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Abstract

One novel variational Retinex algorithm for infrared image enhancement is proposed to eliminate the

staircase effect and enhance details. Gaussian curvature regularization is adopted to construct the variational Retinex
model, and the first-order differential term is adopted to add the detail enhancement constraint, which realizes the
adaptive enhancement of detail information. In combination with the neighborhood difference operation, the
curvature filter solver for variational model is introduced to achieve the optimal solution. The experimental results
demonstrate that, compared with those processed by the other variational Retinex algorithms, the quantitative
evaluation indexes of images processed by the proposed novel algorithm are superior. The new algorithm can

eliminate the staircase effect and enhance the details and visual effect of images.

Key words imaging systems; image processing; variational Retinex; Gaussian curvature; total variation; staircase

effect; detail enhancement
OCIS codes 110.3080; 100.2000; 100.2980; 100.3010

15 "
LSRR AT H 0 AR SR W R 53 32 3R 5 K AU L TR M T i 55 1

M. SR, ZLAMEMRAEAE BAT X L RE 22 L5 W L AR R4 7 SO 58 S5 o, BIR ) 13X — B By I HT
AL AR R BIF ST RO A £1 A1 PRG035 18 3 7R S A A 23 Bl o) 28 PRI im0 ek P 3 i | Ik Y

P8 B 7 P e

50 LR D PR 4 5 45 L T Retinex RIS AE Sy — i B PR AGH4 98 T 1, FC 44 9 R 1Y i A

[l T E R Al 7 3% . Retinex BSR4 B F 58 N IR AL 58 28 48 p9 BIL) , 25 B AT 00Ol R 9 37 5 0 B S
B RIS S IR 43 T 98 H bR AR B AR B . BEJS BT R T R AL B A I A T AR 0 PR SR Y

Retinex Bk, 2003 4F, Kimmel %506 Retinex A8 v 56 B8 43 (Al 3 5% Ak S — o &) ) B2 47 R i
KRB 2016-04-07; WRIMEKFmBAHEI . 2016-05-18
EemB. AEARPFRS(61372167,61379104,61301233)
EE B IR (1990—) , B BlH 58 A, 2 A FH L0 AP EIG3G 58 J5 1 A 58 . E-mail: whbimg@126.com
BIfE N B E Q962 B A # L A S0, 8RR A S P L A AT .

E-mail: biduyan@126.com

0911005-1



ot % % i1

SIS HE SR I LLE i 12 PR P UK 35 Retinex HHiE . B HEZL 5 REHEYZ oA T W Retinex R0 L' (L* i
H' S5 2R 80 e R B0 GE TR AEAE Sy 18 W30 24 SRS AU . 348 Jon 2E J0) 30 /5 1) B 2 72 o 3 2k Q) B3 L
BB BT X PR 5 o RR Y 6 IR A B e 25 ) BP0, IR DABR BE Y L7 S8 b S5 0 i 1 IE Wb 29 0, 7%
2y R AE BRI 58 7] B p AN e 8 43 CTVD IEMN A A 8. Ak b, Ma 281008 TV IE 0351 57 i 1] Retinex B
WL BT TV-Retinex A, AT {5 Bh3E 5 5 09 330 20 55 71 XL IEA T8 0E , BUAS T 550 1) BRI B B R8O8R
{BAFAE— R E A A0 B C . S [6] 1 ) DL % % (% Ak B, 210 A1 BRS EL A B BE AR 401 R 2 S B L TV-
Retinex N T £LAMEG G 3R B TV IF W 55076 0 49 43 R 5 5056 560 0 5 A PR 00 41 AS R 304 o in ™ o, 7
R BB AN . BEXT TV 32 35009 B B 800, iF 58 35 A1 2 00 52 R 3 an s B TV (HDTV) , )7 AR 43
(TGO % TV ¥R iE ki, TV ¥ RITIEVEN TV WM, RE7E — BB I v IR B 6 2008 . 11 Jm) B
o R H B SRR A SE AR, 6F G A 1 1 20 ) 58 AR S A R, TSI AR A e TV I D000 85074 B A6 2
I

AR SCER X R TV-Retinex #5258 v f2 78 (9 [a] 81, £ 5 — B0 mT 35 B B A6 25007 1 185 538 48 15 19 28 43 Retinex 41
SNEG IR VL . B T R (GO N 2R A8 43 Retinex B [ 1 W 301, 45 47 b 3 B T H A 184G A A4 By
BERN . A D RS E AR R A — B B 53 S0 BRT 357 516 5055 80 174 48 15 348 56k 240 50, DTG S B0 P14 1k 55 4t 1 1
Hang , HERR S EME T CE T L, AR A AR WA K .

2 BRI K or
Retinex HUSTE R 4 Ja) 6 B S8 A A5 B0 8 SRR K B 43 A 5 375 540 06 BR 3 8 R0 ) 4 19 I
Sy i R
I(xsy)=L(xsy)XR(x5y)» (D
K I (2, y) o O R ERE TE R WK BEAR B L (s y ) o BRBE S35 0 W AR5 B R (o y ) R EL AR S 3k
SE MR TG B . O S DL N AR X 5 B 0 SR BE TR IS ] A Y T e o O AT A B R
fitt . (1R AR B R E X
i(xsy)y=l(xsy)tr(x,y), (2)
() AT ELL 10 MBI X E 43 SIS 8 i oL or . A8 4r Retinex J7 35 5% JH 1E W4k Ty 3 Xt 52 B[] A 4t
AR, AT ] P A To) 9 O 0 30 6) B BEA R S S AR A 29 o, TV IE N2 i Rudin 55 5 UCEE H 9, BEXS (&144
TN 53 Fr 8 B e IR . 45 A Retinex FLISAE UGG 58 P (9 BT . Ma S50 B T TV-Retinex #2151, K
Bz R R B H
E(r):argmrin[% v =iy i+ | n}, (3)

Lorhr RGBT R R | Vo — ) |5 X R R ST 2o, L 2 s R o i 2K
7 I oo X S S PR HEAT 29 3, Aol FL06 2 43 b SR S8 30 5 ¢ S E IR R 880 BP0 B2 TV 1 D 30 6 AL
Eio ‘|r‘|TVEI%§iEﬂb

Lol =] 7 T dady o

X Q A F UG WS-, 5, 205008 SO R AE SR () X o0y B9 2 50 230 B (3) X0t B A5
B AFAE LR =07 1 ] 2L

1) AREAL e /b H AR PG PR ELI 29 B AR oF S TRTAZ R L s 8 =2 ) ) 22 S P R AT JE 4 A FR A 5

2) BERER AT TV JERO H ARG ES I E WAL 2950 A8 TV 87 AL Sz 8 115 i B 3 BB 46 28000 i
JIC R 5 R A L ROR 22T

3) Ma S8 23 1 i B IR 00T B 9 S R e iUk 2 A AR S . R A B Ak B 2T 4 P 15
S, 39 5 45 R TP A N R BLR BT OGRS N

PR U] 5 3 S TL Ay R 3B, GC A A i 238 1 U 050, 3 o T e ot v 220 i — 24 0 5% R0 R oty o iy LA
o X P B R AT B 50 23 B9 AL TR SEOHS 240 Y 40 4 ok 2 v A s ) R A 4R RE . GC IR DU UK A 1A 4R

0911005-2



ot Es % i

it N P G T R Y S BB L Uz I T MR R U2 R IE AR TR B T 2 s R GO IE D 5
| Retinex HUgH, 321 T RE A2 73 Retinex B Rl

3 84y Retinex Z1 4 A5 14 5% i 4 7Y
3.1 GC EN KL
EFxt (3) UM AL R A7 AE 1Y 1) A8, 3l 3 51 GC IE W 30T 2L B — B ok 43 300 48 57 2 oF 19 74 43 Retinex 2151 E]
A5 1 5 B A AR BT AR R SRR 5k
E()y=argmin[d [ r—illi4m | Ve —i) [i4u lrlec+@i)]s (5)
(GIF-NIOESY & U
r=iand{V(r —i),v)=00ndQ, (6)
P A om e AT R ACE T, | —a |5 R B R LI, Dy () S B A 4T T Y 5 I,
| V(r—i) 5 LR AR IE NI, VRIBER T .00 WERNL %,y il Zabikm &,
7 [l oo GC IE I, 29 3R SR R 58 BG4 vl J S 3, JLB sk R
I |Gc::i(1;;;g%_r§32dxdyo %
¥ (DA E X GC IEM &4 (3) 2P iy TV IE W3, e 37 1E W R Retinex 5 5 i i 2 GC-Retinex
A, Rz PR RN

1
By =argmin| 5 | Vo —i) Li+elr . ®

Ly H bR BRI L 3 8 SO E W] (] g RO 53 R AT A IE WIS (| (] oo B0 23 76— B B b3 AR
RGN 3k . I 1) P LD A G 3R, Lt TV IE W 29 A8 (3) X 5 GO 1E W) 30 24 5y A
L C8) Z T X 7 Y PRI s 25 R 22 . X HEIE 1 Ch) RN 1 Co) SR TEAE X AT 1, TV IE W) 300 24 o 1) 45 S e 3
T P GO LG FLREIAE T TV IE 02 S BB B 800 o W66 28007 A J5T J2 5l 5 T 1) 1Y) 28027 R
BN 5 4T 00 20 1 RE g A % B 26 DX R) A5 5 10 220 ) TR R AR L, R ECEL 1 ZDANER R AR 156 17
BERME LB 1 G B AR IC AL TR  N—2E {55 04 1 B2 X LA (6] 1F D0 350045 5 48 19 19 221 1 RE 7 . 4n 4]
2 R .

M 2 7] LA L TV IE TGS A UR . X K 2 BE iR 055 XA RUE L TV 5
50 X 12 X 8] 1 47 5 220 1 A XL GC Se 30 % {5 5 2075 09 20 1 BE ) 8¢ TV e 55 4, ) DL 2 e A5 5 3 1Y
A8k, . TV-Retinex)™ A= (9 B 6 2800 78 B A 080 8 FAESE T TV IE NI 5 5 401 20 i 68 ) A
FE o GC TE DU I8 B3 47 1 5 R B A6 4 0, T 37 T5F 5 i Rk 5 Rk oy =,

WAL BEXTLLAMENG B bR 4075 3505 | = 23 IR A B i e R AT DAOR B T 22 40 YRR 1Y e B0t R
TE T 50T B 32 RN A2 3R, 30 DR Ay i T T PR B 3R R SR T LA TG bk A s ] b P15 g ) ot

ol 2 2 ) v DT ) v A ) e i R 45 A AR e R A g 2 L AR R A T TR 5O LA SE o 4 3 A 4
(a)

Bl 1 TV IEWIE GC IE IR AR 25 R I, () JRE s () TV IEMI; () GC IF W 15
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(b) TV regularization term; (c¢) GC regularization term
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Fig. 2 Performance comparison of signal detail description between TV and GC regularization terms. (a) Original image;

(b) TV regularization term; (c¢) GC regularization term
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Table 1  Pseudo code for corresponding numerical calculation

Input: Image ¢
Output: Enhanced image r
1. Initialization parameters: A=0.01,m=0.2,x=3 and r’ =i
2. Calculate the individual energy E; (r) by formula (15)-(16) and E, () by formula (18)-(19);
3. Calculate the total energy E“ () by formula (12),
While E‘*" () <<E“ (r) »repeat the loop with step 2 and 3;
Else break,
Return E (r) =E“ (r);
4. The minimization energy: E* (r).

Take the output enhanced image: r=r<.
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Fig. 5 Experimental images. (a) Detail-blurred image; (b) image with low contrast and clarity;

(¢) image after non-uniform illumination
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Fig. 6 Enhancement results comparison of detail-blurred images from different algorithms.

(a) Ref.[8]; (b) Ref.[10]; (¢) GC-Retinex; (d) proposed method here
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Fig. 7 Enhancement results comparison of images with low contrast and clarity from different algorithms.

(a) Ref.[8]; (b) Ref.[10]; (¢) GC-Retinex; (d) proposed method here
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Fig. 8 Enhancement results comparison of images after non-uniform illumination from different algorithms.

(a) Ref.[8]; (b) Ref.[10]; (¢) GC-Retinex; (d) proposed method here
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Table 2 Comparison of quantitative evaluation indexes of images

| <

Experimental image Method SD Entropy AG
Original 21.6736 5.8779 5.3576
Ref. [8] 18.8107 5.2453 4.3265
Fig. 6 Ref. [10] 53.4260 7.5570 6.3592
GC-Retinex 67.8457 11.5682 8.1742
Ours 61.1618 19.7556 9.2489
Original 20.6473 5.3588 3.0754
Ref. [8] 30.3231 6.6941 4.3039
Fig. 7 Ref. [10] 52.4203 9.3841 7.2386
GC-Retinex 54.1435 13.5486 7.9975
Ours 56.5669 14.3974 8.2547
Original 41.5569 7.1221 7.8347
Ref. [8] 47.7685 8.1379 8.2384
Fig. 8 Ref. [10] 58.6818 9.6936 6.1453
GC-Retinex 62.8794 12.1347 9.5738
Ours 67.6356 19.1710 11.1262
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