T B R 2 R 51 2 T A DR A TR i ) 24 1 AR
HAS [ VA ok B DX I A8 3R I P R RE 05 B A R AL 1 55
BT e B AR B, PRAIE MR 1A G AN SR S5 1
AN AR SR P SR R R AR i 5 1 5 3R TR 45 32
U G SRR AT 5 S RFALE, 58 A AR B (45 2 58
LR 2 BARANE R BE, ot — B R
TR 10 22 T4 2K pR B, BT IR 4% 1t R AL IR e ). K

6 5 AR, 72 S A ROt 3R T R I,
RRIE R K B, PR AIE B R 4 5 MISCRE, SETLK T B
58,
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