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Dim moving object detection based on projection into the 2D

frequency domain
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2. Beijing Institute of Space Mechanics & Electricity, Beijing 100190, China)

Abstract: For the dim optical object difficult to fast and accurate detection, a novel algorithm based on
the row and column maximum projection of image sequences into the 2D frequency domain was
proposed. Firstly, in order to reduce the computation complexity and separate the moving object from the
background, through projecting into the 2D frequency domain and removing the zero frequency
components, the input video with global background motion compensation was transformed into image
sequences comprising of dim small moving object and noise. Secondly, after the row and column
maximum projection, the higher signal-to-noise ratio image sequences with dim moving target was
obtained. Thirdly, through the principal motion filtering and image reconstruction, the dim moving object
was detected. Finally, the proposed algorithm was applied to the dim moving object detection in the
strong background noise. The simulation experiment results show the proposed algorithm can not only
effectively detect the dim moving object but also have good signal-to-noise ratio of detection.
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Fig.1 Motion image sequence description in frequency domain

1.2 4Bt = S0 i 2
B BUR TP 90 53 1% R AT e 50 RGN F 510, B 43 5
S BGR FEB) y=i il x=j, 1] 155 .
[, 0=1Ce,y, Ol (e, 0=1Cx,y, Dl (4)
G %t b P AT 4 (2D) i 57 AR 4, 75 5]
12w ow=1" ()8(w+vr)

I:d (u, W)=Iird (1) S(w+ur,) (5)

st ) A a5 B0 i e P TG, y)
AR A S £ O L AR ) AT TR
SATE AT D IE I, B r=00r,=0) , JR JE {5 5 A B
] % 1 A AL, B3 A B4 52 2 40P T 2D B EY 13
IR (w=0) . 5 T 1775 52 290 1 1 8 oF 25 2o %45 (91
I 32 2090 P A0 DK 4% R 04 J5 3 ) 2D 95168 25 1) Ay
— S R



%12 4

FRAF AT ERMBRHBUWHB BB FENF & 3449

2 sF/hiEF BRRNE®

T/ H AR B B AU, AR B — 47 308 Y
AU N BT A AR T RE R D, 3R BT A A MR L A
PETR, XE LA S50 7 J Sl 881X P I RS A E B B
T Y 1 RE DR AT X2, AR/ FARTE DL T Ry is
SR DN KR R, RIS 4R R 5 i Sl A I B v
PEAT WLk

A2 EOR 2 MR RS HE AT T st e R is sh A e
B4 TR e 51 4838 R

I(x,y,k)=B(x,y,k)+T(x,y,k)+n(x,y, k)
B,y k) T,y k)M e,y k)23 5 D 55 k it
TR H bR AR RS K BE R n(x Ly k)T AL 2~
N(0,0%) ., 1E/N BRI AT 2% 0875 57 SR Bl
I 1) A2 A AR /DN DR R R B(x Ly, k)=B,(x,y).
T AETF oA, B bR A B SR E B AR
— MG, HAER D A B, HOR EEEAE N S,
I poRE HE R R O

T(x,y,k)=S+8(x—x—rk,y—y;—rk) (6)

3% L (xo, yo) B (re, ) 235310 S H B 7 R R B 390 B
I 2 00 F1 0z Sl BE o fh DR R B i AT O iR
JF 5 2R N
Ri(x,k)=B,(x,i)+S - 8(x—xo—rk,i—yo—rk)+n(x,i, k) (7)
A By(x, i) i T 5 IR JE 5E , H A 0 A % fE
b T w=0 BT X3, n(x, i, k) o Z 4 i as S8lorb
e 0 MR R FG R % R O R o, MR R I SO 2 A
HAR S+ 8(x—xo—rk,i=yo—rk) B 35 GE it 70 A T ur+w+
2ml=0 ] — RN P47 2 b, 7 e A D i a) B g
H b 8 SAE AR 7 90565 i 47 iy Wiy &, 0 H FRATE
S 04T YA ON 1 F B RE D KSYK . I, T3
S YR ARON AR R LR

H b 2R G R AT S0 S A w=0 [ XI5
WIS RE I B, O] SE I R BRAT I A Hh e ok R Y
JRIE Sy A TR —AT 7 50N, (5 1 b SNR, i3I,
ME LA 25 B H iz sl RE B o 19 H E A IX 0

% 18 BRI AR B S R R T 8 s Bl
I 1 18 75 4

L(x,y, k)=S-6(x—x—rk,y—y—rk)+n(x,y, k) (9)

K FAEH J7 18] FAT 7 0] HEAT e RAE B, 1451

SNR=

Rp(x,k)=max{l(x,i, k)},i=1,2,--- N,
Ce(y, k)=max{L,(j,y,k)},j=1,2,-- N, (10)
VL J5 1] b 85 B, AR 4 2% 50(9), Re(x, k) AT
P — 2 ik
Ry(x, k)=max{S- d(x—x,—rk,i-y—rk)+n(x,i, k)} (11)
XFAEA AR EES], KB %5 N,
A~ BEHIL MR 7 AR v R R, B
Zm=max{z} i=1,2,-- N, (12)
Pz S (R A3 A B AL AR R HOARE R T R A

. 1 _Z " .
P(z)=——— 11| A <15 3 R INN
N P(z) (r\/ﬁe N Zo 1953 A5 BRER AT 27N A

N,

P(zm<ZIN,)=lljl[p(zi<Z)=(;—erf( \/;U )+%) 13)

ﬁ¢mﬂ@;ﬁﬂj}fmﬁﬁ§@ﬁoﬁ~iﬁﬁ

ST Bz 1 HE 5055 12 RIRE

N-1
N, (1 2 1|
P(zmww,):m(z—erf( e ] e a

Xt FAFAE B B H AR 51, A K(3) af 358
FUAR K BE AR D i 81 Hp 1) die KA B0 B Rp(x, k) H 1Y
MR LN -

N-1

Vro [yl 09

W F ST LU 2 B ARG OT K E S KT do
AT AR R BE A S % 1 o 0 05 K B 5 T
Ro(x, k)

K T I AE AT, AR 2o 10 55 50 A £
B A A RIJT 22 0 5 397 (1 e 7 2 % HG 3O T 3 O
Bz~ Atz I J5 K {88 5 VL4 TS (00338 -

Ro(x, k) =S+ 8(x—xy=rk)+A+7 ; 2~N(0 , 0°)

B, Rp(x, k) E 2D A58 14 1 75 W8 LE 1T 365 g

SNR=kS" (16)
Kda*
5k, 9 ERRAE R T L GUOF 91 o i OsC

HoB o R (B)FI(16), B &, =k, FL % 45 2 A7
TEY I 38 B B 455 AT o AN 2 B K B I L L0
S T 2N, Bl o<o, BN, % 18 8 i JK B 4%
SRR N 256X256 (1 ER Y A1, PGS 1 7 %
262CIK BE) 1 5 17 (1R 75 15 5. 18 2 44t T i d ok

Py(SIN)=P(z,u<SIN~1)= ( ;—erf(



3450

bk T2

%42 %

5 Gt K BE et i<k, B a kB T
Zo 19 A 3 43 A B BRI S 555 B2 0RO, b 2R 00 R i
FA=72 (B TAE B Mo=10 (KEE) 1515 B0 Zo
(ERER L S EVE B PoR N :Ei's N Il k=t
(977 22 I\ 262 W F 102, EE T k=, o<o,
5 B Rp(x, k) FE = 26 35138 79 11 15 MR b 45 LA BR 75
M T 2 2o U 3 T TR 5 PR A% b 1 L B i 15
R (x k) FIColy )

1.0
0.04f —a —a
3 -b 0.8f -=-b
0.03}
0.6
0.02} 04l
0.01F 02k
0 @ o . .
0 100 200 0 100 200

P2 Xz 19 B 256 5 TEE R K0 (2) 11 (b) BE 58 53 A3 b 503 30 1l 2%
Fig.2 Approximation curves of z,, probability density function
(a) and (b) distribution function

Row maximum
.. —
projection

Principal

motion filtering

Ry(x, k) FI Co(y , k) 53 5 15 32 3 H 7 7 4b (1) 91 1
AT 00 AR B 5 KR AR, R R (x, k) R Ch(y , k) JE
W L(x,y k) IR B RIAT K 14 25, T R T T
1% 7 91
Lx, v, K)=L(x,y , )XRu(x , k) +L(x , v, K)XCa(y , k)(17)

B3 4 T/ B AR IS 3 K B B R L T
B ST W B L,y k) R T X B 1 1% 78 R
HE 43 50 285k 7 30 05 ) b R OK, FLAE S g A
S Wy 287, T H AT BT AE AT R B 0 W 7 A S 9
INTF xS, Ho Al i W 7 A 5 5 A 8 B U
BT S — 4 B AR BT B, B R La(x,y k)
o R T B R 5 W R 0 1 A R A
L(x,y k). 232 30 U8 BB e 10 1 1R 5 1 it F 4%
i o 152 25 5 Y 5 42 R 3B B R BE IS KM 1 5% A i
B4 DL K e 7 BT 0 32 2h R L TEAN 0 B3 Ty
W LBk SRR,

R (x,k)

T(x,y,k)
Binarization ]:D| I(x,y,k) |

P BA I, il T EZ B B R EH bR A

Image
sequence
I(x.y,k)
Column maximum Principal
projection motion filtering | _
C,(:k) C,(v;k)
P 3 55/ iz 3l H b I i e
Fig.3 Schematic diagram of dim small object motion detection
3 (hESH

K 1 8 1 JK FE 9% 100 T 256%256 1) K15 7 5] 4
P30 E /0 F AR 9 1 B A5 00, HR 5t 5 A 4]
G750 AR5 180 A8 o T 4, (a) Fl(b) 73 i) 4
HEGR HIR A DT 22 262 1 WS (5 S 1T I B R
Jy 3 1l o I B R ) 5 e a8 3l /N AR, i) LA
FE(D)H HAR7E W B T o 2 L BREG T 5
(9 EL R 23 (L IET ACe)) , B8 7 31 H 1) 1 285 1 75
VAGE B , 10 3% AE A7 T3 s Wk X 9 (9 H s A e s
WP B F L,y o T8 LCx,y, k)BT 81 e R fE %
W Rp(x k) FI Co(y k) (WLIEL 5), HAR IR & i T iz

BN, X ReCx, k) R Co(y, k) A FR 456 5 19 9 4 2 5
8:=0.7 52 i 33 B 0 B, A7 %80 M ISR 1Ay 25 s Mk
% R S, LA I 45 B 3 A 4R B AE
Rp(x, k) FICo(y k)

R, k) I Cply , k) R K U 4 = 2 4% 91 7
A~ 2 2 ) B BB B, R A R (T
00 5% % TR  B) = e PR 9 b L B 6 4y i T A
S 65 WY H 4 R0 T M AR 5 R »(x, 65)
FICo(y,65)%F Li(x,y,65) 1 W UK, 38— % i T
L(x,y,65) BT 348 B, 32 71 388 ek fif B 19 — (8 b &b
B A5 K SR T T g T R M B



% 12 Wb F AT SMRBH OB DNEZ A AFE MG & 3451

=26 T LT, WS VIZ R 6=0.7 IR P 5l v 2 B AR S 1, s 30 39 I P15 900 0 =R o
ATV RO N E R <R il A O 5 /N H bR 8328 S A ) o

150,

100]

50,
0
0
200

Ix,y,65)

(a) J5Lhh i Ao i) 141 1% 7 51

(a) Original image sequences to be detected

(b) T AP 5 () 15 4G I & 14 7 51

(b) Image sequences with noise

50 150 250 0 100 200
R,(x,65) C,(y,65)

200 200
00 w0
1(x,y,k)%R (x,k) I1(x,y,k)xC,(y,k)
2x10*
() 24 T A0 R 43 I 1 i R )T 5 1o

(c) Output of image sequences with removing DC component

SNl PANERY T 9 R R S 0200
200
Fig.4 Output results of image sequences with DC filtered 100 00 100
1y, k)=L,(x,y, k)< R, (x, )+
L(x,y.k)<Cy(y,k)
P 6 5 65 Mt I {5 46 I 25 SR i) 4
Principal . . . . .
motion = Fig.6 The 65th reconstructed process with motion detection algorithm
filering
Co.b
I(x,,k)
Principal
motion filering
R,(x,k) r  (x,k)

5 B8 51 B KA B8 5 08 3 I8 Ik

Fig.5 Maximum value projection and principal motion filter

R AT /0 H Az sl I 5 0 D B Al i 5 05 5K 7 55/ H A 35 2K 0 45 R
ook WAl A e RAE TR B K2 1L B — 09 47 5 4 1% & Fig.7 Detection results of dim moving objects
QA — 2 AR N B A AR I A R L, AT A RO 2w R L S TR 2 B B AR K

I s Bk Py B M B B AR T B AR B IE S gy e P R R ARG B T 2 ok PR 2
W, EHAIE AR E S B E S REBRFET R T ESRE ML, X T R % 5 2



3452

bk T2

%42 %

KX Kl T R B 2 3 5 BOH 5 R AE BRI B
2 Jry AR BU T B3z /N HARKL I 8] 3, e s vk
WA R RS RIS iR E T R4
):j'l_LjJ B LT w=0 BT X, 285w/ SCRF

IR 232 B U8 U AR B ) Ak B DL K JE Sk i A Ak Ak B
Jei 3% B ) A 7Y S i s a] DUAR G i 25 BR L, 0 1 0T 58
B /N iz Bl B bR R AT 55

4 & &

SCH BT R 2 T R ST 8 R KRB
4 ki gl i/ B R I SRk A T AL g = ZE
23RN s B RE B R O YA I, FE RS S
Ak PR, BEAR T DB AR BB ME E o () B % 1 D
AT XN bR AR BRI, R A
FIEGF B IR AP, Bar A 2 s Bl s /hiz 3 H
BRSSO E PR T /N H R BRI R

S 30k

[1] Li Xin, Zhao Yigong, Chen Bing, et al. Approach to dim
and small target detection based on fuzzy classification[J].
Optics and Precision Engineering, 2009, 17(9): 2311-2319.
(in Chinese)

A, BT, BRvK, S TOROM 2 2 00 55 /0 H AR AR I vk
[J1. J62% K% LA, 2009, 17(9): 2311-2319.

[2]  Zeng Wenjing, Wan Lei, Zhang Tiedong, et al. Fast detection
of weak targets in complex sea-sky background [J]. Optics

and Precision Engineering, 2012, 20 (2): 403 —411. (in
Chinese)

WSO, T A, SRERER, B R A TR R 85/ B AR IR
A SR Ot KW TR, 2012, 20(2): 403-411.

[3] Yang Jie, Yang Lei. Small target detection algorithm based

on infrared background complex degree description [J].

Infrared and Laser Engineering, 2007, 36(3): 382-386. (in

Chinese)

s, W . BT LA SRR B I /D H AR A I 5 ik

[J]. 2040 5 80t T/, 2007, 36(3): 382-386.

[4] Li Hong, Wei Yantao, Li Luoqing. Infrared moving target

(5]

[6]

(71

(8]

(9]

[10]

[11]

detection and tracking based on tensor locality preserving
projection/J]. Infrared Physics & Technology, 2010, 53(2):
77-83.
Cao Qi,

Wang Dejiang, Zhangqi. Energy accumulation in

infrared point target detection [J]. Optics and Precision
Engineering, 2010, 18(3): 741-747. (in Chinese)

W R, BB, KT L0400 R0 H bR A bRy AE B R AR D]
A R TR, 2010, 18(3): 741-747.
Zhang Luping, Li Biao, Wang Luping. Dim target detection
method under complex spatial background [J]. Infrared and
Laser engineering, 2011, 40(10): 2048—-2053. (in Chinese)
TR EEF, R, E BV, E A SRR R 55/ H bR
TPk ). 4040 5 O TR, 2011, 40(10): 2048-2053.
Wang Z C, Gao C Q, Tian J W, et al. Multifeature distance
map based fusion detection of small infrared targets with
low contrast in image sequences [CJ/SPIE, 2005, 5985: 59853—
59855.
Gao Chengiang, Tian Jinwen, Wang Peng. Detection
algorithm for infrared moving small target based on temporal
domain characteristics analysis [J]. Infrared and Laser
Engineering, 2008, 37(5): 907-911. (in Chinese)

[ = " QR O B S N B N C o DA B = A
FAR AN 334 [0]. 2040 5 306 T2, 2008, 37(5): 907-911.
Zhang Yuan, Xin Yunhong, Zhang Chungin. An algorithm
based on temporal and spatial filters for infrared weak slow
moving point target detection [J]. Acta Photonica Sinica,
2010, 39(11): 2049-2054. (in Chinese)

WKW, F R, KA. TR SRS EEE AR ERE
B 20k 55/ H AR A I Bk (9], 06 AR i, 2010, 39(11):
2049-2054.
Shinmura H, Hiraoka K, Hamada N. Optimal filter in the
frequency-time mixed domain to extract moving object[C]//
Proceedings of SPIE, Application of Digital Image
Processing XXIII, 2000, 4115: 302-310.
Lin Zhe, Yao Yu, Di Xiaoguang. Moving target detection
algorithm in 2D frequency domain [J]. Infrared and Laser
Engineering, 2008, 36(1): 135-138. (in Chinese)

o, WA, e, Al AU A 2 B B B A O vk 0]

A5 #oOt TR, 2008, 36(1): 135-138.





