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Adaptive enhancement algorithm of low illumination image based on
maximum difference image decision

WANG Ruiyao', YUE Xueting, ZHOU Zhiqing, GENG Zexun
(School of Information Engineering, Pingdingshan University, Pingdingshan Henan 467000, China)

Abstract: When applying traditional image enhancement algorithm to low illumination images with uneven illumination
distribution, it is easy to produce color distortion and over enhancement of bright areas. To resolve theses problems, an
adaptive enhancement algorithm of low illumination image based on maximum difference image was proposed. Firstly, the
concept of maximum difference image was proposed, and the initial illumination component was roughly estimated by the
maximum difference image. Secondly, the method of alternating guided filtering was proposed, which was used to correct the
initial illumination component, so as to realize the accurate estimation of illumination component. Finally, the Gamma
transform was designed for image brightness adaptivity, which was able to adaptively adjust the Gamma transform parameters
according to the acquired illumination components, thus, the influence of uneven illumination was eliminated while
enhancing the image. Experimental results show that the enhanced image effectively eliminates the influence of uneven
illumination distribution, the brightness, contrast, detail performance and color fidelity of the image are significantly
improved, the average gradient increases by more than one time, and the information entropy increases by more than 14%.
Because the proposed algorithm estimates the light component accurately, and the adaptive Gamma transform is optimized for
low illumination images, so that the proposed algorithm has very effective enhancement effect for color images under weak
light conditions like night.

Key words: low illumination image; image enhancement; maximum difference image; alternating guided filtering;

adaptive Gamma transform

0 3%

PO PR 41 N T A % 4SSl T
T A PR A2 4R, T 1 R PR T D R T
RS 24k P AT ST RB B T e SRR AR EU (4t
Rt A AR B SRR 20T, TR A7 I R A 1
T TR B PR R R BRSPS
I 10 4 P 40 7 2 K TS LIS G IR

W #5 H 9 :2019-09-05; & B H #5:2019-10-28; = FH HH#H: 2019-10-30.

5], FBN 2 PG s Y DX e 2 s 3 sl ) X O IR
SR PG 0 B A S TG O S SRR T RIS 0
SR RINE PRI , X B R (R (R G it (0 A B S
SN POEiRIACEES: TR SE e 20 Syl e S | FN= i)
[ X5 1 1) 0 FE T Retinex BHE IR)8801:  JL T W5 18 18 2 56 19
SR M A I MR AT . ARGt Y L L I AR o A
— B KGR B A B R BRAICR  (EN T R BN 38 1 B4

E£WB AR TR H (162102310248) .

EEE A : THSE(1989—) , 55 W R LTI, PRI, B, 205805 ) - B PR AL B 1525 =2 (1989—) , Lo T R~ TR, B0, A
&, FEOPTE T ARG RAL R RS (1978—), B WL A N PRI, W, SRRy ) B RS SR A (1958—) , 35, TR A

M B2, WL, R 0] B IR R A B



% 44 z

R R K AL kR AR IR B AL B i 8RR Aok 1165

T 17 B EA S A R AR, Ry X — (Al R, — 2
P 385 7 B A (B A % B B 1 Bk e B e R R
R SRR A A AR M A 2 M 1) BI{EL. LT Retinex BRI 11
=R R e RPN ES Retinex (Single Scale Retinex, SSR)
B2 ] Retinex (MultiScale Retinex, MSR) 3.3, {HIL T
ISR W ER AR E DRI, HER KA,
SCHRL6 JHE T —Fh 5L XA I8 U7 19 Retinex 5335, # — 2 &
B Wb T ORISR ARRSE AR, WA BT R, —
ST SRR B SR AR Y, RS 3E I e g B R He 55 4R 1Y
— P R L %5 B8, Dong S5 AR AR IR B2 4 2 % PRI 25
RIEMGRA — T W ARBLPE , & 7 5 T I 2 0 1 I I
UGG (5l T RS UG S KO AN S8 2455
A e 5 P, TG SR I R R T 1 A e A A B HL (27
KE,

g5 b AR IR R GO A s A e ) R ) U 35S
A RAFAE R AR ANl 3 (R 2k L, O R D R 7800 7% JE AR IR
B R IR A B Il R , BT DA S A B R A 0
G35 , X 0l B ) IX s S R AIRs J8E , Xo Tl B A B 1Y
DRS4S D e e 55 Y 20 1 S B, IR RE
AR, SCHRLO THE 4 35 0 XL ) PR o X 5048 48 532
SCHR L1048 H ADG REOR I Y 3d R i vk e & T A
M S B T A TR AR KR G R, TRARE G R
Sy EEAT H I NG9, DA T TH B3R OG RN X 0] i i S5O 1) =2
R SCHK [ 9 1R A %] i 1 PG AR 3 i 75 3 A8 40 J RUR W22 2
IFARSE AR 6 IR A0 5 SCk [ 10 ] A e IR i i B IR R
HER AR A TR BE NS T R . R, A SR
T — B AR IR B RS R A, EE TAE T DR T
I R RGBS, I 308 5 ik I TR R A HEL,
SEHOGC RS S AR BAL TT  2) BT T MRS B A N Y
A4, BE A AR R 0 DG BB 431k 11 3 I IR 28 L B AR 4 2
B TR IRW] A SR ARG SR DA 1 (W], RS
BRIV 3ok o5 DI S, o A1 R Pl {4 b ik BL A et 8 o

1 R EMIT

FE— IR R G, BRI SRR B A, FLARTEAT
FEZLAGIR 33X 25 6 B J3 58 A Al 117y Ste — 2 TR o i oA A iy
TGRS, SR B AR R R IR ) SR R 3

Retinex BEIE G H , — 18 EIE 1 o6 18 432 01 s 543 1 AL )
FIR, AT LR A -

J(x,y) = R(x,y) L(x,y) (1)
Horpe J oA AS 3 A G - R A RS IS o i - LRI Ay
B PERAS NG m SR, S EXAR
F, AV ARAR B i R R 52 G R AR A A PR, 50T L3
1 T BR B RO RS 1L A5 2 0 S 2 R BB 5 1Y 45
R 5 TS 0 ) 7 S LI PRI ) v A0 , Y R 0 o)
AIRAT B 43 , BRI 1 ] L) T 0 PRI A 740 30 0 30 A5 31 > R 4 i
L, @i (D) Epaf A58 R,

SSR I MSR 1F /2 3 T 3 F EUARL K It 4 P45 s Hn I3
YE WL BFVEAT B, MR BOE I, (H R gk s b= i
SARFERE S L S 2OG B AT AN, SR TFI A 515
U PRS- Y D) RE SR BRA O B 4 (E B S I A B 0
R AL Z A5 8 AR A 6 IR a3t g (B4R p
AIRA 533X —HFAE

AR SCEF XA R R AR R B Al TG IR0 8T s 2 3l
JF 414885 (Red Green Blue, RGB) %S [A] =3 if [] (Yt K24 (H
PAFWIAC RS o, R S8 5 | S IR HEA AL IE , AT HERf ik
T EHRROE IR
L1 mREEE

B — WA B MR (v, ) 2K (1) P S 47 X B
RS T4

InJ(x,y) = InR(x,y) =InL(x,y) (2)

X TR RS MG, LI R iy X, B T3 st i ik
JUF B A B 8 F %, i1 K8 InR(xy) =0, RP
InJ(x,y)=InL(x,y)o HTHMEXIELAYE IR )L R0, B
L(x,y) =~ 0,2 T M ETE , iTHUE S R .G B Z5@IH 1
RORZEH,

A(x,y) = max (’ InJ, (x,y) = InJ,(x,5) ‘,

|10, (6. 3) = nJ, (7).

‘ln],,(x,y)—ln],.(x,y)D (3)
FER In L(x, y) BT, iR 2l 2 (4) S AR 345 26 R4y
HEIPIAAL TS
D(x,y)=1In"A(x,y) (4)
DL L5 RTT LA Y SR EC =00 0 A R 22 0 Jr TR e g
PRI RO IR, HA5 R G 40755 BA5 2073, W)
DRER T 2N S, TS5 R S IR R OGRS A B m Y
—Eetk . ORI R, X IR IR SOk, BT R 5
F IO AR, X B K SR R G B =3l 3 A K AR AL,
SECIEIE R R A 22BN R R E R & MERT
R E 22 5 A/, PRI EAT P38 B

(a) JREARGBE% (b) I K ZE{E
El1 RGBREUEM K2 (ER

Fig.1 Maximum difference image of RGB image
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original image and maximum difference image (line 200 for Fig. 1)
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=575 6 45.2898 7.2659 9.4869 47.1488 7.3295 9.0229 42.4131 7.1202 10.9797
MSRCR 56.2295 7.3208 16.7726 61.5134 7.7918 15. 1115 55.9237 6.7102 10.6160
SCHk[ 9k 39.8990 6.2889 8. 1260 65.2035 7.0463 10. 1364 44.2744 6.2363 8.3268
k[ 10553 39. 1402 7.1030 13.2765 48.5657 7.3567 16.3592 40.7424 6.5805 14. 1564
AR 48.8165 7.3587 14.0050 51.2012 7.6077 17.0175 44. 6067 6.7495 14.3745

5 4%iE PRUERE AR )[R, BEAS A R il 1k 78 X3, ff 235 SR S B A

AR JER  JE PRL B R MR AR DI IR B A8 (R, AR ST
H— R A GG SR . AR SO AR B
i F R 22 MR S5 6 208 5 U8 U i I ik A 6 I 23 4 5 1)
S 10 T X 0 B2 PR Y 1 O R S AE e . SRR A R AR
W AR SCREAG TR RS B 20 , B2 B i 1) MRAE

T2 UGS AT, B S i GO B AR T 1AL (5 B
TR T 149% D L, U T AR SO A e L i . B E
I (R FF 52 B/ Xl HR 43 e S e Al o 1, S el R
SUEEXOT HEA TIESE o R AR SOOI R 9 S ) RS AR IR
JEAEARAR , S B0 RS R 22 b, & R IE H
RGBSR RCR M I, 21— ha e Qs B
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