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Abstract: An algorithm combining Center Surround Extremas(CenSurE) and spatial-temporal infor-
mation was proposed to improve the detection speed and detection integrity for a moving object in dy-
namic scenes. Firstly, in terms of the rapidity and accuracy of CenSurE feature point extraction, an
inter-frame image registration method for the motion sequence base on CenSurE and a homography
transformation model was proposed to compensate the translation factors, rotation angles and scaling
coefficients caused by a moving camera. Then, the foreground mask was generated according to the
temporal inter-frame difference of the registrated background in a time domain. Moreover, a dynami-
cal updating background was established with spatial information of the foreground mask and a com-
plete moving object was extracted through background subtraction and a self-adaptive threshold seg-
mentation method based on probability and statics. Finally, the experiments on several standard video
sequences were tested to evaluate the performance of this algorithm. Experiment results show that the

operating speed of this proposed algorithm can be 15 frame/s, meanwhile, complete moving objects
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can be obtained with high detecton speeds. The proposed algorithm basically meets the demands of

moving object detection in dynamic scenes for speeds, noise resistances, light adaptability, object in-

tegrity and so on.
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dynamic background
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FRUBE 45 ik LA K AL EL 3 3 Ak i 15 s h iz 3h, /1 5
(a) 5 (b)) 435I R N B 55 16 RIS 17 Wi, 5Ce) A
S5(d) N &= X IR HCF] 1Y CenSurE FRAE 5, 20 (4
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Z WA ECHE . B 5(D) .5 () T 5 BE HE T S 1Y vt
ZEXT L.

o®

(d) % 17 ityi CenSurE HiF 55,
(d)CenSurE feature points on
the 17th frame

=== |
(c) 28 16 i CenSurE FH1iF 5
(c)CenSurE feature points on
the 16th frame

(f) BodEr{iZE () M e MizE
(HInter-frame difference (g)Inter-frame difference
before registration after registration

Coastguard J¥ 7%

K7 3 N IRAA A iz sh Pl s NP A, 8 R A7
HEEFRADE RS, B 7 7(h) KT
55163 FIEE 164 M. 7o) Al 7(d) Ry 15 5% X 8 42 B
21 CenSurE F#1E &, 2010 W RAH &, W68
B /IMEFFAE £ G B W3 P /O B 7 Ceo) 2
TEAEVCRCEE B, 7(H 7 (@) J 35 5 0 1T 5 Wi
225t L

(d) % 58 i CenSurE HHiF 5,
(d)CenSurE feature points on
the 58th frame

(c) 28 57 i CenSurE FHiF 5
(c)CenSurE feature points on
the 57th frame
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e) DLACHFHIE s

(e)Matched feature points pairs

() BRI

(H)Inter-frame difference

(g) Mo Rz
(g)Inter-frame difference

before registration after registration

&l 6 Stefan JE %1

Fig. 6 Stefan sequences

(b) 5 164 i
(b)The 164th frame

() 5 163 i
(a)The 163th frame

(c) %8 163 iy CenSurE $#F /5
(c)CenSurE feature points
on the 163 frame

(d) %8 164 i CenSurE £FHiF &,
(d)CenSurE feature points
on the 164 frame

(e) DEACRFIE A XT

(e)Matched feature points pairs

(2) B /moisE

(g)Inter-frame difference

(f) FC R ZE
(f)Inter-frame difference

before registration after registration

7  Robots J£ 41

Fig. 7 Robots sequences
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(@) % 17 Wi B (b)Otsu 1= ' (o) [T (d) ASCEE

(a)Background subtraction (b)Otsu (c)Hypothesis test (d)Proposed method

on the 17th frame

Kl 8 Coastguard %1% 17 Wiz zh H br

Fig. 8 Moving object of 17th frame on Coastguard sequences

(a) 55 58 W75 SRR (b)Otsu B (c) iRk (d) A SCE

(a)Background subtraction (b)Otsu (c)Hypothesis test (d)Proposed method

on the 58th frame

K9 Stefan 74 B4 58 Wiz sh H b

Fig. 9 Moving object of 58th frame on Stefan sequences

() 58 164 Wi #s = kRS (b)Otsu i (c) g far iy (d) ASCHE
(a)Background subtraction (b)Otsu (c)Hypothesis test (d)Proposed method

on 164th frame

10 Robots FEFI )55 164 iz zh H s
Fig. 10 Moving object of 164th frame on Robots sequences

(a)Coastguard [T 17 (b)Stefan FEFIE 58 i (c)Robots FFHIISH 164 ]
S El bR JZB 4R IZEIE BT
(2)Moving object of 17th frame (b)Moving object of 58th frame (¢)Moving object of 164th frame
on Coastguard sequences on Stefan sequences on Robots sequences

B 11 SIFT 45 AF DT EC () 22 43 FH 3 72 46 ) &5 1

Fig. 11 Detection results of differential multiplication based on SIFT
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Xt Otsu 3 AR UK 56 16 AN A SC T 36 78 /i 5 A1
TR EEN EaR T TR R, kR 1
Fis o

F1 3FATRAIRFERMILE

Tab.1 Comparison of time-consuming for foreground rec-
ognition (ms/frame)
W)y 371 Otsu B B A 3 12 AR TT Ik
Coastguard 1 8 <1
Stefan 2 9 1
Robots 1 7 <1

MNIEL 8, &9 FIE 10 nT LA . 78 9847 B 5
FIFE 5000 B8 B AE 2 F I Otsu ik 25l A 2

A IR P 5 MR TR RS B T BB A IE B A T A R AR
FALNGER 1 a] LUE I FoA (8] & 2% B 8 s A8 3¢
PR 43 B 7 vk e 0 o B L DAY MRS T R
H¥s.

R T B UEAS ORI PERE A SRR 5T
SIFT HEAF VG FL ) 25 40 M e 505 b A7 % e . X 3
205 5 B R HE AT iz 3 B b rY A I g5 5 )8 11
FIF7R

1 8 9 FIEL 10 v AR SOk 0 R i 4
S 11 $EATXT b BT LA AR SRR A S A DG
D5 iR BRI B B 2 (32 B H bR LRl SR £ ALk
W3] H be B 58 B, RORKEAR T H AR T A6 19
AU

24T A CIE 3 B br kL R T
SIFT F#AIE VT FC 1 2 43 A 3 1k 1 AR B 15 00 LA

%2 EARMLE
Tab.2 Comparison of time-consuming for several algorithms (s)
) A SCRE SIFT 243 #H 7fe ik
W7 51 - .
FERT it %5 - 34 B iR I FET it %5 - 35 45 WA B

Coastguard 22.834 300 0.076 195.928 300 0.653

Stefan 7.476 90 0.083 71.553 90 0.795

Robots 11.441 208 0. 055 106. 912 208 0.514

MR 2 A] LU A SCR R - 405 58 1 2 A )
15 frame/s, $¢3F SIFT REAIE DT RL 1) 22 53 A e 587
SRR L 7O 10 £, X & i T CenSurE $#1E
SR Bk LA e 1 T B4R W] i U-SURF 4
A o, PR i 3 B 7 VR A A5 43 P skt G i 58 s 25 foff
PRARSCE L AL PR RE 115 3 TR B .

Bt f iz 2 FREAL T Sl F AR I B S 1k 2
BRI R A SCHR ) — F CenSurE ik Al i 25
GRS s B J bR A 5 vk . %07 1 5E 00 A
T CenSurE $5 Ak 3 /N R 455 L L e 5% 717 3% 45
P ) 5 P S TR I A7 R AR L DRIE T it
B S S ZHOTE R o PE . i T 5N A

BREHY HE A5 5 A8 Al ASE A 8 — R R L2 3 3
e ] A5 5% 69 50 o CenSurE 2 F G % & 1t
AR U-SURF #3875 19 P 32 DL K AR SCR H
P ARE 28 50 T I I S 40 Y e R L AR AR SO AL
A B IE AT B T A Y L a5 R A ) 15
frame/s, TEPRIUE H b5k 0 38 5 (9 [ 1, A< SC 42
14 Bk 24 M G R0 H 2 o A 3 B 1k B AG T 31 B 2 1
i B AT SR A R B 1) B bR R SRR, R R BE
%7 H A T A 19 AU o

ARSI R E T2 45 5o h R B8 52 5
B XF iz 2 H bR iRz il . A 2 =2 Ak 7 T 50 1 AR
rhi A AR T S O HE RS G AR TR
e, TR BT T PR R
YRGB R SAL R L R] B A O R 2 sh A G T 2l H AR A
W B ik .
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