540 55 7
2011 4£ 7 A

kT ¥ M
ACTA PHOTONICA SINICA

Vol. 40 No. 7
July 2011

NEHE.1004-4213(2011)07-1020-5

ST 2R ILSIRIS B 1E N F{E
SRR ZE B £ A 55 /0 B s
—%i’f%l ’ﬁﬂ‘ﬁg&l 9‘3’{‘:{1}6‘2 a;k% %?&29/%7%1 9?6&297‘” 7]‘(%2

(7G4 Tk R | 8B . 754 710072)
(2 W E B AT T AT S 42 i i SRR 3 L TR 9 FH 471009)

W OE AR R R T B B AT M M R AT T BB B AR RAL 9 SRR T
AT 44 M ERIZEREAER AAr> 2 MEAGBFENELE AR B FE0E LR AE
WAk F FANEIR  EAERSFIHVEFENTLEOARLE AT —FHSEMNAZTHEEERNETE
Bk Tk BEAKERETHEN A AFEHMIE. FRLERAA.ZEERR TALLH R FTIRE%RIL
#94rsh 33 BAFE R BIF R AR e 45 R L 5F BB AR MR R & L ik E B, B UKL

KR BAERN;FRPH  RFHAEAF; AE R F T HIER

hE 4SS . TP391. 4

0 35

SCERFRIRAD : A

21 41370 FEORG A 4T o T R e AR B R T R e
SEAR NS R Rl K= R S SR AR A = AN ER 7Y i
T 0 P - U 42 5 e B 4 T < o A RN U P
RE. TELLAMEIMR B B R I 45 3 19 2040 B bk 42 3
Bt SR I BSO8R AF L AT A 30 A 5 AH XF
B R RTEE T R TIRT . Hirg K= Wy i
B, S B E 1% /15 M 1L (Signal to Noise Ratio,
SNR) AR AR s /Iy H A5 Kz I T2 AF 22 15 R M 2 k. SPIE
( Society of Photo-Optical
Engineers) #1722 /N B FR BT 7 8 R K/ASHE T 80
R (9X9), 42| 256 X256 FIRHY 0. 12061,

HF . B0 2 229 50 H AR I a9 0] 3 2 28 4
T KR R R L T A I R
S I I VG 30 /N DB O A X S Rk
TE A7 W Lo A I OCR AS i B A AR W L B I 5 5
PR AR R B Y R H bR S B0 Y 2k . R T
TBD R A R #5519 5532 4n 3 28 #4072 i
WKL 45, — B A LR R 4% T K
S 2 N B TR A S B AR SO TR M L 55 /)N
H A 0G0 [ 8, 2 ) — A 2 T 2 45 Mo KL B Uk
B B IS N E R B S G BB B RE RS

Instrumentation

doi. 10. 3788/gzxb20114007. 1020

AR R LL 08 BR IS (9 e & A 3h 4 %10 i 55 /0 B
o 5 HL A5 R /0 SR B SR IR B L i 8RR
HTE RS s Tasss/hHbrfes s KEEnN
ROR.
1 EEdRSW
1.1 BE&gmaE

R L1 AME SR AR I Fe i AT B 5 A B
BB LLA G 5 BB f Gmon) BUF R R

flxsy)=Ffr(x, )+ fn(xsy)+ fulx,y) (1D
A, ) R ANEG R IR BEAE [+ (s y) JE H AR
FORPEAR s [ (s y) s Wi ’GOR FEAH S fu (s ) 2
o MR OR BEAE

TELL AN EMG b I B 37 S AR 2otk 3 A1 L JF HAH AR
A7 1) A AR 5 1 A S P AR I £ A0 R A ik — A4k, 7T
W AT LLAM R PR R IR B0 2 b — A7 5 A — A7 1)
TR RE AL + K A 280 M 400 o) Rk B 3 9 A et 23 A
Kz PR 3 2 40 » DT %o it P AR oh s i
Arigam , LIk $ s R fE M L ny H Y.
1.2 ZHEMTERTIERHE

Boe e & 2 — Fh AR 2ot uk U o7 k.
Minkowski £k il 22 32 55, BV 45 il 22 OB ik 5 0%
IO REF IR A F B L. SRR TAEL PGS

ESWA:HEARR K4 (No. 61071172, No. 60602056, No. 60634030) , PG b Tl 2 5 il BF 58 5% 4 (No. JC200941) | fifg 25 B} 24 Jik 4
(No. 20105153022 . [# B BH 4 5 H (No. 9140C460205091303) 1 [ B Rk 4 T 45 5256 %8 Wi H % B

E—1EE DU (1986 =), T MBS AR L R 7 ) S L1 AN EGAL B MGl A L R =R 19 4% 75 1. Email: 545656202@163. com
BIAESE ROKIRA976—) , 55 L Wl 42, TR 5807 1] R AL B AR QUL | A 4% 32 Ja L 15 2 5 1% Ll & %, Email: zhaoyq@nwpu. edu. cn

YR B 2011-01-15;f&E B #.2011-05- 13



74 SO A BT 2 AT R A RIS A8 N B R 23 B AH S5 B2 Ah 55 /N B AR A 1021

A R B RS 5 F J S A 1 5 1R AT 4 1
To 25 08 10 8% R 5 Hb I I K B PR A% P A M

TV 25238 5 5 HAGE 3 1 45 4 DA e 2 5 W T
0T T 4R R T A 2 0 U D g BT 4
W, 22 B B — 254 o0 R IE S UE I 4% Top-Hat A8
LR JBE (1 TP 32 5 g SRl T o 90 0 R M5, 2 Sy

HAT(H=f—(fb) (2)

feb=fObDb (3
T T I8 B — R AR R i B, 4 B 5 R Ak 7
R0 F 7. BT L HAT () 82 JE s, i | 1 af
S T 4R AR RE 08 3 1 5 45 0T M RS BN
SR T PR 5 R A R 0 K 1 7 B X
AR ZZEE . Tl DE 4 0 e 35 57 45 5 107 L kT
W45 5 b5 B R U s g (L 0 SR PR 4 b R IR A IE
Bk AR 5 L T 32 7 D R I Ik oI 5 1 [T B i 494
T S0k o U L JBOR HIOIR S A 97 ok e
W5, 7 S B IR B 5 e 24l P R R R /DN i 5
T % MK BRI 47k ol e 5 3 5 1R T T B
TR 0

AN A

AR RRRA

H1l REFETEHAE
Fig. 1 Schematic diagram of gray open

Shy ikt B B — 25 K8 o0 B A I8 I ke Y B AL AR
SCHE PRI T 2 4509 00 2 G T A U8 I A (3P T UE Dk
). EXT RS E R AT s A A s L T
O [R) 4 i GE L B bk e e A L [ FE T Vs
IR R BN [R) /N OB IR 0 25 48 0 R F H
TE LN

NOCLf(x)J=(feby * by) () 4
Ko, F b, WA AFLGEHICER . B b S0,
%7 1% A AR G i A ] AR v B T B R A R
B AR 20T PR DT T A BT R PR RE.

1.3 BERMITRBES S

2 18 ) 20 Hh AR S PR 5 S H AR K B
fE % 1M 5N B br 0 T8 BRI, 58 B AR AR B/ AR ST
P& 1 2 T MR (B A [ 3 0 {43 0 0k

W—IRLL AN EUR K BEFL BE R f (s y) s KANR
MXN SR A % g R A7 B A7 3 00 0y X 17
AR & A & WGBS, LU 2 —1 B
B ME mean Ce— D AE A YK Wi 17T RR L 17T FR ) o
YN W

Flary) = flx,y), _f(z‘,y)}mean(k—l) (53
0, f(x,y)<<mean(k—1)

XF TN H bR EHG )T G A% I A% 1) R A%y
PR AT AR EE 2SR B AR AT R Y S PR /N SEAE B L AT
fliit HARTE G b i T AR B SR R ECH S,
WA SCR AR J7 25 B E Al (8 R0 S R R
EAE N BRI IEAT 2S5 50 X AR IR AT L 32
e E bR A I 5, ST LSk A DR SRy MR R i TG 3
H 5 52 bR /N o, BN {8/ T S8 BRfE. i T
Z o RV B U B SR B, O BN T
mean(k— 1) BR R K FE B 0, B DLAE R AR I
AR T RN e R A B GRS 52 XS &
B s /N HAREUH B 58 2 43 1.

1.4 ZHEMTEESREOEEIRKAZ

5 21 HME B2 SR FE MU B R B 2510 T, w] BLIA
/0N B AR R BE A B A A5 18] 1Y 3% S A7 1 L T
L 2 8] H AR AR Z SR AT RE I R Bk
BR. Mg iy T RS AL R i DA i S A
A AH € V. a0 5 Al — S SRAE L H
FrAe 25 (B AR A5 baz g — /NBEE B A X 3k A i O, A
SR F K 25095 B BB K AT ILAR 1Y E A 0l

55 WA 10 B HIL A9 A X3 T
y Frame sequence Image frame
SN Window
< | UL
N

Target frame

\Pipeline

W2 mAK&EMN
Fig. 2 Pipeline structure
4G R P A 2 B LS . E 20 — &
Sl A KR — s B0 R AR BN SR 09 R B B AR
2 WUTE DI K SR A5 A0 2 N b 3% 22 Pk s A 9T L B e
LA
) 1, if(z=1,y=1)
f(x,y)= (6)

0, else
A, r€{0,1),y€ {0, 1} AR MH BRI K A,
HEEAENE P — A 5B E KRS N,
FUBOIZ RS n 1 W AE MR 55 n Wi (5 KR
Ji e B bR TC AT AR 5 IS
1% G2 1) A8 T IR TV R R T T R
R EEAT R ), SR D RS R R R R T
B BE TN E 723 & b AR 7E H bs. %07 291
PR AN 5 SN Y B AR B0 i A L T R R
BB R BB, A SR SO 1 F 7 32 B ELIEL



1022 x F

%

it 10 %

Input frame ) Mark Output frame

And

n Mark

B3 #HEMRK

Fig. 3 Continuous filtering
By BTG B E B G, #E AT A E B 0 . T IE B
O 248 H bR BRI K BE bt e RIS Bl (o,
y)nz)(jﬂ

N

> > a1,
:1‘:1 i=1 1
=" , -

zzz 221

K, 2, %ﬂy,ﬁj\ il 2 7 BRAE (s ) i A B AR
G5,
Pk A B R TR A RN T .

Mz

Eiyr ij
—r N D)

DX &S89 in 1k - BUE 5 18 BT iR A Y
UG WIECH N, BAR (AR E0 RS IFIRE — P&

P9 AGE 00 10 5

(a,-a,) The original images containing targets with different sizes

(c,~¢,) The resulting images after multi-elements morphological filtering
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(b,-b,) The pre-processed images

(d,-d,) The final segmented original images
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(a) The Top-Hat transforming result

(b) Multi-elements morphological filtering result
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Fig. 6 Surface figures of Top-Hat transformation

and multi-elements morphological filtering

for image with target pixels 1X2
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(a) The pipeline filtering result for images containing
target with pixels 1x2 under SNR = 0.1774

(b) The pipeline filtering result for images containing
target with pixels 2x2 under SNR =-0.1074
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Fig. 7 The results of pipeline filter for images with
targets of different sizes under different SNR
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Infrared Dim Target Detection Based on Multi-Structural Element Morphological

Filter Combined with Adaptive Threshold Segmentation
MA Wen-wei' ,ZHAO Yong-qiang' , ZHANG Guo-hua’,JIE Fei-ran®,
PAN Quan',LI Guo-giang®,LIU Yong-jin®
(1 College of Automation , Northwestern Polytechnical University , Xi'an 710072 ,China)
(2 Science and Technology on Electro-optic Control Laboratory,Luoyang Institute
of Optical Electronic Equipment , Luoyang,Henan 471009 ,China)

Abstract: Aiming at detection puzzle of small target in grayscale image with low SNR, the characteristics of
infrared small targets were analyzed and a detection algorithm was put forward based on multi-structural
element morphological filter combined with adaptive threshold segmentation. In view of the continuity and
regularity of motion for target and the randomness of generation for noise, and considering the
characteristics of structure element,the design of morphological filter and a technique via assembly line and
pipe scheme were considered to detect target trajectory. Experiments show that the algorithm is able to
obtain excellent results toward low SNR infrared image under complex background,and has high detection
probability,high speed and low false alarm rate.
Key words: Target detection; Background suppression; Morphology; Adaptive segmentation; Pipeline
filter





