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Underwater image enhancement based on brightness correction and
multi-space transformation
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(Faculty of Information Engineering and Automation, Kunming University of Science and Technology , Kunming,

Yunnan 650500, China)

Abstract ;: Due to the absorption and scattering of light in the water environment, the collected underwater
image has the defects of color distortion, blurred details, uneven illumination and poor contrast. There-
fore,an underwater image enhancement method based on brightness correction and multi-space transfor-
mation is proposed to resolve this defect. Firstly, color balance algorithm is used to correct the color of
degraded images. Secondly, the color corrected image is converted from red-green-blue (RGB) space to
hue-saturation-value (HSV) space,the V channel is processed by the constructed two-dimensional func-
tion,and then transferred back to RGB space. Finally, the weighted fusion of color balance image and
brightness correction image are carried out,and the fusion image is converted from RGB space to LAB
space. The L. channel is processed by the contrast-limited adaptive histogram equalization algorithm,and
then transferred back to RGB space to obtain the final enhanced image. In order to verify the effective-
ness of the algorithm in this paper, subjective visual effects and three objective indicators are used for
verification. The results show that this algorithm can effectively correct image brightness and improve
image clarity.

Key words: color balance; two-dimensional gamma function; weighted fusion; contrast limited adaptive

histogram equalization

1 3 = B AT DL KT B R AN IR e R T B IR B R L
= B I KT Bl S5 U AT R . AR

(GREEN ﬁﬂiﬂ%ﬂﬂ‘bméﬁﬁ%@kﬂ’]IEWJU\JE,L TOKRIR B 28 248 KR i oK 23 5 K AR R
L gt ﬁéﬁ%k’?%ﬂﬁﬁaﬁiﬁﬁﬁ OF FE AR AR 58 A 25 Bl X 't B 0 B R R 0. S EIOHT AR Y K
P, Tﬁ%’“lﬁ%k?lﬁ”%ze%’“ﬁﬂ(?fn JSRSPS TR B B KR i RS TR T L B R

»  E-mail: LIHENG@Xkust. edu. cn
WefE B H:2021-10-12 T H#:2021-11-19
EE&WMAB :HEK B RFFE 4 (61863016) Fl s X Fl2# 4 (61263023) B Bh T H



+ 816 -

Yy S BT ORI RIS, = B0 AR K R BB
Z5 AR 5 7K A T B W R 2 SR O BR AR RN TR
IR AN Y, B R K T KR = B 2 i, X
R AL R 25 5 22 0 AR 40 80 B Ak I 5 R 2R
A SR AN DRI A0 ol AR 45 00 BT 9 K R R R —
A H 2 R) R,

H i B & 5 R 3 5 2 K N KR M Ae
FEIE L R FE B T K F B E kR, X
IR A P 5 AR 4l okt A5 7R B A7 30 oK i L DL AR A & ]
85T JE R T R AR A R AR 4l S B TR R T B
Borb B9 FAE B R A5 B0 3 S8R B A 00 1 o BT AR
FEE 53 BT H 7 B Ak | Retinex, BIZ Rl & 7Y
Tk . EMRE DT PENG S50 4 T — Fp it
TG 5 6 Wk Al 1 K T 3 58 BE (image
blurriness and light absorption, IBLA) i 77 i . iz &
2 EARE ] T & FhOK T BIS (E R A 00 3 5k KR
DGR EAG B R W . SONG 21 7 —F
BT KR % 0 A 5 R Al K T 3 5 T Cunder-
water light attenuation prior, ULAP) § 7 i, Z &
DA TN BB, (A B R R 0 ROR R
G semomE TR B AR R RS KR R
D7 IQBAL A5 $ T — Fh JC W B A AL X AIE
i R R 347 B (5 K¢ IE (underwater colour model,
UCM) 1 J5 ¥ %536 T LAA 20 2 Bl 1 €, (8
NG ATEW . ANCUTI & T 3T 6%
- iy 55 A B KT B % 38 58 (color balance and fu-
sion, CBF) 75 % , % 53 1% T L 2 5 AR 88 4R 19 % L
JE R 30 2% 05 W RE  EL L AE AE AR B I8 T BE AN 18
s . HUANG 257748 H 35 F [ 38 2 503K i
AHXT 4 Jm E 7 BT Y v K B AR 3 5 Crelative
global histogram stretching, RGHS) J7 ¥, i% & &
ARG R T MR AR B 51 A T RN S H BB
LN

A SCEE G G AE K AR 5 B0 DR P AR A
PN R I e D A B
T AL IE 5 2 R A [R) B 4 K T B4R
R . T AR A - S X AR R AT B AR E
PR 0 8 B IE 1 B AR N 20 -%% -1 (red-green-blue,
RGB) 3 {4, 75 [8) % 4 2y 8 8 -1 F1 -2 E Chue-sat-
uration-value, HSV) 2 6 25 0] 15 2] s A & 1% 5
il A8 3 A 4k A 5 ek BT V38 TE oF T A0 B B
5O 4 aak 55 XA S R RO 2 o B X e Y
5CREAH PR ST BE A OE (Y AR 4% [l RGB %5 [a] 153 3
i AP 25 B AR AT B0 0 P A 25 2R AT I A RER G
FEf A % N RGB =5 [a] % 3 o4 36 -5t 37 (lu-
minosity-a and b represent opposite dimension of

color, LAB) %5 ], 2R FH BR il %4 L6 B B & N H 7 |

Ye BB - B 2022%F ¥33%

YAk vk wh Lo 18 Ab ¥R, B4 0] RGB i i, 35
o e 20 B 38 i A%

2 KTEGMGRE

K R S W S K R B AT HEk R ok
o R A 18 ) R R R R B O BT AN TR O K
B4 G Bt 7K T 3 5 T EE A 388 T A U ek, R I A 2R
HIK T BG4 R 2RO P S @88 B B KR
BAR Z FA BRI B K B TR R B O BEOR 48 45 R
il 29 G AE KA B AL FF A Lambert-Beer & #: .
FhX A F R

t(xsa) = e P, [@D)
KPR E IR d (o) KRN E S H
R I BE S ot (2 ya) T2 85 BT K,

HRAE Jaffe-McGlamery AR50 31 18 15 4% #%
W EI Y 6 43 S B d R 1) AR A i RO O
LUK L TR .

A
4'.‘, Sunlight
[\ v 4

B 1 XTEGHREKEE

Fig.1 Underwater image imaging model
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Fig.3 Comparison results of color correction:

(a) Original image; (b) Dynamic threshold white balance;
(c) Perfect reflection; (d) Gray world;
(e) MSRCR; (f) Color balance
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Fig.4 Illumination component comparison result:

(a) Luminance component v;

(b) Multi-scale gaussian filter;

(c¢) Proposed method
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after 2D gamma function correction under

different lighting conditions
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Fig. 6 Brightness correction results before and after

improvement: (a) The gray image of the brightness correction
lefore the improvement; (b) The gray image of the brightness
correction after the improvement;
(¢) The color image of the brightness correction before the
improvement; (d) The color image of the brightness

correction after the improvement
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Fig.7 Contrast enhancement results:
(a) Laplace algorithm; (b) Log transformation;

(c¢) Proposed method
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Fig.8 Comparison of experimental results of various algorithms: (a) Original image; (b) IBLA;
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Tab.2 Average value of underwater image quality indexes
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Fig.9 Application test images:
(a) The original image matching result;

(b) The enhanced image matching result
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