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Synthetic aperture image enhancement method based on
Retinex variational decomposition

LEI Liang, ZHONG Heping, LI Han, TANG Jinsong
(School of Electronic Engineering, Naval University of Engineering, Wuhan 430033, Hubei, China)

Abstract: Aiming to address the difficulty of information discrimination caused by unequal illumination in synthetic
aperture sonar images, a synthetic aperture sonar image enhancement method based on Retinex and variational
decomposition is proposed. Firstly, an objective function is established through texture, structural prior, and fidelity
terms, and the SAS image is decomposed to obtain estimates of the illumination and reflection components; then, the
decomposed reflection components are denoised and enhanced; finally, the intensity value of the illumination
component is balanced, and gamma transformation is applied to enhance the illumination component to ensure the
overall enhancement effect of the image. In addition, a comparative analysis is conducted with existing classical
algorithms from both subjective and objective evaluation perspectives. The experimental results show that compared
with other algorithms, the algorithm proposed in this paper has a significant visual effect in processing different
synthetic aperture sonar images. The processed images maintain the naturalness of the images and have obvious
advantages in three aspects: contrast preservation, equalization effect, and distortion reduction.
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Fig.1 Schematic diagram of synthetic aperture sonar imaging

R G AL G, H B B LT
A

(1) SAS EHZRAR FAH WK 1 )5 1) U 5 1k
SE, FTEL SAS FG A —ANiliE.

(2) SAS &I AT & LI RE I, FEAE
A IR DR 7



440 Ao

ST N 2025 4F

(3) 5 5 A i A 2 4% S R 3 R i 1) 1 1) SR
R, EORGEAT T I ARSE g M2, H R ER 25 R 47
5 oy I o (R0 55, o T IR SR ) 1 0

(4) T IR AR M, H bR B S X0 & K
FEAE, AR XSOV RK A, RN
1.2 Retinex 57 573 fEAREY

Retinex 2573 #5 %Y (Retinex variational model) &
FET Retinex [ FEPRIAR 73 B P — M EHE 3 5
7%, H5i6T Retinex H% 1) 570 B AN K N 3 5
Re ST LA S AR Ay R AR AE S, SIEEI XS BG40 15 1
958 . Retinex HIEMIFEAGAZ WA 2 Fros.

fi%%\%)—{i o 1%]
K2 Retinex A543 5 i SRR K

Fig.2 Flow chart of Retinex variational decomposition
algorithm
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Fig.3 Flow chart of Retinex improved algorithm

2.1 FRIRBFNEARRE

YRR E R LA AR SR E R, HdE
RFNGUHAE BRMEMSL . ik, AT
Retinex 48 73 47 fiff FR A1 R RSE A0 I P14 3 it ) i 2 £

HN—AE/ME AR, %) sz B IR . SCHEE R 2R
PR il o
2.1.1 JEARSEE:

JR AR A A 2= H ) FL e PR B O TR AN [R] R 7
MRS PRAE 7 — MR BN, REALR
ANBRPERFAE,  F Al 22 2R JR B SR A AR AR A 2R
Pho P, J& AR i 22 A8 X 7 SO (3341 5%) AN



33 HE

Se4F: T Retinex 227373 il i) B FLAR 75 W UG HG 5i0 77 0% 441

ik (AR O%) 5 T B AT NI s R RE ST, N T
G SR SCHANZE R X 5], TR O 22 Dy, AR — B
fim ZERTBOKIX ), sk (20 FoR:

Vo

1

Eﬂzngwl+g
Hor: oy HIRR BB KI A A br il £/
18, BREEN 0 Vo REEE T QFIRRE

D 2)

xly =

SR, KANABX 3. |V 0|0 A SO AN 45y 1 52 B
BERE: PRV 0| R4 0 S S H s AR MR

ZED TR M S ST o 2T AN G54 [X 35
D, BN, A%T 0, EEEXIED,, KT 0, #
RBAT GRS B, ERREBRISEEREEE R .
53 &5 & D AID, 2 A AL FR il R AR 0 i 22 T B
SR AP A R ES)

v v,
Exh=|T1 H+ 1 3)
— N7 — N7
PICEA M [DIERT
212 SUHSL

S 3R 0 406 560 240 SR T R S 4 T DI, 2 e
A RAAR 43 TE LI 36 4 AT 20, %07
YA e P LM RO A TE AL I, i B 5
X 52 543 B ) 2 TR B S S 4 B L A S L
RS BREELEI), AT LS R R 07 40 A ke S 5
FREBE A o X020 A0 5 85 40 BORR 9 R A T
. BERRETUREA

Ey(R) = |IV.RIl, +||7,R]|, (4)
o E,(R)F 5 & 0] SV A 4, REMSTE (R IR0
FRAIGE R B I, ST

ERTE
B e SUMATAR S0, @Sy H AR R
E(ILR)= I * R=S|;+aE,(I) +BExR) (5)
Hor a,p4r BIRIESE, PhRFEAERALT. =
(5) Z 5 AL — T e R S g2
2500, iR IR S R KR,
22 BfERBETESE

A SO 4 e Ak bR T B SR E bR B SR B
s .
220 SRR R 4y B kAR

HT L, 82 SEMRAL LS AN, Hitsl
NIERE AR ZREN S K (3) 1 (4), 153

{EmnzuMVLM+umvmﬁ

Ex(R) = v |IVR.I; + v, IIVRII;

2.13

(6)

1 -1
Usy = ('5 ZQVX/,VI' )VX/yI| +§) %

Vapy = ( Vx/yR| +'§:)_I
Rk, 2 N BRI o iE R AT R RN
I = argmin|[[ - R, — SIE+a(u IV JIE +u |7, 1] (®)

. 2
Ri=argmin||f_; - R =S| +Bv,|IV.RI}, + v, DNC))

VR

222 EARATHETE

WG L, = S, FHERAERERT 5 ES B AR R

L =(I-R_,-S)"U-R,—S)+a("D.U.D I+

I'D,U,D,I) (10)

H: U U5 MRS u,u, I EFFE; DA
D, 2 B A ER 23 AR . %3l (8) R T4 FHL
O, £33

I, = (R-If—le—l +a/Mk)71R-I£—1S (1)
Hrh: M,=D.U.D,+DUD,, N EH.,

X T 9), VIWEWR, =S/, {FHEFERS
KA

Ri = I L+BN) ™ (IS) (12)
H: N=D'V,D.+D'V,D,, V.. V, A& (7)h
v v, I FETE
23 BESENRHFSERIE

A5y o FRAR B S A 4 B R oy BOdE B A R
S0 B AR oy e/ M MBAL, HE R B S DXt A e
ORI BE R SR AN F AR IR R i B AR 46 i 11
FE 5y 85 IO AR TR 1) 45 AR s i gl o I B
TR, MRS RBOR, 5 XN B R BRI A )
231 BRI E

REFHEMRE S EE, ERESE LRIN—
AN BAE IR B(x,y) o FEIG N B2 ) gt
35 1 5 ASK R (1) ] R ) P A5 e X 7 R o AR
P30 (1) B Retinex FAS X [ 9 70 & R(x, y) BEATIZ T
oyEl, 13RS R, AR

) = 1(x,y)
B(x,y)+a
Horbe z(x,y) R B 5 10 R SR R B a i B F
T 5 0BG B AR g G IRy, Ak T 0 [ ik
I, R T14h AN RE v il 2R SR PG 1 R
Mebt. SKIRSE R, REOIK, EBERIERRE
%, HENERE, KERNO.1.

232 M EREHEE
Gamma 25 B R 7] DL 45 844 = i 3k 47
B, (HHSHOEEZ G RE S, TR EAR

13)



442 R~

N 2025 4F

Al SAS IR IS FEHS i, 48 A & A3 s AR
LB 10 PR A AN P o R A i o TE 70 TR
BE 5 VR T B TR 1R R T U (BT e AR A
JEU, 36 T~ R4 P 1 A P AL 1) g 20t BB G AT A
. BARRIPEROY: el R B LR R 4L
PN KR DX 75 i, 2R i i BB oz 1] R 22
fE, BRI A5 L A7 8 1 5 LA 20 M2
2, X EMBEAT M, R iEE Gamma 22 Hxt
GRS HEAT I 55

PR AR P S N XTI AR L, A H bnid 2
ANGLHALBE RO, R DRI, BRI, R
A8 P A R AR R BEE BRME T 2 BR KA X35
AR 52 X300 BRI s RO R o B BE AT 55071208

Gi(x,y) = \Jd(i, )’ +d,(i, )’ (14)

Hrr: d.G, pAdG, ) mRnB & Sx, yHhmm
HFHEZE Y

FRE D EAR R KEE NI(x,y), N, NEG+
A3E BB R BRI R g R 1
EWZ)

1 iXj
M:mgymw

N T WARIR LA I i, B RAT, 5K
I B B T B T DR R AT AR B,
ARWENL, WERERNS KESEERIT
R R E— B W RO N2 A AME

15)

(16)

Hrp: N OSSN E DR GRER .
BB DX EGE R IEA LR

I(x,y) = M x

X p(j) x1(x,y) a7)

mean( )
Hr: p() i sh e A e i be i
233 WPy B X B g
223 Retinex A8 73 70 it it J 1) S 3 40 & BH 52
DX s B, 2 S R R AR, I AN X
A FAHMERIEEER, R ER#HEREGER, &
B — P 5 VR AR AN S L Ath [X 35 34 5 () [RD B, 4056 BH
SRR . BTLL, TR IR X Bk,

{5 FRL B K1 RS2 B Retinex B om#AE, R 4R
NI SRR, AR A (18):
Z(x,y) =1(x,y)- W(x,y)+
Se,y)-[1=W(x,y)] (18)

Ho: Z(oy) Zm&EE; S (xy) 25585 K IR E

&y BUE R TWy) k8 1R 24 R 1

Retinex 25 R & . fEARAKEHE X I, Retinex 45

REARTCERA, BT o, HAboyEarT 1.
WERFFRRN

W=1-[1-I(x,y)*
Hdr: TRIRRIGEAIRE 2.

3 oA RS S o

N T AEFIE S PR RO, A SCREL T
WA () 3 55 0 A AL AR 75 I 5080 o Sk 3R AT 36
E, 5528 M B DL R BEATE 5 11 75 i P45 3 5 B
AT IR, 3% CLAHE B3k, iRy 5481k
REVEAIEET Retinex [RI0 41 75 Wk K FE AR 1 5
fHEFEMEERELL . (520 ArdE ZE RSP IIRE AR N
BUR R = HEM Fabr. SeiedfEdr, K5 #1=
Ba, /& N 0.001, 00001, X (13) FH=
HakBENO.1.

3.1 EMISELLER

K 4 A% & 768%2223 () JE Vb I T K&
B, Rl mmig. K5 2558 515x1112
AL R N B AR S . B TR B 5%
LR RGN A Xk, LRI RS 2 Y T [
BESHREGE. R0 R M & LR S
BIg, oAtk 4(a) AE 5(a) B

ME 4 R EE AT LUE H, CLAHE &HExt
BB A SR B R SR A . B BT X
W R AN 2, TR G e B B X 5k
Homad 5 I B AT

ML 4(c) FHIE 5(c) AT LAMLER 2, J& iR AR 4y ik
REEE MR ZE, R e B REAA 1 588
FEZE, (HMWTACHEE RSS2 Xt
THMNE B EUE, FGE R 224 5 FRAl
JE N 2R G A By gk 7 X3 1) 3 5] 5 e 5 BB 5 1
B2 ARCEIEMIG SR S 0 i E R Re B B R 2
JRZR, il 5(e) Fim.

5T Retinex [ 43 75 WA K B 2 1F J7 325 4k 3
Kl S(a) BF, B NE H bR AR G R XA B B
NI

5 IR UMREAR LG, AR ST ARG 5 A
BRI BEf CR B 471515 B e s e i, Bl
Py Ry, SRR R H A I BRI AR .
R, @ R g RAT LR, A STHEIEXT IS
SRS B A AR B A BRI A, fehs
FE 1 5 [X 455 E 1Y) R IO B S X 4R 1 S I

19)



530 e

FT Retinex 4273 73 iff (1 AL 75 W UG G 5577k 443

200 200
400 400
600 600
800 200
#% 1000 e
& o 1000
1200

1200
1400
1600
1800

1400
1600
1800

200
400
600
800

g 1000

1200
1400
1600

1800

200
400
600
800
1000
1200
1400
1600
1800

%
&

2000 2000 2000 2000
700 500 300 100 700 500 300 100 700 500 300 100 700 500 300 100 700 500 300 100
&3 &3 Bx B&E ‘&
(a) LA (b) CLAHE %32 (OFEL %% (d) %T Retinex 1] (e) A H:
AR IRIERZETT %

4 EITFERYD Y RSG5 45 SR X L

Fig.4 Comparison of enhancement of submarine sand dune terrain image with different methods
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Fig.5 Comparison of enhancement results of artificial target images in the framework with different methods

3.2 BWIEMN

NI UERE YRR, XK 4 AT S A
UL IS B AR ZAE SRR B TR . (5 E
e T BEE BINFEE . il ERR T BUEE
FAEARRT T-FIME ) A E O, EE BN R EHR
(IR PE oy ARk 51 o 3500 B e T S I 4
W VEME AR SR RE T . 2 IR R
KiF, EERIAGAREIE, BRI
BT BRI EPEIN S R aER 1 FIEE 2 B

B 1 AN 2 ml RN, A SCEEIE 08 5 5 B AR AN
SPEIRR R i T TR LA B, BRiE ZE KT HoA
Hik. R RALERAERGIE SR 1EWE
e B 2R ORAE 7 T A B R

F 1R 2 W5 B /N4 & CLAHE 5
TR retinex K FEAS IE ¥ IX R BHIX 2 FhETE
X MG R B i RE 1 2. & 1. 2 H CHAHE
FIERIPRUEZ TR, R IIZEIR S R R .

Fx1 ERVEMEERGRETENER
Table 1 Evaluation results of image quality for submarine
sand dune terrain
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*2 HERANEETEGREIFNER

Table 2 Evaluation results of image quality for framework

artificial target
AT SR REE CPME
CLAHE 42519 1029975  34.1461
JR AR 4k 42258  102.0703  27.7000
AT RetinexMKFERZIE 41375 101.5434  30.1610
AL 43526 88.3568  37.4186
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