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System of multi-regions moving object detection in
video surveillance
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Abstract: In order to realize multi-regions moving object detection in video surveillance, the shortage
of traditional moving object detection algorithm is analyzed. Combining the background subtraction al-
gorithm and frame difference algorithm, we propose a method which dynamically refresh the back-
ground. This algorithm can adapt with the background automatically, and reduce error detections
caused by the change of background. We build a video surveillance system based on a FPGA chip, and
implement the algorithm on the chip. The system can detect moving object in a 640 pixel X480 pixel,
30 frames/s video stream. The system also provides a function which detects moving object in inde-
pendent regions. The number, size and location of the regions can be set easily by simple keystrokes.
The system’s configuration is convenient, and has strong flexibility. It can be utilized in various fields
such as intelligent surveillance and production safety.
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Fig. 1 Flow chart of dynamic background update

algorithm

ARLEMTRAW SIS EH UG, fE A&
BRI AE AL . TR, X T 3z 3l 21 i 1 A% s
LA TR A S N T2 A — U AR IR
ORI 5. RS S L SRR



486 W5 BoR

9530 &

B MARRE ST ESME N WU 20 RN
W, 0o BIs A A AR, AT LATE /N AR 1Y
FPGA &N BSE8g,

R BCRE N E 2 s, 56 1 iR EAR R AE
A DX I R T AN I X5 5 2 R AR 3 I ]

B2 s TR kRO
Fig. 2 Result picture by dynamic background update

algorithm

FRAEIZ X 5k AR AR A I DX HE BE AT
KRR 7R 5 20 4 iR B R, 2l — e I 18] 2 )+ R
WAL L X 5 2 TR DRI R Y S HE AN
PN, Ul BB L TARRICR R4F

3 A%kt

AR R 4 K F Spartan-3A DSP S3D1800A
FPGA JF R M2 B B8k 2R AT OV7670 CMOS %
153k, REMME 3 s, MR Sk B2 B L
W55 Gt i PR S5 T U E B 0 YUV R R HUE
it £ ue A6 A8 35 0 #F (Mult-Port Memory
Controller, fij ik MPMC) £ A DDR2 W 1£:th i
H IR VGA B3 2R DDR2 A st i 2idle
M DDR2 Hisz (9 886 2 0k 68 % 25 [a] 7% 46 O
PoJe FNET D INERE R & 5 #EA VGA 55
A U i AL S

f o || s :
! bl | owE :
l—i— IIC itk ) y .

i 5 VGA |1 VGA
ov7670 | | I—» e EEgR :I P grm
ek | i

i S ; I E

I—g—» VAR [l YOV gy ;

i 5 177 S o 5

: I FPGA '

DDR2 — B
— WS

K3 mositk

Fig. 3 System structure diagram

[F] B5F 328 2 A 00 A e 3 B A K 88 15 . L i AT
A U (73] B ) D e 62 1 7R 0 A b L AR
A D 235 B T 0 A DR o T 7 AR e )
A Al il 4 38 R T A L RN BB
3.1 EBREEHR

&4 R 4 % ] OVT7670 1545 Sk #55 5e, i 251

1IC ) 5 AT 845 Sk 455 4l L 28 (Serial Camera Control
Bus,SCCB) Xf H #E179) I Ak, 85 88 15 Sk e & 1L
30 Wi/ AT AR , 640 X 480 1R Z (1 YUV422 f i,
TG R H 16 MEURAI & 8 il Y 55 .1k 8
ik U/VASS ., 78 YUVA22 #9155 v
Y 155 BB AR 2 R A T U ALV AE 5 W2 )



LR

MREEAS 55 < T 1] 22 DXL 4% 193 2l B AR AR I R 48 487

B RAE . T IR S B A R 51 A A 8 7
PR 75 B A5 0 (AR R i e Xt 8 47 i 51 I k47
o3 5 % it FPGA #:2 2R R G5 5 - P 8
DB P — A 16 ML MR R ES . B
A4 AR Ak T B L DAL i G U

Bus/Signal | x \ o

‘l 1280 2560
A |

Config_Done 7 2y & HL~F AT DL HY 48 153k e & %
. 5 AR S Bl i s i e N E] LUR
MTEEHE A SUE 5 den HAZ I YUV B4 1E W
B i o a1 R R AR MPMC TP #% % ik &
AN DDR 34780808 (9 2247

3840 5120 6400 7680 8960 10240 1152
P Bl B, Al vl | o o] (Pl [ il |

fu_I2C_AV Config/I2C_SCLK a]

/u_TI2C_AV Config/Config Done (o) [t

6E| A7

o fu_T2C AV _Config/LUT_INDEX

K4 OV7670 $5 15k e e 14
Fig.4 Configuration timing diagram of OV7670 camera

den 1

—

S

oov_dataim | 4C| 4Cl0  J7IATFNS4ASBN_ 56 XSTASFX47A_S§1 X4BAS1X49A4BY 40 441 X40A3DA37X3C)

o~ ov_datas_ Y 4F 4F 00

X 7F X 58 X 56 X 5F X 51 %

o~ ov_data_UV 53 53 00

X 72 X 54 X 56 % 57 X 4F X

5 S5k ot i i iy

Fig. 5 Data output timing of camera

3.2 BETEAEREERER

AR FR G R Y12 3l H AR RS 0 353 2 3 R Y
JREESEAT R . A TS B EAR K k2
YUV 55 WY 45 &, i 2/ 85k i & &
YUVA422 i i, 1 VGA B HEE R H
RGB888 545 . B i Z X5 R AR 17 (A =
] 1) A 4 . P €0 2 ) B 4 28 20 0

R 1 Cy 0 (Y O,

Gl=|1 C, Cnl||VI|+]O ]|, (D

B 1 0 Cnp U O;

KO P SEARIEARRHES 22 5%, 0T
VGA B EAE 27. 125 MHz 1 I 485 2 F 15 47,
KT AF A IR R RN S B SRS IS AR
WAt F s RS B . AR RGN % 25 [l 7%
HRIHCR A 5 K S5, BAR B K Al 6 s,
FEIXFREER T P B AE A8 Z R B 1 11 B AR 28 1y
— ATV AR L B AE L BR 2 A e R R R T s
S A SR o8 i — IR AR PR IE TR
3.3 BEKRIRE

Zob 7S (A e 4 5 B AR 5 0 AT RS U8 O, 2%

ﬁﬁﬁ%& @/Jﬂiﬁ%& ®iﬁ&%§|

6 5 ZLUL 7K 45 10 5E [ 12 S A%

Fig. 6 5 levels pipeline structure matrix operator

BRES/R R MR R GER AR P 98 0 o AT
SEH SR T A R [ DR B 0 A HE Y
s,
3.3.1 4EMEX T v LI

BERAF— AR DX BT A B A 2 — A
3X3 MR A7 Mot MR B R RHE i R AT 15
B AR L B — AT A — AT Y T — MR R



488 W5 BoR

9530 &

Bl A5 3R A R B AN #8 2 AE ) — A7 I, DRI 5 22
PR F I AEAT LA B R 30T 9 AT 1158 28 IR 3 LA
ALK . &40 080k 2l 2 =4 FIFO Sk £
HEATZAF B FIFO 7E ¥ 6l i P b L2 4%, [
BFZE FPGA N Y B O 2F 47 # B A Kk i b i
TIRE » IE 438 A AR SCH BT 225K L AR SCR B
[ ReR T gl

AT B T R L A AR S AT R 2 A
KA I AT B . A S B T LY 43 B R

JE 640X 480, T LI S KR 2 1789 1 280 4~ 8
bit KIE(EEE A A TFAERS . 2 A7 o N 0 B0
25583 Wi il 3k tapsOx. tapslx 2 AL P 17 %%
Pt X PIATERAE 5 25 A7 4 B A B0 35 W 4 A7
LAEI LTI I (B AN DR € B B N (P N O
X H A BN R R R RE AT R . B
WG B I AR R X B2 3 W EUS BT LA
B 3 HIFATEE X 3 IFATEAEE S 32X 3 Ak
Peta 1, AR AR RN E 7 R,

1 .. 640 :I'>{1920 [ s shiftin % oW =%

641 | ... | 1280 B BN BEEY

o - JL 1281 1282 | 1281 1283 | 1282 | 1281
1280 | .. |61 | #SIX Tean |:>642 641 :>642 641 | 640

& |

HEHREBARES 640 |... |1 tapsOx 1 2 1 3 2 1
Shift Register 3X YRR
BhSES

73X 3 RV 1A AT

Fig. 7 3X3 filter window generation process

3.3.2 HeFHEEBREG L

FFH] 33 PRIE G 5 7 M o 0 AR 9
AR HEAT RN LS TR AT 7 R HE
JFHRAE T LAAS SCR PRS2 FH A JEARL, o5 4 ot
KA. B R AR,
BWLHE T BIE X 3 A KB AT HE Y . Ak
PR X A W BHE oo BT DT, — kT 2 A
B ) A L a0 SR RN AS R A TR BT 1
R PR A B A R A, B A TC T R A
BNk, HEF A B0 BOE S Bl AT R D A PR
Jo o BRI A5 2 BEAS i HE B e, AR 5 R b (B DR
AR B S S AT 3 AT HER B AT 3 K
(B HE Y« fieJa A % F R AT B Ja HETY S BT A I 4
PRI Ry 33 ug I v 1A AL

25, i v i O R0 AR A A — 2
SR L IR 8 () RIS, 3 BB W 25 R T
SOI0F 300 VARG 00 (1 A B, A R (3 D A T LA A
W A A7 A S AL RS M RCR A E 8 (b) Bl % .
3.4 B TELR

EER B YR AR RGO, BRI R
BT A 28 1 35 Se sh A8 S i B30 . SRR 4
El 9 Fis

TE AT 18 SIS I KF 640 X480 4 IR 43 B
32X 32 B, BH KN 20X 15 MER., X FE

B8 s i L I O A Ak BEARCR IR

Fig. 8 Result picture by fast median filter

A PN AL - (1) $2 B ) 35946, BB 70 il 15 35 ik
PRI A5 R R, (2) R KRI/N T /% B AR
B L i F3 FPGA LAY Block RAM fig il 2
FEA 25 TB) AR A5 SR o F R 3 vy 32 LA 00 RS B2 1) I
R ARAN

B TP A7 B4~ RAM, H A E Block RAM 52



MREEAS 55 < T 1] 22 DXL 4% 193 2l B AR AR I R 48

489

5 310
r =
ST = g

v L T
| woem [ mewnrm | | s | e
'3 y

S
v v — BHES
[wigmee rav | [ #iram | —> i

B9 iz gl H b s e 2 b 1£]

Fig. 9 Structure diagram of moving object

detection module

B3 IAEAE b — WU SRS, B
He g {E #0 J& — 4~ 8 bit 1 A5 5 %0, — i & 1% 4t
1 0248, HIEIXPIA RAM 4258 K 8 bit,
b= | 1K,

T B3 Y A W — S A A R R b
— WX N B S HEAT B, ML 2 048 M
(25 68 ) KK 21z 3 H A5, 50K 5 RAM 1Y
EAEfE (wren) {5597/ — Wi, 478 S A9 Hr.
(6] B3 >0 i T B 2 (B0 RN 5 S5 B S8 (B R AT b A XA
W iz 3l B bR E AT KA e 8 ) g 0t
o5 Je vt R Sk s R B
3.5 KX EE s

ARG 22 SCREXT 4 AN XSG AT 4 SRS D
& . WA FFAE 3% 50 B R 0947 F a4,
XFEAR S T Y AR R AR R AR AR,
MANE WA EGEE (L, T, 2, A W& 5
SEARTE 4 T a D . R RESEER
(4[] B S AR 28 B AR AR RN B 1B B AT X L

EEETIRN PO S A N BB a1l
FIBIMG R TE T x AL WK 0 x NRYE
BRI I — 5 18 B R R R T —
(B FRATT BRI A T F x G 3042 30 B b . 1%
R INIRE S O S BA IS Ik 2= VGA
BoR &R,

T X R AL DL RN RS R
LT 7S 2 B0 A I DX R AT B E L BEE Y 46
T DL S B B M,k N A B T LSS B AT
P ML R BN A R SR T RE .

4 ZLIE

RGUREE Sy E A 10 s .

Bl 10 Ry E
Fig. 10 System hardware chart

K11 2“izsh BAs B B X 3 0 J5 & Ik A
1” X —AF X Y Chipscope IEE K, El 4%

wosga | x o g % P O OV NP
| SIS o bocc e o o | N I N N N NN N N B
HRIBIME A o backom | 69 e
ifp)ﬁﬁﬁ_‘?ﬁ%i’ﬂfﬁ % O~ prev_sum 35| 35| [ 35 K 40 X 35 X 48 J 45 X 93 N 106 f 112 J 116 X 120 f121 X 122 )
o }Helh_b 33| 33 [33 X 31 X33 X35 X 49 X 10 X 3 X 2 X1 X0) 1
W H > denas S| ! I A S S S X )
vind_in 1| 1 |
KR H bR > fee i I I |
7 110 H AR | o win0_sue of oK1 X2 X3 XX 5
E k- i% % o- frame_cnt 157| 157 157

Fig. 11

B 11

Chipscope waveforms of moving object detection

iz 3l B B4 Chipscope 31 K



490 W5 BoR

9530 &

AME SR X LR R, B AT LR B, 7R 1%
Frep, B 20 A BBk R 4 ETER A — A P (R A
SRk, BESARAE S 2 1 Sk A Bt
SR 2E (A S 25l Bz BbR kA XK 0
Je 1k W22 delta B 2 X (ELAR /DN o ot 22 vk A6 )
ANE) bR W05 — it 25 S g 25 105 A A A £
HAr S04 2 WURE o # ak i, 75 5% 2% delta_b i
IR T B AU 5 25) W (E, 7 5t 22 40
M E) A5, I B win0_in S 5 H 4 W E
PRIEX I 0 N . win0_sum Zit HArE A%, K
FP R GE AR T2 1% 1 D R X T TR A e 1k T

fram_cnt ill—, 4 fram_cnt % F 2047, F w2
BB

K12 2R GHaE L B IR T 44
AR X385, 4 A DX €5, 2% AN AR (], /N AL AT
Dol fe gt i 8 . bl LUE iz 3 B b ik
AFEAGT G % 02 h [ E 1 B 5 A2 R
TS M IR KR o DA P M 42 5 3 TR R LAY DX
R Tiad Br. WMAE3h BARTEREA G 11 s
1EIZ 3l . REAT IR GRS 4 SL 4R FL 2% B AR IE
AH 5, MK, R 508 1F B b 52 80 5t el SR
Bk S 2 X 0z 3 H AR I T fE .

Bl 12 Rt
Fig. 12 System debugging chart

RAGH FPGA SIHMEAEE R MFE 1 Pix.

K1 FPGA BEHEER

Tab.1 FPGA resource consumption table

BH TR THF#E A RHEY
Number of Slices 574 16640 3
Number of Slice Flip Flops 708 33280 2
Number of 4 input LUTs 1064 33280 3
Number of bonded I0Bs 154 519 29
Number ofblock RAMs 1 84 1
Number of DCMs 1 8 12

MNEPRALFES, 2% J#HT 1 4 Block
RAM HSRAFAEHIIE . B TR TR THE
B E k. RETERN A BRI, —4

Block RAM 1) {7 fi 25 ] 2y 18 kb, i I 84 4>
Block RAM W7 fif 25 [8] B f1R 1 512 kb, 1 — i
KRB K /N 2457, 6 kb, AT UL, 40 5 A R ] e
BIE A7 3 R b A7 i 4 ) O T8 25 A2 22
R,

M Slice, LUT 1 Flip Flops 25 H At %% ¥ 14 714
FETGE OLRF - ARG FE M B IRAR D 5 5 15 /ML
BN AR FPGA 528, 3F H 5 F 8 A Hift
= S L LN

TE Z2 G045 A A5 P 4k Bty 1o, H: o B B0 92
AEIERFAE 1 ML P 5 o (B I8 I E o 5 S B 4
b ASE e 11 SEE B AR o A K Y S AR AR A RE R 1A
B, R0 b R 00 SR B ROk N0 S () B R A7 1
FE— Wit G 9 58 B, R 4R AR 1 [] B e it 45 A A6
I DX 5328 By 500 A~ B8, 7E — T 45 3R B o i o i
Bh AR ANE AR LA B 1 A 38 8 H AR L SRS 7
T —iikis sh % Ok A NIRIRE .



%3 MREEAS 55 < T 1] 22 DXL 4% 193 2l B AR AR I R 48 491
B B M IE Y SR A R DX B Y R
5 % 7w ZIN AT AR T LA 7 8 M E L SE B T 640 X

AR GER I 58 2 T s sk Ak
H sl T BAT 2 X Sz 3l F A A I S RE AP0
RO B2 A 4 DRI, ZR GRS S E

& % X #:

480,30 Mot/ s MU 5 B 70 DX SR S A . 3%
LN AR R B IR, T LATE /N LR Y FPGA
B S 3E T A DX B A R A
RERFIRT G

[1]

[2]

[3]

(4]

[5]

[6]

7]

(8]

[9]

(10]

(11]

KA, iy ey B . BT FPGA LA RS R R 5 52 BT ] A B AR $4R,2011,32(3) :515-519,
Guo Y C, SuY W, Gao C. Design and implementation of real time infrared image collection system based on FPGA
[J]. Chinese Journal of Scientific Instrument, 2011, 32(3): 515-519. (in chinese)
Tomasz K, Marek G. Real-time implementation of moving object detection in video surveillance systems using FP-
GA [J]. Computer Science, 2011, 12(1): 149-162.
Rk, X0 k2 ETHIENWRSG I ER S BAAEN kL] 5542 8 %#],2013,35(7);
1650-1655.
Zhou J Y, Wu X P, Zhang C, et al. A moving object detection method based on sliding window gaussian mixture
model[J]. Journal of Electronics & Information Technology, 2013,35(7):1650-1656. (in chinese)
A T FPGA M UIE g HARKR I R G5 (D], 752 . P42 fL T RHE K%, 2007,
Zhu L Y. A video moving object detection system based on FPGA[D]. Xian: Xidian University, 2007.
Lipton A J, Fujiyoshi H. Patil R S. Moving target classification and tracking from real-time video [J]. IEEE
Workshop Application of Computer Vision, 1998, 17(9) . 8-14.
Barron J L, Fleet D J, Beauchemin S S. Performance of optical flow techniques[J]. International J. Computer Vi-
ston s 1994, 12(1) . 42-77.
Jain R. Difference and accumulative difference pictures in dynamic sceneanalysis[J]. Image and Vision Computing
1984, 2(2): 99-108.
EBHRKR, Y F. AT R TS AR NAEL ] b 25,2012,27(5) :682-686.
Wu J Q, Liu H, Luo Y. Algorithm of moving object detection in static background[]J]. Chinese Journal of Liquid
Crystals and Displays, 2012,27(5) :682-686. (in chinese)
X, B AL T A et St Y i3 B B AR R I AR L) ). i 5 27,2011, 26(6):831-835.
Liu X, Zhou Z. Moving objectives detecting technology based on block processing of background model establish-
ment[J]. Chinese Journal of Liquid Crystals and Displays, 2011, 26(6) :831-835. (in chinese)
Hoang V, Pham C. Efficient LUT-based truncated multiplier and its application in RGB to YCbCr Color space
conversion[ J|. IEICE Transactions on Fundamentals of Electronics, Communications and Computer Sciences ,
2012,95(6) :999-1006.
4 & HET FPGA 19 VGA BB R RGBT 5 B[] & s 5 25 .2014,29(1) :88-93.
Zheng Z B. Design and implementation of VGA waveform display system based on FPGA[J]. Chinese Journal of
Liquid Crystals and Displays, 2014,29(1) :88-93. (in chinese)

EHEB N MIEEARQ982—) I AmaA R A A YR, EEMNERMR A i AR RS M. E-mail:linpeijie@

fzu. edu. cn

FEW L1966 —) L AR I B, 1 4 AR 0, RN SR AU R a8 L R AL 31O R &R S B

2o

3%, E-mail:sycheng@fzu. edu. cn



