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Abstract: Infrared ship segmentation is very important for automatic infrared ship recognition in the sea. The
thresholding based algorithms are widely applied to segmentation due to the intrinsic merits. The threshold is set
based on the assumption that the intensity relation between target and background is known, but the assumption
is incorrect in the medium wasve infrared images. Because of the sensitivity to the environment, the target in the
medium wave infrared images may be bilateral polarity, so the adaptive thresholding can not be realized.
Considering the adaptive thresholding ability for segmentation of bilateral polarity ship target, a new maximum
two dimensions entropy segmentation algorithm is proposed. The multi-scale local variance-entropy variety and
variance of gradient direction are used to build the two dimensions histogram, the optimized threshold vector are
obtained by maximizing two dimensions entropy using the particle swarm optimization algorithm. Then the fine
segmentation is performed by iterative thresholding on the coarse segmentation results to get the accurate
segmentation result. Experimental results indicate that the proposed algorithm can get good performance in
bilateral polarity target segmentation.

Key words: Target detection; Infrared ship segmentation; Bilateral polarity target; Multi-scale local variance-

entropy variety; Variance of gradient direction

Vol.34No.10
Oct. 2012

515

ZLAN gy R KT H AR IR 23— B 1B A A
N RIE AR R, R 8 R 2L A i ds AR 1
TR A RETER . YU F b ) BB AR A4
AT SCBLLL AR RIS AT T BVLLAMALA H AR H 3
R, AR AR 2B WHEAT T ARSI 32
BT r s T A R B E AT A B

2012-04-20 W #, 2012-07-11 &t/ml
[ 863 11X H (2009A A8100701) 7% By ift /i
MEfGEE: BIE £ 22010Q126.com

JHEN S B (AN EH A S, AN 2R ) |
TSR N R RE B RS E A )T S B
FAPY . Otsul™77 vk i B o3 B eh (f 22 5%, {H
IR 18 H s SR IR B o At ol IR fE 52 2%
Dy SR JCTRAS B R 4R o SCHR (1] R SCHR[2) R 2
YT 7 B3 50 LA dse K 2455 M e K 24488 8] 7 754
HEMREAT ZLAMIA K 4350 o SCHR (3R H Otsu s ¥2:0)
HETLC A R HEATIEAC T ], T e B T T PR
SRy IR RE A3 BB R 1 7 B 45 A SCHR[4]3E 1T
IEARY KI5 1 DAL Otsu s VA BEAT LA ) 7

#o



10 )

A SR FIE N U ZLAMILT H bR 2 Bk 2433

X LERE T B R SR S BB M H AR 1 RE
i T SRE R (R AN H PR AN St RE R IR 0 R ) T
I T BEE AR Y 10 1 SR B R A B LA - S
H T AR i SRR B AR ) L R v B 32 3R BT I 5
Wi, FEANFIC AT, MUMSAE i 2L A B
BJE IREEREAT AT R 1 5%, A T REIR T 5t
B H R BSR4 5, DLEE T C 0 H AR A
S5 BE B SRR AR K BB 5 20K eIk IE A b4 IR
AL H AR o

M X SEBR AL AMEHR I 3 A aT A, AR H AR
FEFEAT o T SATETEH R, (HMUN H bR S o
JrE T R I A R, RALA P R K A2 1
BN, RN LA o X B 5 () A A8 22
o HETIX AR R DA BRUEAE AL H AR B X
Bk TR 0T RS IE A H BRI AR H AR, A
Eoi I U P T AWV 2 K | R PR - RPN ETE S
A REARE B SRR JRUUR LA R BEAT S aE A e, A
15 H G LA H AR, S35 A s T Bl
I FOT 3R “ CRHA R SR A R RE R R
(RIX—ABR A s Bt R A i 1) B 5 R B {EL 2
F 5 AR AR AR, AR5 AR H
P DAk A AT IEAC S ) T A 20l H e E 1K F b

ASLERY AR 29 TEAUR T T 2 R
JEJRi R 75 - W AR A R 1 nin ALY H AR 5 H537Y
PRANRUA 1 244 HL 5 T (1R 2 Rk T doe AL 24 i v
W24k BT A B4R AR IR SR N K
Wb B LA, AT SR RCR IR b, 5]
TR HARDCERRORS 7 B, JRg T R A
DEIEER, RIFEGH T 4.
2 ETERERMAE-REUEMMAER

g

I SR R ALY F RS K AR T SR BE 2L 4b
BGRWIE 1 s, WE eI UE BRI EHEH
Ab e T AR R AR B A e R A AR, ALY H AR
PRHR 73 W] AR R 288 S 79 5. Xk
RKEG, T “HEKERTHER” X RN
IECIEIERSRIBOWNE H AR BB mT Jn, UM H
PRAEE BRI, (HAE R 8 5 rh BAT B e 2%
Ph, BUMLAAE R ARVl N B AT R 225+, B
BT Rl ASCRIEET 2 R R 07 22078
P A PRI AT 3, AT AE 3 P45 R R
PR AR 20

A5 Jm) B AR A 8 ZE A O B S B ik 1) T
BT AT RO AR AL P8 S5 B B 1 A S 93 A 1R B 8%
o, BRI HIBOR 5 ik B R %, R

1 IR FBR A AR T SR BERI LML 1

BEAR /N BRI AT e e v 1t b s e S 508 DX 3k Py
IR PE A B ARG O, T LSRR 1) ey 08 8 o s ol
H AR IR 5, X b i O 38 R Rk
M, B FEERIE K. R =
(DB, b H(x, R) R Bk o oL = K 35 R
WIS, p(g,z, R) AR LA 2 A H O R B X 4 R N
KIE g HILIIAER
H(z,R)=— > plgz,R)lgp(g,z,R) (1)

g€l )

Jail y ZE X (2) B, b D(z, R) 103
Pz iR BB R WG 2%, 4, j AR IX IR R
WAR R HIARDR, g(i, ) RRAR R (4, 5) FIAKPEME, S, X
RIX I R NG E B

DR = 3 |gid)-— 3 g6d)| (@)

(i,4)eR SR (i,4)€R
Ak R K/NR AR, AR
ST, HRARRE 22 B RO IR A A D, 1 e 2
P P DX 33 (A A B S5 ) 70 R AR K I 45 78 R X
BEAMOEE AR R R P, PR R A
SRR 22T B ARk . LA 1 A AL R R
RSB, B 2(a) R 2 (b) 2R T AL
TRIR 2 =R E G (21X 21), B 2(c)RWT
Bl 2(a) FTEL 2(b) B RS AR SR 3 R ARt A s 1
2(d)FRIL T 2(a) M 2(b)BE N AR AL R 5 % 1)
BAAEDL; B 2(e) R T I 2(a) FIE 2(b) kil UE AR
)R T 25 S AR AR L. IR AT LA
VE g AR DX, L ) 0 R0 7 22 il R AR Ak i 7 2
(A ] WK T PRI R S 5. ERETZ
JUBE JR B A0 5 22 X — 4 i, ASCERHATH 2 R
FEE T ZE 08 1A A i R 58 HE 2T A0 SR (R AR DX 8k,
RIS 2 RO 15 2 5 R AR i K 5 s/ ME 2
ZERFAEEUG TP A5 25, dEifik 23 sm LA X
B E . 55T 2 RS R 7 2 -0 I 204 G A 4
W (3) Frr .
Dif = max{R € (R,---,R,) | H(z,R)- D(z,R)}
—min{R € (R,,--,R,) | H(z,R)- D(z,R)} (3)



2434 BT E5fFE ¥R %34 %
() ARLA R T PR (b)Y RZ R %
4.0 5.0 18
-5 [H2(a) 450 e
3.5 40 14 | % Mb)ER =
el
3.0 3 /
. e 3.0 x 10 /
ﬁ s ___‘..: -6: ﬂ'/
' 2.0 Tt/ e
2.0 -2 [E2(a) 85 R = ) . B -
1] 25 - PH2(a)45 % o i =
. -7 [E2(b) &0 1.0 o [E2(b) e R 2§ =
"1 2 3 4 5 6 7 12 4 5 6 7 1 2 3 4 5 6 7
JUE JBE JUE

(c) R B0 B R E 22 ok L

() J= 85 ZE R R AR A RT E

(e)Jm 8 J5 25 15 68 1A e Bl UL A2 Al xT B

2 RIS SRR R 7 22 L R K SR bl )R L (K AR AL 0K R

% FURE )08 7 ZEARAE AN H bR 1) R/ N EAT 1
o AW R MY H BRI RS LR TSR
Wit 2 AR, L5 ANRBE(RI 3X3,5X5, 7X
7, 9X9, 11 X 11)%F EHERBEAT 73 A iT LAAG 2B 4F (1) 45
Fo I EIRM 5 AR 1 T2 RE R T
ZE-RARA R TR S, Ha R 3 . MWK 3
Ha DU 78 S B K BEAR T15 S A X 45k
IRELAA G O] i T S O, TRl X
A4 n] DA (20 B S T« B bR S S
RACH” I, X0 58S — 1B 7%
XA HAREAT 7 Bt T Ao
3 —HIHEX 2EB/IINEL

M 3 FTLLE Y, gid 2 RS R 7 -84k,
ARG, AR NS R T AR g e, (2
P A% v i) JHG e DX g DR oV DX A A 1 2 T
S, XA N A I BG SR T B o AR,
FY R X Al 5 W R X SRR N, 2 A

Bl 3 1 1192 RS R TT 22 A A AR e g R

JE e A B 4 JE R T AT Otsu 777
FdgR 2 YERSPIT L0 18] 3 BEAT A B A 2R .

UL K 2 YERS I 73 RN RIS T R IR K%
AR ES K LI G fahsta i T 2 g e |, A
2 B AR AT I HER b, DU R 2 2R S vE IS
FUGREAT 73 EImT LA BILE 1 4 7 BT A 1) 43 ) 4
Ro SCHR[1204R BRI LDAME (5 2 4E Otsu 73
ISR BRI, AR AR R BE H AR AR iy
TR RYEEZOAMILAT PR 1R i, AR
— BT K T 2 RURE R 8 7 22 - 0 AR A R AR T U5
)7 Z2 00 2 4E T, IF LA Al 2 Zidi D HE N
SEAARIR) 2 2533101 ] R 72 1B {73 1 o

BT 18] 1R E SR

A, j) = arctan[g —y] (4)
g_=x

Kg _y Mg xR y I A 2 7 B BRI .
T R S DA 2 e 30 T ) o A i R X
SRR PBE AR FEFAIEAKF - A B AE 2 X P B A
JBETT W HEA 30 MU H AR DX P AN 22,
B IETT B — 80 ARG 1L 2 A0 S A AR R 1)
IRPEAEA, AFAERRIETT R 2044 . 1B 1 AR
Jri I 5 s, BT A HERR U T LA
DARS N FRBE R 5 150, AP AR AT LA 21, S8 D
FRIBR L7 T B A~ 2., i AL DX S BT (1 B P 22 A
BOK, RS R I8 D IsoRs S 1A R (BB S 110 22
LIBHISE T3 17 J5 2 0 H b BE 8 R DX 20 ML DX 3
AL X ko




55 10 39 A SR FIE N U ZLAMILT H bR 2 Bk 2435

(a) Otsu 7rH1E5 92

K4 3 I EIgER

DA R s ARSCLA 2 ROBE SR 22 - 784k
SRR L 7 10 07 22 M T e F R bs, A — PR 24t
T, Ul 4R A T TR . 24 i
KIFIEIE € 1 22 ]OBE Rl 7 22 - R AR AR () 1T PR s A
BREETT I 7 20T TR ¢, K24 H 7 B4 A DRI,
W6 /R . B X 3k L AX 33 43 AR T g i)
TSR H AR, X IR X k4 5y AR A 1 I X
ijﬂ]umfﬂ
A

L

WRE TS 10 )5 7%

v

s L
EFNEILE P k3 A

K 6 2 4 {7
BRI N p, = ¢,/ C 5 Horlre, fR3
% RS Ry 7 ZE- 078 A B 0 HLBR B 5 1) 7 2250
MBEENE, CRELBBRENE. BRE MR

W6 R s Mt AR IE TR K
R A
s—1 t—1 L—1 L-1
[)1 Zzpzﬁ F)S = ZZPU (5>
=0 j=0 i=s j=s
E X1 iﬁiﬁ 2?&)%?7
—1 t-1 D
H =- 21900
1 s—1 t—1
=——>> (p;lep; —p,lgR)
[)1 i=0 j=0
s—1 t—1 s—1 t—1
:_1g ZZ ZZPU lgpu
i=0 j=0 1 =0 j=0
51
lgP*FZZpU lgpu (6)

1 i=0 j=0

(1) TR (2] 7 E 45 0t

5 P 1 HIRBRETT i 18]

[FEE, 553X 24kl

L-1L-1

H _1gp 7_Zzp1j 1gp1j (7)

Py ==
M G 1 S A H BRI 2 4ERS 2 A s Fi e (1)
PR, HARIR N
¢(s,t) = H, + Hy (8)
M B A 2 dER e, s Al e (1 SR
(s',t7) B IZ A 2 (8)IA B35 IR BT aff s 1A T BRAK o
SRR (s, ), HEAETTELGTH AT IR s A ¢ (R4 45 4%
BIRAEN (s, AR E R AR,
ARSCR LT BEACSVE LA G 1 (57t ) » IF
M (s7,7) X 22 B R J 22 - I Ak it 5 A 1 Tl

JiZER I 2 YT R T . A I EMRIX
ST BEAFAE LI, MCRBUB S # J5 VA0 X dskrh

MALIMBEAT IS . B 1 Gk DL LARER S 23 H1 45
R 7 PR

M7 R LUE éI%ﬂ)QﬁHlXiﬂZEﬂ%Eimﬁ
FIHOR, H [ N A5 A8 bl s L T 2% AT R
2R o izlfhﬁ?ﬂl']I?Tl_ﬁﬁ%/\l:ﬂiﬁ’hﬂ%ﬂ
(WA AR KIELE . TRARSEAS B I AR BRI
LRARAT TR AR AL DX 3o

4 SKWERS S
A RAESR AT RN s ASCERC T Scbr b ar
AR EAEANRIPAEE T SR AR K LA AL P 16 21

7 1A



2436 BT 516G 8 %R

% 34 %

AT T SE5 o ARSEER 23 Sl A BT RS AR BEAR T 75 5%
HIRAS A FE v T8 SO MR HE, Ses EIHG an
Kl 8 fime MBI RTEUE H, i TS AN ],
Bl 8(a) F ] 8(b) H 1A AR DX S5l Ak 3 B A T35 5,
Bl 8(c) P AR DX el A B v T8 e, T 8(d)
UL DX A S 6 ey 115 e ANSCBVENS 4 FiOASIR] )
HR LT ARG s R 9 9(al)-9(d1) .
S A SCIEEL T Otsul Aok 2 4ER 7728047
TEE RN, T Otsu AR K 2 YRR 7 k4R 2 4E
CLAN H AR AT S5 e o 00 R I AT N REAT 201,
DR AE X P 8(a) AT 8(b)iEAT 23 B 15 L An 4%
o H FR KA T 5%, Otsu J7i M K 2 4E5 751
ByvesE BUE 7 BN T SORBERG 3 0T 8(c)
A 8(d) I BE o #IAR R T e gz .
9(a2)-9(d2) & Otsu 7 FI45H, 9(a3)-9(d3) & &K 2

(a) H bR B AR T 5% (b) H bR A AR T-1F 5t

YERGIR 7 FI AR

MR SR BT LUR Y, ASCHIEEAR K&
LT H AR S SRR RIS T, BIRERE
F AR DX 35 1T Otsu VAU 18] 8(a) BEMS L 58 4
oy BN HAR, ek 2 gERTTEDUN ] 8(c) REEHL
GF oy H s, TSR R, IXRR S
PRRIMEAE SR H AR RIS S R AR SO0~ ik
SRAFEAF I F1 G R o IXE T X Rl 201 H
P DI AR 5 T8 55K 2 R G BE R R 1 0 T A
RESRAFRAFIIROR 24 H AR AR ) o A Y BB A
HSRBE AT B I, PIR O  70 BIRCR T
ISR HWIBOR « ASCHFE I 22 RS RS 5 7509
AR (AR 5 T LB H AR X A H AR
SAEARAL R BERS AN T ST B K i, DRI kT
PAAEAN] (1052 56 P45 b SRAT AR s 1) 4

(c) Hbi A i 11 3 () H bR HE T 55t

Kl 8 sl

() A B o i L

(b1 yA s ST o i & 4

;I\'ﬁ' Pl £ bt
'“\
.-..

F. -
q‘ﬁ,.\_ -

(a2) Otsu4 ), 4 (b2) Otsudp )&

(T3 ) Jek 240048 4 &%

K9 7 F

. L T
L CAed
B "
.
Fa E
LB IT 1

(1) A STk o 5

()AL STk A s

(€2) Otsudp )&l (d2) Otsuay ¥ £

(e3) e Jo 2k i oy ) £ YL (b3 ) ek b 24k bty o ) £ L

GRS



%510 39 A SR FIE N U ZLAMILT H bR 2 Bk 2437

HI 1 Jm i ZE AU A B 2ok I 1K
RONE,  DRIHEAS SRR IR 23 1 45 R IT AN REM It 1l £5:
AERIIULAL, X N 9 1 Rlgs R bt ] LUE
o O T 3RIG VRG> HIZ A, R AR oy
ARl ORI ED, R R XK
ARG T D SOR AT 5 67 H AR DI, - RS AE H b
DA A HEAT “RGr0 7, BE M5 2R 150 45
ASSC LR 7331 DS P FRITHE 1) 4 4S5 18] 8507 10 A
B3R, R IEIBAN % N IR Js A B AT P )
Hlo PRSI, ST HORL 2 F DX A 5 1 Jit 4
PG ER IR my, MIAN™ %0 11 A Jit 4 B 5 B0 110
B myy IRER S W myy < myy NGB H AR A RS
T W EKE, WV H AR &1 5K
J& 5 B R BUEAL Otsu 2 FI 7 X 220 F5 i K
AG AR /ISR 0 350 DX sl i AR A R 5 DX sl i AR

LR RIEEE S () 8L 43 &5 4L

e [

() P8 (e ) 1) 4r &k Yt

P KM EIRTENS AR ERREAT “HRir &1 (1
IRZ SR AE 10 Pros. B AT AE it —
A RIEAR F, AT AER (03045 A R IO H A,
) TR 7 FI A R

5 48

EERANRIPAEE T A 24N B A ML H AR S 30
UL B, ASCRH T R A i AE T
KAE 2 ERSIOMLT H AR > IR . SR 2 RU%
JRIFR AR 7 ZE AR RN S5 1) g ZER A 2 YRS
K, SRR AR R AL SE kB Rl 2 iR Y
ACEIE, BRI H AR RS kAT
AERA 1) H bR 2> 145 2R, 000t AR 0 5 B X it A T
A, B ZERFUETI r IS . SER IR K
W], ASCHIERENS F & Ny BILLAME S i XL
Bt FbR, JFIRAGELLF 1 7> HI 4 R

() EB(d) iy o 45 0

10 FUAE F b 0 R AR B 4 2R

& % 3 B

1] RSP, BT, R, A B PeEEs E LD AT R
BIEVET]. AAMSEKIEAER, 2006, 25(4): 295-300.
Zhang Tian-xu, Zhao Guang-zhou, Wang Fei, et al.. Fast
recursive algorithm for infrared ship image segmentation[J].
Journal of Infrared and Millimeter Waves, 2006, 25(4):
295-300.

(2] AR, BESCRE, XD, & RO ZLANE G EITTRT]. AL
HNE K 2R, 2005, 24(3): 370-373.
Du Feng, Shi Wen-kang, Deng Yong, et al. Fast infrared
image segmentation method[J]. Journal of Infrared and
Millimeter Waves, 2005, 24(3): 370-373.

(B8] Tk, YUK, R Rt R TR IR TR AL
AN B ARG 4 B 7R [T). AN S 0% TR, 2007, 36(HE
Fl): 267-270.
He You-jin, Li Kai-yong, and Ren Jian-guang. Improved
method of infrared ship target segmentation based on

Infrared
Engineering, 2007, 36(Suppl.): 267-270.

(4 EM, B, BRI, & M EIERTTE N AN
FobR B 3R 7 i (], iRB0K 2 22 R A5 B R R, 2011,
36(12): 1438-1441.

recursive  threshold analysis[J].

Wang Peng, Li Gao-jie, Gong Jun-bin, et al.. An automatic

and  Laser

target detection method for infrared ship in complex sea-sky
background[J]. Geomatics and Information Science of
Wuhan University, 2011, 36(12): 1438-1441.

(5] ARdERE, WO, BREE, SF. T AHLZLAMILNT H AR F0). o
BHLTRES R, 2009, 45(8): 224-225.
Xu Hai-xiang, Cao Wan-hua, Chen Wei, et al.. Segmentation
of unmanned aerial vehicle infrared ship target[J]. Computer
Engineering and Applications, 2009, 45(8): 224-225.

[6]  TERE, 4B, EB%, 2 HETSUSANEVEMAT A4 H
MR THT ARSI (). W5 4095, 2011, 41(3): 324-327.
Yan Fa-bao, Zou Chang-wen, Wang Lu, et al.. Infrared
warship target detection based on SUSAN algorithm and
segmentation algorithm using the mean of image rows and
columns[J]. Laser and Infrared, 2011, 41(3): 324-327.

(7] ERHSC, IR, KR, SE. T2 R BT ZE N AL
SN ). BOES 04k, 2011, 41(6): 697-699.
Zou Chang-wen, Feng Li-tian, Liu Xian-zhi, et al.. Infrared
warship target detection based on multi-scale variance[J].
Laser and Infrared, 2011, 41(6): 697-699.

(8] BESCIT, . FE TR (EIEAL UE U K 4 2 R i A £ 4
HAR#[)]. 2045 K4k, 2007, 26(1): 61-64.
Tao Wen-bing and Jin Hai. Ship infrared object segmentation
based on meanshift filtering and graph spectral clustering[J].

Journal of Infrared and Millimeter Waves, 2007, 26(1):



2438

LI I IS S i

34 %

(9]

(10]

(1]

(12]

61-64.

IR, VREES, HRHR, SR TN VA R LR H
PrRIL ST, =T AZhMk, 2009, 28(10): 12-14.

Gao Hong-qi, Shen Xue-ju, Shao Jun, et al.. Warship image’s
edge abstraction based on wavelet transform[J]. Ordnance
Industry Automation, 2009, 28(10): 12-14.

Otsu N. A threshold selection method from gray-level
histograms|J]. IEEE Transactions on Systems, Man, and
Cybernetics, 1979, 9(1): 62-66.

Deng He, Liu Jian-guo, and Chen Zhong. Infrared small

target detection based on modified local entropy and EMD/J].

Chinese Optics Letters, 2010, 8(1): 24-28.
JBS, 5Kk K. SR A E G 24 Otsu s EIHILT). HIE %

B 244, 2011, 16(8): 1424-1428.
Gu Peng and Zhang Yu. Improved 2D Otsu segmentation
algorithm for infrared image[J]. Journal of Image and
Graphics, 2011, 16(8): 1424-1428.

[13] Gonzalez R C, Woods R E, and Eddins S L. Digital Image
Processing Using MATLAB[M]. London: Prentice Hall, 2005:
274-276.
B FE: B, 19834, WA, WS R E B HARRIEAR
NS RGBT

S B, 1963 A, Bz, WU RN A B HARAIEAR K
SN RSB

G H: 3, 1976 SR, YR, WFFCT A A B HARRAEAR K

SN RGL et



