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Sampling model and detection method of point target based
on bidirectional over-sampling system

YANG Tian-yuan,ZHOU Feng, WANG Huai-yi, TONG Xi-liang
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094 , China)

Abstract : The traditional sampling system is not able to collect the energy of point target effectively, which leads to
low SNR of the image and small image spot. To solve these problems,the bidirectional over-sampling system was used
to detect weak point target. The model of point target sampling system was built,and the detecting ability of bidirec-
tional over-sampling system for point target was analyzed. According to the model of point target sampling system, the
distribution of the obtained point target on the image is uniform,the gray gradient is small,and point target has a cer-
tain area. The energy distribution of the target obtained by the sampling model shows that the bidirectional over-sam-
pling system is able to collect the energy of point target effectively,the SNR is stable, and the area of target is lar-
ger. The sampling system has strong adaptability to the relative position of the point target. The simulation result shows
that detection method can effectively improve the SNR of the point target image.
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Fig. 1 The detector of bidirectional over — sampling system
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Fig. 2 The process of bidirectional over-sampling
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Fig. 3 The sampling results of point target
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Fig. 4 The maximum and average of sampling results

with different point positions
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Fig. 5 The standard deviation and gradient of sampling results

(b)Y BB )i

of bidirectional over-sampling system

K5 (a) 5 (b) J& XA i RAE R GER AL R

T v 2 e/ NAE DR AS J32 Bt i E AR s TRDAH 7 5 1 722
ARG B o BUIn] 3k SR A 25 SR 1) R b 3 0 A o 22 43
Aii , BEEA X 1 SRR 25 S A —E TR B
/N UG RE A A LA 5T IRARAR N
3 NWEARHERZ S BRKEH T E

MR i) 38 SR 2 G ast, A SR A AR AR 1) By 1 7
BT R HARRFEG R AR PR o 7T LUR 345 5
BT A B s H AR R . B e SR A
PR A E AR SRR 45 3 Fie /N o B — MR &5 K
F 0.2 ARBERE IR A A 5] XA FE AL, AT AR
FH S5/ INAEXE I 6 32 B 0 5 1 H ARG B — 5 11
T AR, A R A A DU AR b, AT AR A R
X BB S5 (B R 25 0B I o AR S 3k P (B 8 Dk L fe /s
R R 6 6 3 0 e 0 JR 38 ke G R ) 1 22 i 0 =
ABBR 58 R B In] 5 R AR A E AR R B4
TGRS (41
3.1 EEK

TSR FH R EE U 1 05 1, T T AR
HEATAR TR AT AOR B A E BRI R

BT, (i) SRR A BRI (,7) iy 5 x
5 RIFHEA T IR B, 255 -

L'(iy) =

med{/ (i ~m,j-n), -2 <m,n <2} (8)
BREINL P EIE ISR
L) =1Ly = 1'(i)) (9)

3.2 /AN KRR

S/ ARV JBE A6 2 IR D D R DB e i
R IR LR B0 AL R T S 2% B R X K R A
AR (i,)) MNSBBORBER ™ 518 % (i.)
MR BEMEZ HE o e o B2 114 e i R B0 O Jo] 1 /A A O
Ti] PR X B B FRAR O, T 0L i) o SR H s PR
S AT AR BE EE B/ e A X A AL
AT DAV O AR AE A T 1) b A X B L, 3R
A5 1] AR A B e /ML, LB IR/ ME AT
BRAGIC/IN o AR X dre /N RN A6 AL 650 v o B E A
R VG e o A W LA A DA 2 B e o )
W R SR AR FT 5 28 B 1, (d ) RIS
SRR JEAR LN -



1428 S RS AN

%546 &

= [LGi-1,j-1) -L(i,) ]|

» = LG -1,) = L(i)) |

= [LG-1,j+1) - L)) |

= [LGi,j-1) - L(i)) ]

= [L(ij+1) - L(i.) |

o = |L(i+1,j-1) =L(ij)|

7= LG +1,) = L(3iL) |

Dy = |L(i+1,j+1)-L(i)) |

D) e /IR XS R BE A BE Oy

DGi) = min(Dl,DZ,DZ(ZZJ,.)DS,DMD“DS)

w
|

(10)

[

S - 85 5 o b S

(11)
WS/ IR IR A6 B 2 i AR R EA T K BE ALY
it 1521 BR AL BREE R
(i) =
{ 5 (i,))
min(L(i —m,j-n), -1 <m,n<1) D(ij) =TH
(12)
TH k6 BEAE A FI T TR o 223 A B 1) BIZ R
L(iL)) o
3.3 RELEHMER ZERK
X R I RS AT I Z 5 I ZE X = E il
GAET RO THE L. BT )25 E
S AR T A AR A — o WSk, Rt
AT AP R T R B S 22 S AN, X R
BT, BRI AL BREE IR -

L(k,l) -

D(i,j) < TH

LG = L

M (k1) €Ny (i)

A L(k.D) (13)

Moy (1) EN (i)

N, FR MR R (i,)) FHl RN BRI
AR, AR SCHE T 3 x 3 AR, XA T APRAIE A5 H
P 0> B o 450 e A AT AT ARG S (N, R A
B (i) Ao BRI (B L N,) , A3k
M7 x7 =3 x3 WitRn, . AN, N, FHE
R A TS R B, St R 5 40
TR

e P PRG54 HESR VA BB R AR BRASCR , 78 X
O EURRIRIE S, IR ARUER o, IO RUIE

S

T poise

4 HESH
N T e H AR T O PERE , HEA T TR i
REERG PR AR T B D7 B E < 23 1] A
BUBLIE R B2 10000 km, £EFH A 600 mm , 458 F
5°/s AR TURST g 32 wm x 32 . H A 6 5 58 2
3.1x10° W/ sr, 5 Sehass B E 6.9 x 107 W/ (m® -
sr) o RS EAT EUR AL B, G2 it 100 YR Bl HL
23 A2 B I A AR B PELAR A5 W LU 2 0L, O 5 B (RO
e v TR | PR IE B A DB P A SR AT H A, 15
AIAE RN 1 PR (UG EUSR R B AE MR L 7) o
£1 TRREELEREGEERY

Tab. 1 SNR of point target image

with different detection methods
BRI Iris | S EuE | FodaEde | P
SNR 11. 0910

AT
45. 8464

12.2555 | 25.1880

MGETH AR AT LA Y H H T AL G a5 bRk
Ik, AR T s B ARSI R R S
R B R, AR ST AT LS A S B e X i
REERGE R HAREIR A ER

Ve — U HLAR AT s F b, 6 Dt
B PR, B 7 (a) ~ (d) 7350000 Zead K (D8 I
UG PR AR S I I A PR AL FE
Mo WTLEH T 6 1, PEIEE I kT4
(EIEWER B PEBE , A SOTTEM T HEIE . 1 HA
SOFERE ARG oAl = e o 18] 8 228 AR
TrE IR W R FAR SR (A . T AR A
SCTEERT TR I3 (9 iR 0 AP P A AR 3t 0 o 8k
R A FIT X R T R PO A

6 firEf
Fig. 6 Simulated image



% 5 40 4h No.1l 2016

MRIESF AU RAE RS R S 4G 759k

1429

() BHUELIE P4 R

b) fe 8 918 9 4

(© s R OAIIEER

7 ARG T R A ) s E AR R AL B SR
Fig. 7 Point target image processing results obtained

by different detection methods

250

200
= 159
X 100

50

B8 Zid ARSIy RS BUE 1 i B bR GO BE B 23 A
Fig. 8 Gray value distribution of the point target image

after filtering presented in this paper
5 & it

ARSI BT T AL 3 RAE XS i H AR R A I AR
HESE T HARRAE R G R R A IR 3 A 1 e

IESRAE RGN i HARBYR IR RE o a3 A s H A

X ] isk %ﬁ%%?ﬁ’]%ﬁﬂ%m 5 A H bR R
SRFELE IR IEATRI LG, 15 10U 2 SR A 22 G 1Y b I
o F DB R AE R S8 A H PGB AR E | BE
SR R S ﬁﬁ?ﬂﬁk“’ﬁ—%éﬁﬂﬁm
Txﬂﬁtﬂﬁﬁﬁo P A5 R F W], A SO ER T Ry

FE AR ARGF A IO, AT DT A 8 B o XL ) ok
“’#%f,mﬁﬁl@%ﬂﬁ{*”ﬁw AR T 5 H bRk
TR PR A4S

(1]

(4]

[6]

(7]

S Lk -

MAO Yifan,ZHANG Duolin, WANG Lu. Analysis on ear-
ly warning capability of USA’ s SBIRS-HEO satellite[ J].
Infrared Technology, 2014 ,36 (6) :467 — 470. (in Chi-
nese )

LMW, 5K ZhR, £ B S SBIRS - HEO T4 FUE fE
J15p M [T ] L8R ,2014,36(6) :467 - 470.

0'Neil R R,Gardiner H A B, Gibson J J. MSX; Remotely
sensed observations of atmospheric infrared radiance and
spatial structure [ C ]//International Symposium on Re-
mote Sensing. International Society for Optics and Photon-
ics,2002.446 —453.

DOGN Yucui, CHEN Fansheng, SU Xiaofeng, et al. Tem-
poral-spatial oversampling system and its performance a-
nalysis in point target detection[ J]. Optics and Precision
Engineering,2014,22(9) ;2498 —2507. (in Chinese)
AR WROUME, IR0, 25, I 25 R AR R GETE A H
Pra Il b i PEREDT L LT ] Ot oF S % AR, 2014, 22
(9) :2498 - 2507.

LI Zhiguo,SHUN Xin,ZHU Shusheng, et al. Target track-
ing algorithm based on certainty measurement of the fea-
ture[ J]. Laser & Infrared,2015,45(5) :576 - 579. (in
Chinese)

A g, U AR, A TR A E PR R H bR R
ERR )] WOk 541041,2015,45(5) 576 - 579.
WANG Shitao,ZHANG Wei, JIN Lihua,et al. Point target
detection based on temporal-spatial over-sampling system
[J]. Journal of Infrared and Millimeter Waves, 2013,
(1) :68 —=72. (in Chinese)

EAE, kM, e, . T - SR RS
SRR RE 2> B [T ] 20505 2K B4k, 2013,
(1) .68 -72.

Casey E J,Kafesjian S L. Infrared sensor modeling for im-
proved system design [ C ]//Aerospace/Defense Sensing
and Controls. International Society for Optics and Photon-
ics, 199623 - 34.

Blackman S, Popoli R. Design and analysis of modern
tracking systems [ M ]. Boston: Artech House, 1999,
99 -100.

ZHANG Laixian,SUN Huayan, GUO Huichao, et al. Auto
focusing algorithm based on largest gray gradient summa-

tion[ J]. Acta Photonica Sinica,2013,42(5) :615 - 610.



1430

5 RS AN

746 %

(9]

[10]

(in Chinese)

TR, IV, T BB, S5 BT IRTGOIR B2 B B e R
EEmr A LR L] e T4k, 2013,42(5)
615 -620.

LI Wei, LI Hui. Infrared target tracking based on multiple
features fusion and weight selected particle filter[ J ]. La-
ser & Infrared ,2014,44(1) ;35 —40. (in Chinese)

IR, A 22 REAE R B AR T UB 2140 H bR B
BRL]. WOES205h,2014,44(1) 135 - 40.

LI Ping, WEI Zhonghui, HE Xin, et al. Object recognition
based on shape feature fusion under multi — views[ J].
Optics and Precision Engineering,2014,22(12) :3368 —
3376. (in Chinese)

oV BN, T, A SR I Z T R AR AL L 5 1) 2 40

[11]

[12]

MEPRBI[T]. o2 K% T, 2014,22 (12);
3368 —3376.

ZHU Xiangling, WU Qinzhang, CHEN Hong. Fusion algo-
rithm of dual waveband infrared images based on wavelet
transformation[ J |. Laser & Infrared,2014,44(5) :572 -
576. (in Chinese)

RAERS , SR BRI BE /NI A 4 1 WU B 4141
GEh G T[] . 54058 ,2014 ,44(5) 572 - 576.
HE Haiming, QI Donglian, ZHANG Guoyue, et al. Fast
and efficient mean filtering algorithm for removing the salt
and pepper noise [ J]. Laser & Infrared, 201444 (4) :
469 —472. (in Chinese)

AT, AT TR A DR 8 R B R e
FIFMETENETRT]. BO6 5 4141,2014 ,44(4) :469 —472.



