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Non-uniform-lighting Image Enhancement Based on Centripetal-autowave

Intersecting Cortical Model

JU Ming? LI Cheng! GAO Shan’ MU Ju-Guo? BI Du-Yan'

Abstract For non-uniform-lighting images, we propose an image enhancement technique based on centripetal-autowave
intersecting cortical model (CA-ICM). The original ICM possesses the autowave nature stemming from the connection
function during the firing process, but poses a problem called interference, which could blur the edge and detail in image
processing tasks. To solve it, the implementation of CA based on morphological median set is presented. As for the
relationship between the input and output of CA-ICM, we apply an adaptive S shape non-linear mapping function based
on image characteristics of key value. Furthermore, we label and restore those unfired positions for algorithm’s robustness.
A modified non-linear color restoration process based on chromatic information is applied finally. The precise mapping
function and optimized parameters considered in detail lead to better experimental results, indicating that the CA-ICM
shows more advantages than ICM. Efficient dynamic range adjustment is conducted, especially the highlight inhibition
and shadow rendition with details. The CA creates the lateral inhibition effect, leading to nature, sharp, and colorful
outputs with high objective evaluations.

Key words Image enhancement, non-uniform lighting, intersecting cortical model (ICM), centripetal autowave (CA),
mapping function (MF)
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Fig.1 The equivalence between morphological median

set and curvature flow
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Fig.2 Examples of autowave (top) and centripetal

autowave based on morphological median set (bottom)
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Fig.3 Performance comparison between autowave and

CA for a typical testing image
2 ETF CA-ICM HE&RI&EIES

ARICGIN L H B, Bt T EL CA-ICM. B
A0 1 PR AR G i A 2R

Fij[n+1]:f'Fij[n]+Sij+UCA'WCA{Y[H]}U*
1, Fyin+1] >Tn
TijIn+1]=T;[n] = A+ h - Yij[n + 1]
Sen :E f7n(9) : Y[n]
(4)
Hp, 2 525 I CA 5IAE ICM B, 7
A6 HE BB S DAL AR T R 5, Ay i o
i N ERPESEN, PR A; A, BRELREL voa
P W o { Y HAPE, X Br bAlAE 3 om0 R A
IEAGHE B THr; Spy A EE, fn () A
BT R 20 0 B G B () 5 T EHBRRAE 1Y) B 3 B
ARG R, 0 WU R AR PR, TS A
— B MRS SCHER [12] 8 9 S MRS A0 IR B )
R, ASCE BRI s SRR WK 4.

h T R A BUSCRFICR, Bk, 19 2R
Bltg S e sy I (LU T £ (4) A K
%, o H5RAEBHIXA), JFETET CA-ICM
(P3G 588 BT 3G s A v Rk T AN R, et T4
XA RUK MBI (e 75 ) b 8 1B 071, I
Jii, 7 RGB 3 [AJ AT 5L T e 15 1t FE A B2 1 AE
SR EBEYNVAIL TRER V=

X RGB 77 (0] % (0 AR B #5315 1A
1%, XH: I = CIE-rfxSg + CIE_grxSg +
CIE_br xSp; Sk, Sq, Sp N R, G, B —1lid
8bit fH. X 5 J& NTSC Bith =5 8] % H (1) J5
WL CAIRAS SC B /0 B oy &, CIE_rf = 0.265074126,



730 BRI AR BT F A OB TSR K AR 35 23 06 Ht P 4509 i 803

CIE_gr =0.670114631, CIE_br=0.064811243, #x
Ja, BEATIH— A, R R R 5 3 HSV (Hue,
saturation, value) “¥[d] ] max(R,G,B) Al HSI
(Hue, saturation, intensity) “*[F¥] (R+ G+ B)/3
S S R oK. 25 S bR 3 I A
i, BN SR B s, W T o=
T/255X1Ip max, Ipmax MK IRSEE, HEAE SCHK
[18] 331 100 cd/m?.

( i1 A2 )

x

AT
{

CA-ICM K43
v

AT R BRSE s
!
FEF A it Y i {re i BT

( gy L1 Y PR )

K4 ASCEETRE
Fig.4 Flow-chart of the proposed image

enhancement algorithm
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Fig.5 The corresponding relation between CA-ICM's
input and output
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TR B B RA TERE S AR AR I
FNEE ), DAS R RE R i, DAL PR OB RS S R AT L,
LA RGB 73 & N BCF 24 B R ST 8, ER R it |
PR I T G R A A R AR AT AR T
BRI R 1, mskbr EH S RO CEAEEX ),
FEAZOT R TR 0. DRI, RE I X It i 25 3
RS M RN (Noisy saturation, NS)6: 28, 4}
XFARSCAL P75, O T G AR AR e, A
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RGB [ AT 1E.

Li 25060 75— R A R H T oo s g bl
B AT, R T 2 (12) M4, 78
RGB =i i sl 7 R as U (5 Bk &= i
HETBUEAEHE T Gray world (RPEERE A 1 11 fir
J71%) A1 White patch 3EARJ7, W /&1 Von
Kries 8 28 806 A B 1E 3G 2 AT 0T 1 R 1) 1 36,
Jrikta e, W (13), Hrp, Mg, Mg, Mg 72 Sk,
Sq, Sp WA, Mcy h=ZMHME. Li &t
LBt 2 LM BRI R, T 5 Ipy AN S
(15 BE L, AR T 349 LI R, Sen, Sren N
RGB =AMl A T oy s AR IE /T 5 4 =
(Ch=R, G, B), \cp, ZEHZH (/N THHEE T
1), SEBRRE R T — & 9 R AEH].

. . I i) ] . .
SR,Ch(%]) = ];]Zi(’j;)SCh(%]) “Ach (12)
1
— 0 0
Sr.Rr Mg ) Sk
SR,G — MCh 0 E O SG
Si.s o o L |\ss
Mp
(13)

SE B b IZ A 1 07 6 T U R AN B X8R A
FHTESS (ELBI PR -70N), 6 T 528 SR 7 r= AR 75 Al
(Legl PR 73 K . A phak 4 ey AR LE 1R Yt A
SURHI L — € S AT I s EAT RS IE. SCHR [28] 7 HSIT
RGN T T AR AR 2R M F R O, I
FEIE A e A EE DR O 1, B 0 s 36 K 11
WOHATRE, TSR b, 2 5Un G fE 8 =i, )
LU S 19 A% A 1 U 2 W A5 A S 1 1) 1B AT, R O
IR AR ROR, BRI T N

ARICK R JURh 7 ki, $E LU R IEZE B
& R IE 7 v

Sr.cn(iyj) = (k:c(m',)j))*“ Sen(i, j)

. 1en(i,J
=6 5)

ARICKH Aen = (Mg + Mg + MB)/3MCh, IXFERN
AIAE =ANEIE S H ARt — A2 % 8, EOH
Bie bl b s Al )5 AT @ 18 S AE I LU R L. k(i §) 7R
BLRBRA A (R k(i, 5) BcRHR 100). [FIES
N T EG Nop, TR 22 1T -5 S0 A B4 250 2
ERIE LRI, WP LL 0.9~ 1.1 Jy1fE.

3 REXWGXITIE
3.1 CA-ICM #&8) 7F B 1% 1858 & F B B9 S 80t
g T N G B SR I RN, AR SC R SRR R S

(14)

Wk [27] ZECEF R ICM BRINSHL, BT T4
AL CA-ICM HERL S 1) 2 3w & s

1) HIdh T4 CA-ICM #5753 4 G 18 i,
B (ER 2R e R BRAURI, BEE T R E N 1;
1M 6 BUEZE 75/, DARIE T'[n] ki3 2 %ig, LA
6 e 0% 4 210 1) 2K 5 2008 T A [R) 7 s KB 1 m] g
X 4 K

2) 40 h MLARME N 22, FLIEHE P EUE 10 RIX
B PRE TOR o AR T K, AR SO 37 5t
RUKBRE SRR — X ), A6 RUKZ G AN RE
B PR S K, T DRI 5 h (B R =, 1R[]
IR AE T AN 99 I AR 28 Te A e R K

3) HIT ICM 2k 7 Rl E U il (1) P9 R 0, Ay
TORUESE S BIE LU R I RS 3, R0 Fy B3
IARE [ N BCE RN, A W) R IR PR S e Y o
BOR.

HAAFE BN, A T IRIEBME R L RN T e
JEIRA = AN R, W SEE N g < f <1.
EAEIBCE AR R PR, 25 RATAT B 1 0, 2R
FALE. T Fiy WP RIE CA 1) W oa{} BRI
VER RS OCHE, Sams f BB N BUNIE R, BRIk
AIREE 2| AH S M SR8 5. 4 T AEHS 585
AL B, 2o KM, A SCERINEEL ) 2
¥k f =0.01, h=3x 10°, 6 = 0.01, A = 0.01,
voa = 0.5.

3.2 HAXEB/RGES LR

BEORE SR VR T S0 R 0 g Ak AR O 7
fEfE s, MarslEt e s, 1, 7 kA
http://visl.technion.ac.il/, 2~4 3K H L #R [7],
5 >k H http://www.udmgroup.com, 6, 9 X H
http://dragon.larc.nasa.gov, 8 K H ik [6]), 1 H
Matlab 2008 *f CA-ICM A5 87 A5 1 5 o 1) 3
AT TOTE. JF Y H AR AR A DB I A5 v
7%: CLAHEP, MSRCR®! FI LTSNE AT L.
MSRCR H3:4fH Truview 2] # Hi %) Photoflair,
RN S AR BEAE S (Scenic mode), k% = AN R
BIAK 5, 20, 240, HIEHIL Autolevel Fl i ~Ffiyik
AT G Ab . B 7~ 10 i Fig iR

MRS R 35 5 5 BRI 7 s B 7 1 45 R
7T AN G A R 8 &, LA R TJT AT BASKE
TG R 2 2 Y0 TR B, R B A T B R i 40 Y
AR — 0 R JE AL a6 U R e s w] LU
MSRCR 3R AAAE BRI G2 M A%, B —
SE )R, [R)INE i T ROBEIE Bk = 11 0E NPk, 7
JEHISE AL BE AN BE[A] I e . 22 4L i) CLAHE
TER AL E B AL B EARIL T — 2 L, AHE T IX
(A0 5 REBATAEAS A, Ry 8 AR 11 T 20 328 W &
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7~ MEER EF, LTSNE 7EER A6 A BE E 2%
RESE, B DVOCEIE, X5 B & AR
W2 M B pR B B E SRR G, T HLBA 2 AR
AR T AT AN B 0 AS SRR A OGS A 4R,
CA-ICM fE[f) Ly F B ML RS FAT A 4k A PR {41
IR, At R B REAS BT 8T, A1 i
T, SRR K ST VA BT AT 2, TR sE T, AR
i w1 o S N TRV R O RFAN

(b) Photoflair ft§ MSRCR #54¢
(b) Result by MSRCR of
Photoflair

(a) REGRE 1
(a) Original image 1

(c) CLAHE 4
(c¢) Result by CLAHE
K7 B s AR
Fig.7 Results of a typical night scene image

(d) AR
(d) Result by proposed method

(a) HaHEG 2
(a) Original image 2

(b) Photoflair ffj MSRCR #54¢
(b) Result by MSRCR of
Photoflair

(c) CLAHE %1
(c¢) Result by CLAHE

(e) ArHhi R
(e) Result by proposed

(d) LTSNE %4
(d) Result by LTSNE

method
SR BILE (S SE DI CPN S EIEL TS

Fig.8 Results of a non-uniform lighting image

(c) gk
(c) Result by
proposed method

(b) LTSNE £
(b) Result by
LTSNE
B9 RIS v e R 5 (0 S A48 20 35 R M s AR

Fig.9 Results of a typical complex non-uniform lighting

(a) JanEE 3 M 4
(a) Original images 3

and 4

image containing both highlight and shadow

FEXT [F I B e R R 2 A3 513 = 10
BasgsepE 9 th, BT CA-ICM RSV Gt si A
T RGP YT gl L X B 3, LTSNE
SRR 4 AT e adidls; A SCHER K& T
J7 BT 52 A0 40 15 R B0 H K IR [RTIE, KT IR O 58 4%
L, KT OGRS AT W 6 B 4, LTSNE 5092
H T8 ST OB BCE ) e, B R b N R &
Ab S w I G AR W, T ELKT 5 R 0 A AR S
U, [, B9 ) By BRI AL T IR A
A K E, ASCEE L. B 10 9 2 I 4
3.

G S o 2R PR 75 2 Sl 2 PR AR i
BV B 5 TR ST AR SC AR 3440 e R A5
FEWLTTA BT 0T P 450 A A 5 SRR AN 3 A0 X3
S LI RERTE PR ~STTE-OVIE =R AN I F 3 i e
JEI AU RSB A 1 R . NASA A58 48 745 v K e
A I MTEN Fa AR, NASA [f) =47 2% 38 1k
2 (R0 2 M G AR g R B AR R G 1 R
(Good visual representation, GVR) f77E4 T
(Statistic characteristics, SC), 1M K & (1) JE £k 1 K]
Gynm 7 vk nT LA St R R Se RSk B TR))
T8N DSBS . R0 T e PR 40k s 0 B2 T LA
T VAAN 5 38 A1 kg FEE Al 1 =3 500 3 (1 PRy (B R Ry b
HEZE M E A B e v~ 1 EARvE. BARA S AR
35§ Je 3 SR 1 BB B 2 A R 38, T 2 i LR R
AR 22 IR, A DAL DR 4 Jay I A E 2 FEAS B 5t
AR, FETGe v RR M, g nr LAar ol 4
A RAE PG TR X 38 S B BRI FE AN AL,
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AN, KL BEAS RS LR b s 3 R4y (RIAE R
U, X IR CAIIE A 100, A 228040k 35 ~ 40 (3T
HEL 35) A ZCFIR AL, BT UL AR BRI (E R
iy MRS SR bR 22 VI R AE R R IR 2
Gb, XTI GAEN LEREAR B, ARSI TR0 R
WIS B (Definition) SRHEAT I . 75 W7 2 X
FEARN AP L, /I

1 M N
MN z_;; \/ Y
(15)
Hp, I, 1, Fonim s, RS o0 2200 AT B
R P 1 B AL

K10 32 R R 0 AR (5-9)
Fig.10 More results by the proposed method (5-9)

1P 9 i B B N 1K) A, 2)
9 % I AN (7 SR 1 ik i B PPAN &5 R I PR
E AT LUE 38 s 1 B A B P T [
IR AT DUE 30PRSI PEAN (A — S0k,
MSRCR. 5 iy P i B 18 i i b v 22 P R i die K
(R, PR AR AE ORI 1 s I R A SOk B 3
BR (7] AHEG, AR B LA . B BT
AR 2106 M B R R P, 2 AT &5 45
11 DAy AR ST W 1K P 5 8 i i i PR G o1 4 1
(B4R /A 50 x 50), A HI{E NASA $i5 b (1) 1 &
AR SCHEALAT K 5 B BT T R
(Visually optimal).
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Table 1  Objective evaluation for testing images
; ) - JRIF bR ZE
No. Bk 4] e ifE i
o 87 BE N R ki TR T
JRuGEIE  28.1874  50.9612 19.0612 5.5678
1 MSRCR  59.5887 66.6724  40.4678 10.1289
CLAHE 49.0081 47.3385 22.1758 6.6382
AICHP: 99.2000 50.4984 29.2276 7.8609
JRiEEE 118.9283  88.3250  24.0251 1.8981
MSRCR 121.9310 77.5475 34.2104 5.2290
2 CLAHE 130.0150 64.1965 40.2886 6.7013
LTSNE 116.6355 49.2341 25.3075 3.7270
AICH: 155.5597  52.5632 26.9629 3.2046
JRiREIE 114.0568  57.3589 18.9501 2.6232
3 LTSNE 116.9579 28.5677  23.8943 4.4147
A5 123.2381  30.2523  24.3593 4.7715
JRUGEIE  119.1583  45.7335 20.9644 1.8829
4 LTSNE 110.2044 29.9191 21.8444 3.8004
AL 120.3618  31.8034  22.5586 4.6643
5 g% 39.3465 424325 21.1151  7.5109
A5 172.3713  36.8835 36.2543 12.9953
6 JRUGEE 56.2769  31.5959  22.7675 7.6462
ALY 176.4964  32.7457  34.7482 13.9593
7 FiGEE 67.6256  56.8752 28.0922 5.6557
A5 165.3970  55.3977  37.5776 10.1572
8 JRUGEIE 66.4951  78.8577  43.5917 8.5637
AT 106.9583 67.4302 51.8088 11.8001
9 sk 17.6123  8.5863 2.9943 0.89947
A5 99.9241  31.7689 10.8951 4.4351
Statistical characteristics of image
250 : o Original images
o Enhanced images
200
Insufficient P Visually
= trast im:
£ 150 contras optimal
£ é
%D]UO : ; [.))..{.-h.'. f 2

Insufficient

_:(_” I:/g, lightness

Lh

20 30 40 50 60 70 80 90
Mean of zonal standrad deviation

B 11 BT S B G v ]
Fig. 11 Statistical characteristics of images before and

after they are enhanced by the proposed method

AR SR AEAR S8 BE AR B S8 DX 3l PRy 37 T A
WA b BT I 5 1 SO (7], FEAE AR AT A S
A BRI S SRAT R W] S 1) e, (R SCEAAE i se
R b3 DS R M TS A7 e BBl v e (R 58 5w
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DAAS ZIFHI, (I R T — @ ot BB X
HE— 20 ek ok S R B R 3, AT X R O T A
T G D, (Rt B B B A Y T
QRIS N BT B 2ok AR 2 ik %

A A 928 F Intel Core Duo 2.26 GHz
CPU, WA 4 3GB 1 PC HL_E#ET, T3+ CA-
TCM A5 (1) B 5088 it 7 ik b MO A RS, o 17 9281
AT K, BIE N RN, 1O A B 5]
NAT AR BT AR R 3] 100 WL, FE AR K
ICM a2 AR E 10 % ~ 30 %. [h)-0r A Bl
SR ] T VSRR G 1 T A 2 P 4, RNk
A FERE B2, 256 x 256 15 A0 B (1) I 0] -2
10s. PC {1 B B AT vH SIS R I ds e A AN 213
W SCk [6—7] MIUESZI AL, /B ICM n] LA 947284
S fn SR i G H RTARAT 2 % F & Tilera
B B R FPGA 28, SVEFT & (5
FHCH AL 330 25 A0 0 BT, SRRl e R, X
I T ICM N H BAA R SR Kz —.

4 Z5ig

A SCEE R AR SO M R (1 9 37 5, Se i T
FT CA-ICM AL BB s ik, £ ICM
A S BN R T ISR, AR EG A h R 5
SEOLGHM 18, BT RSP EER T CA
ARSI 3K, D5 SER R ] T AT K CA-
TCM AR [0 ] 21 Vel (509 55 AU, 168 v Y AT B 5 45
IO AA, S 7+ BB AR B 3G N
ARLE VMRS o 2, R AR A S Bk vt WA BE
SEHHEAT T MBS, PSRN CA-ICM 3k
Tl5ha ICM BRI A B, 56T CA-ICM B [
P8 8 5 S m ] AAT A T B 2 VL TR ) R A, i
[F1 Bl 2 AL AR A A AT R TR LR 3T
PR A0 ST T, B R B AR, B PO Rt AT
NTE R D T RS IE AV ], S el B B
BRI 3 B T30 47 i RIS, T B AR
30 HE R i RN DAY (0 B PP A 4 s S G A
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