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Optimization of dark light image enhancement algorithm based

on dynamic histogram equalization

LIJing,SUN Fei,ZHOU En-dian

(College of Electronic and Information Engineering, Shandong University of Science and Technology, Qingdao 266590,
China)

Abstract: Aiming at the problems of over enhancement, color distortion, and severe loss of details that are
prone to occur when traditional histogram equalization algorithms are used for dark image enhancement, a
dynamic histogram equalization based optimization method for dark image enhancement algorithm is
proposed. Firstly, the bilateral filtering algorithm is used to filter out the noise contained in the image and
ensure that the edge features of the image are not lost; Secondly, the denoised dark image is subjected to
color channel splitting, and adaptive segmentation points for each channel histogram are calculated to
achieve adaptive histogram splitting. Based on this, a dynamic histogram equalization algorithm is obtained
to adjust the brightness of the image; Then, the Multi-scale Retinex with Color Restoration (MSRCR)

algorithm is used to perform multi-scale Retinex processing on each channel image, enhancing local detail
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information and achieving color restoration of the image; Finally, the improved Gamma correction

algorithm is applied to enhance the contrast of the entire image and achieve dark light image enhancement.

The experimental results show that the algorithm can enhance dark light images, resulting in full color, rich

layers, clear and distinguishable details and edge information, and significantly improved image quality.

Key words: dynamic histogram; dark light image; bilateral filtering; improved Gamma correction

algorithm; multi-scale retinex with color restoration algorithm

0 51 F

7 P 5 Ak PSR, IS ' ] A5 49 i R — 0 2 O
EHEAES . WK AA T HAE 6
R 0L A EE AN ey 45 7] A, 3k 4 ) AR R BR 4] T PR %
T J5 R i AT L BRI, TR e R
e PRI A i v A o ) R R S R R S

HAIT, A 22 52 38 8O0 TR R FOT % o e it
1 e 25 PR 5 B AR X PR A 3 5
52 2 p Ao B 5O AL R R S ]
UE WS R, AR BRI A A [ IO B O 1 5 PR 20
W SR, AT B B OO AR B PR
T PGB R A0 36 B AN i B o [R] IR 32 7 3k
T Ak RO AR 4 g, S EORE RS A RN
PO BE AN 88 S TR R B MR G o A R A R X
PAL B B PR AR 2 47 58 5 38 20 20 %, R Retinex
SRR Ak e B A, S92 B RN FE R A TR R
5573 fife 1B S S Ry BEAT B, S B AR 5
SR, AR AR D R AR AR 2 A DX I8k, ] g i 2R €
R FLB G HE A0 T 25 R A ()AL, BRI T AR SEBR
B PR ROR o Wang 55 46 B 22 190 2% 27
~J O B 3B 1E H O B IER B W 5t 5C & A2 il
St PR o fEL FR 22 0 2% 2 00 10 0k 458 0 RT3 08
S8R R S MR BE R, 2 RO R A B2 3 R A5
SRR AN o AR/ R SR L AR A Ak
U B 8 2 BT VA B4 A A B AR 3R T 1R 5 )
P R AT AE S BRSO IS A A A 59K
T R R B AL S

XF I, AR SCBE S B J5 3k 4 5 i A A P AR
FEBEAN g (R R LB B A 0 252k TR B
aod B A A5 8 ORI ) 48 2 T Bl A
L7 PR i Y I OISR Sk AL AR Ok B AR
fifp DR A 8 PG 5 D7 vk A Ak BRI D' [R5 I 25 B 1
BA 2o 39 5 200 i 2 55 BB DR R 4R T I DI 1A B
B A e R

U P91 B e 0 v i
1.1 EFWHEENELEGER

i G o A B R M e R ) (R T i
1Ay S Bl DR 2R, K000 8 O R Ik 2 T e 30 U I R A
2% AR T UE Dl A W R BEAE T S Y IR B B
KRR B AR B 2 A5 B0 ik, AR S A
2 8 I S X O A R T s MR Ak L ke R 1 2%
401 ARR S

) FH R 3 0k 78 X6k i ' A% E 47 Ab B, O
AU TR R Z RIS B R, B % & T 14
£l 1O R 75 L i 7 = RN W

S(p— (1, - 1)1,

JX:/JGQ (1)
©(s)
w()=Sr(p—)g(1,— 1) (2
f(P_s): ef(ﬁf.«)z/gaj (3)
((r Ty

s p W B b B 5 0 L 1R {8 53 5
BT T, s 18 % 5 G0t £ W5 R E N s 1
AR X IR B TR Q5518 K AR MEAL I T 2R
p(5)ss p AR A B 2 1) A1 3 FEE A L R R A 22 0
S (p—s)s B0 452 30 BE 9 A T bR B R g (T, —
T, )3 0.0, 43 5 V845 23 ) 41 30 2 AT 290 € L
BE T R A/ B
1.2 EFHSEFENELNBEEGRSERE
1 ' 19 14 PR 4 4 v 3 7 76 55 B 31 B
1% 3t L 5 B 1% 3 25 30 Bl A2 WL B O R O
W5 T I O PR B HE AT 3 A 7 I A A
Kb B S BN 4 A S VR R SR B, AR SCE T
G Jal B 7 VR R - 3 5 B M A o7 A S 20 B L 52
A B R 4, 45 B0 P AN b ST 9 T 0 I
DX 3, 0 2oy G S 4 0 S 30 B, S5 B
W5 0 P 140280 0 90 0 £ 5 00 [ 4 5 B 40 A °FF
T4 B 3 B4 TH I O PEROU R AR i



- 1672 - FHRRFFROL F R)

% 56 %

HARL IR -
(1) 8 7E 4 Ja B3 B0 5 B2 o3 A IXC 1), 05
R RE A X 8] [, b ]38 5 T A7 %5

mm(n,/ )

h
Range(h)= = max(n, =1 )

,q€[0,L — 1]
(5)
A imin () BRBUH T80 52 n, = 1 2605 F 19 B/
SePEAH g5 max () BREUT T80 & n, = 1K T Y
e R 8 BEAH g 5 L Ry 5 56 UG 1Y IR BE OB
W s PG T £ W 7 2 6F 25 B 3 A1 [XC i) ) 4 7
Bt 5 A AR B, PRk, e 2 (5) AT IR L B

a=min(n,,>m)

Range(h)= ,g€[0,L —1]

b:max<nq>m)

(6)
AT Ry B Y B AL, A P2 400 ) T 45 1 7 e
S JEE A DX T] E B 0 2 e 7= A B I
(2) W 2 BT B e FE2x s 55 K
14 5 JBE 23 A DX 18] o iy 5 S 2 8 B2 B A 0 L
IR HAR S o0 1 5 SP R 42 J/y BT KR o 7
AT DX 2 6 B A5 BT L AR TR

ZZZHRanq/an)*aJ (7)

SP=[IxX(1—1)+a (8)
o R4 Jry B 5 RIS B 43 A DX TR B
(3) % B Bl S5 5 Bl ) 2 o ol T L AR DG ]
G0 5 B VA R RO R AN 107 I 5 B I S
0B AT R R B R L BB AR AR S Y i T R s )
A% S R 43 T BT AR A R A A R
R 7 R0 S R B T S B H A
A J3E B S B A3 R A5 MP ok R S A
MP=(L—1)X[(SP—a)/l] (9)
ok R BT AT e i g 4 R B RIS
G347 DR, F DL 4 Jay B 5 11 349 5 B A Pl 7 Ao
Ry 43 B RKE A 53 S A DI, B RO 40 A
T L7 A 42 Jmy 43 A5 v 1) bl R ] 3 5 B G v
Bl , S5 0 I O RMR 5 FE
1.3 E T MSRCR 5 st fin 5 & IE i B ¢ B 5
gk
(1) % T MSRCR 114 B 6 B4 4 1y 4 5
iR WA 22 RO AL R T 3 5 (Mult -
scale retinex with color restoration, MSRCR) 5.
A A AL MR X O 2 9 b BRBL R X BSR4 T 2

RUEE B Retinex 8 U 4b B, 778 3L Al 151 A S0 €
Y Dhae, LR R BS BO- 10 A SR . A SR
MSRCR%ﬁ%&i@%“ﬁ%u&mrﬂﬂliﬁﬁﬂ*j'ﬁ@
1%, 35 B BG40 3 DL K R 2 E
MSRCR & 2y ab #E 0h

ngmg(x y)ZC(x y)quR<I y> (10)
2 XA A A A O R S R T 2 R
B Retinex UE ¥ &b B, 4b B 45 R £ R N
Ruse (2, y)s %0 38 T W56 B {5 38 5 45 5 %8 N

RMSRCR,(I’y)vé*élmigﬁ%%y‘j C,(I’ y)o
C,-(I,y)iﬁﬁ?ﬁi‘l‘ﬁ%ﬂ :

Cla.y)=28 1ogz[a'1f<f,y)}log{ifz(f’y)}}

(11)
o AR R B B oI £ R BGRR AE N [#
SRR Ty ) o E R L T 2 I K ]
1% ;N RGB#iE ,N= 3.
(2) BT O A B 4 T 14 5 016 PRI A50 Lo B 3
15 58 I PR 4071 5 B R 5 05, R A et i
T SR X ARk — 2D Ab B, LA 95O R X
PO R A 28040 /0 I DI DL R s X e 2 (8] /Y 5 B
ZES o
2 JR) A B R IE bR BOAL B S Y ERR R E
O(I,y)iﬁﬁ'?ﬁi&ﬁﬁﬁfﬁ
<z.v>}

R<x,y>')ﬂ“" s

O(x,y)=255 X (12)

255

Ko R (e, ) R A3 R 40 4 0 U A (R 15 %
LA % 1 2 S 349105 p A9 000 2 8 OF 28 0, TR 4
FL0,1050( 2, y) WIRE IR ik

B3R b 2 BUHRUART 3o A0, 6 45 0k 1450 o s X 350
5% DX 2 ) 7 B 2 7 TR B A B AR R 68
DL T 4 T R A R R O BT L . P
S, A% S 00 D A T R K o PR A B R 6
CHE g VA s e B A A A A T R AR L

A I A A5 G 2 2 i T AT ik
_ R(z.y) |
O(x,y)=255 X 255) (13)

Ay AR EUE 7 R E T RIBIE R AR E



% 6 S

L, F AT A A B nE ok BAR S R Rtk - 1673 -

2 LRI

PN ELIR R 5 I 5 s S N IO IR IR
BH K 45 224> 3 55 1 I 6 RS, 6 L5 000 5K 4 2 52
B R A B R b i AR G — BT 1 024X
1024 Rof . 28 i R AUEC & T Intel Xeon Gold
R Y AT L 2 22 LR R AL BEAE 1 4 CPU, Jiin sk 5]
15 kb 35 A2 (9 NVIDIA Tesla &%) GPU, i1 i FH
T 2 TBAH ) NVMe SSD i #% , 52 HL#8 25 5 Y
AR AR IR O AR AT kG g 3 5
Xt I s P A 388 ik 4 SR R AT A0 BT L S UE B R AE AR
B g - i PERE P A
2.1 BBREBRHE

Mg 75 b PHL R S I IR O PTG 1 i 17 b 2D R
TE I — 5K % M GO MG, W 1 s, A SO
P A A B LT WO IR MR A
L 25 20775 35055 1 R A, B e 0 R D A Y O 22
H 10, G ARFE UE U4 00 7 22 R 30, B H RN TE
1015 2290 Bl W #E 47 25 18] °F 3, R AE A 00 25 Bk
P, AN g i BRSO 1 2% 5 I R R VR R OR
{H 22 576 30 LA B O B L 2045 8. L sk el e s 5
WGRWE . W JR ARG EE I 2 iR .

e R

E1 FRipEEESG
Fig. 1 Original dark light image

B2 XNiAiREERBE
Fig. 2 Image after bilateral filtering

2 0] D, 25 M s 0 I O R T i o 4R
e, AN RS A DU R B i HL B b 0
fIE T30 25 4015 A5 LAY DA 2 30, 2 R i) i R A5 5 0
TH MR 8K o U B A SCORE v 7R I O RIS 2 Wk Dy T
A W3 AL, Re e B TH I O MR T 4
2.2 BEGREERAEYR

DL 1R G 5O R ) R T8 R ], 25 R
I G B 7 L WL 3 s

4000

3500
3000
2500

, 2000

BERNM

1500
1000
500

0

0 50 100 150 200 250
K

B3 FEHEEEEGREEERE
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Fig. 4 Sub-histogram and grayscale range mapping results
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Fig. 6 Dark light image enhancement results
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Table 1 Comparison of performance differences of

various methods in image enhancement
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