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Abnormal Crowd Detection Based on Multi-Scale Recurrent Neural Network

CAI Rui-Chu'?, XIE Wei-Hao!, HAO Zhi-Feng', WANG Li-Juan', WEN Wen'

'(School of Computer, Guangdong University of Technology, GuangZhou 510006, China)
*(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)

Abstract: Because of the great variations of crowd density and crowd dynamics, as well as the existence of many shelters in scenes, the
abnormal crowd event detection and localization are still challenging problems and hot topics of the crowd scene analysis. Based on the
spatial-temporal modeling of the crowd scene, this paper proposes an abnormal crowd event detection and localization approach based on
multi-scale recurrent neural network. Firstly, the crowd scenes are split into grids and presented using multi-scale histogram of optical
flow (MHOF). Then, different grids are connected to obtain a global time series model of the crowd scene. Finally, a multi-scale recurrent
neural network is devised to detect and locate the abnormal event on the time series model of the crowd scene. In the multi-scale recurrent
neural network, the multi-scale hidden layers are used to model the spatial relation among different scale neighbors, and the feedback
loops are used to catch the temporal relation. Extensive experiments demonstrate the effectiveness of the presented approach.

Key words: video surveillance; abnormal crowd event detection; recurrent neural network; multi-scale
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Fig.1 Two examples of abnormal situation
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Fig.2 Whole frame of the method of crowd abnormal events detection and location
based on multi-scale recurrent neural network
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Fig.3 A diagram of feature extraction
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Fig.4 Architecture of recurrent neural network

B4 I ) 3 U1 Ao 28 90 2% A R 26 1

ARk UL W 5 7R, G, KR BEA WA 1) MHOF $H10E, 0, (6, €[0,1]) 2 75 % N 1) I A 2 15 53 . T =2, X i il
ZIMEAN AT AR RN x~(G1,Ga,Gs,...,Gy) (Xe FVPN by W R H0); 24 110 1 20 (0 HH AT LLR IR N B, = (61,6550
oy)" (e NI FEEI— NP H xp.00,..xp(Xe 9PV I LR A SRR S EORE hyho, o hp(he 5™)FI
TR $y, Pyoenr Py v RV

L=W,x, +W,h_ +b,
= e(t,)
s, =W,,h. +by

yh''i

2

yi=g(s)
H W Wi W 3 RN ZRIBA T 2 Ba 2 BB B A B 2 20 )2 BB A B, T by,b, 43 0 R BA
J2 R JZ B0 B I, t, ot (t€ VR 51,80, 8, (s€ 0570 T g B 25 J2 47 s RO N RV 1 235 S N e T g
R B0 R B, — O DU A AR Ze M R 6 TR B 2 R O BR B e, AR SCAE AT S IE D) R £ tanh, % T4 H 2 RO
PREL g AR SCAEH sigmoid BREY.
B O=[ Wiye Wi Wy b1 by 18 7R T 2 BUEH IR — AN K o) 2, W) H B R 800T LB Ak & S
SO)=L(};y) 3)
FLrp L Sy PR BR AOR SR R B I E S T 2 R PR3 22— M 0 L AT LAECE iR 2 Zill V- HZ/Z B
SN 1R 2 —Zizjy[/. log(7,) + (1- y;)log(1— p,). AEA SCH IRAE ] 7007 1% 228 143 2 S 4f I AL BOR AE
AR B AT DA T 15 TS T B B 2 0 I
S(O)=L(p;y)+ Areg(6) 4)

© PEBEBSAITT  hip:/ www. jos. org. cn



i

A kT % ROE BT IR i )2 4h 42 P 464 ABE 3 A

2889
b 00 TE IR 5 A, reg S L1 JE 20 38 B AT DLAS 220 R #5A :
min f(0) = L(J;y) + Areg(6)
L=W,x +Wyh_ +b,
B =elt) 5)
s.t.
s, = Wyhh,. + by
j}i = g(Sl.)

BoR FAE BPTTO SR IR Lok (AL A4 FH BE LB T e oK ST AR

Fig.5 A diagram of inputs and outputs of every moment
5 A ZIMREA . R

E 0 SR TR S i R v A Al A S A A, S e B R AR A7 AR — 8 TR DG R, T X
ANAMAEIZE (R A PR FE A BT AT AT OG0 L k8 5 5 000 AR 10 DR /N B8 AR () S R ) S ok i, 5%
Wi 3 TR A2 AN — 149, A M, AV T LA A A [ (90 I 5 0 A o R BN () R BE 19 2 1) 56 R W 3 — AN 22 RBE 1) I (1) 3o
VA 2 0 204 A 7R oA S 0 b A IR, 4% ) S

AR SCPRARe FH AN T3] 4 a5 4 A R R I P o RBE P 25 TR O 2R 55 1 Rl ROBE g 1 AN IR K/, 285 2 b R g ARAT 4
AN /ISR TR IIERS 1 Al R (9 25 18] 5 3R, BT FH — 300 B 571 SR R T ) e A 5 45 o i 2 (D PR 56 3R, B0,
FEA BRSO — A WA /N T B0 B 1 3 B 1 AR B B O LA 6() B, B4 H T 4N BRa
B oabed ST R 8 A 6. 55 27 AR 29 AW A B 4510 4 B 2 1A 11 95 &

(2) HT R BLI0A% A B 8RR AL 2 2 (b) TR BUARAR 4 14 s 2 [ A1 .
KA B 2T R Z A KA B 2T RUR B

Fig.6 A diagram of the mode of connection from input layer to hidden layer
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Fig.7 Diagram of the gridding partition of crowd scene
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Fig.8 ROC curves of 2 layers HOF and 3 layers HOF MRNN on Ped1 data set for abnormal detection
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Table 1 Experimental result of abnormal detection: equal error rate (EER) (%)
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Fig.9 ROC curves for abnormal detection
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Fig.9 ROC curves for abnormal detection (Continued)
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Fig.10 ROC curves for abnormal localization
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