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Abstract

Underwater images present significant application value in marine exploration, resource exploration
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and engineering operation and maintenance. However, due to the absorption and scattering of light
by water bodies, they are prone to quality degradation such as color cast, low contrast and insuffi-
cient local illumination. This paper proposes an underwater image enhancement method that inte-
grates dark channel prior and adaptive physical model compensation. Firstly, the RGB channel de-
viation is compensated based on the attenuation characteristics of underwater light wavelengths
and the dark channel prior mask. Then, a nonlinear stretching algorithm with adaptive brightness
intervals is adopted to achieve global and local contrast enhancement. Finally, with the brightest
channel as the compensation source, the enhancement of low-illumination regions is realized com-
bined with the adaptive dark channel mask. Compared with deep learning-based methods, the pro-
posed algorithm has explicit physical modeling and strong interpretability. The verification results
on the UIEB dataset show that the SSIM, UIQM and UCIQE metrics are 0.8986, 2.8984 and 0.6283
respectively. The processing speed on Orin series development boards meets industrial standards,
and a complete set of underwater image enhancement processing tools suitable for engineering ap-
plications is developed, which can effectively improve the performance of downstream perception
tasks for underwater vehicles.
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Figure 1. Flowchart of the overall algorithm architecture
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Figure 2. Flowchart of the color cast correction algorithm
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Figure 3. Result of color cast correction
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Figure 4. Flowchart of the contrast enhancement algorithm
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Figure 5. Comparison diagram of stretching functions
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Figure 6. Result of contrast enhancement
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Figure 7. Flowchart of the low-light enhancement algorithm
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Figure 8. Result of integrated enhancement
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Figure 9. Comparison of enhancement results using different algorithms
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Table 1. Comparison table of algorithm performance

= 1. BEiRMREXTEE SR

UIEB LSUI
PUL YIRS
SSIM FSIMc UIQM  UCIQE SSIM FSIMc UIQM UCIQE
TACL 0.7961 0.9338 3.0414 0.6075 0.8083 0.7657 3.2057 0.6088
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WL UIEB 5 LSUI P KA JFHE4 EXF TACL. UDAformer. Five A+. Unformer PUFH 3 5%
BT RIS, & RRAASCEIEERZ OV fabs - 20U L 7 25 A vERE, ISR gUR
RELE KT B G BB AHLIR,  SCRETH L BN 5 TN AT 55 1 B8 o & 75 K

TEREWALR I 50 UIEB B4R b, XFEai R | s, ASCHEE SSIML UIQM 8R4l
F1] 0.8765 F12.9010, ¥ AAL TR LR EAEAR A, T = (R 5 IE 1) UCIQE $8 45 LA 0.6283 HUf3 i i
POy, R4 URAIE T Ci I E T S G 5 S B M R SR i SR B BRI A M R B, HAERE
NG IE W 2R e i o 3 S 0 B VA0 5 T AR SRR L 34 . 7E 78 25 B 4K S 2 M3 5 1) LSUT ¥4k &,
ASCEYE SSIM H EL 0.7929 BEAK T-XF L RVE (1% 2 78 T mUR LA LSUL #4r f A\ BlE 5 &% &
AFAETG T RE 22 0E s PR B 5% 2] ] oy 310 25 ORI IR AN, RSB SR 50 07 23 A IR), UIQM. UCIQE 43 il
9 3.0758 F10.6141, HEREF TR R LEEGYERE, WA N BUR A S aTie T, L&
R 55 A ORI AL, BB 78 0 /K HARRI L RN 5 T WA AT 55 X R 45 4 52 B At 5
BRI LK.

LREKRE, REVERRENA B —fabs LR, (A O4ER BRI “ BRI IER M L5814
CERREARRE " BURRAE, TORE KU EC X B 4R I S5, B RT SERI 4T L 28 R R B 2 ST B IV 1 o
BOR, B IE0R. Je bR w I, AR e M Re AR UF 32 & /K R TRE R A ot UG s bE 5T SE )
5K, RN EDIE 7 BERSA AR G B SO RIAR 35, O N AL A BT S 44t 1 i B U
A

3.3. iERhscIS

T RS IR AZ O H DR e VPN (R B T DU . R R R 3 5 — M OV PR ST DT R B
R[] () i (R 8 5L, OBV A A B SRR . SO0 Al S ) AR vk, T DRI S —
fili {3 55 (Jetson Orin NX 16 GB FF R 5 AT ELE T 58k, HiABME % — KM UIEB ##E4M 640X 480
SRR I, B RE A 22 5 S EUG R ST AR SEBR 45 T, W feAREY A SSIML UIQM.
UCIQE, [FIf NN FSIMc VPG HE R, {5 %5 b S it i) — Bk S5 Ttk

SER BT ST R TT 5, IR AR UM AE S AR R BRI B 2RO R(E AT
RHFFIE . DOSAT0 L g (OB ATIRIR R 3g), AT 50UF S B AMAT ThREANMA s = AR R A
T RGERAED N LR R IE X E R, BRESR), T VR0 S A B Rk B84 o 1) T e 5
SEREE(CHER)IENFEMEA, HT RS T R HERER k.
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Table 2. Comparison table of module ablation performance

2. ERIERAMEREXTEE 2R

AEBET5 ¥ e
SSIM FSIMC UIQM UCIQE
R B A - - 2.3592 0.5435
SEER 0.8455 0.9591 2.7604 0.6221
X AR 5F IE 0.8496 0.9624 2.6584 0.5623
{nF LL P 5 0.8678 0.9512 2.6981 0.6504
SR B4 5 0.8295 0.9532 2.7474 0.5415
X2 B e % IE 0.8695 0.9507 2.8473 0.6501
I Z: BTt IR 0.8496 0.9623 2.6598 0.5622
{2 R R 3 58 0.8982 0.9637 2.8779 0.6279
R 0.8986 0.9635 2.8984 0.6283

AW ELSZIGE UIEB. LSUI ¥R b, DL SSIM (45U FSIMce CRAF - 45 K fib & AHLEE)
UIQM (7K N5t 88 %01) UCIQE (K ML 45 & i &) A% O Fehs, 422 & i 1 (B e Xf b
W R SRS 0 ST D R 5 P R RN

Wi 2 fow, WERAEIRE, Gimir ESRER&E S TR, UIEB H13H UCIQE (0.5623)%¢ 5
51(0.5435)82FF, LSUI FRiZFEFR(0.5663) iR R 45(0.5472), {EHAIELER] SSIM (0.8496/0.8280)( 2kt
ISR T 25K, FHEHZOREIEER R, WA E IR X bR s b 2544 5 18
Jii B %0 3L 4 ——UIEB H13H SSIM (0.8678)itE1d 2% £1(0.8455), UIQM (2.698 145 4 I KR 2 F
LSUI H 3 UIQM (2.961 )il 2% K(2.8917), 454 UCIQE IS EHET:, RILZAFE B Ik 42 J5) 7 356 5 1
BT MG IE I R S A AR, s R BN AT S 4E T RFIE IR L, UIEB " UIQM (2.7474) #3155
F K, LSUI 1 FSIMc (0.9493)IGir 2 {f, 15 BH FL AR RGAERMER AR B2 X 3340 T, X RHIESE M R & 248
PRI SCHE R, AEAALAE R B AR 25 55 T 50F LU FE R 9

BEER R JT TH, SR AT— B ) 77 3 RIUME R AR . R BRxt LI s, AR 4R SSIM. UIQM
B[l 75 28 s —REHK s RBRWBFIE S, UCIQE BA $2Tt, (HE5M2SFabr RIE AL LBRIREE RS,
FSIMc 4015 SCHEAE RIS o T B8 O 98 07 28 CE RO B 1K DU T b 3818 B A, UTEB H SSIM (0.8986)
UIQM (2.8984) 5% [, LSUI 1 UIQM (3.0758)% % IR A .3, HWEIEEN IR E Rt —F
Ui/ o IXULEHREHREIE R T “ R EEAE . S5MI R Q0T RN A B EANE i IR 5 SRR Ak v
TR s al, BEGONEE s KT LU FEE 1 SR B T (10 45 0 V7 AT Pl B R 0 R T R I 5 X 8 1 i () 4 45 Pk
SN5EE 7TEBEE, ZF MR 7 &EaRI, W 7 IR O R S,

3.4. MEETIK

PEREMHR A% O H AR RS0 UF B TR M, SRR SER AL BERE V70X — REEFR bR, JETIEMIas. /K
AL N TERE % I Jetson Orin BRI A X EA- G RIIE, FAKi%H Jetson Orin AGX 64 GB (16
%) Jetson Orin NX 16 GB (12 #%), VMBS ANFS 75 K1) TR H 5

MERT7 BTN : JEHC UIEB. LSUL. EUVP = KA HHIELE, 3 TE B AT & ST e 8 4715
g, B PR MR IR L SRS EE TR (FPS), VE N OMEREVEM KSR, MRS R 3 fim.
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Table 3. Comparison table of processing frame rate on board side (FPS)

= 3. IRIRALIEMIER IS EL R (FPS)

UIEB LSUI EUVP
Jetson Orin NX 16 GB 29.1049 143.5420 329.6510
Jetson Orin AGX 64 GB 38.9173 192.4960 491.6290

PEREMNASE RN, ASCEVETERHUR AT & & = KB 4R 35 e Il e e HAR 57 1 S b 3
fit. £ Jetson Orin 64 GB 1t AEJF & AR_E, UIEB. LSUI. EUVP $¥E4 1 T X b FE i =R 5y 5l iA 7] 38.9173
FPS. 192.496 FPS. 491.629 FPS, ¥JREiH LK T LM ML AE55 7 KB fEHR 2L Jetson Orin NX 16
GB JF R L, X RNEHREE T2 MIZR 53 58 29.1049 FPS. 143.5420 FPS. 329.651 FPS, HAZMHFH 1
PR R RE, (I3 2 ST A H AR

FREERFMUES, ARSCEVEERUFE SRBCR B E M FR,  SEIL T oS A S A AR I AL
P, HARE R SER R SRR RE R, AR BIFE R RIRZ IR K RS TFE T, NEESLR =
B0 IR 1) S it AR FHER A T OGS I M RE S

4. &g
4.1. Bg

ASCER XK B R S S B S 80 Gl ARXT LGB . SRR A 2 = KA LB A R, $R
TR R TR S0 S S AR AR 1) i A SR B . R LUK R O AR R
HUOR SR, @ R IE. A LGRS REEEER T = AN DhRe SR i RS R AR, SREL T NP A
S SRAG T BUE X AME M AR AR LA . SRIGIOIF R B, X HIATE UIEB % iR A FFER4E RIS,
SSIM. UIQM. UCIQE 4% 0PN 4Ein 4 AR 1 3G R g R, %A UK E/K PR B St
R AR EE R (RAEREXA, HIod B, B e OS5 Wi &

FHACT MG BEAR M ZR IR FE 5 21 70, AR SCENEFT I I ) B 8 5 1 I B S, AL
SR P ARRETE, S RLHIE LS. SEOH RS, oW A r AR S B o, IS RS
T3t ol SE I ST e PR TR, MRk TUREESE ] “ AR Rt SR 1) TREVA HJf 1

[FE, J&T Jetson Orin RAHRAICF G FIVEREMIRIEST, BIETEEMIEE H PR, Wik e
SER AR ERELR, REWS AR E B T R IR IR MK N THE T

Zr b, ARSCHEH RIS SR EE MO 7B SRR R S . TRE R M SE R S B REN, BT
—EERIK TN EUE TR T H . AMOE MR EEEN . AR #1550 55 ISR AT 7 s
AR S, TN EEE R RS 17K T EHR I s ARAE T3 S AL S R R4 T Rl AT e,
BAEEBENFEARSEMES TREEERE L.

4.2. REERE

JUEASCEEAEIA M7 5 P UGS TR RCR, (HAKT BB R 28 1 5 N 5 R 2 AT
MGG T TRORR . AN H mUZR AR S TUHES I, TR AT FAL BE )
JBR, R AA R EE AL B RS IRI A T AR 5545 S TR A s AR M A B, P R e A B M SRR IR
FEMFE R, HEMIRTHEEA KT REI RGN LR A TERE
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