N ser L0 1—‘—: (]
¥ 24 % 3 e KR LR Vol.24 No.3
2016 4 3 H Optics and Precision Engineering Mar. 2016

X E 5 S 1004-924X(2016)03-0668—13

BT IR 16 AR A 2- X 53 1 1B B B 2T 51N B 1R 53

FiEa', T8, ¥ &’
(LEEMEKRE 2RI RF R, W R4 611130;
z.ﬁitlﬂki:*‘“ B fF b, MW 7% 710072;
3T EAF HEUHEANFR, TE #) 750021)

WE: ZIEIA BRI R RRE 0% B ANEBRBRIREE , 3T BE R A7 SCR MR Bl R, $& 1 T T e 38 A
9 2- 300 434 el 0 1 £ A0 MG 43 0 S DL S L 28 S 20O MR Y B Bl s Ao ﬁﬁﬁlﬁﬁl’é‘l%faﬂ%ﬁﬁiﬂi%rk
BRI 7 B 52 T P11 AR B R BUAR BB, 35 5 38 05 TSR 2--R0) 4 0 (L ARSI s 15 PR e KA B ) R X el ke
RSB AR5 B2 . S T I B B TR 0080, LA 28 o) b B vk, RO 15 5%
AR e R, IRARAE T SRR I R TR S 95 28 T, B i i SR DX S, ) R 2 DX I e A 23
3 SR S BE pR A A R B R eR A AR B, AT FE 3 IR R R BOR et . X A B A SR S LR R 0 S ik
TG L BB AT ], B3, FREARIIRAL 0T, SRR . R4 RS BE F(H 53K 95%, I8 A7 I [ 4 At 3 1
HIRELAE T 2%, FARW R AShLANER A EISHEE . SURME S ER,

* # O b Eg; BRaE; Emxise; #Rfx BE

hE S EE: TP391.4; TN216 SCRRFRIRED: A doi: 10.3788/0OPE.20162403.0668

Infrared image segmentation based on graph cut of fast recursive fuzzy
2-partition entropy

YIN Shi-bai', WANG Yi-bin?*, DENG Zhen®
(1.College of Economic Information Engineering, Southwestern University of Finance and Economics, Chengdu 611130,
China,
2. College of Automation, Northwestern Polytechnical University, Xi'an 710072, China,
3. College of Mathematics and Computer, Ningxia University, Yinchuan 750021, China)

* Corresponding Author, E-mail: yibeen.wong@gmail.com

Abstract: Most of existing Graph Cut (GC) algorithms have not considered the fuzzy feature, poorer segmentation
precision and lower operating efficiency of infrared images sufficiently. So this paper proposes an infrared image
segmentation method based on the GC of fast recursive fuzzy 2-partition entropy to implement the automatic
segmentation of an infrared image in complex backgrounds. The information of the maximum fuzzy entropy from

a Region of Interest (ROI) was used to set the likelihood energy of the GC. The ROI containing the maximum
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image information was detected by the iterative condition scheme based on the local fuzzy entropy values to

ensure the completeness of the extracted target information . To improve the searching efficiency of the maximum

fuzzy entropy, a recursive algorithm with time complexity O(n*) was presented to convert the computation of

fuzzy entropy into a recursive process, and all the values of recursive entropy function were cached for the

succeeding exhaustive optimization. For certain ROI, the likelihood energy of the GC energy function was set by

the maximum fuzzy 2-partition membership functions of the ROI. By this way, the fuzzy feature of the infrared

image can be considered sufficiently. The experimental analysis of the proposed algorithm on visual results,

running time, misclassification error as well as F values were compared to those of several common algorithms. A

plenty of experimental results indicate that the segmentation precision of proposed algorithm is up to 95% and the

running time is 72% shorter than those of compared algorithms. It satisfies the requirements of automatic infrared

image segmentation for higher precision, rapid speed, as well as stronger robustness.
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Fig. 1 Algorithm flow chart



5 3 4 TIRFE, G5 T DR AR AR 2-Jal 2300 P R B9 21 A1 R ) 671
A BRI UL AN T FIAR B Bk o O AR SR A T Jm i i 1) 5 X

(1)JR AR 2-40] 3405 1 21 S M R ROTHf 2

A 5T ILLAMEBR A MR LA, IR BEAF AN
550, A FH 4 R AR ASTRA 2--40] 3 A ok T i PR A R Ak
FE, SZERELNEZEE, SRERGER
ANoEdk, R THERBRREGE R, DikEFLE
F 1Y BE A pR B, K R R A S A8 s R T
1%, IR FH J 3 5 RABEAN 2--K0] 3 4 110 A A 000 - 0 2
(IRAREES PN EFSNINO

o JRFRASU A (1 ROTE 1 X AR

% SR BN R 20 B b H AR B KN R A
W, A s S R E B MROL, SRR
R A 35 I b B E - R RE Rk
P35 G S RO (8, L 30 3K A5 W 2 4% 1
AYROIL,

o ZTAMNEUG MR 2-X0) 43 1A

% BB 21 A R EA IR 3 A AN 4 5] I ROk 4
PE, LR S S5 RSO (8 5 2 ROTR, R
FIS, ZoREVE o SO0 1 B AR A0 5 SR R B eR
B, PEAT B KA 2R T R

o PR HE 14 Fe KR 2-X0 439 AR

R TP TS R ) B R AR 23] 43 K 1L
18 FH 52 54 13 Ry o(n?) A b 41 0 T P AR 0 114 11 5 Ak
M e AR, AR ORE R ML R, T
FASAG N 19 95 26 F4h0

(2)ROV {5 211 P H B 2 pR A I

e E P ROLELAT fe KBTI, X ks
X A RS MR B R e, BRI HZE R
T R BE R R BULARRE S 1 K T A B R A
Sy EIEE R

3 BriR B ARAEA2-X) o B ) e L B
155 %)

3.1 SEREM2-% 4 RO L1 5B & ROIH E
3.1.1 B S AH R 49 ROLE A A T

T RS 230 i 2 — Fop il i P45 P 25 £ 2 Y
AR, BRI AE B A R B R B
SRR, (R 2O T R AR K A R
o T AT R T ML ANER, il by
A0, AETESZ TSRS BT IROR, BA K A
AEIL], HGHEM AR, SR AT R RO 2-3) 7
WAEARRER MM (5 B8 i, e 2R

I G AL B KA BB ER X B ROL, DA
FEHLT S B bR

HRHEASR 2-X0] - R (A RO, A 3 R A 8
Z Y R BEROL, K21 M G K 43 A 5E K/
TG, Pk ARG H ) 5 1 5 R 1) T R AE
HROL, BT AR E GRS BinrIER, KAARFE,
SCHR[23]5 1 A A $49 48 J7 22 FAE Sy 32 A T
ROIM B {EH R, HAKSKR UL, ROTAY KL M A5 3R
W

(OISR LL A EMR W) & R B 2- R s Wi H K
WIMH p S K FE T 220, M43 B ROTY 6 M 5 {E
Ri=u+Hxo, W T &REMEHZNET R KERS
B, RO B R A & T H;

()44 KN MNEG I 53 Ty mxn e, m=2",
n=2', wil=1,23,. . AT EG S NIwL), Hh
0<W<M/m—-1,0<L<N/n—1,;

GV ST EURIW,L) W Hygy, ) B AL
E 5 2Z MR wr) = we)y +Hiwr)y X orwry

Ak B SR FBIv,L), WMERzTEr
Rywiy < Rp, WA w=w-1, I=-1, TELEQ)FHL
B@3), HBN Ry > Rim=2, n=20% 1k, VB3RS
FA) 8 L e K 9 7 LW, L) B RO

(5)ROIF ELI(W,L) TE e KM 2-T o3 bf, B &
BRI BAR RS SO 4R T,, T,, ieHENN
B R, T T R RE R O L
SRTE -

3.1.2 Lo R e AR 2-X It B

8 5 F RO 05 i ROTEE A 3 /2 vpr 4T 40 ]
1 I T R R 2-R A i i S ik i
JeB T R 1R K BE T TR R R G 3 A
Wik, 5840 2% i H bR R 5009 K BE Sy A R Y
5], GRBOM KORE L B BEAR SEBOM R, R
A 34 S H ) SeR N ZeR B0k 43 il LA ANENE

PR SOl 4R T,, TRy SR Jm B2 ek 0P, SeR%L
ma=N(HFTR .
1 x <a
l—ﬂ a<x<b
(c—a)x (b—a) -
S(x,a,b,c) = 5 (1)
S G ) R A
(c—a)x(c—b) -
0 x >c,

Z(x,a,b,c)=1-S8(x,a,b,c).



672 i K TR

5 24 %

WIT,, T3R8 EREM,, MAIER R (Q):

M,=S(k,a,b,c)
My =Z(k,a,bc) ’ &)
K EHLOSNEMR B K E L, o R E
i)ﬁf@xﬁliﬂzﬁiﬂ’]i‘z& B, H W eE .

0<a<b<c<255., W T, H1TyH T%%ﬁﬂ Py, Pyl
Hx3):
255

Po=  h(k) x M(k)

Z? : 3)
Zﬁ ) X My (k)
G vl L ():nk/(MXN)k:()alv"'7 ) nkj‘j

LLAMEMG PR BE O kIR R AL %?2/\1‘%1@1%
A LA UG ) SR E LA
H(a7b7 C) =—P, lg(PO) - Pblg(Pb) (4)

*E?E%ﬁ*ﬁ*ﬂhmﬁmm%u, F I H e K B i

, el B M RIM,, BICA 3R BGZ B S B KA

uiaﬂaﬂéﬁ T SR J B2 pR AR A3 A, T M LM 1Y)

R BV R R R 53 N T, TR e, &l
208 B WL T L WOBT 7w

Membership degree

0 50a 100 b 150 ¢ 200 250
Gray level

Bl 2 5 T M A M IO AR 2-31 2 45 5% Js 32 R 1

Fig. 2 Membership function graph of fuzzy 2-partition entropy
based on M, and M,

3.1.3 ek i 4R 69 R RAER2-X) 54 T8

BERBRNSHHAE (@, b, o) F KR KB 2-4)
O AR — AR T AR, W R R R EE SR
W BB BT 4 R PR RE, (HS S A (a,
(0, 1, 2)F(253, 254, 25513t 72 H A fEkE
EEIE ., HEROGERK M SRR, RAXRTEAN
THEF 1B 9 S FOASOR 05 (LA 72 RO, R bt e 480 5
B SO0 E O A SCHR T R A
R o(n?) (438 SR 0 5 R fiff ez [ T, LA S

Eﬁ‘%%ﬁ*ﬁ‘JfﬁEl’Jﬂ‘%:%%ﬂw/\ﬂ?fFﬂIﬁE’JﬁE?ﬁﬁ
o LA 00 336 e FR AR B b Sy, ELA Y 3
*Iﬁlﬂi:

B e A 3R () 1 M A R ) P 5
% (5):
Pop=——— k—c)h k —
= )(a_c ka)jﬂ( ) h(k)
, (5)

, .
1 2
c—a)b—a) Y (k—a) h(k)+§h(k)

k=a+1

[ B 2 2(2) i M HE A2 3 (3) A Y Py
7(6):

b
1 2
Py, = mkgl(k —a)"h(k)—
| c 255 - (0)
e h) o, kTR 2 )

P AP YT P AL 3 AR R R A, 4>

b
E(a,b) = Y (k—a)*h(k)F Z(k b)?

k=a+1 k=a+1

b
b) =D h(k),
k=a

W PPy T it — 22 7R O -

— F(bac) E(a,b)
P =0 c—a—a 0D @
E(a,b) F(b,c)

b ae-a

a5t G(b+1,255).

®)

X} E(a,b),F(a,b),G(a,b)sy M BEAT b 5, I
R f B e, W T )5 2 i KR S 25 S48,
TR BRI ) &2 24 B, PR AR . X T E(a,b)k
Ui, HaRHET SR A, W FRIR A (9):

b

E(a,b)= Y (k—a)h(k) =

k=a+1

b—1 9
> (k—a)’h(k) + (b—a)lh(b) = . ©)

k=a+1
E(a,b—1)+ (b—a)*h(b)
ek AT ] 2Ry 3(10):

{ (a,0) = E(a,b—1) + (b— a)*h()

El@a+1)=hla+1),b=a+2,--,255 1O

[FIBE, F(ab)iid T AR a2 AL FRUNR



TIRFE, G5 T DR AR AR 2-Jal 2300 P R B9 21 A1 R ) 673

S (k—bPh(k) + (a—b+1)2h(a+1) =,
k=(a+1)+1

Fla+1,b)+ (a—b+1)h(a+1) (11)

BELE (/NS W
{F@Jﬁ:Fm+1ﬁy+w—b+1fma+n
F

b—1,b)=0,a=0,---,b—2 »(12)

G(a,b)id e 22 R 3(13):
b
Gla,b) = Y _h(k) = G(a,b— 1)+ h(b).  (13)
k=a

PN IS U R BT BE: E (i B Uy L Al SR 15
TR, AE4K E(a,b),F(a,b),G(a,b) T A 1 5% 18] 336 J: 1,
MTReENFREEE, UMESHAE G, b,
M0, 1, 2)F(253, 254, 255)284kLF i f K
H, HIZRAF ROV 2-X 43 1) S5 & JiE R B M R M,
3.2 ROIGEEHEE 42 EEEIT

A5 S B BR R R M AT L TR A e
EPREL . SN LD AN R S ) 8] R Ak R Bl
ZALNE B T O A R L1 Y ey - R 4
A=Ay, Aiy - Apen) Jy BRI EN S5 5 4,308 5
BL 4 2LA EUR R R ifbns . HAE <03 b (“0”
Fon B, “p?RARE R, & MEEE kD
VT BE fit PR O(A4) 1B SR RE 156 55 BE 19 5 40 AL Bl

O(d)=AxB(4)+R(4)> (14)
L RA)KHPISRRE BT, Fm R B R Rid
RARARAY, SRIEEE A — s BN R RECE
W), KRR R bR iC RS AR, SR g
B SF- ¥ P o A ADLAR BB RN S 50 B 22 I A EE 2 I T
DRAE 45 T0U0 BE 2 PR A S, AR SCERIA R 1,

(14 RUSR B BT F & 5G4k, Lil O 4
V1R R o TR R B R [ S0 B DL AR
e, FITEGRERIC A", “b"HNH, SLFE—
B 1 3 1) o A SC 4 R FH RO 2-40] 43 B (R 3
SRR T H AR RIS S5 iR B ok B SR RE

R(A):ZRi(Ai)v (15)

icP
Rk PRREGHITARE, BIPI=IMxN],
R{(ANFIRAE— 1R F i T T B Ar<o” M 5" AL
r, FEL AN B A 8 R A S T JEE oR KM R M, 1)
RIBBEMEORBE, 5L %K TRES s E 5

KIE BT AR R as A e, n=(16):
RI(A ,':NO”) = — lgMo(k,) ,
{MMFWU=4th) (16)
S kAR R D Y K (E
h R AR A 0 S TR RSB B BE B(A)

| A, 44,

B(A)=Y B{i,j}é(Ai,Aj),é(A,-,A,-)z{ 0 4. _Aj.'
{ij}ely P

(17)

ARSI B ;  BIBEE I (18):
ki —k;)* 1
: 2021) “asiin) U8
Kb i, JRHLANEBRIT AR R Lo BRI
B3 B )FRANBRMAELIEDN, i, BENK
JEMEBARIT , B HBOR, RZ, By EHBHEIE
0; of&d—fbHF, I8 45 b8 Bomi 7 = 0] b
FUEAT AL 22 57, BBk UE, o [0,1], X
RINHFO0.9, dist(ij)Ri iR .
AR M Yuri Boykov’ st K e /N B B kM
P AR BUE Q) e /MBI —(E A4, BRI EME
OB E2 37 IEE S 3 7 N (SR =4 A E R T e
P M IERE R, R mis AT RO, 15 SCnt Y
Pl 15K il W R PT g

4 FRR 5NN

AT S TR PR 3 HE AU 2-40) A3 1 B G o
EMERE, MR T ST Y 21 A AR B 4R v ik
HUT 4008 52 2= 75 56 F RIS EHE, BAE AR B A5,
ANEAATEIE B, ANRKEAY SR, AR %
BOMIARR B R, 1 TR mE bR, SCRE F RN
N Y o SRR NSRS S IS ]
TR ANRLLANE SR . R 5y RHLLL A
&0 KA S M AN ZL AR R L ONTS S B2 R
IR , Ja SCRIFR AR . KBl MR, i
G o T Se AT 8 HE R ) A3 40 1 RIS E S
i B0 7 B O e S g, O TR R SR
Yuandi Y H BRI Lidk iy a2k QR E
EUOIHNY inBE 4 S B 1 FI SR, RS, R
] 52 2% B2 A7 o(n?)3efs SR 0] 43905 3 50 58 12 ) A 3
PESEAT T, R0 LA B AE 20 B 7 2 . B
[E] 52 Z% B2 Do (n) 1 3 4 0 R d5c 0 M I 1
(Maximum entropy)??, K-mean¥, A CH LW 1HS
BE R w=2, =2, WRWTHZSELEL, |
SEESURERE INCRICAL R RIS TS L FAN s

B(i,j) = exp(-



674 e K TR

%24 %

(a) NIAZLAMNEMG S G
(2) Human infrared image and
corresponding subimages

(b) CHLLAMNENGR ST M
(b) Plane infrared image and
corresponding subimages

[ v iR
(c) MANZLANEGR KT BUG  (d) BEIRALAMEIE 2 1 IR
(c) Ship infrared image and (d) Thermos infrared image

corresponding subimages and corresponding subimages

3V R BT B 1B

Fig. 3 Original infrared images and corresponding subimages

R1 AXEZENFESH

Tab. 1 Intermediate parameters of proposed algorithm

Mg ow / Ry Ruy  H (a, b, ¢)

NN 2 1 117.5  123.7 0385 (208,215,222)

W 2 1 817 984 0376 (100,124,145)
g1 1 872 898 0.562 (70,101,132)

W 1 2 1251 1344 0396  (148,153,160)

LR, L1 SRR I G R B0 2-X] 430
FERYROL,

FT A 4 7E2.3 GHz CPU, 8GN FE 1K 41
T, i fiMatlab R2014a%i 5 52 B . 43 51l 5% HIAL 52 1
Y F ik Ak A b o 7 1t R o BIROR o S 07 ¢
THIWT o FN 5 RS EE T EE X, KT
X 50 R PR R O, AR L T A 45 R
AT DA 2 X B X iR R . R AR AR
L4

(D)IBATI ], B [RDER , SR .

(2)5 41 % (Misclassification Rate, ME), MEJ% it
THRGEWRS I B, LUK E R R
Ay R TF BRI E S HUO . MERE /N 43 B 45 S AT
o ohy

B,NB,|+|F,NF,
VE—1_ [BoNB+IF,NF,|

e (19)
SHTL B, A LA ) 45 SR 45 (5 2 A
FF R MG . BRI, i S 2 e 5 512

EMHEERRNES

(3)F-measure(F). K, 5HICRMAF,
_2xPxR o |F,0F| , _|FNF

Fe—g W= k=5 @O
A PRHSRIENE, R 55 H AR X 84 5r-H)
R E SFHAEBRXKEGREN G, REDH
SEE R, R ET H AR K b B MER R R
2T H AR X IR E A Al

Xt AR EMG, AR A E g5 R N 4B ok
RAT, WEACE B LI RO H 22k ) Y
s X3, A0 B AR E 3 AT 304 B g X
W, ASCARIFR LR, MERAE2NULEHA
e HAMEE, Bz B EiE T BFs X,

IIIIIIIII IIIIIIIII
=

(@) NMARLLANEIG (b) CHLLLANEI

(@) Human infrared image (b) Plane infrared image

-

(c) AARLLAMEIR (d) BRIRLLAMEIR
(c) Ship infrared image (d) Thermos infrared image

Kl 4 20Ah R N L3 S8 AR

Fig. 4 Manual segmentation results of infrared images
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Fig. 5 Comparison of GC results of human target from ground background
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Fig. 7 Comparison of GC results of ship target from sky-sea background
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Fig. 8 Comparison of GC results of thermos target from grass background
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Fig. 9 Comparison of F values by different GC algorithms in
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Fig. 10 Comparison of threshold segmentation results of human target from ground background
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Fig. 11 Comparison of threshold segmentation results of plane targets from sky background
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Fig. 12 Comparison of threshold segmentation results of ship target from sky-sea background
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Fig. 13 Comparison of threshold segmentation results of thermos target from grass background
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