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Inner-ellular automata method for video pedestrian state forecasting

YE Zhipeng, ZHAO Wei, LIU Peng, TANG Xianglong

(School of Computer Science and Technology, Harbin Institute of Technology, 150001 Harbin, China)

Abstract; Forecasting pedestrian states with the help of video analysis is a significant mean to prevent
accidents in public places. An improved Inner-grid Parking Cellular Automata (IPCA) model is proposed to
forecast pedestrian state. Motion tracking and scenario modeling are firstly achieved by optical flow method,
and then motion states of pedestrian are used to adjust parking time in cellular adaptively to improve
forecasting accuracy. Here, the state of an incoming video frame is acquired by analyzing the interaction
between micelles, which is provided by the forecasting result of IPCA. After that, a feedback algorithm is
employed to revise the forecasting result so that the model could reflect precisely the change of pedestrian state
in the scenario. A criterion is also proposed to judge the abnormal state of a video frame, which is collision
between two micelles. Compared to other traditional detection methods, TPCA based model has a good ability
in predicting the abnormal state ahead of time and obtaining better accuracy.

Keywords: video processing; cellular automata; inner-grid parking; state detection and feedback; state

forecasting

SIARBLUAY ARk | 48 o DL R A S8R AR, K
PRIGHLIHBRAE B 2R, % B 15 22 4 50 K A
HAEENEX.

AUTAE R B A A2 A PR R, RRLBEN B 2R
LMz B TR B0 N3 Bl R 3, 2> 33 v ) R
PR S BORA S T N BT T R 7=

UK TG S L U BEE RN 2 5 35 ok Bl R B0
LA PR AR TR AT DR AT 12

K EE; 2013-10-21.
E€UA: EEXARPAESHIIWH (61171184,61201309) .
YEZ/f: BN (1989—) B L5
JEREIE (1960—) , 53, 204z, 1A 0.
WEEE . AR, tangx] @ hit.edu.cn.

Pk, = WA AE i o A B L cellular
automata, CA ) BT BIF 5% 5 22 3 5 T KOS A 14
BB A Burstedde 25 HWRIR I TR T 1A S
Bt CA #AY; Yamamoto 252 XF CA #6471
e B T SRR Y CA BRI R R
RN RE (30 R N B R R 3 1S A
MHE5R T CA TEF IR R4 IZ 3 b Y 7235 1 F iy



.26 - MoK E L

ANV

5 46 4

P Hao 55 H2H T FH FHEAR WA T AT CA A5
B R I Sh S H08 30 87 N Rl as
OIS SR SR T AT AN A, T
BT SRR BT AT A BE RGN kR £ D
PR Wang 551 32 T — N TR = NATA
131 CA B8 KAt Nz sl 3 FE . 1)
FIbRA% 3l B $ R Sk 28 LS 20 A, AR5 4% 7ol
F3 0% BEE AT BB AT N RIS 2 N AR e £
ARSI 3 S S AR R AOIR S B2 3l Y CA AL
TR FEATE Y 5 b i 4 A R BE R OC &R
FEAEA IR AR IR AN BE 45 & AR 42 1L
CA BEIBIZ BB IE 7k, S 2L CA BAL G = X R4
RAER TR BE

BEXFLAE CA BB Jay BRAAE , AR SORE A (4
AR AT 254 DA I 5 X G2 1 ] 4 g 2 AR v
ARRLE SRR R A RS BR T A Fissh
A IR 22 ) B R AT 2 5 i AR S A 32 %
PR ARSI A AT R AR B iz sh iy H R
PEFNRL P 22 [ AH AR B B AL 2 T R
i s PERIBEALME IF A7 9 R G0 AR SO T M8 B
B3 70l A sh#HL (inner-grid parking CA, IPCA) #{A
ARSI AL 1 e il L IR E U7 P A
3z SRS SHL, IR I5 B RS g R o ARy
R B g A X TPCA A5 Y R AT 400 46 A0 AR Jfa e i
AP TR AR T AR A BT B I TR R 52 1
SR B 3z )R AE A BE P I R R R A SRS
Yy 52— ELAFAE AR A [F] R AG I 25 53 19 3 7
b R AR SO T TR I A L R A T A
S AR FP A AT 22 1) ) RH B D A T 45
AR IEARE T S B , X FRE AR S R 4T
2. SLER A R A SR A ARG I 5 1 B R R
P G — A T ) 2 B R R B 3 D RE
1,845 T R AR PERASCR.

1 CA#A

CA R— Rl Fi R T L8 12 R 5%
A SRR TR AR R A Tl 5
B 19— RO 52 - — bR UE R TE M 11 3
BLA T T0 IR |45 BRI A 57 4000 4
R
A= (L,d,S,N.f).

S LR IEHIZE L d TN F S HL TE RS
FOLERC S T S B BRI
A PR T TEM IS £ o A SR e
M. 7E 2k CA s WL ARBRAT 1D - H A AR R
R AR ARSI 1 o520 B AR SR A 1 2 W

TEAEAN I AP ARAE A AT LU TR A 8 4o
AR R e R Wi g AT 4 T 1) 9 RS 3, A 1 B

| L
+#+ %Te

()i - W48 (b) BEIRARI
B 1 4 CA RS

X CA HhoThflfe Rl s TSR e &S 2

B
P,=D; +E; +F, +C,.

A P, o F AR 1) HRBI N S @ 475 j SRS
RS RS S . B S B B AT

1) Ji1a S48 D, R 147 AR H Y iz 3l
J5 AERE T —A 07 m A

1, 1ELJoch;
a, ZFb A EIUHE;

D=+ 0, HHifrocH;
-a, KT A FICM;

-1, IEFICHL

Hrra e (0,1) Ha e R. HE X ELEH I
HAE T 7 T,
2) BB E, WU A5 N

1, Johihzs,
E.=< 0, f7 AFEYHTICH;

-1, JohugcHA T A S 4.
3) i SHF, FOWAT NSRS ZE 1Y
S, -5,
i~ R
FEILSE i H KRBT A IR M N2 AT figiE
A ZER L DGz 3. Horp: S, Shiidgrhas JTie L
H; S, ki HIIThg B ;R AT A KN,
RIAFAIE s A7 70 Fl N T i H .
4) WEZSH C,; AT N A R A C )
D5 ATHER N — [ A7 8 B B, 7E B rh R

b S, =S ooli g i b 5 5 s Az sl s 1A
AT NECZ AN S, S35 b 5 G HiAT Nz 2
T3 A AARAE AT NBCZ A R AT N RN
ARICKE CAARE T & SO A 22 B 2 K



59 1

MRS, A5 JCHGE B AU AR S PR i 27 -

W) A b AT KCFEA A L SR
bR TR R, AR LR, 407
DEGINEE=gi Ry TEad-iR

2 IPCA WIS S B ACR A TR %

A SR S 5 R 43 24 1E 5 T8 JT A%
iy e () R BRI v AR ) B4 32 B RRAIE 55
A A AL AT T ) A7 B A R A T A
X RN AREAE A DL T A A /N 5 R 2
FEAE R HAEZ T B P B 3 B8 BsF (], 87 R AIE
2yt Z /b I 8] AT DARS 30T M Ak, A SCR
IPCA PR HLNG AR A AR R B2 S G L.
2.1 IPCA &

WIS A REE S AU P e S

P = {Pi} P, =< x,,y,,v, >

XA P, e POASHAIE (x,,y,) FIEEE KR v, i
A TPCA MM URIRES S, ; M TS0 158 5 O 5 7%
FUN SR SR AL TR S, £ S, BARA. Had #anfE 2
7R,

JhG | sl | i
BT | | FEIER g

B2 IPCA ##EdiE

2.1.1 IPCA BHGTH Tk

FEXTLAE CA MRS AN REAR L M A iR AL A5 3
SRR A SCIE A XA T AL T PR AR R 22
SO AR AR T AH LY, B G 15 3] IPCA
Y.

1) AT NWRZIE R B AR = MAE X
INFFE NZEREF () B Al i, &l 3 s,

\ I =
2) GIARHESSE R IE] ¢ oo — 0 R HIZF)
v

P R (L AR A A5 75 T DLRS sh e T B 45 7
HYRsHE] 2, Ry

e, < ¢ WPSRETRAE SO HA T Bl s
— oo FRME BRI R AE R0 e, + 1, NS
HESEEAT R R M e K T T
S GEREEF] ¢ BB ART DL B CA BARLG
SRR IR TR .
3) Wil BHF, IR R
S, -8,

F, = » R=R;
max P;, R, < R.

A RO AR ST KRN R OV 2 FoR i)
MG — A XN 2 To 2 U F 3R
(AR AR B 1) T 1) 32 X BORS 8 5 o 2 2 (AR AIE 4
T P DX, R Fy iR T AT AR 25
JE iy s AR ARG KN B Fy i) DURE B [
MGIA R AN S B RE  EU T R 22, R e
it 7t e

4) 38 XA O o3 B AT A B i
SRR AL 5 B BB REURN 7 1), HAT S B L.

B

B3 ZfRAEmRE

2.1.2 IPCA #ERHN

MHT T RRAE S — B 2 LR IR K
Pt LT AR T 2 RIS LA B B R )
T CA i 5 S 0 vERA . AR SCHR HE 1) B B e )
mr .

1) ARFAE AT ] T 1] 2 7% WA 2 o K 9 DT A
),

2) Mk A gt 2 AREE SR E R R
] — T, W B AL B — A FRIE s T R 2y, I
MRRIE SRR R AN B 5

3) XFEEANFRAE L A 5 BRI IR ¢, 2 S AT RRAE
SE IR SRR RN ¢, WHZRHIE S5 B AR BT
FETTHUAE AN S, AR RI 1) $E17R 5, B 3h
JaH e, BEEHIEASRRE;

4) HHEARES, AR T P 21 15
H 3, AR SO RRAE s AT SR IR B 3.

A AL RS HLI AT LA H TPCA 7R T AR A
TR 1 ) IR B AT B A AEL 52 2 ) I 42 .



28 - /S N = W N S ¢ 55 46 5

ASCAEH] K-means RIF R 5 APAFGL DA 2 i bty S ot
B RIS SR SR A AN FE R AL e g5 2.3 BHRRETIR A

SEPNUE R INANEE allk 2 SRR (ZIliERIN AT AR ACR A U 7 08 i AR — 2
ASHEATAREIN. 57 8 A AR (R AT 6] e AR R el ST P A D SRS A R R TPCA AR R X Ak T
&, DAFRIRAT A TA) A AR B3 o A5 PUHRAAE m A B R SR — I 2 ) AR S 47
2.2 BERERN THEI , ARG 235 SR AT B 5 T AR SR AR A 1 73

P2 1 2 6 P RS2 AR E T OSE  HRAEL. 7 TR 2 BB 00 P4 BT % 4
Fig S I 20 2 P A BRSO BT . T8 R SR (5 T TR0 X 24 4 20 T4 .
TR SR A AR SO b T IERRS RO U
S bR 5 A P e T 5 S, ) g S 1
MR T B 3 BT A, AR
PIE I E \B B MR R A P S+ k) WS n + kSRR,
SCRHI—FOETRARRISIRAM (micell 1y 02 00 ot
state detection, MSD) J i F 1k A1 F R A2 i=1
F5 4 AT SHEA T 5 A AR e A Bl n—m,n— 1] %5 nANBHEE B ARZS T
SR A MR TRk, s T B D(n) BERXSE n DI SRS
IERARES. KSR @ W R, I, Y F(n - i)

ST TG R A O AR ] 5 N R
SRR IR T g, © D) PRI 0 TR RSSO
TR R B R B . TR TERRZER) 25 (X F(n—in) © D(n) m+k ) Wtein
B8 AL [ 1 VE R ALz SIEXZIN ) i=1 |
SIS SR TR M BTN T g 5 R 1A+ kLS
AW R BURGER REI SR e — e 1
’kﬁ(t'ﬁﬁf?ﬁﬁﬁﬁﬁm{ﬁﬁﬂ <n-m,n-—-m+ > n—mi»n-m+ It
* ‘ RS KB,

t>sXm

S(n+k)=F(iF(n—i,n) ® D(n) .+ k).

R 3077 17] >

<n,ntm>

<n—m,n>

<n—m+1,n>
4 <n+1,n+m>

<n—-m+2,n>

| n—m |—'I n—m+1 I—-ln—m+2 l—--..

il

<n—-m,n—m+1> R <n,n+l$ i
N, Tl Ttk

Lo et = nomd f—eeee = 0 =l e L
B4 ABRETR

XA ) SRR S R AR B X, (%, ,,) o Result=Result® P,
X, (0, ,y,) A HBREEEES p(x,y) < T, MEAHRAE XTEABAEE M C Result, AT 1 IREFAE 2 4R
HOX, 5 X, B, E X EGIRBER iR

P, UP,, =MUUM. end for

Ao MR A IE PR T T A S AR A A R Y 4R return Result;
G UM ARSI S5 Fe i, 5 P, = Hob AMIE SRR RE T .
o, WP &P, =P, VIEHERE Result =¢, P, A A p = (x5, v]) € P, p =(x,,v) €
5 0 MTHLAT YRR S AR 5 P,

B @ TR . If p, 5]3]- AFHZE , Result = Result U P].,éf:;:

Result={ | ; Else If d, = d,,//d, v, {7517

fori=n-mtom



MRS, A5 JCHGE B AU AR S PR i £ 29 -

%9
X T X Y Ty
xX; = 2 s Vi = 2 ’
v, + v ‘ ~
v, = /v FUA v, I TRAE

Elsev, =v.+v,, P ., =P, — (x,y,,v;). P, =
¢,

Result = Result U P, 53 50 j = + 1,4k
ZEIEAR
i . Result
2.4 BEBENWMRSHEE

WRAT 7 S5 30 H J2 AN BT AR Ab 1. CA A5 1) o]
i (2 BB ) 4 8 5 S PR A 4 K 22 5 T
B, SETIE R B R AE 2 i TR LB 3h R R
FEAEIR 25 X AN R R 5200 TPCA TR A e A
JE AR 5 9 TR At B B AP L [ S

TR 24 RBR 2 (R AG 45 SR T B b — RS A il
R AA, 4

F(x,)=D(x,) +cF, _,.

s ey A F | MR — 1 WO S A
(R TR AR, B A s s ) (A S TR 1, 1)
TR — e B 1RI A 9 3 5 AR A | 1R AR N
iR m. WL, Xt R RIZL R S 5,
NI ¢ T LA R F i O I 224 A 285
S, (AR B SR AR R 25 2 S AL Y R T 5 X AR
BN PR SR S 5, BRI ¢ AT LAE 2 1)
TR BA Sy vp— g s ) 25 P g S A 8, AR )
T R A .
2.5 IPCA MR AEMNEFR

ASCHE ) TPCA P s B AR A Tl
EHAWARES

1) ffiFH IPCA BERIVE Ay T4 i) BEhili 1 A L5
WA 5 S5 CA BBIAH L IPCA 5 RIRR RS

TE2ia SR ER SR O I B0 B A U6 RS 5
15T A GE B 5 18], (%0 5 AE K032 Bl il
IRGEINER AR T 3 5 A ER AR R 2 AT B f A5
TR GG i Tl IR ) 5 AR

2) ANWH]H 373 5 ) T £ 2 A8 5 2 0k
A B ) L B v TR ) VA 2 S 5t o A 1l A
RURERS S ) b S g s AR B RS A A

FRGERY CA BERLEE P A R Ik A3 0 8 B2 P B0
N—ATEEME 1, B % JEAN [ AT 2E 2 5 A
[ R L A SCEE X CA Y R BR-AE, 5T T 5 AT
A 8 S U 5 B T AR P9 B B (], o i ek
PETAESG CA ISR ML, $2 1 T TPCA L7,
IPCA FRLIE 10 5 AR S B, AR A
A7 1R A AN AR [ B8 5 5, 4 0 L PN R ik A5 R 2
SRR B MLV PR 7 QA7 B, e i 4 B
1T BRA T2 P A B iR 22 | M 8 3 TR AR AR
SHIBCR.

3 EREM

ASUEAT 3 MRS . PETS09 (RS 768
X576, IE %1% ) \WEB Dataset (5] 1 280x720,
SEEE T ) DL B A 2 76 R P B i AT Self
Dataset (Wi R~ 1 280x720, iF 7 5 #1757 58 %5
), Hh UCF By WEB Dataset 1 [7] 7 [ %5 B 114
FEACIRZS RN & HL AT Bk A i S 56 v BB ot o
PR c=0.7, MURREEs = 0.5, K042 =10,
PRAAE m = 15, B S5 D, 1 a = 0.7. A3CH
P 36T IPCA BRI 77 3 5 3 JLAR 9 32 0
R 77k (SCHRL 7-12]) 47 T bedse. SE e 45 2 n
F1FR.3 2 4 CA 5 IPCA 1E A FilR B Al %
FH MSD A0 75 2% (0 285 5. 2 b . 508 22 0 Ay e 4
B A MR CR.

1 BHERRER %
i 5 gk PETS09( 406 1) SelfDataset ( 212 17) WebDataset ( 574 57)
k[ 7] 25.0 14.5 7.1 4.7 31.6 23.5
SCHR[ 8] 18.9 13.8 22.6 11.3 25.4 30.9
CHK[9] 13.8 12.6 10.7 14.5 28.3 28.7
k[ 10] 17.5 13.2 16. 4 12.9 22.7 30.6
SCHR[11] 21. 4 15.3 15.2 13.8 20. 1 34.5
CHk[12] 12.7 10. 4 8.6 9.4 18.6 22.9
IPCA+MSD 10.6 6.6 2.3 3.5 16. 1 21.5
£2 IPCA 5 CA WFIRIEE LR %
LoRlIpsRzS PETS09( 406 i) SelfDataset( 212 i) WebDataset( 574 1157)
CA+MSD 23.8 11.9 12.7 10. 4 26.5 29. 4
IPCA+MSD 10.6 6.6 2.3 3.5 16.1 21.5




T

.30 - 7

>

Ko Lok RoE E R

5 46 4

MR W] LUE A A vk A
IPCA 5 MSD i i 77 i B AT S A0 14 fiE. 3% 2
T LA 73 )R BT 2 i b 5 S i RS R
T SEARAS W R SR — A g R T A S
BEHUASSR IS /i 37 5 IR 1T EL A =22 i —
BT 1] P9 37 5 AP A A S TR 1 iR S SR
ROGHE IR 5 B TR AR, R 0 B B Ay
B

TR 2 Z50T DI, AR F AR TR AS I vk
FIRTHR T, A SCHR 1 IPCA 51658 CA ML EA
B P PRGBS 4558 CA AHLL, TIPCA B9A% PN 5E
B R s AN B S B U 7 e el T CA IWFE RS
FEO 5 TCHIAE S8 TR, [ B AR 4l A HEAT i
JEEAS TR A 1 5 | AT B s ()l B (PR 285 ) A o
SRAHER , I ITTER B T 5 AR 70 X A AR 2 T4l
ARG L.

4 %

1) S 45 e T AR B iz SRk, 1 38 B
M AR RFIE AT TR ST RS P9 B9 5 B ]

2) R WA 7 SRS BT BN g5 A
EDR ST TR I A TR

3) M 580 7 5 00 B0 5 B R B 2545 11
S S TR (E AT OB OE, LR B
BT Bs 1k S R e ) HR SRR A5 R R
ARICT7 3 BAT B AR S T E

5% ik

[1] BURSTEDDE C, KLAUCK K, SCHADSCHNEIDER A
et al. Simulation of pedestrian dynamics using a two-
dimensional cellular automaton [ J ]. Physica A:
Statistical Mechanics and its Applications, 2001,
295(3) : 507-525.

[2] YAMAMOTO K, KOKUBO S, NISHINARI K. Simulation
for pedestrian dynamics by real-coded cellular automata
(RCA) [J]. Physica A: Statistical Mechanics and its
Applications, 2007, 379(2) : 654-660.

[3] HAO Y, GUAN Hongzhi, ZHANG Juan, et al. Study on
bi-direction pedestrian flow using cellular automata
simulation[ J ]. Physica A Statistical Mechanics and its
Applications, 2010, 389(3) . 527-539.

[4] WANG Dalong, KWOK N M, JIA Xiuping, et al. A
cellular automata based crowd behavior model [ C]//IEEE
Conference on Artificial Intelligence and Computational
Intelligence. Sanya: IEEE, 2010.218-225.

[5] AMOROSO S, YALE N P. Decision procedures for
surjectivity and injectivity of parallel maps for
tessellation structures [ J ]. Journal of Computer and
System Sciences, 1972, 6(5) . 448-464.

[6] MAJ, LOSM, SONG W G, et al. Modeling pedestrian
space in complex building for efficient pedestrian traffic
simulation[ J ]. Automation in Construction, 2013, 30
25-36.

[7] MEHRAN R, OYAMA A, SHAH M. Abnormal crowd
behavior detection using social force model[ C]//IEEE
Conference on Computer Vision and Pattern Recognition.
Miami: IEEE, 2009 . 935-942.

[8] MORRIS B, TRIVEDI M. Learning trajectory patterns by
clustering;  Experimental  studies and  comparative
evaluation[ C]//TEEE Conference on Computer Vision and
Pattern Recognition. Miami ; IEEE, 2009.312-319.

[9] JUNSEOK K, LEE K M. A unified framework for event
summarization and rare event detection [ C ]//IEEE
Conference on Computer Vision and Pattern Recognition.
Providence : IEEE, 2012.1266-1273.

[10 ] YANG Cong, YUAN Junsong, LIU Ji. Sparse
reconstruction cost for abnormal event detection[ C]//
IEEE Conference on Computer Vision and Pattern
Recognition. Colorado: IEEE, 2011 .3449-3456.

[ 11]NATARAJAN P, WU Shuang, VITALADEVUNI S, et
al. Multimodal feature fusion for robust event detection
in web videos [ C ]//IEEE Conference on Computer
Vision and Pattern Recognition. Providence: IEEE,
2012.1298-1305.

D12 AT, XUMS, XUSKEE 55, A HE S H bR 2 I A 151
OO LT]. Ak A, 2012, 38(5) :742-750.

(w8 %k )



