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Abstract: According to the imaging features of dim targets, we put forward a target detection algorithm based
on the local maximum mean of neighborhood and multi-scale morphological filtering. Tt is determined whether
the image center is the maximum or not by the sliding window. If it is the maximum, the center pixel will be
replaced by the maximum mean of the two directions of its four neighborhoods. Otherwise, the center will be
assigned according to the calculated weighting coefficient by figuring out the two maximum gradients of four
neighborhoods. It is implemented through the whole image for eliminating the noise and improving the signal-
to-noise ratio of the original image. Then, multi-scale morphological filtering of the image is carried out and the
background can be estimated effectively and be removed from the original image. After the threshold is
calculated by using the improved adaptive segmentation method, the targets are extracted from candidate
points. Multi-frame association is applied to sequential images for further reducing the false alarm rate.
Experiments show that, the method is easy to implement, and can detect the whole target with high detection
probability and low false alarm rate.
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Fig.1 Flow chart of the proposed algorithm
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Fig.2 Image segmentation

FXAARE D HERENEGRETEIEERE,
BHTARBE T, 2 BRF R KRG HETRESER
AT #EEG T I RERERERRN TR, N —E
BREGHBREE, RGN ERRETZRERKR
EEBE R AR TR . RAERELTRNT

1) PSR, BENE O REKR/D scale Hp,
BERBESEON K, Fo. o NESFBBERH, T
A Faee o FRARB R

2) MAREDEEN RGN ER Fue ..k
TR, BB REEEREFNFHERE Fuwow
BREFE B, RKKE AZRBRREHETE,
B3| —EHHER B(x,y) ;

3) 148 B(x,y) U RRERBESH K & XH/DE
Y,/

T, =max(B(x,y)) -K ; (7)
4) X Fae o TR EBREMES T(Te [T,
T 1)HEGHE BEBRSIREERT THERKX
B, 6, MUREENFET THRXE G, % G #16, MR
FHGTHF B 13 WRERESBR/MEESR, ST G,
G, WIRERAS, S, BXABMBENE R, ,n,, 55
KEBVPHHEG MG, 2
Gy =S8/,
[Gz_“5 =8,/n, (8)
A, =(6G . +6G, )2
S=8,+8,
[P1 =8,/8 ; (9)
P,=8,/8
5) HEG MG WERETE
o’ (T) =P, (A, -G, ) +P,(A,-6G,. )" ; (10)
6) BRMBMENKFEEEREATZ o (T)RER
KAE R BE , B
T* ={T" |* (1) = |’ (T"),VTel fun,fuull o (11)



40 Bt 5 & M

F5H

1.3 ZWixE
ATHEEES LEBR T RES/DER, REEH
B, FN XRIERERAZT ARG, EREERERN,
PSS E B SRENEZREE. BREsRT
BrE AR EE, A T X EREEHLGR A8 T, IR
%, U ERSURIRE . BARBBIT 5
BB L85, /4 5iE FE% Binf LR LERER
(x:,3.) B 3 WHRFEBA LR BAn, 7555 4 DUb 5%
B TFAAHET 4 DIEARE ARAR AL B SCER , REK R IR 2 4
Wik 3 AR NH Biv. REGREEIE 3 Fim.
BaAREEER |

SIS NIRRT A Hir 2

LU T BARoA P OB AR, 7E3 N-1 10
HHEERHE

!
LURT R b R OBARE, 7658 N-2 B
% Hin

ZEVL A HT B i L AR, 75 N-3
PHEERHE

N o FFm%RIH 3 RELLT
Y
| Bmimsh1 |
E3 ZWieEk
Fig.3 Multi-frame association

2 XREREHH

AR SBSE TR T-& 4 Matlab R2012a, 4h IR
BHHEER2S CIER -20 TRIGE -40 C RN S
BRI, 5 A/ 160 x 160, IKEESHCH 256, ETF R
B AHEEEET R R 3, RS HTE
KBS0 3,5,9,11, BHEAEIRBOR 6, S04
H5,EMESHES A, RENEE, BB AFENE
¥ AU R R R R BN AT, A
. _ R R ELSE BAR
X B = i B
Aol 1 0 2 B B AT

ﬁg$'ﬁﬂ$%ﬁﬁﬂ%%ﬁﬁaﬁ
ZRIT,

%1 ERUE, B 25 T, REUS 168 MIER, 55
HR G R 4. 1 iR,

552 4UBEE MK - 20 T, B 90 DA, &4
R R 5.3 2 Fiw.

253 R, IGR -40 C 43 FI3EHEE 183,55 185
WP, 45 ek 4 SR AN 6.3 3 o

| EBiAESER 0 |

x 100% ,

x 100% , 5256

b E—TEEZRH o AXEE

A EEWER

B4 55168 MERA T ERHER(25 C)
Fig.4 The 168th frame image resulis of different
methods (25 C)

®1 FEETHRUHERZIT(25 )
Table 1 The statistical result at normal
temperatuare (25 °C)

M EEWEREK B —EAFREE FOEE

s00 gy DLVBER BECE RHBLR BIR RULBR RER
100% 20% 100% 2%  100% 0%

a TR

b B—FESER c AXHE*

ES %90 MEZRA FERMEER(-207C)
Fig.5 The 90th frame image results of different
methods( —20 C)
R2 RETHRHERZIT(-20 C)
Table 2 The statistical result at low
temperature ( —20 °C)
S TENERER B ESEEE A ICH B

gy DR BEE RMBE BEE RUER BEE
98.5% 89% 98.5% 49% 99.5% 3%

FEL M BTEAER AICHE

FE MR

iR /7 iy
b 5 185 M

B 6 55 183.55 185 MEAR R H R HER( -40 C)
Fig.6 The 183th and 185th frame image results
of different methods{ —40 °C)
HEBESREENR, SORKREREAERLE
PRl et sl EVBEY L S BT, B F BB T,

AILHBE



FEoM

T ©%: ETHRESEAHESZREESFRENE/ M EAENEE 41

B —RERESFIEIS A R A REBAF Rl &
Binit BRFRENBE R ERYEESHIER
-20 CH1 -40 ChY , HWHFRE R EBE , A 5MRH
ARRRERR, B S B3R 2 WG LLES], A —
BAFBRENBERCEAT T 49% ,EE 6 K3
R JESEREA U B BERE, T BB R iR
& RRAAT  AXBEERIEREGHR L ERNF
i, KA BEB I R B A LIRS T BAR &
RYEREE.
=3 RETHRHEREZE(-40 )
Table 3 The statistical result at low temperature
(-40C)
S TENERER B ESEEE ACE

s00 gy RLEEE BER RMBE BEIR RUEE BER
89%  78% 31.5% 45% 8% 0%

3 &XRIE

FXFEAMRASF P ER SRR EROER
e, FIASEARRNHEXESEER T UABME
BIR B & R A BE TR 5 ¥, 7 DA AR S YA
AT RAL B 2 E TR M AR FIIRNE
B AXRREA MO X o K5 Hir R SHEVLE 5
TLRITE M0 s R, BRI, B EREK
ANLET , BEEMHERETURTRABK &
BESHEERELRME, R EFHRBERA
REFALNER, MEARENTERABELTEESH
RiE,

2% X W

[1] YANG L,YANG J,YANG K. Adaptive detection for infra-

red small target under sea-sky complex background [J].

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

Electronics Letters, 2004, 40(17) :1083-1085.
ZHANG B Y, ZHANG T X, CAO Z G, et al. Fast new small
target detection algorithm based on a modified partial dif-
ferential equation in infrared clutter[ J]. Optical Engineer-
ing, 2007, 46(10) :106401-1-6.
CHEN CLP,LI H, WEL Y T, et al. A local contrast meth-
od for small infrared target detection[]]. IEEE Transac-
tions on Geoscience and Remote Sensing, 2014,52 (1):
574-581.
ZHANG Y, XIONG M T, WU Q Z. Evaluation of dim target
detection and tracking algorithms [ C]//The 4th Interna-
tional Symposium on Advanced Optical Manufacturing and
Testing Technologies : Optical Test and Measurement Tech-
nology and Equipment, 2009 :7283. 7283 W1-7283 W6.
BARNETT ]. Statistical analysis of median subiraction filte-
ring with application to point target detection in infrared
backgrounds[ J]. Proc. SPIE, 1989. doi ;10. 1117/12. 951425.
GONZALEZ R C, WOOD R E. Digital image processing
[M].3rd ed. BLRkEF, BLF& , % b B F Tl diR
#t,2013.
TR, KB 5R. ETHERSZROSER /D
B[ J]. 2558 06T ,2003,32(1) :28-31.
SHECHTMAN E, IRANI M. Matching local self-similarities
across images and videos[ C]//IEEE Conference on Com-
puter Vision and Pattern Recognition, 2007 ;1-8.
KHAN ] F, ALAM M S. Target detection in cluttered FLIR
imagery using probabilistic neural network [ C]//Proc.
SPIE, 2005 :55-66.

LIU L, HUANG Z ]. Infrared dim target detection tech-

nology based on background estimate[ J]. Infrared Phys-

ics & Technology, 2014, 62(2) :59-64.

(E#F 25 W)

[3] EER ETHRELSHOGES LB TSR EEIR
W R A D]. I AR E T R, 2011.

(4] FEE,EH%E —HETHFRELSBN B &N RER
FE[T]. BEEFHAR,2008,27(3) :455-458.

[5] E4,%k%E 85X ETHERBNTRELSHRE

(6]

(7]

BB gE [ J]. frah TR ,2008,21(3) :304-308.
W R, RER, . TR B AT PR R Bk
BEMBEEN FEEEMALI] &3 5,
2012,31(12) :42-44.

KICR. A REREESIEAFSHERPABALT].
TH B314k,2014,40(10) :25-28.



