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NEW METHOD FOR MOVING DIM TARGET DETECTION
BASED ON THIRD-ORDER CUMULANT IN INFRARED IMAGE

, WU Bin, JI Hong-Bing, LI Peng
( School of Electronic Engineering, Xidian University,LI Penersity, Xian 710071, China)

Abstract: A new algorithm based on third-order cumulant was proposed to detect a moving dim infrared target under heavy
- background. Because the grey-scale value of a pixel in an image has fluctuation when a target passes by, this fluctuation
can be viewed as a non-Gaussian weak transient signal, and its third-order cumulant can be calculated to detect this signal.
The process of average-value-subtraction in the estimation of the third-order cumulant also suppresses the background clut-
ter, and leads to a great improvement of the signal to clutter ratio (SCR) and the probability of the detection in single
frame. The experimental results show that the algorithm can effectively suppress heavy clutter background and reliably de-

tect dim infrared targets when SCR is larger than 1.

Key words:dim target detection;transient signal detection ;third-order cumulant; IR image sequence

5

i}

T, A A P X L0555 /s 3 B AR
WRASMERSRERGE A TEREEHN— T
BLEAR, — R Z IR A S I . 5
ST I , B TR X SR AR B AN 55 B ARIE I, R BB AR
XEWE R EEK. SF K 25 B v W 45 6 ) 2 1 e
85 8., KX LA F5 B R R 7 1, AR
il  BREE AT REERLERT,
HESHASWEINAD BiF, FHREAR B EE
PR T, EEEH A BAR, SBURTAE K.
BRI A — B R mE TR A
%, BRI R R 2% A B R SEat A A BEK

R BT T R TR A RLAF B IR
URREFESHAE SRR, 2N HTFES

WA E 92005 - 11 - 02, #[E B ¥§:2006 - 03 - 17
E S B : B 4T H (51402030105DZ0177 )

B SBAETHESER, BB T RIFSR, ERE
XHELAMgE /0N B ARSI 75 T ) L R HRE 2 L. A< SO
FAEMR R R R S7EA BAR2T I IR (A U IVER
X —FF 5B S B AR T4 R R TR 7 o iR
DR SRR, 38 134 18 15 R K HE B Bl e A A2 4k
ESH=k RRBIENENE &, LR T H/NE
PRI, 5 BRTK SRR N B EES SMH S &R
REAR, AOTEE=ZN RRBMA P OEE
ALFRSEER ER BT A B HER A B TR R
R, IFERABEBER, #E T kLR

1 O BRREREMSH

A &E T/ R ERTI#R R .
F(x,y,k) =Fp(x,5,k) +Fe(x,y,k) +N(x,5,k) ,
(1)

Received date: 2005 - 11 - 02, revised date; 2006 - 03 - 17

R e (1980-), B, WLFARFA, 814, TEABLIME/ BARR 0 BRER FEciE i & % 07 | RO BT 5T,


http://www.cqvip.com

S# R R% AT =W RHUBKLAI55/0z 5 B iR iFior 365

Rp Fx,y k) TREREEEE(2,y) TS kWK
KEEME, Fr(x,y,k) J BARTESE k W25 4 (2,7) &b
BIK B, F o (x,y k) R (x,y) b BB IR B, V
(x,y,k) JWRRE IR BE(E, b R 15U 51 (.

TELT SR FI B R b, #1458 PTMEIR] B 47 9 22 B
R~FAEA63IN, 01 B AR /N —H 5 JLAMRE, T
ARWTEl S SR B WA/, X T BRI E SR
BRI, S BIKE Fo(x,y k) 1E3%E45E M(M
<10) WiPsiE B NI RATE 8. N(x,y, k) 155
T v B 7= MBS 4 0, 7 B TR] L 1A R IR S
AR RS YENBRE T B R P RREA
ST, &3 RKE NP R BT RS 2K
P (LR A (A1 2R AL A5 5 LA 2500 kb ” IR T
WA BRSNS B R B IKE N R8I,

4307, 205N MG h 85 /NE B B AR R ) T
FeAb A TR A B RS B SRR, TSk
BRI LA 280 Hb 40 ) 7 R 75 A T 55 MR A A
S0 EHl, ARG = BRES AL SRR
F/NES B AR .

2 ET=MRFABRABIF X

BB BFIIEEX T, REBRS T R
P, AR LR B, R R S HE R IKE EE R
N AFAH R BT i e B R .

Hy:F(x,y,k) =N(x,y,k)

H :F(x,y,k) =T(x,y,k) +N(x,y,k) )
A Fx,y, k) RAREBRPREL () B IKERE
BRI 2R — RS, T(x,y, k) RABEH(2,y)
4 BAr R KRR B L EIE S , vAER R S,
BE5&EHRAE N(x,y, k) B & F(x,y,k) By
BENZ, WH=HRBEY E LY.
cp(1,7) =E{F(x,y,k)F(x,y k +1)F(x,y,k +7,) |

=cyr(7),72) +eu(r,m,) . (3)
I Nx,y k) HEEHTRS H co(r,,7,) =0,
Bfu:_tﬁ(:;)fﬁﬂﬁj] e (710,73) =5 (1,75) , BT
esp(71,7) VEESR SIS KRES B
lesr (0,0) I = lesp (7,70 | (4)
HXAZHEH =M RERENRNS T,
PlE:)
3 =0 B}, H4 H,
le;p(0,0) | =E{F (x,y,k) } { SO N H, -
(5)
SEhrrh, B T =0 B RE REERHA R K

BEHORCHE , SRR AR P 10 = B B RAS TR R
T, TSRS 7 2 A E b, 5 3O K LR L. A
i ARIESCIRIRE L R F B R R I %
0P 1 R

— it TR B R RER AT, 70
REBVIRLI 0 A T 5 %6 PRI IR PSR B e T8,
B, AR SRS 15 TR ARG, AT, A4S
FRALSN BARZ R R SR (R SRR 4,
SRR R I SR P (Lo 7 3R 7 2 By — R4
REMATEMN BFRARRAR. ¥ F TR R
SHRRRMGHEER RS, AR TREE
ke FRCFFLER RS ZEAE T EL = I AR R A0
1831 A— A ERATHOR 18T M. BHHERE B =B R
RRSTFHENE, ISR R E RS
HI=BNE. B AU TR A B RR £ (AL . %
T ORI B AR e 52 4 6 7= i B B, TRt
S (v SRR BERAAEE 3 x 3 AR IR 9 (A
& HHARBESH R ESWRIRITR A
P HEARISER. W T SCOLSEHRM, A SR B ME
5 OREE RS %, DR s I, RO
P M OREA B S 0 T — BAROH9MEL, #4720
AT, AR T — WU R o ) MR S AT = B
RRB L. RARTITET

S| 1 SIS ERET

(1) S § WU — 1R 4 (x,y) BORBESH

L 3 1L .
F(D) =F (25,0 =g L % F(x+m,y+n,i).

(6)
(2) BURSHEI KA M, 7T B BRARE S a3
b A E AT S

— k-1 —
(k) =9 % F.(), k=M,M+1, BF,

(k) =F,(M) k=12, M, %4 X9 {E:EH B85
BHEFEFI F,(k) =F,(k) -F (k) k=12, M,

$R2: =HRABE TSR
N TEHEEBRFIIF, (k) ,k=0,1,-,M -
11,50 i WHR R A () REEM = RERE TN

B1 ET=HRRENQMAZE

Fig.1 Detection flowchart based on third-order cumulant
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Table 1 Probabilities of detection obtained by two algo-
rithms with different SCRs

Fg: SCR 2.0 1.5 1.0 0.5
BHEED: 88.4% 84.2% 81.1% 67.4%
B H B 96.3% 93.1% 91.5% 89.7%
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Fig.2 One frame of sequence.1
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Fig.3 One frame of sequence.2
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Fig. 4 The target’s trajectories obtained hy two algorithms
with SCR=1.5 (a) the pipeline filter algorithm (b) the
proposed algorithm .
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Fig.5 Experimental results of real IR image sequence
(a) Detection result of the 65th frame (b) The targets’
trajectory

i85 2 57 B AR RIS B L HERR.
4 LiF

ARIRE T —FET =H RREMLI/NE
sh BRI . o7 8 A A =0 BREE
PR RELE, ARME THRARESRE
A EEREFRSE, REF A= 2R EEUR
BEEEAR/ VRIS RS B R, E BT H
i Bl HAR A I, R PR B R, Wb T 53
BE. SBSRFY I A (R T F A I
SEHRARK TS/ MNes B iR, T HE AR £ Bir
i EsE Sy , R RA BAF R AT

REFERENCES

[1]DONG Wei-Ke, XIANG Jian-Yong, YUAN Sheng-Chun. A
precisely tracking method of IR weak target [ J].
LASER&INFRARED (#E4%Fl, w8, RHE —#4a
ShE5/NELAR R IR B k. M5 4T4M),2005,35(3)
184 — 186. :

[2]ZHOU Feng-Qi, DI Xiao Guang,ZHOU Jun. Methoed of in-
frared image denoising based on stationary multiwavelet
transform [J]. J. Infrared Millim. Waves ( J& R85 , 58 /]
W AE. BT FRE/ BB 50 E R 6 7 1 H

L AMNSEKEFR) ,2005,24(2) ;151 — 155.

[3]SUN Wei, XIA Liang-Zheng. Infrared target segmentation
algorithm based on morphological method [J]. J. Infrared
Millim. Waves (30, ERIE. —METFHE¥HLL
HAREI . 5b 5 MK B ¥R) ,2004, 23(3):233
— 236.

[4]Tzannes A P, Brooks D H. Detection small moving objects
using temporal hypothesis testing [ J]. IEEE Trans on AES.
2002,38(2) ;570 — 585.

[5]Nikias C L, Athina P. Petropulu. Higer-order spectra analy-
sis [M]. NJ: Prentice-Hall. INC. 1993.

[ 6] Giannakos G B, Tsatsanis M K. Signal detection and classi-
fication using matched filtering and higher-order statistics
[J]. IEEE Trans. Acoustics, Speech, Signal Processing,
1990,38:1284 — 1296.


http://www.cqvip.com

