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Intelligent Detecting for Infrared Aerial Small Target Based on Non-subsampled
Contourlet Transform

Abstract

Abstract: Aiming at the problem of infrared aerospace small target's detecting under complex
background, an intelligent algorithm was proposed based on the non-subsampled contourlet transform
and BP neutral network. By using the morphologic top-hat transform which had adaptive structural
element, some infrared background was suppressed. By defining the center vector of subband
coefficients, the proposed method constructed the synthetical image at high frequency and suppressed
the complex background further. Subsequently, taking pixel's gray level, horizontal gradient, vertical
gradient, diagonal gradient, neighbour mean and neighbour variance as input character vector, a BP
neutral network which had three layers was constructed by training and infrared small target was
detected in the end by this network. The experimental results show that the method can not only realize
the suppression for the infrared complex background effectively, but also detect the small target whose
SNR is above 2 steadily.
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Abstract: Aiming at the problem of infrared aerospace small target’s detecting under complex
background, an intelligent algorithm was proposed based on the non-subsampled contourlet transform and
BP neutral network. By using the morphologic top-hat transform which had adaptive structural element,
some infrared background was suppressed. By defining the center vector of subband coefficients, the
proposed method constructed the synthetical image at high frequency and suppressed the complex
background further. Subsequently, taking pixels gray level, horizontal gradient, vertical gradient,
diagonal gradient, neighbour mean and neighbour variance as input character vector, a BP neutral
network which had three layers was constructed by training and infrared small target was detected in the
end by this network. The experimental results show that the method can not only realize the suppression
for the infrared complex background effectively, but also detect the small target whose SNR is above 2
steadily.

Keywords: infrared small target; background suppression; top-hat transform; non-subsampled contourlet;
BP neutral network

515 J7 AT Kl 43 g BB T A W 77 2 (Detection Before
Track DBT) AUk AT #R i /772 (Track Before Detect
TBD). TBD J5 ik A A H H b 1) 2K FE A5 B [A]
Wk H e 2014-11-25 &Rl H #i: 2015-01-13; F R, ELEO a1 B R ORI IE H AR
FEETH : fisR2EFE4:(20130142004); T mRHEK AN AT VAL, N HERR M S, B H AR, TBD
ORI T 9?%(2014zcx010),«qu‘ﬁﬂﬁz)\Asﬁ o . L o o B

LRI 313542 (0p001631):; Bk AR A k. S YEVCEC IR . 3

A, o), B W LR B i g T RO AR 55 AR R .
B, BT A N LA 2 o

214155 /0y A G D00 422 FECOE A7 A5 R ER 2% P It

http: // www.china-simulation.com

*1490 -

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 12

52T B T
201547

TBD Jjik BN T HARE W UG, Sl 5
R K R G O SRR EE RO B
2%, BEEER, AT LIS AR . DBT
ARG H b Sk 56, A2l o
AR HARACRE AT BTN H A, S T0 S s 1
P RIAE H AR, PR BRI T Ry AR SR 51
UL ERERH AR, HAT, BENAMET DBT J5ik
MIZLAN S 218 50 B/ H AR R 5 32 4R i 7E
e 77 0 T s RO A kL
Robison Guard ¥Ry s w1 oss s
MR [12-13] F4y3 o e o 2% R T 2L A0 1 55, SR T
IS SR 7 VA S B S H ARRr I .

Oy T3k 2D 4R v R I B ) P A AT
G2 PR D Eenls =Ry b= al NN EAR S N SR A iU ]
A, ARSCRE T B AR R SRR BRI A I (NSCT
Non-Subsampled Contourlet Transform)#ll BP(Back
Propagation) i 25 W 4% A1 45 & B R 7 ik . %7
125 A 36 F AR DX KN Dy A T 2527 T A2
HGE U RIEFEI 2, SEI AL AN I S 2
I o Bt i 5 AR A0 32 8] B4R T RAE RS R B,
M ey 3 e IS R A . AE SRR
L AR SRR BRI s R ) H B A
SRR A TRER R, DIHAE A &, 1
i 3 7 BP M M UIRY, el KEFEAGER
BEAT NG, SEBLZLANAS b B AR B R e Al .

1 AR IE RIH

11 BENMKEREFE R

LT ARSI A N Fh b 5 AR SR T
s, AT ST SORMT E R 5
AR A NS B v 530 R 5t i AT DA B 55 K H A
FI%, B H RS DR AR HRRI RS, TR ik ik
BRIy (60

BRI S A B M 3 20 T T T2 N o
ZLAMEIG A 1R H A DA 5 D S8, AR EE H
PRI R ISR G DL T KR8

XN, A5 FE TR SRR R AR A R e 204022 h /s H Arder il

\Vol. 27 No. 7
Jul., 2015

SRS ) AR DX A G 7 1T g e, mT LA
VAT e H AR DA 1 B R S AR H AR sk
FAAIE o S IR S A T R R TS s o= R T 5 21 (0
ik H bs FLAMHRIR B S g o B 15 12 A
IR T2 PRk Ay THUME A 4t o

SR LR IS JUE T A T RCR R
MR ZR, W FEES H RO I A — A
RS R o JH, AR S22 BN TR 5
XHELARS /N H AR BEAT RN (T ST, S50 N
FOCHIE . L, IXLLPE RS DAL PITR BL RS
PR o BAT R IO PERE . SR, ZEAMEI T 5t
Sk HAC T A AR AL 2, IX 2R F R 4k o
RNV AA BENIIRE, DLl AR B, fEZL b
PR AR 0 H AR DR AR AL AR HUR PR 3 AL
Py 5 B3 ZE AN o MR AR AR DR R AN 2K 3 A1
RRAE, ASCE T 3 AN BREATIRIE H AR X446
g (DR BEGIE e KAl Bg; QA
B BRI A A gy WS 22 0,5 TFIE
HEMESTT 22 s QYR AR T2 R E N %
DX RE A ik H RIS, IR bR X, R

Moy He (1)
o o

g
Hg» Og AT 2

FEARIE H bR X b e v B AR )& X 3k, o
HILHE AR &, DR s KU KAE N KIS
SRSV NELT ATV NN

1.2 P RAFR B BIE BRI

¥ J3 3% (Contourlet) 28 4 I 22 ] JL AR 43 #7114
JORAE, E M EIENER YRRk,
K /NI TR 25 Aof 281 v 4 245 ), 0 B Je e ) i vy
YA BRI, T3 O A B AT R T T A S A
Ko XN TVE T DUR I b TAE: EHG 1 L 4544, fg
FAAN IR RS AN [R] 7 Ta) 5306 1 -4 S Rt 1 4l 3 <]
B oy Be s s it 2, BAA U5 i PR 1)
P, T AT R 7R BB S IR 0 30 i 22 B e v o N4
B RS R R I AT R R R

http: // www.china-simulation.com

© 1491

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/12



Gang et al.: Intelligent Detecting for Infrared Aerial Small Target Based on N

2T BT
2015 4E 7 H

JE T RFERR B0 AR e bR T e B AR e i) £
JUEE L 27 1) LR IR P 2 SR ey Fe i A A2
HeJa R AR, BENS S U A R A
Grh BN LARAE . [, 3R RAERIT
KRE, DR BG40 AR F AL I P AN L SR TR
B, IXALAFAR T RAERR R A AT PR A A
DA 45 21ty B8 Tt BB R AT RS R/ TR 11
P E o AR SCAE 23 B 38 AR T 285 5 U PR il
s FUAR T RAE R R AL i it 2SI 2L AN 2 0%

Ak 5L
ﬁ /?'\O

AR R B AR LA TR A A2, T
VEEBAR R, Jsa G 1B 30 A A2 el
FH R K AR Ko KT 252 TN A2 e il 5 52 1)
FIR AR N RAFRC A5, XN R ET 70 4 3
I HARREL SRR RO R 5L /N H s
AT T, AR RN 7 ) B A RO &
o PR SAAT R, e -
Xt I AR AR HL A R ROBE 1 FCA g 1) B D] g
SN W AERTAT IR T ) O RN R AL 3
BAL RIS 1 R B2, RS BUAR P RAERE
P AN R SR

B WEBG AR N RAGE BB AR e Jm
BT W) 5k FMEL T2 SC M N AZ AL ) R A A

nxn

Olw b
My = @)

At n Ak RARERIL K.

X AR SR e J e A e Jm 1) A = 0T 1) vk
SR R M, 0 T IME R A A R R L
(IR 16) 5«

By :{MI{}
e AERAE T SRR R AR e (1 =7 1) o

SE SCH L ) A -

j=12,3,...d 3)

1 m
R-135 @
mi4

Kb m HEBIR AN
B R R 1A L AR B N -

EX e it
Journal of System Simulation

\ol. 27 No. 7
Jul., 2015

d . .
d(F, F)= > (F/ - F/) (5)
j=1

A DA AR (R B F R AE S S R 4, W] LA
55 5% B 15 SRR S BB R . T HARME = AR K]
B AR/ L EE, HRFAE ) 0 0 v R (R
SO/ o R, 8 SRR IRAIE 1) & 5 v )
WA, i H ARG IR ) 5 5 b ) B 2 R
Ko VHERFAE ) -5 rpoCs i) B2 TR) R E 2, AT LA
Jl— AN E T RFERR B S LR G 5 o R LR G BT
KT 7N BRI IR E S T 55 B A 0 R B 2 5+
B4 T BRI E L. th TR Sy
) LT RES AT R R A I, AT A R A R A
REAIE ) B %A 3 KT B AR SO R ALY
50%) WA THEH L ENEEE, 50 R ER
HCRFAE 17 B 4% 23 B (R AMELAL VR B o IR TR R
FERS BRI & 8 S AR R R

R L WL UG REAT RISy, e ik H
PR IX 35

IR 2. VHEARIE X IR R &, e
AV YN

R 3 G N A5 T R WA B A TR AR
s S A

AR A W A B (R AR BB SRR R s

ABR 5 HE T AR E FEH R AR T ORFERC R
BRI T 1) B AL

R 6: VFE AR AR BB m A ) R
HI O )

R T BT AR R KA B U
B, SEIALAN 215 SR RATRe BR i A il .

2 BP #HZ M/ H hrkrill

K FH 8 28 S I A 3R SR AT I 2 1) 22 )2 i ot
ML FR A BP M4, T HALME R TARRS
FaSE « Gy THEAF S i, TEARZ IR I 245 45
R, BP W2 [N Fl B A )32 o BP 4% FHEN =
B 2. S 2 R 2 IR RO BT 21 A
T N2 STREAS, Q2 1m0 00T D09 5% 1R AL

http: // www.china-simulation.com

© 1492 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 12

2T B T Vol. 27 No. 7
2015 4% 7 XN, & JE TR T RAFAC BR U AR e 1 R Ak 21 4025 /s H Al Jul., 2015
{E AR REAT I S i R I 2, A5 %0 HE 1) ) o 5 1A (10)

B 1) R AT BE MR, 21 ) 4 i 2 ) R 2 - g
NFHRE IR ZE N IR RG TRAT B 2% (B i
2, PFEIVHEMS . ENNRAE, AT V2R pp
20 4 255 0 FLREAT VAT 1)l 1 &5

18 B SRR #W¢Eﬁf@%¢£
PR 58 i DR ARy o ASSC G T LM S s ol
(1) 6 AMRFIEAE R Ph 2 2 1N, B £ 2378

BB 6: KJEAE Ay AKFRERE Aoy TEEERIE
Az XABERE Aa ABSIIME Ass AIBTT % Ao PT
HREE A LY, AR/ 3 X3,
Ay =min(abs(f (i, j)— f (m, j))
. (6)
m=i-1i+1
Ay =min(abs(f (i, j)— f(i,n))
n=j-1j+1 (7
Ay =min(abs(f (i, j) - f (m,n)) ®)

m=i-ln=j+Lm=i+ln=j-1

Wzt T 1, R Aiig R T
Hbs 1 80H 5% 0. BORR %N 0.5, fartifE 0.5~1
WONEH AR AT, 0~0.5 WY 5.

Be 2 A BB AL -

=t+r+a 9)

R BN B RATEAM, o
fBh 1~10 %

BEUZ A0 2= PR 980l R K% 6 logsig bR 4K

(@) Ef&1 (b) K% 2 (c) K43

(9) K1 (h) K% 2 (i) K% 3

mTEETE
IIIII

K1 ZohEREG RS

3 W5t

LA ep N B AR A 100 MitidE 28 K]
B, s HERL T 28 SAMI 275 5 2 8.
SRR 6 77 1E & AL, CPU 43 3.4 Ghz,
WNAE 4GB, A1 4 matlab 2008a.

3.1 AILHEEMERIMHIRR

XHELA e 100 i B (g 18 Y 2 2 T
RASHREAT 1 S0, 5 R8N H AR I S Fi KA
L, R BB I 7 X7 SRR TR 7, R
(AN 25 AR T R I S D HA s H AR X
S o S BT A e DX BT S B KA A R G A
SR TC R IR WER R I8 B R R 20 RS
TXT AR HARDI, >l o ST gkt
FE PG i [ o AR EHR KR 03 ]ST BB LR T
BROARSCIT 3X3), Wik o ]SF N BRATSBAT $ 21
3k HARDCSR,  WIBLZ T BRAEAE A 4503 R
TR AR e, W LLOR B BT AT ROl T4t o= i
BEAL I BR o AR SR R 0 2 e v 5 i gl ot hy
“9-77, J7 I YEPAE A “pkva”, SMEREER 1, i
B 4o 73 BR-AE R SRAE 58 R P B 79 Sl 1 B
SERE 1 PR, R L)~ L sh
HARIE IS, B 1(g)~() A I 1 StAm i g R s 5

(d) &5 4 (e) KI5 (H Kixe

() Hfz4 (k) &85

(I B e

;{

SAHIERE G

http: // www.china-simulation.com

* 1493 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/12



Gang et al.: Intelligent Detecting for Infrared Aerial Small Target Based on N

2T BT
2015 4E 7 H

A S i JR) A5 M L 3 25 (Local Signal-to-
Noise Ratio Gain)f b & fa 7 5 1 sl il 2R :

SNRG — (Snr)out
L (s

S—u

(11)

SNR =

(12)
o

AF: s WEFGE SRS o AXIEIME, Xk
K/NEL 20X 20,
AT S g vk 5 4 T VI SR BB AE e L

EX e it
Journal of System Simulation

\ol. 27 No. 7
Jul., 2015

W5 LR 1, PRI AR SO 7 VR AR
3.2 BP #£& M 48311 S5 K A6

L 20 it e 78 P45 4 g AR A B 4%, i P
BIATE H AR SR A S 50 4y, —3E 1 000
AFEANT BP Mt 44T Sk Hodk 80 WifEA
WG . AR IR 2 FiR.

KL JRTRAE M L 25 AL

SNRG N L2 SCHRS) XCHR[12] FIE Y B AU+
EOEPER 2 EVRRRERAs  BASSIEE A KA Sl AE TR ORAF FR R i AR

a 0.989 6 11325 1.2040 1.3237 1.9325

b 0.953 7 1.098 6 13108 1.2876 1.883 4

c 0.8625 1.2638 14149 16183 1.956 8

d 0.9339 1.3365 1.658 7 1.5547 2.2165

e 1.344 4 1.6792 1.8621 1.9639 2.769 8

f 0.948 5 1.3889 1.9539 2.2858 2.964 3

K2 UIGFEA
FEAR BRKE SR T B X F R BRI E ABIkTs %

1 214 0 0 0 96.8 111.2
2 207 1 0 0 1286 103.7
3 8 0 0 0 8 0
4 189 0 14 14 96.8 88.6
5 10 0 0 7 3.2 5.9
6 176 0 14 15 89.3 945
7 16 155 167 152 1726 58.7
8 100 0 0 0 100 0
9 98 0 0 0 43.2 45.6
10 8 2 0 0 38 12
1 55 0 6 7 54.1 7.6
12 48 0 6 8 3258 225
13 118 2 1 0 117.6 0.6
14 120 115 117 110 193 37.9
15 16 2 4 3 11.6 12

BP S92 (10— BB Oy W) 28 I Frad R ]
RERE N SRR S ey AN BE Ak B 4 JRy B o 48 11X Ry
Ol ARSCRHIBIAF & Wi R 2=y R
WRIE/ANTICBUEIN, KA T4, Bk R f
S Z Mgl N oy 2] 2 S R RTBRBUELYE 0.1~0.4 HX
4, WG I %A 0.5, MEIIZRIXECAh 2 000 X,
Y%k HARR 2R 10°, BaJZH 8 A1 s

] 2 %7 BP fie i 2 B LT SR v iR 22
WSk ith £k o 181 P BTos IRk 21 273 IS, Gk 2125
HARRZZEOR . & 3 Ko 10 MFEA I IIASE R
HIE 3 I Y, MRET RIA BIHUY, H A AT 5t
2RI X )

X HAR 80 MLl Ahas i R REAT I, Ak
gDt Ferb 3 g AL BESE R ANE 3 P
R LU 2 K H AR BRI LA A A i IR

http: // www.china-simulation.com

* 1494 »

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 12

2T B T Vol. 27 No. 7
20154E7 A XM, 28 FEFAE N RAERS BRI AR e B Re AL 20 4125w /N H ARG Jul., 2015

10% : . : : :
10! 4 ]
10()_ J

(@) MiKEHZR L (b) WG 2 (c) MAKE 3

(d) % (e) 4

Mean squared error (mse)
=

1% 50 100 150 200 250
273 Epochs
F 2 BP fhee SIS 2 B4 BP AL F RIS
2R3 IARE I 2 5L
N (g FHHIE 9 2% i th 4 i
1 188014 16 118.378.9 0.985 6
2 2000341954 2.2 0.992 3 Bl e B B 2 AT 5 N ZL A A T 55N H b
S 110176181 268587  0.9776 FOr I 0, AL T — R Tl SRR i 4
4 8823576563 0.964 5
8 e R B FATT e 3 gt
c 15 185 186 176 176.6 607 0.952 6 I BP A28 W 4% 1R B ALK v o %71 H
6 1314410612 0.024 6 T8 N T 2527 TOUE A8 8 RN HE T SRAE 3 JB0 8 4 vy A 2
7 2200318604 0.0403 B G, SEOLLLANE AR 5 - A i e A 4
8 3132220617 02618 I, ZEOLIERE 1, X BP L L HEAT B I 2,
9 600050 0.038 7 o / o ‘
10 1611114.6 15 0.064 6 ﬁ;ﬁk@l%%?%ﬂ'ﬁ E *szzl'ﬁ i%ﬁ’]jtéf‘fé?ﬁ)\iﬁ

KR, A LIRS NI/ B EZAS
Mo WA A3 Qb 45e
(1) A EE NS5 6 3R B K LT 2% 57 T
AR AENS AT DRAF HAR I RN, SEELR 7 DA%
‘ e AR
@) WAEE 1 () WREE2 (0 WkEE 3 (@) A ORFEAE BB IMI P AP, (LR D
H As e REAE AL S U7 170 o 2 HH A4 i AR

Hin) R EG 25 G 07k, nTUR K H bR 55k
S MO R () 22 e S H ARRFAE s
(3) ASCHIE M LAKEAE . /AKPRRJE . TEELBR
o 4 FE X ABERE . AR . AR 2 AN = )2
e

BP M4, BEMSIR IS IL H bR I % 310
X5y

HCH T 75 5% (R 16 25 64T/ FL AR LA L 000 (4) VISR, ASCIRIAE SR 5
T A S A S S T R TR, JL e 3 ek IR A U AP RERE SEELZL ARG A H b
25N 4 o R e AL R -

(d) %%

K3 BP fhze g HARKLI 45 R

CF#: % 1510 70

http: // www.china-simulation.com

* 1495«

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/12



	Intelligent Detecting for Infrared Aerial Small Target Based on Non-subsampled Contourlet Transform
	Intelligent Detecting for Infrared Aerial Small Target Based on Non-subsampled Contourlet Transform
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/QMRLowo4gF/tmp.1688110563.pdf.6Ke8X

