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Algorithm for Detecting Ship Target in Infrared Image

Based on Saliency Map

MA Xin-xing !, SHEN Tong-sheng 2, XU Jian !

(1. Department of Control Engineering, Naval Aeronautical and Astronautical University, Yantai

264001, China; 2. China Defence Science and Technology Information Center, Beijing 100142, China)

Abstract: An infrared target location method based on a saliency map is proposed. That is, the target

detection is implemented by using an improved Itti model to generate a saliency map and segmenting

the target area in the saliency map. Firstly, the wavelet transformation other than the Gaussian filter in

the Itti model is used to generate a multi-scale pyramid. Then, the center-surround operators are used to

extract multi-scale saliency difference signatures and the generated saliency signature maps are combined

into a saliency map. Finally, a threshold segmentation method is used to segment the target area. The

original images are marked so as to implement target detection. The experimental result shows that

compared with the traditional Otsu threshold segmentation method, this method can detect the target

area more accurately.

Key words: target detection; visual attention mechanism; region of interest; saliency map

0 3%

HHAEDBULA G I, B SER X 3 (Regions
of Interest, ROT) , AHXF FROGHE X, ANTAK

T —EER, AIPOGEMN XEE £ SEHMRENEE, XHEENSLERITR

W #s B BH: 2013-08-27
VEEBMGAN: THE 1983, B, MHFmEA, TR, TERARXT Y EGELS H IR H.

E-mail: xinxing_2006@tom.com

http://journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013



32 AN

Ap 2013 42 10 A

FE. B, R BB B X ] A R AR TR AL
PG R BRI R AL 5 T B ROR,

T TR TE AL 09 RO 8 X S 42 By ¥
J&— AR ROT 42T 5. IR 3 9256 (Eyemove-
ment) ! 25K, S m A A0 TE R A B &
FEAFEAMELE, R, BAR, B, 283, fiL
BLLEWEEE B SRR Bk, ZEFHLM
PEA) S, INGNO B 22 GEAR A A S Y X S8 A A 3k
P, R TR TR LS Y
MIEE BB, Horpr, Teti MR — R H B
HARFENRAER, ZRA PR
BREEBE., TEMITE=J7H5 8§ 57095
AEXS e SCRHZ R0 BEE, RERHHAE K
B FRE AT RE B T A B A, SRR <k
Z4” (Winner—Take—All, WTA) 8 25 [ 2% 42 I8
. 2 R A M MU B B i P AR P B3 X
BB,

TERL I LS H AR Gk B b, O H AR
ARG XN, R, A SCR B 2EF Itti 45
T R A X 3 BT A T O A DX
BEXFLLAMILAE EG o K BE S, Tl HLTC L B,
A Teti AR TR, BT T — R I i,
BT 3e et P /0 D8 A 4 AN e BT 8 R AR URRAIE
FE, SFHRBMERIE SR B ER, AEHET
P . 25 Pl SR R .2 8 07 A B A
1 Teti 4 AL fi7 A

Teti 5 A48 0 09 2% T B35 B p i Bt A
R, R b 2 e B 2 v RS2 B R0 0 ) S B 5
R BRI EH, AR REE R
{14 Jp AR ECAE DA 5 i) N 28 A0 B 1 T AL ) 17 B 2R
B W ZARRE R B Ty =K
WUSCRFAE, 12 e T8 3 A2 iURFIE & 535, A
center—surround %0&% %*HY*%?E‘T’:EZ: [ R I
M ZE, REXEHTH—L, &AL
i WAL, JFREG R R E I, B A
WTA [ 2% J@ U EROGER IXEE P, 18] 1 2 Teti 4R
R 254
1.1 MEFHFERN

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013

([ xmesrs | [ meess |

' ' !

center-surround ZFRZH

| | |
( mesem | [ sesen | [ roses
| | ammenE |

B 1 Ttti ALY 45 44 18]

Teti LAY SE 70 PRI, Jrm s =
KA FRIE
111 AN

BRERIEE XN = (r+9+0b)/3, Hr
. g, bARIRREAEBKRML, &K, WA
Vin 18
112 REHix

AR, &, W, B AANFEEEY
FRIEr &, A R, G. B, YRR, &
X: R=r—Jg+bl/2, G=g—|r+b/2,
B=b—|r+gl/2, Y=(+g)/2-|r—ygl/2.
113 7 4

Gabor JI§ I #F 5 4 W WL 3E B2 J= 7 [n] 326 5
22 TC Y R 32 B ik e B AH 28 AL, WA Gabor J§
w2 A FR I {0°,45°,90°,135°} 4 4~ T7 [ Y J7 17 ¢
fE.
1.2 AR ESFE

I3RS BERFE N B T, BB ARIES B R
G. B. Y MJFaFES# O0) #4775 s
B, EREERIEEFE 1(0), BAEFIEETF
B R(o) . G(o) . Blo). Y(o) M5 EF5E

http://journal.sitp.ac.cn/hw



F34%, §10 M

=

A 33

O(0,0) . Hrh, o RRRE, o0e{0,1,---,8},
1.3 £REEHE

H4E, 12 center swrround ZJFE FAE <
O MR ¢ F <SR s BT X I 0 FF
EEFHE o BREZERREE, §EFFEA,
ce{2,3,4}, s=c+65, 0€{2,3}. RIGIFFE
BT H—4, JFEd A SR RAN
ZKW. H)5, HEit WTA #2028 32 B BOY%
X8,

2 AT ot oy Tesi A A A B AT AR
il
2.1 NEBTESTHE

Ttti BLALE X (6 B R, A BIRBGE . B
£ R 7 1) AN A (9 WL BERRAE . £ 20 AU P
19 BRAS I I P b, ALk L ) £ S P AR S IR B
IR, A B AR AT DU, T ELZC SO
R EWE AR, J7 AR AE R B ., KB Tt M7
SB[ R AESE R AT, BT Tooi ARG
A AN L e

b PR HEAT /N i 2 e, /i 2R B o X 1
TN R T PR DK IR B AR AL B L. ER R
BER, /IR B da Xl A, 2 W X I A PR X
S FEAE B (9 IR BEAE A, R TIT /DN I 2% 0 4
(K1 45 FTAE R G /N 8 13X — 45T
AR S — W03 R P T e R 2 K 3,

/N 78 4 R [ A0 R 7 1) b % B0 AR
HEAT AR, A IROK O, T AN £ 07 T L 4
B, AR B SR, TR £ 7 T
7 A% ., T LA R 3o 6 12 LA T TR AE
M7 L /N i A 4 5 G RS R S5 7E 40 B N5 5
(7 B A2 4. N RIS T R —
T2 RUBE (35 TR MR 45 1 . 3K Pl 22 40 W A AE
IR 2 SRR IT Y, B4 AR Y
WUSEAEAE )

HF FSRIF, A% SO /N4 R A S
Y T 1k A A PR (1 % R BE A 4
22 4£HBEZE

http://journal.sitp.ac.cn/hw

TE /N O3 i A2 Y 22 RO 4 o B Y R
., KA Itti BRI center surround B4 B ER
fEBE JFE o R A R B R,

(1) 32 F center—surround 814z i AR IE Z(H
Kl I(c,s). V(c,s). H(c,s) fl D(c,s) .

(2) B H—ALHF N() MFEZE E 34T
H— bR R G, Ak 4 18 B F MR AR 7

T=a', & N((cs) (1)
V=a!, et NV(,s) (2)
H=a!, e N(H(c,s)) (3)
D= o, o N(D(c,s)) (4)

(3) Xt 4 WE 2 3 PRRFAE A #EAT I3 — K JF R
A, AR A 2
1 — — — —

§=1(N@)+NTV)+NH)+ ND))  (5)

2.3 MM BE AL

FERFBERZE, MEHETERESSF, 5
FIEAREIEX . N TR 2 E IR
R, PUE WA R 288 S R R 264 T R AR Y
LM R, A SOR S S BE R & Tk, |
2 FASCFER R, WEERET BFRE
TrE, N BEAE R W 4R SF OT 1R 2 22 RN
FEAEHE. YR HE R SR RBE Hra-

tio I, REXF I 1Y 5 25 BE AELAE Ay 20 I B AEL C thrresh-
hold ) B, Seifte —A Hratio BHIEGE M T 4h
BI{EL (41 0.95) , SRJE ML H AR F 45 R A8 SO
EIF AT 0 8, B EMER RN & H bR X
H k.

bin(z) — { 1, sm(zx) > threshhold

(6)
0, sm(x) < threshhold

A, sm RRBFEA,
—EER P,

wJa, M E G EE BB R X8
IR MR FEAT AR T, B RTRL I E AR X 1

bm 7R B {E 7 B )5 1Y

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013



A

2013 4 10 A

34 4.
{
[ center-surround Z iz & ]
' i '
[ I. H. V. DA EAER ]
A A A
| SRS RIA— It )

2 ARLHEERER
3 FTELK

53 538 A= 3073 B AR 5E i Otsu B {E 73
T XA B 3 R LA 2L AN I o 4 R BEAT
Xt e, B 3(a) A B R AT 4 A /N O A
%, B ARAE B T A 4 Y AR, 2050
FRAEAS B AR5 P 3(b) Jy v 45 B AT 5 A JOU S

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013

(b)

(b)
Bl 4 AR SO AR R 2.2

18, HARFE UG E S g — e AR, LML
R ] W5 1] 3(c) Ay HE B A4 iy A A 1A, R
JiFe A A8 T A o P A TR OK, £ ANRRAE BH
. X = 0E ER A 300200 8bits K BE K 4.
B4 A SCRIE AR BERE, B 5 BiRA
ETRBEERNBRESBILER, B 6 iR m%k
oy B AR X, B 7 A Otsu 8l E
BENM —AEREER, K 8 frR kA Otsu J7iksr#
&maﬁEﬁ NI ZE R a] UE 1, A0

RE 6 20 - A o H AR X, ] 6(c) AR
%Eﬁ@ﬁﬁ%@%ﬁ%ﬁﬁﬁ%ﬂTm%,
{EAEAS H AR DX I8 %8 56 38 2 e i ) b A s >
T . Otsu JyitE—Ffli A3 (6] )7 Z 5 K B 3
AR T, HEARRER, BEBREES N
BTRMERPE, RFELERITHIKE T E
() e KBS B AL BRME, 8 EASERZME
HA RGNy B M, 50 Otsu Jikxt 5
H A5 B¢ BEAH AT (1 R 231 5 B 8 43 ¥ T 1 = A fE
AR m LA, TR E NS B AR —E o #
ok, i 7(a) . Bl 7(b) . K 8(a) FTIE 8(b) Fi
s T 3(c) A A LA B AR 58T %, "A
REFR, MHERS HRZ K E 25
B, B E8CR R, WA 7(c) R 8(c)
B,

B3 MLALLA A (R

(c)

http://journal.sitp.ac.cn/hw



H34 %, FH10H Ah

(b)
Bl 5 FIASCH 0 8 e A2 iy —E K

(a) (b) (c)
B 6 AACHEIESEER B RXE

—n

(b) (c)

B 7 F Otsu J5 ko 15 5 2 #9 (K%

(a)

(c)

B 8 F Otsu Jyi4r&| H g H b5 X 35,

%R IE

$2 T — ik T L S P Y O L A P
B BRI J7 %, 7R R SO Y T LAY Az
IR, R T R 3 RS B E ) B T i e
i BARX S, AT S B AR, BSE, iEH
CHE R Teei AR AR A R 3 L ARSI iR A
AR 5E 28 G0 7 AEAH U BT 09 57 1%, BH 020 2000 A
PG A I AR A5 W LA A B 7 T R AEAS B f
SRR, /DR R AR Teti AL A v TR IR R

http://journal.sitp.ac.cn/hw

R ESR T 2 R E 458, {§i ] center-surround
WA R E RE W2 R AE B, Ifx H
TTH—MEHEAS, EREEE. &5, ETF
BEE, ZHBESF T B8 BEEE R
KB, SRmEREY, 5 Otsu JFEEAMLL, ZI7
R T R Ay S0 R B G, DT R
Bkt E AR K,

SE M

[1] Schall J D, Hanes D P, Taylor T L. Neural Control

INFRARED (MONTHLY)/VOL.34, N0.10, Oct 2013



36 AN

Ap 2013 42 10 A

of Behavior: Countermanding Eye Movements [J].
Psychological Research, 2000, 63(3-4): 299-307.

[2] Ttti L, Koch C, Niebur E. A Model of Saliency-based
Visual Attention for Rapid Scene Analysis [J]. IEEE
Transactions on Pattern Analysis and Machine Intel-
ligence, 1998, 20(11): 1254-1259.

(3] EHalR, PRIRZL, BEIRAK. BG4 BR DXk 42
R [J]. i+ EN5%F T2, 2007, 35(5): 138-141.

[4] ERREE, XIF4E. 2T KA KRG EEKX
A REO B [J). AT EHL, 2012, 3: 27-31.

(5] BRI, fTARME. BT /NORT A= A0 5 HL ] Y S
BB X AR U7 ] R BRI R RF B4R, 2011,
10(1): 13-15.

(6] ¥igk, Kadr, KA. FETWIREEE AL
H #5# I [J]. T IME AR, 2007, 29(12): 720-723.

[7] Itti L, Koch C. Feature Combination Strategies for
Saliency-based Visual Attention Systems [J]. Journal
of Electronic Imaging, 2001, 10(1): 161-169.

(8] Xa¥e. T B AR R B B R B S BARBESE (D). M8
f: WEMETEERE, 2006

(9] TRHE, HUEDME. BTG R A BRI X
rEIFEE [J]. BNBE TR ER (B RBEFER),
2011, 26(2): 111-115.

(10] skAeff, FBMEIE, skI5a. 2T EEILH A%
BEGSH J]. HENLIRSKA, 2011, 47(10):
154-157.

[11] Otsu N. A Threshold Selection Method from Gray-
level Histogram [J]. IEEE Transactions on System
Man Cybernetics, 1979, 9(1): 62-66.

(L#% 30 70)

4 %

2% 3C HO B S8 Bt 5L 1 R T PR AR B
W YL TRE AT 2 B ML K i R A L0 S A O A 1Y
SRIGAEAL, Fi 3R A BUE T 58 FLUENT
AT, R TR IERUE R HITRAN A & i
WAL B B HITEMP 2t 4 5 Y 72 81
IMERFITHE R TR IR, MRk K
BT AL T B R T R R 2 8L &
J5 i 3 2 T A FRAR AR I R R P T S T
WR & KT A PR A ) 20 M8 G hp itk R i
W LD RRACHEAT I, W SR A AT
TRk, AR SCH @ LI SRR LS 2L /MR Y
1 45 R DA B H At SCHR Y 25 2R — 2, RWTIZOT
HERAATT H AR,

S

(1] AT, EHk. IV EHEESEHNEETE
[M]. W& IR % e /R B ML R &% Hh AL, 2006:139-156.

[2] Liu J, Shang H M, Chen Y S, et al. Investigation
of Rocket Plume Radiation by Discrete Ordinates
Method[R].1996,ATA A-96-0348.

[3] Freeman G N, Ludwig C B, Malkmus W, et al. De-
velopment and Validation of Standardized Infrared
Radiation Model (SIRRM)[R]. 1979,AFRPL-79-55.

[4] Burt J M, Boyd I D. A Monte Carlo Radiation Model
for Simulating Rarefied Multiphase Plume Flows[R].
2005,ATA A-2005-4691.

[5] Ludwig C B, Malkmus W, and J. walker et al. The
Standard Infrared Radiation Model[R]. 1981,ATAA
81-1051.

INFRARED (MONTHLY)/VoOL.34, N0.10, Oct 2013

(6] B, ZEAEE . R AR BT L1 M4 5 o 1 KU L
W I AL EA =R AFFR, 2005, 31(8): 829-833.

[7] L.S. Rothman, LE. Gordon, R.J. Barberet
al. HITEMP, the High-temperature Molecular
Spectroscopic Database[J].Journal of Quantitative
Spectroscopy and Radiative Transfer,2009,111(15):
2139-2150.

[8] L.S. Rothman, ILE. Gordon, A. Barber, et
al.  The HITRAN 2008 Molecular Spectroscopic
Database[J].Journal of Quantitative Spectroscopy
and Radiative Transfer,2009,110(9/10):533-572.

9] REm, BE, ZEM, F AERIVEZRS
(ISR SR, 2006,27(5):830-833, 875.

[10] M.F. Modest. Radiative Heat Transfer[M]. 2nd ed
New York: Academic Press, 2003:288-352.

[11] Dirscherkl R. Rocket Motor Plume Technology, Part
6: Plume Radiation[R]. 1993, AD-A268 719.

(12] XUAkAE, R, REE. TS Y 0o a5t
Pk (7). MRKERISESHEA , 1999,5(3):251-255 .

(13] e, ELZE, RAT-. Bk KT RN BHEL
SMRRIEBUE R [J]. LL9h 5Z|KIEFIR, 2003,22(4)
1 246-250.

[14] Kim M Y, Yu M J, Cho J H, et al. Influence of
Particles on Padiative Base Heating from the Rocket
Exhaust Plume[J].Journal of Spacecraft and Rock-
ets, 2008,45(3):454-458.

[15] Beak S W, Kim M Y. Analysis of Radiative Heat-
ing of a Rocket Plume Base with the Finite-volume
Method[J].International Journal of Heat and Mass
Transfer, 1997,40(7):1501-1508.

[16] FK/NJE. KFF R SIHLPIILLAMFE R EUE T [R]
Jea: AEMEMRKE, 2004.

(17] Bk, hdesl, ERE. BinSHENLEFSME
M]. b5 FMTH AL,  1995:155-158.

http://journal.sitp.ac.cn/hw



