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Infrared Dim Target Detection Based on Improved Particle
Swarm Optimization Algorithm
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Abstract In order to improve the detection effect of the infrared dim target, an improved particle swarm
optimization algorithm is proposed. Firstly, a quantum-behaved particle swarm algorithm is optimized based on the
Gaussian distribution attraction factor, and the particle swarm mapping is optimized by the logistic chaos which can
avoid the later evolution into the local optimum. Secondly, the reliability of the chaotic quantum-behaved particle
swarm optimization algorithm is ensured according to the diversity determined by the average Euclidean distance of
the particle swarm in the later stage. Finally, the infrared dim target is detected under the minimum mean variance
criterion, and the prediction value is corrected which can ensure the validity of the detection. The experimental
results show that the proposed algorithm is effective in detecting infrared dim targets with the largest signal noise
ratio value, and the detection probability and false alarm probability are better than other algorithms.

Key words imaging systems; quantum-behaved particle swarm optimization algorithm; chaos; infrared; dim target
OCIS codes 110.4155; 110.2970; 120.1880

1 gl E

2L AN /N B AR I bR R P A — 00 E B R, R AT AR U R B T BT (R T R IR
Bt 21 A0 B AR AR T AR /N L LR AR R 45 A A AN I L (S E%IHZ?%‘&EE%’%E‘J’%‘%EP oAl
i LS

H A 7E O A WA 7 v v, /N A8 45 (W) % 28 48 15 50T 1 B A 4 46 00 2 SR e ) n SR 3 Sl 4R e 4
K IAE—E BB o Bl 2R R b/ B AR 098 8015 5L 75 R 0 AE 46 L 8¢ v 5 e R PP (B IR 5 (MIMEF) 174 A ) A8
R 5 HARE M (SNR) A (b i S A — 80 FR 35 5 5 H bs 22 58 B 0 i 008 0 A6 00 8 R KT B
L N BE X e I (MSBF) fY38 85/ i i) & 29 BE AR (H 2 2 B AR TS 5 e & 2y ok 35 e 75 L 3% I B it i
2 ) Bof 2 3 R 7 2 o3 B 1) T 0 o 3 BB0RG T 245 2R 114 15 M L 441K 5 — 4 S /N34 0 B g C TDLMSE) 53 kil i A

i BHEE: 2017-04-17; W RIMEEFmBHEI: 2017-05-28
HLTH. WEAEEFTHFEIHE (2015-QN-1557)
fEE R BhREr1982—), 5 ARE, JE0f, BN G T o F 5y i 55 . E-mail: 2786127185@qq.com

111101-1



54, 111101(2017) BYMSHEIZHE www.opticsjournal.net

Y AG S (RN SRR ER V& TR N NN DR IR A M N A S NS A N Y v =R A R i
(PSOY B L BRAE T 80 5y T2 B 58 3o TRIGUR) T 7 2 14 e 1 AR 20 A0 H b o LA AR A PG 3 K 132 5 728 X dak
AR L EJR AP TR R 2 REPE B = A Bl i, J5 301 2t BB P R B4R

BEXTLL ARG /N H AR 95 5 7R SCR A 2 B TR Dl 117 O R B (DMCQPSO) 83k . 4L 1 0 A A
IO F) 2 3l SRR R B O VR R AL AT SR R TR R R BRI T | D T A O 5 8 TR T P 2 B
LA A S5 DG =22 18] (9 B 3l i Logistie TR T X AL RS 30 LA 3k S 2 1 0 30 B A Jay ¥ e 100 o 1 2 4
P Fh 24 KL T 1 247 0 TG B A AR B /N4 7 2 v UL AR A 20 Ah /s FL RS Az . S 6 £ L 25 SRR W] AR
SCERIE RS L0585 /0N FAR B ARG D A8 2R 0 b, ELAE RE 4 AR 4

2 FARA
2.1 EARNFHEEE
PSO 5kt Turgut ™ $ . FEIZTL I p AR Pl 2 Al [R] 9 48 22 5% s 3k 3 4 Jm) B fE il - 55 1 b

AR EATA B B HR LB A AF R PE 55 2 iR AS B H ok 7 R BB sl Bk 2% 8. PSO &
AR R R T B R R R AR B g sl & g, TR 2

v =wvl; o1 (Pheiy —20) F 072 (Ghewy — x4)

xil =zxi; ol A
X i=1,2, N R FEE,j=1,2,,D FRMI A ELEE 0 BB 0l 25 DR AE ) =
B 55 ¢ AR ARHT R BT, &, 02 vl XKL B 25 [0 B Gl A2 FLEIES ¢ WRE A 19 2 ) B D0 ik 1) 6
Plo, RHEENE ¢ UGEACHT B9 A B A0 A 1) et , Ar S I ) 380, SEER R BRI 1, o Ml e BB /F oy s
RIS ATAE O 1) Z B B BEAL R o A IRPEACE AT

t X (W ey — Wonin )
wwm[ - - . (2)
Z max

£ o A ERRIEACUE T EER w0000 = 0.9 0w iy = 0.4,
22 ETEHAGRIBAFHEFTANFHMALER

PSO B35 5 T A2 101 77 = FUKL 8 I L 7 d2 S I L 3 B s WPk 1 o) iR B BB 4 . 74T R 1
A (QPSO) MR 4 1 1 2 J5UH L sl i AN [R] T PSO WY J5 ik AR A 2 Ry die U0 . ARG T AR 8 A6 B 1 H 2 b 4R
(1 AN B o e 3, 2 () o i SIDRE 1 RS R S T AR R A o L AE QPSO B AR R F R Y
A, VIR E AR TR R T S 4R AR R AR SLAJR RS T AL T
{Ai., =@} + Pl + (1= @) Gl

, (D

c17s ) 3
ciry tocors
o rirs HBSIATECO, D Z BB BEILE . o 0 o ATE j HEAS T 5 ¢ WOk AUIT A9 Bl B A 5
K52 R R B O R R AL AT R, O A E
vill =Al JrB‘Mi,esl,j —xt, ‘ln(l/um )y, r3;=>=0.5and r, = 0.5 and r; = 0.5
2P =Al — B M., — ¢, | In(1/u; ;). others
b w AL AAE 0, D Z B A BENLEL M, A AE j dEZS RS ¢ kAN B Y B dp A B o S
FH RS A RACHR T Bk i WS SSGH R L TR

, €]

tmaxit
_ 7 :
. (5)
SEHy R B 7E[0.5. 112 1],
M MR BT Py P2 BTSN
1 < 1 < 1<
Mw:mmwJMMVWMM@ﬁ{*E?MwM*ZPMMWW*ZPMMJc (6)
N3 N N %

VLS JR) 38 0 5 | BB 7 s AR S A B9 P08 IR 2 53 A B 1 Al 22 55 1L B4 7 249 e I A0 A 1A e AL =2 1) )

111101-2



54, 111101(2017) BHSNBEIZHE www.opticsjournal.net
BB Br 0 R 5 | 15

Ay =NCAL M, — Pio). %
U1 YA R VA WP I SR/ W (1
:AT\IW i‘,@‘M’bvs(,] — i, ‘ln(l/u,.j)o (8)
2.3 REMH
logistic TR {ili B & Ayt
0. =80,(1—10,), 9

K & EHSEL6€ 0.4 ]n MIBMWREG WG 5 0, € (0,1, H 6, € (0.25,0.5,0.75) ;2 £= 4.0, €
(0, AT, logistic 58 4 Ab F iR MR A,

TR T A7 R F B AL (CQPSO) i R M B AL KL F BE KR X (h) = (a)1 50 sann) - AL PR
B LX) ], h RIRMEARE, H &R KIS RIREGRBAER fow (X7, ML 5 .

D W X )3 X (DX (), X (W)= [ (X ),

2) X ARLTFRE 2o, BEAT 0L 1) X ] e S A5 Jote .

Lhon — Lhomin

c, =——"—, (10)

R AN
P 2w I 2, ,J:??yx/ win A 0. BF,
3) Xt c,,., #H4T logistic IR A »+1 MR E ., .
) R ¢ s FEATL 0 s 0 min J DXCTE) BRSE Z8 480, 715 30) 2 56 A i
Zhont1 =T minn T Conon (Timax — Thomin) o (1D
5) MIRF AL X (b + 1) = (zpiras @iy s xpnn) BEATIE B PP 58 FLX (1] H
FIX+D 1< (X0
fIXh+D]—= fr XD X(h+D — X", (12>
6) A IO A I8 BN BE 1 I R IEARUE Fe 2 T8 20, B WS X ARy et g R s .
2.4 ZHMEREF
TERL T HE A 00 82 I I Bl b a) B B A A 1 22 F 1 e 6%k B0 TC 80 R . KT, 7E TR )RS S S B
B RN AT g ﬁiﬂﬁﬁ#’l\d\ﬁiﬁﬁ:Eﬂ’ﬂ%ﬁé‘@?ﬁﬁ,J‘EQL/HE?;?EWX’E Ry T sk TR I A kL
JE IR K 2Rl Z R EE CQPSO B nY Al SE 31T, 2861 o, 1 XY FiRL 11 247 RRCIG B 2 ff o, B

D
d, ‘L ‘ 2 E[Tij *fg.jjz s (13)
=1

D0« [ | R T R 2RI

Xzl =
3 ZLAhES/IN B ARAG I i
7 5B W S R SO 2L A0 B AR Y5 e, 44 3 B 20N BB AR R A (s ) By
€red (X)) = €hack (X5 Y) F Zaoice (X5 Y) F G rarge (X535 (14

K grea (s y) HELAMERIK FEAH » g aa (5 3) T S5 R IK FEAR s @ noiee (5 ) A MR IR FEAH + g varger (2
y)ﬂﬂﬁﬁ%fﬁ?ﬁ H 5 R B o b A R e

1o fe NV O 25 E N AR AR5 S B AL gl () A
Elg.(isj) e guala —1:y—k)]

7 ek (25 y) = ; Uk gralax — Ly — k), (15)
By 2 S Elgu (x— Loy — k7] (O80T
(L k)=35
o HIMAUE s FmE RS (o oy) FHER/NBEIEE L E N R 07 22, W% 22 skl
e(‘r’y):grvd(I’y)_glmck(l’y)O (16)

R A 000 15 2 L SR, %o U AR (2 AT 1B 1

111101-3



54, 111101(2017) BHSNBEIZHE www.opticsjournal.net

w/zw*Z/zg,ed(I,y), an
o e WS T, B T AR TR R SR A e e AR L AR R SC IR B S I BEAE 10 CAEA AR A,
TERL T 0 AL 3 B A o 55 A R AR 2 R 2 5 3 R G T X 158 22 bR BRI TSR YL 2 R R T R i g
N ER TSR S n A
F= >0, +J.0 (18)
K T, WE e YGRS 20 0 & R A iR T 2H L T, S e AR R AR B & R i LR T ECH . T R
PEAREA, TR H DA, =1, X% AR A R 1 bR bR B AT 3T AR 4B W YR 1 A B
ZNTFETHERME e, WA LT EARXH
[ FIX“P]—F(X)|<e, (19)
A FIXC P F(XOA MR + 1.0 WEERTE R BR324 B bn R 5l .

4 S
4.1 MEHEITL

S HA- 5 B8N :CPU 15,3.6 GHz, WAFZEAIN DDR4, WAEM RN 2133 MHz. NAEZ 88 GB,
WK 2 GB, B FEIKE R 150 4, e REMRREH 50, ¢, . ¥ Hy 1.49445, ¥ A CH L
DMCQPSO 43515 WT.,MMF ,MSBF ., TDLMSF F1 PSO # ik PE 17 5286 6} e o 4 FH A0 20 S0 R 5 02 i T FE 52
BrFA B T 45 , H R T A7 7 — 2 1 == )2 A s 400 O B4 SR 1 iR,

B 1 AFEEGERER., @FHEEE; () WT KR ; (0 MMF K452 ; (d) MSBF £l 455
(e) TDLMSF #5538 5 (D PSO #4528 ; (g) DMCQPSO # il 45
Fig. 1 Simulation results of different algorithms. (a) Original image; (b) result of WT; (¢) result of MMF;
(d) result of MSBF; (e) result of TDLMSF; (f) result of PSO; (g) result of DMCQPSO

oI 1 AT Jr RE N2 sh AR e/ A s OF L BARTE = 2% . ARl %5 22 0 %A =&, Fbr A8 B
23 [ SR AR B H A AG I 7 v 35 R 25 v i B AR AR AR IR BR . X0 T R X B AR R AR K LT
ARAEAE J P rp B e B AR S B BRI AR T W . AR SCHEiE DMCQPSO AR 4F il 1 7 5t T 28 Hh H AR
S REE L R BEAS T PR T S i T . WAL B DL SE ROR R A 585 /NEL S H AR 7 TG AR SR AR
Tk RS8R LT A
4.2 BRSO

51 SNR e £ A 25 Fh 5 vk 19 75 55t 100 11 AE )

8 rarget T 8 re
Sy = e 2l (20)

o

' 8 e A HARHY KL » g e BN R IR BE S (E o N EMR A BREZE . SNR R W 355 /0 H bl 25 2 i A

111101-4



54, 111101(2017) BHSNBEIZHE www.opticsjournal.net

MF], 8T BUESE R AT EE S BE TSR R P E 35 WU EAE MR g R, iE 2 Fis .
2wl A T A e AR SCEEE RS SNR B L A F T 204085 /N H AR iR
BIAY = K F (BSF) .

kiy
Bs}«‘zia (21)

R o
T B o 73 01 D TR B4 B T I A 90 80 s 0 22
BSF {E M, R WL B AL BEPERE LY . #5010 BSF X LAk 3 s .

g P ) P el i WAV
8
B8 Z58_Bea_pg PSR BSceBs_o_acod 7
3 o PR el A S VA
= 60 P AR A AA pansa fo008 o ol < 5 P SN W S - S e
ALY oo Wogys TP e WINPT o - 30, % o 70620000 6 M0 N0 00007 NePe0004
“ 40 ’ —+— DMCQPSO ;R4 +— DMCQPSO
30 —— WT 3 o— WT
—*— MMF —*— MMF
20 A— MSBF “— MSBF
10 —=&— TDLMSF 2 &— TDLMSF
0 . PSO . . . 1 ) ) IPSO‘ ) ) ) )
1 5 9 13 17 21 25 29 33 1 5 9 13 17 21 25 29 33
Number of experiments Number of experiments
Kl 2 5k SNR 5 54 1 3 4%k BSF i AT L
Fig. 2 SNR simulation results of various algorithms Fig. 3 BSF simulation results of various algorithms

1 P 3 a] R R T A Sk AR SCAR L 9 BSE (HHR X 1 S AE ) Ao
RT3 A S ARG I ARE 5 R B AR A B L TR 1 1 B0 SR T B rh o A S AN T iR R A R A L ARG DR S
R EME AR

Na
P,= , 22
‘=N, 22
N
P[_Nf+Na’ (23)

AP N ORI ECSE H ARG N, D R P S H AR R0 N eI e B H AR B
FoOr B AR 4 oo i B4 Al FOA SRk A RS I ABE AR Bt SR B4 484 K T 384 oK () I e 5 A8
HREfAE SNR 3G KT BB PRI A SOk HAT B 1 e

100 70
< 90 (@) * 8 (b) - ‘]))VL%CQPSO
; 80 j = 60 O MMF

S ynfsesesssass.
T 50 g 4 etenne,
=40 +— DMCQPSO g 0SSt e
2 30 . 20
3 - MSBF °
% 10 - TDLMSF @ 10
2 0 PSO E g
0 05 1.0 15 20 25 30 0 05 10 15 20 25 30
SNR /dB SNR /dB

B4 SBIETREMEX L, (KRS SNR 1 EH; (b BEMAS SNR 5K
Fig. 4 Reliability comparison of various algorithms. (a) Simulation of detection probability and SNR;

(b) simulation of false alarm probability and SNR

5 4 1w

K 20 R TR M T AT T T B o S T AN 5 /I LB T R I 552 00 (37 2205 S 42 W L AR ST e i £ 4
55/ LA 80 B A I T 9 5 e B B F A 7R MM RE RS B T L AR SO I SNR A BB B L 5 B4
o TR (R X 5 5 o R T L S AT R /N BRI R O T — AT v

111101-5



54, 111101(2017) BHSNBEIZHE www.opticsjournal.net

(1]

(2]

(3]

(6]

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Z % x W

Hou Wang, Sun Xiaoliang, Shang Yang, et al. Present state and perspectives of small infrared targets detection
technology[J]. Infrared Technology, 2015, 37(1): 1-10.

BERE, INBESE, MIVE, AF. 2080/ B ARSI B AR B 5 AR 5 R SR (1] . £0AMEOR, 2015, 37(1): 1-10.

Liu Rang, Wang Dejiang, Jia Ping, et al. Overview on small target detection technology in infrared image[J]. Laser &.
Optoelectronics Progress, 2016, 53(5): 050004.

X3k, EMEL, TP, 5. ANEMR SN BRI R R SRR [T WOt 5ot TR, 2016, 53(5): 050004,

Deng H, Sun X P, Liu M L, et al. Entropy-based window selection for detecting dim and small infrared targets[]J].
Pattern Recognition, 2017, 61(6): 66-77.

HuJ, YuY, Liu F. Small and dim target detection by background estimation [J]. Infrared Physics & Technology,
2015, 73(11): 141-148.

ZhouZ Q, Wang B, Li S, et al. Perceptual fusion of infrared and visible images through a hybrid multi-scale
decomposition with Gaussian and bilateral filters[J]. Information Fusion, 2016, 30(7): 15-26.

Zhao Y, Pan H B, Du C P, et al. Bilateral two-dimensional least mean square filter for infrared small target detection
[J]. Infrared Physics & Technology, 2014, 65(7): 17-23.

Xiang T Z, Yan L, Gao R R. A fusion algorithm for infrared and visible images based on adaptive dual-channel unit-
linking PCNN in NSCT domain[J]. Infrared Physics & Technology, 2015, 69(3): 53-61.

Turgut O E. Hybrid chaotic quantum behaved particle swarm optimization algorithm for thermal design of plate fin heat
exchangers[]]. Applied Mathematical Modelling, 2016, 40(1): 50-69.

Coelho L. D' S. Gaussian quantum-behaved particle swarm optimization approaches for constrained engineering design
problems[]]. Expert Systems with Applications, 2010, 37(2): 1676-1683.

Yao Lisha, Zhu Zhenyuan, Cheng Jiaxing. Color image encryption algorithm based on DNA sequence operation and
fractional order Chen hyper-chaotic system[J]. Laser & Optoelectronics Progress, 2016, 53(9): 091003.

WEmEYS, REIT, BE%. DNA FSIMGE B Chen #IRIERSE LB G 1], #OtStw T2t R, 2016, 53
(9): 091003.

Yuan Zhiwei, Huang Shucai, Xiong Zhigang, et al. Infrared small target detection based on SVM posterior probability
[J]. Laser & Infrared, 2016, 46(6): 766-771.

SR ER, WRIE, BEENI, 4. BT SVM R SAMERA LA/ AR ] . WOt 544, 2016, 46(6): 766-771.
Wang Hongtao, Li Dan. Detection of infrared dim and small target based on two-dimensional normal cloud model
algorithm[J]. Infrared Technology, 2013, 35(10):646-649.

T, 2P T ZAIES BRI L ANER /N B AR [T] . 208 R, 2013, 35(10): 646-649.

He Yujie, Li Min, Zhang Jinli, et al. Infrared small target detection method based on correlation filter[J]. Acta Optica
Sinica, 2016, 36(5): 0512001.

IR, 28, KR, 5. ST OGRS 20555/ BFR RN E L [T] . 6223, 2016, 36(5): 0512001.

Ding Yun, Lu Haitao, Zhang Guohua, et al. Sparse ring decision based algorithm for detecting infrared dim target
against sky background[]J]. Electronics Optics & Control, 2015, 22(4): 32-35.

Tz, g, skEE, & RTHERIRN RS T ROHT/DEEEME L], BmesEH, 2015, 22(4): 32-
35.

111101-6



