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Spatial-temporal Stream Anomaly Detection Based on Bayesian Fusion
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Abstract: Focusing on the problem that convolutional auto-encoder network based anomaly detection ignores
time information, a novel anomaly detection model based on Bayesian fusion of spatial-temporal stream is
proposed. A convolution auto-encoder network is used in spatial stream model to reconstructs video frames, and
a convolutional Long Short-Term Memory (LSTM) encoder-decoder network is used to reconstruct short-term
optical sequence in the temporal stream model. Then, the reconstruction errors under spatial and temporal
stream are calculated separately. Meanwhile, an adaptive thresholds is designed to obtain the reconstruction
binary error maps. Finally, the Bayesian fusion strategy is developed to combine the reconstruction error of
spatial and temporal stream to obtain the final fusion reconstruction error map based on which the abnormal

behavior can be determined. Experimental results show that the proposed algorithm is superior to the existing
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anomaly detection algorithms in UCSD and Avenue datasets.

Key words: Anomaly detection; Bayesian fusion; Spatial-temporal stream

1 5§

NIRRT g A n] VBT AL, I HAE R R
WA 2 P A PR & R, T IR A
FEF AT AR OO G AR B . HLAS A0 0 S AH ¢
A IR AR

TE 3 T R 2 A0 0 N 53 5 A7 A N A5 s
R EmE MR R AT AR I R BN AT . 128
AU IE AT NSRS R, IE W AT AR
FEIMERR, — AN IEFAT Nl R H AL IEE T8

PR H M 2018-05-07: Stlal HI: 2019-01-29; M4 HIRR: 2019-02-20
*EEEE: BR®E  chenying@jiangnan.edu.cn

FETH: EHEKERFE RS (61573168)

Foundation Item: The National Natural Science Foundation of
China (61573168)

RIKE LR —BAEOL T, SBEEEAT NIRIEEL
P (R LAl B 2545 2R IE R AT NI EM AL, LU
SRR, EMIEETASARMLT R
WAT A BN A R

FEFET A I S AT ok A o, PR 2]
FHOG I B AR BT R FR ROk . 20154F, STHR[4]
1 H B 4% (Auto-Encoder, AE) M 4% 3K 544 JR 1H 5
5, FEAE20164F 12 i 2B A 4 I 2% (Fully
Convolutional Neural Network, FCNN) @47 ik
FEEAT AR XudE NO$E A K32 3R FE Y
%% (Appearance and Motion DeepNet, AMDN)
JEM 4. 20174, Dimokranitou® A7/347 1 JLFk
IREEW 28 A6 S H AT MR 7 TR S A, 4 48 A
A AR HR RO E 4 (Adversarial Auto-Encoders,


http://radars.ie.ac.cn/CN/10.11999/JEIT180429

1138 B 7 5 F

2 % FA1G

AAE)M 22 S B R e s =R F S AT
IR 2 e ) G R P 25 R 2 b, JE ek B et B 22 24
WA, RIS B S N 2 o RS SR

20164F, Hasan NPFHEF H4hY (Convo-
lutional Auto-Encoder, Conv-AE)#) #5517 Ak
MAEAY, BRI Z8 g NN ESE 2, H R A 1) 2
2DEM, HE—EZERE, MEEESTEHEE.
20174, Chong% NI'YTEHasan 754l L 31T 04
#t, FER|Hasan 1 ONN 4411 M 25 3% 25 FE i ]
fH 8, KEBRLSTM)Z N E| Conv- AE R £% {2 %
JEFfRAS R 2 8], HSE TS AR B a0 2% 1) e
WZEE, MARGREEEECRKEDREL, s
FALSTM JZ % 3R 45 1 (A5 B /R I8 AR /N o
I, Chong (AR AL I A2 5 AG 1R I 1 2 37 i [A) A2

22 B AR VR AR ST XU (two-stream ) 152 4 )
AR, N BRI A B Sl N 48 K B B 18
IS TA) A5 LB ) R, AR ST A2 H T DL S0 i 5 1 -
it (Bayesian Fusion of Spatial-Temporal
Stream, BFSTS) 5 & 47 Jykadll A5 8 . XA 73 73 Fk
A ARG A 4% (Spatial Convolutional Network,
SCON) Fl i [E] 7t B A 2% (Temporal Convolutional
Network, TCN). 7% [HJi 447 W 48 B3R B H
St B 10X 286 08 A0 A T E AT B A o AE IS [E) AL A5 AR I 2%
H, KA ARLSTM G - i ih I 28 (215 S B SEL
FIREAT A . e Ja, 53 il v B SRR I B B A iR
7%, MIHH BN B B A R 22 B AT A4k, IF
K FH DUt S0r G5 7 R0 B A R ZE A AT R 5 45 3 i
ARG AR, AT R AT NI
2 EFER
2.1 FEITRHENEBFER

FE T DU S fak B () 25 - ISP 9 S 5 AT e T 8 A
MEZEan 1P

PRI — F bR 225 () B 8] B o 2R . 1 AT

25 [A) A TR X 4%
2 AN
/'
=5 '
25

RGN AR PR A 2R ) 73 0y 7 [ 2 AR X 24 A I
ARG 2 o 2 (RS AR 2% 73, Tk B2 A
NN, A ARG R, i B E g
%% (Convolutional Auto-Encoder, Conv-AE)J5, 13
) B T F 2 ) EE R P L I TR U AR R 2%
PLESE LWOGIR & AN, 225d Conv-LSTM %
- fn, 49 2 E A LOCR R . BARKIFES.1
3.2

WEZPTBL LM B S BRI E N
H AR R EL, 0 )% 25 ) TS 1] X 28 358 43 1R 47 U1 45,
FER IR S8 AP B, DS IR A i
BELMG I B 53 79I 4 2y 23 18] R T V7 46 A5 D 2% 1)
BN, IS MLR S, 152 R B RE R E AL B L
ST EIE : ARG, TR AR A R 22 R 1A =
MRz e, @ I E a7, P
WERE, &Ja, MHRA G BRI R P W R
WAT N
2.2 LM

FE 75 )0 AR P 255 o LS it 52 PRI 9 N
AT MR EE TSR . DB 4R, K RIR
WKL . R IR a8 e b g SRR S N
FIRSE R AREWOR ST 9224 % 224 0 N PRIIEZS
LG R R 2 SN BB AE R — R L, el 4
RBMERME, 23 ME BRI P I ZREE vh A i
ME ERGR AR TSR], R RE BN
B0~ AR5 AR 20 (1) TH 5 A muhsh 2 ]
MR R FHIRR R

Gy (z,y,t)=[P(x+1,y,t) — P(x — 1,y,t)] /2
Gy(z,y,t) =[Pz, y+ 1,1) — P(z,y—1,1)] /2

HA G,y (2, y,t), Gy(z,y, t) 7 MR RBE R (2, y, 1)
M z,y 77 18 86 JE o P(z+1,9,t),P(x—1,yt),

P($7U+1at)7p(x7’u_17t) 6} %IJ i% ﬂ—‘—\‘ /f% % /I{_:_':
<$+1ayat)7<z_layat)7(Iay+1at)7(:an_]-at)

R
hHE E A

I R B ) 2

=18 = = S

Em g= =2 =2 [y
. ered) n n wn g

528 1 EE g g
R KR = = "

!
HEMLSTM

ARG E%(2)

[ E iz |

B LI
SR E ]

ZILSTM
fif L2 (1)

P 1 2T DU S A I 2 S AT oA AR A 2



%5 Wr 24 JE T DU SR & RO I 23 3 53 0 AT oA D AR R 1139
iBIFEIER & B E AR IRCR .

FEIS [E) LA AR X 28 A A v, it A5 1) e vt
HRESCHR[13] T ST kAT TR
3 ETINMHHEENM=RREEITARN

=RE
3.1 TEIRERML

w2 iR Ry 7 () A AR N 25 AL SCIN 1)
S ESHEEHN . 5Conv-AEME, SCNALHY g
EEREN, B E g (M) ARRDE ) .
HTadeEREESRETEER, FiA s
EERE.

s JE L T 3R B EM2ZMA)E . A
B RSP R224 %224, @EHCHL. B—EERE
(Conv_ 1) 256 MBS A%, Bl R~ 1111,
AR 4. Hr, ERBEANERE RN RN
FURZ RSE By Nl 40 i @ iE F (OB ),
Conv_ 1ELATARIR N11x11x1x256(4). &4
M= 125, Conv_1H%iH & x NConv_1)7
TEB A MGG B RGE, BI256 55 %55,

SiEERE, WAEMR T &M H RS,
LE AR = 2 G PR AN I . AR E 5 i
Kiifh (max pooling) FM-F¥ithtk (average
pooling), A CIEFEHE Hmax pooling KRk F A
AV, H—EZE (Pool 1)K Hmax pooling,
HKN2. BidPool 1EJE, EUER H27%27,
AL B R 256

Conv_ 2MConv _3JZ 417l H 128 1641 JE UK
o B4, WIS A 64N RS N3 X 13RI RRAE
B B R AU I Relubki 3, ARG &4, FEH
ff B EL BT iz .

RS E i 2 R FRE . RS 2 T B Z
At Ak J2 H ) i 28 A 5 R E R 38 R Mg i )=
B R R AL 2 R DE I 25 480 H AN g s )RS 2 A
BXRI . RERBBTER, il i,

| 1x224%224
| VEBUZ 1:11x11x1x256(4)

I 3
1 256x55%55

|
1
|
1
1
|
' i
: i?@1)6}271:11mx71)0()ling(2) :
! i
| 256x27x27 :
|
D LBBUR 2:5x5x256x128(1) |
|
| 128x27x27 i
i
H iW_MJC’%_2:111;1x_1)()()li11g(2) i
i
1 128x13x13 i
1
i

La‘%ﬁﬂ%_s:sxsmwm(n

64x13x13

H T8 i K A 2 Ao B iRy 5 A7 7L PO 25 8] 45
BER, ERWEPER R itz ik
W W S3AE, BB R RE. i, Un-
pool 2= F HIPool _ 2745 3 i 5 KU B B A5
B M Deconv_3Exf N ALE EHEEE B REH
Pool 2fF#iIN .

MR e — 2 W SR AE AR BR BT 5 2 GRS L
FEHEG S, (G), R5FRN1x224x224. Nflif, (G)
SROTREH B Gy, ARHESTHR[9), A R R S 40 2%
BRI A 9 TR AR R 455 1 H s e i in 28(2)

. o1
fm:argﬁlnﬁ;||G7:—fo(Gi)||§ (2)

B, WoARESH, NRRAYE.
3.2 BJELREFRMLE

025 19 A AR P 2 1 P T B A A, SR
9 2% % A T 4 8 BRI 2 TS B3 . IR TA) O
BN 28 TCNK FH Conv-LSTM 4 il - it i 24 g
[ 1) R RS A, S B AL AR R, Conv-
LST M558 2 = 5 A 2 WU B 1 8 5 K B 45
E o5 . 3T 24 i RSB0 25 R AT — 20 1 28 44
Conv-LST M A i 414 FH 1% 50E 3 7% 2 28 M LA
B, E35EIR T Conv-LSTM g hd- i Ad i f4 .

B IF] 972 2 L 190 4% 10 0 N 2 3 488 LU0 451 i
X = {zWz® ... 20 ... gD}, Hrhg) KR A
{0k B2 OB, RFN224x224. B N %
i(i € {1,2,---,L}) B 9 15 2% I B ik &, Ho
B e R2922xe | Sl e Cony-LSTMAZ H Conv-
LSTM¥ G H. F3dbh®E 1R R 1ZE, It
32, JoLHF RN AN, A7 S R
[ 18] 5 B . B Rl () 283t — 4 Conv-LSTM A%
AR . SR %O GE e, SEE
BARA Y

PR, SR S8 1 B 2R S Ry 2 E o A 52

—————————————————————————————————

K 2 ARSI S & B S HR A



1140 H 7T 5 8 B % # F41%E
hE(l) hE(?) hE(L) 20 7@ 70
hq%)(s) —> hg)(z) — hE;LXS) h,g‘)<3)
e —> e —> HH@ e
Mo > W > BHO PO
t f )
20 2 2 ) ) sy

3 Conv-LSTM%i id- i id £

ol gtk s, BAY = plP L N TR
o/ Y R N () R — B, A AN AR R
W, W = Wby + by, HobR E
BE W, HIdEFE N3 x 3 x e x L, 1 Bby, 14 FE X
L. fERDES, B 200 0 T 2 5 A5 3 ok
IR A5 Bt FE SR 345 R — B %0 0 Btk As Al A
i Y.

Zo sk Y R-FRRDZ I, o 5 R HLATUS 1) 42 ]
R B MBS X = {2V
2 ... W} . A fw, (X) B KT % Hb
X, Wifw, (X)5X 2R/, FARE ST
5H

L
gw = argwglin %\4 % ; ‘

Hrf, MAFAHE.
3.3 EMIREME

TEVNZRBY B, 43 % 2 8] 3 ) 24 455 0 R ] 37
W L&A R YNGR T 1S B S W MW, . FEIX 2L
B SHCT, AT 5 H o 6 125 1]
MMM S, BEEPNEMIRZENe(1,9,1t)
||P(x, y. t)—fw (., t)} ,r AR AR AR R
MR R 2 N e (2, y, O) =1 F (2, y, ) = fw, (2,9, )|
HrhF() .

FE G BT A3 B B AL IR 22 kG T i e &
JER 2 A 2 R ) B B B DT R Y 2 e, X
ek sihs BB RGN, XTTASFE MG LR g5
RARME, Mgt IEATRE . AR E R
Ml gh A AR R &R, R DU 2 200 A
REATRG -

AR B 280 2 [ AT R IR T 97T 19 28 A5 28 118 s o 4]
13 N B IR ZE N e Mlepo TS, KRl 2% [A) A

. 12
I<Z> _ I/(l) ‘2 (3)

BIASB(1 e M DI e B i, I F I (R AEAL R
) et SN B SR R 2R o 2% 5 U 8 2 ) RIS ()
e Mle AL E, H4IF AR N 1) e A S DUt 7 S 56
WA, FRLE 2 (A BB R A3 B e, v SOW MUALL SR AR
=SS IR AL bt oA L e CESIT ) o S VA
FAIE NG BRI BT DU AR 2
A AR B AR R o

BARH, Ze IUH-rogians, &k ER
H, X e, dAT ZAEAERAE. BEERAEER: o
e, ATREOARA MG R 7 X, THEZ S
i DX B I3 ME (Means); 285 W B —NEL
fE (Threshold), &I MEKEENO.1; &G, KX
AL BIE S E MR, DU A %
TERIBIE . XFER B2 T B 1k 235 E AR
A R (FEAINE = s iz o A e 8

xof AL R 2 AT CEAL S, AT KRBy e N
EHES5REXE, HAMNAFR, BXS838060
NN FINNao KRG, T e M EMRZEEAMNA,
I E— A E T B AR E R = (2, y) RO
SRR T H e, (2) V& TETH A5 2 00 B 77 B b A
kFow, AP

pedz)|A,) = %At())
(ez (4)
pwwmmgzﬁ%&?ﬁ

Hr, By, (elz)) F1Bya, (e(2)) 73 3l 2R s ey z) ¥ AE
AFINA X3 G0t B 7 B RS e(2) AL HIE
EYS O

W2, Me NIRRT, 520 R 55
Tk P ARE 2 (5) 15 3
p(Asle2))

es(z)p“et(z) |A5) (5)
es(2)p (le(2) |As) + (1 — ei(2)) p (e(2) INA,)




5 1

Vi £ 3

He T VUM TR f 2

AT R T 1141

FESEK T

>

L
./

A

m£% oA
k s Ay I‘Eﬂﬁ*a%ff
s T : e
- - i 7
- i I 5 L
o
- s | 22
T o

P 4 5T DUH-S I 2 i

HITH5 e 9 DU S 56 I 5 B2 —F, 1t
B e, DU e B () Ja da R, BT

P(Arfes(2))

_ ei(2)p(es(2) |A)
e(2)p(es(2) [Ar) + (1 — e2))p(es(2) [NAY)
e, FEF DU A OB P JE S MR AR NS

R BRES EIRE, Rl

ef(2) = e(e(2); es(2))
= p(Asfe2) + p(Ailes(2)) (7)

THAEWR LI TRIRERINE = > ef(2).
4 KRR

T B RE A R, 2 AAEUCSDUSA
Avenue B B LT . Hd, UCSDEEFE
fil & Ped 1 FIPed248 45 i . Ped 144l i 47 N E ]
B3 S GRS 34N IR A
A6 AR ALA, R 34N Y ZrAL A IS M IE 5 A0
A, 364 M AL A 1O AIA 15 2 29 1 b
€. UCSD Ped2#d Fi2 WIN A EE ), 70 HEF
N320x240. A, 16 PIZRAAT, 1240 A0
W, BIEBE RN E . AvenueBiHEEAE 167
I ZERAA 2 1AM A, 3 FE 36403600 £
EMREAT A MMIAN. FHRE.

SEUGAT ELY7E Matlab, python3.5, Tensorflowl.4,
Window10, Intel(R) Xeon(R) i54bH2s, 1080Ti
11 GB GPUMTHHENACE FSE8. KA H & Bk
BUES T B 507 (Adaptive subGradient method,
AdaGrad)Xf M 28 ZHu AT A WIGa A EAE
Xavier & LM,

4.1 5%
FETUREE 2 I E B 7T i Fik 4

(6)

THRIPEAARAEN . AR R T S 2 £

&mE%Mﬁmm}

S.(t) =1 — Su(1)

Hodr, S () NI RH B, S,(1) N tin
T A% S(6) LR, LT I I WiUCA 1E 7 AR
TR So() BB IS, L N P i Ay S 6D MR R
Ko K, FEEIRS, (1) 5 EE B /N K I 1 S it
B TR BE 2 21 B 5 A8 SE R N FH AP oa] 3@ i e R 43
o B B A W AT AR SR . R, 5
FAE W 2R — R, AN R BAEDRE A SR AN [ A
DN ECIE AR IE SR, PR A SCRRE 3 000 43 H5 11
ROCH A AUCK H kL M RE AT VRN

4.2 EHEIGRER

DR, 2 B R (] SRR 28 T 433 45 1) 44 5%
ZE, N7 BoREE S R E R ZE RS A
WEZMFHATN, SR, MEwR. 2=-5
UL SR S A E R R R, ISR .

MBS LA, 28 (R A AL S AT o A
IE T AT TN N B B R 1 258 2 TR ASAE A B S 1) 22
So BT ISR B IR AR N 2 B BRI B FE S
B, e R HARRIECER, RS [ R R R )
PP RE LU ks B AR R BRI R . A BT 25 1a)
TR, B AR BE BE AP R R AT N S IR
ITRZ AR 2SR, HRA R HAR B bR .
TAE R 23 Ul A AR, BT N ARIE R
AT N2 SRR AR BT, B SR AT A I 14D X 435 00 £
WL, HRH.

M TTLAE B, 5 (d) i 5 4T it 5
B, H HFRFE R EIE W . Rk, FET DUyl
A (R 258308 57 8 AT R I SR B B 4 A ) S 4T
s UL A Rl 1 R A TR R B R SRR L S
RO &5 FARERAR R, R R A E .

(®)



1142 H 7+ 5 & B

e
HE

i 41 %

P

(b) 2 RIVAE R F 4 P

(d) BESTSHEM K

(c) I IR T

5 HHE RN

4.3 FIALACARI 433

TE AR 22 B SEAE B RO $ S,
#lAvenue, Pedl, Ped 2 ¥ 4047 it 8 ) 43 % 1K1,
AT EMME R E WAL E, 6T R, BEARER
FORPAMUEL,  PAAA R R 7 B it ST I PR ) 3
Ho AT R PRI 23 Hi ) , - T2t S5 (1 o]
REPEBR R . Nl AL EE I 2 £ S iU H S R, K
FLSERRSE (groud-truth) B 5 Wi 2 7= TR0 43 %
Blrb, ROl 2 i X 5k

MEEI 73 E B R mT AR, LR R
AEBRFUIIA] T ISR, X B BRI RN 234 )
FH AR ST 7397 A R 5 B AR A e g i [X 3 5 5
SESE R A I (R XS R AR Y &, T ESEIER AT N
IR ) DX SORE 2 80 0] o BSORE o A v, BRI ST PR 7 37
A PRI 435 1) Je AR /M 5 L S S b e A7 AE R
i) _E AR [R5 1
4.4 ETHMN 5 HEIROCHZL

¥ BFSTSHEG J5 13 2 i 2 T8 4 B RO C
Bk 53. 135 A 0 2 AR S B 4% (SCN) K&
3275 A 28 R N TR 9 AR N 4% (T CIND) #BEAT X6 L
Ped1F1Ped 2% T #LM 7 BFIROC 2 1 Lh A 45 2R
WmETHTR. ALLEH, MR 4R H SCNEL
TCN, ASCHEH IBESTSHK F XU A6 I 7 b2
T BEAT 2 T = A I %, B3 DU 7 Rl (1 e
2 YR WU A TR A Lt T B g A P 2 ) A R 3 B [ A
B — e RENRT.
4.5 FiEMRELLE

NT BIRA SR, B 2 A N 4
B BFSTS 54 G AL iR 5 7 MPPCAS],
HOFME, DA BT R FE 5 2] 1 )75 Conv-AEL)

ConvLSTM-AEP Unmasking?''filStack
RN N 2217 B F 500 23 £ ) il 2% 73 N M EER A
AUCHHT 75 KRS B b, Hoh, BFSTSIH
[ A0S 25 73 1) SR FH 1) BT SR A AR 3 B8R A o v 7 5K
FEHL3MT, RIL=3. ks ELA A R AR 1R
MR LA, AH TG AR R i,
BT URE 2 I 7 1A RE e A3 B BB AP R MRS A . AH
b T H e R AR 7 vk, AR AT FIBFSTS
TG T HAR AR AR R, RIUCIRTG T AR
AT BRI 25 SR, AR BT SOk [9] 4% HE 9 Conv-
AE, BFSTSHEHIAUCYEPedl K Ped 204 & L2
T 7 491% K4.7%. 4, FTLUE IR BFSTSH
ALK FH 8] B SR A I A T SR, LR D T e e 2
P FEROE e gk, H BT AR AR 8] R DRI
BOK, B AH AR TE B R H i AR, BRI
R SRR R BRI T IE SR A,
5 Z5RiE

Ay [ B R LA [ AN BT )£ BSR4 T R 4T
DRSNS, AR SR S DU £ (0 B 2 9 S
17K IR (BFSTS) . 5 Hofth 3 3 47 A der I 55092
FHEE S ARSCHE H 0 DU S il e (0 B 2207 S 3 AT o
DSR2 RT DUSE A R A 0 L e It REdE — b g
TR EAT N MMEERFMAUC. (HIEAF1E— & 1
SR [P, A SRR S SR = #EAT 1 B A TR 22 1R 1Y
A, DRIE S 20 I s TR MU P A A . S v
AT DA DU A R i A 4 AT A AR v ) S AR
{8, B LUG SECRIER NSRRI R, S ml
R S



%5 5 1 Wr 24 JE T DU SR & RO I 23 3 53 0 AT oA D AR R 1143

1.0
Bl
X 05 | B
= . Lo
0 100 200 300 400 500 600 700 800 900 0 50 100 150 200 250 300 350 400 450 500
(al) Avenue #5145 (a2) Avenue #13¥45
Bl
&
=
.EHS
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
(b1) Pedl #2845 (b2) Pedl #2594
Bl
&
=
_]E—s
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
(cl) Ped2 #2145 (c2) Ped2 #4145
«= BFSTS mu Ground truth
Kl 6 AIRLAL RO o 2 A
10 | o
09
08 R
o
0.7 "4
v 0.6 f <2 5 N
M o05 S i S
04 [ ok i
03 e —te
0.2 'y NI
0.1 ’ 8 -
0 0102030405060.708091.0 e BFSTS 0 0102030405060.708091.0
RIE SCON RIEZ
(a) Pedl =@=TCN (b) Ped2
7 UCSD Ped1 MPed2%dfi A= 2 T #UU 70 B TR OC i 22
&1 EFHNHHAOMR THEERFMAUCLLE (%)
e UCSD Pedl UCSD Ped2
His EER AUC EER AUC
MPPCA+SFU!0 32.0 74.2 36.0 61.3
HOFME!M 33.1 72.7 20.0 87.5
Conv-AE" 27.9 76.8 21.7 90.0
ConvLSTM-AE? N/A 75.5 N/A 88.1
Unmasking®! N/A 68.4 N/A 82.2
Stack RNN2 N/A N/A N/A 92.2
BFSTS([ake /5K FE) 28/27.9 76.5/77.8 16.0/13.0 92.7/94.7
& £ X W [2 WEN Hui, GE Shiming, CHEN Shuixian, et al. Abnormal
[1] LU Cewu, SHI Jianping, and JIA Jiaya. Abnormal event event detection via adaptive cascade dictionary learning[C].
detection at 150 FPS in MATLAB[C]. Proceedings of 2013 Proceedings of 2015 IEEE International Conference on
IEEE International Conference on Computer Vision, Image Processing, Quebec, Canada, 2015: 847-851. doi:
Sydney, Australia, 2013: 2720-2727. doi: 10.1109/ 10.1109/ICIP.2015.7350919.
ICCV.2013.338. 3]  GUO Huiwen, WU Xinyu, CAI Shibo, et al. Quaternion


http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/

1144 R =

=]

¥k

A1 %

4]

5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

discrete cosine transformation signature analysis in crowd
scenes for abnormal event detection[J]. Neurocomputing,
2016, 204: 106-115. doi: 10.1016/j.neucom.2015.07.153.
SABOKROU M, FATHY M, HOSEINI M, et al. Real-time
anomaly detection and localization in crowded scenes[C].
Proceedings of 2015 IEEE Conference on Computer Vision
and Pattern Recognition Workshops, Boston, USA, 2015:
56-62. doi: 10.1109/CVPRW.2015.7301284.

SABOKROU M, FAYYAZ M, FATHY M, et al. Deep-
anomaly: Fully convolutional neural network for fast
anomaly detection in crowded scenes[J]. Computer Vision
and Image Understanding, 2018, 172: 88-97. doi:
10.1016/j.cviu.2018.02.006.

XU Dan, YAN Yan, RICCI E, et al. Detecting anomalous
events in videos by learning deep representations of
appearance and motion[J]. Computer Vision and Image
Understanding, 2016, 156: 117-127. doi: 10.1016/j.cviu.
2016.10.010.

DIMOKRANITOU A. Adversarial autoencoders for
anomalous event detection in images[D]. [Ph.D.
dissertation], Purdue University, 2017.

FEER, R, AR 2E S RO B 2 e B A ) A
AT R R R [J]. B3R, 2017, 43(4): 604-610. doi:
10.16383/j.aas.2017.¢150667.

YUAN Jing and ZHANG Yujin. Application of sparse
denoising auto encoder network with gradient difference
information for abnormal action detection[J]. Acta
Automatica Sinica, 2017, 43(4): 604-610. doi: 10.16383/
j.aas.2017.c150667.

HASAN M, CHOI J, NEUMANN J, et al. Learning
temporal regularity in video sequences|[C]. Proceedings of
2016 TEEE Conference on Computer Vision and Pattern
Recognition, Las Vegas, USA, 2016: 733-742. doi:
10.1109/CVPR.2016.86.

CHONG Y S and YONG H T. Abnormal event detection in
videos using spatiotemporal autoencoder[C]. Proceedings of
the 14th International Symposium on Neural Networks,
Hokkaido, Japan, 2017: 189-196. doi: 10.1007/978-3-319-
59081-3_23.

FEICHTENHOFER C, PINZ A, and ZISSERMAN A.
Convolutional two-stream network fusion for video action
recognition[C]. Proceedings of 2016 IEEE Conference on
Computer Vision and Pattern Recognition, Las Vegas, USA,
2016: 1933-1941. doi: 10.1109/CVPR.2016.213.

SHI Xingjian, CHEN Zhourong, WANG Hao, et al.
Convolutional LSTM network: A machine learning
approach for precipitation nowcasting[C]. Proceedings of the
28th International Conference on Neural Information
Processing Systems, Montreal, Canada, 2015: 802-810.

LIU Ce, FREEMAN W T, ADELSON E H, et al. Human-
assisted motion annotation[C]. Proceedings of 2008 IEEE

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

22]

[

(EERPAR

Conference on Computer Vision and Pattern Recognition,
Anchorage, USA, 2008: 1-8. doi: 10.1109/CVPR.
2008.4587845.

XIE Yulin, LU Huchuan, and YANG M H. Bayesian
saliency via low and mid level cues[J|. IEEE Transactions
on Image Processin, 2013, 22(5): 1689-1698. doi:
10.1109/T1P.2012.2216276.

LI Xiaohui, LU Huchuan, ZHANG Lihe, et al. Saliency
detection via dense and sparse reconstruction[C].
Proceedings of 2013 IEEE International Conference on
Computer Vision, Sydney, Australia, 2013: 2976-2983. doi:
10.1109/ICCV.2013.370.

MAHADEVAN V, LI Weixin, BHALODIA V, et al.
Anomaly detection in crowded scenes[C]. Proceedings of
2010 TEEE Computer Society Conference on Computer
Vision and Pattern Recognition, San Francisco, USA, 2010:
1975-1981. doi: 10.1109/CVPR.2010.5539872.

DUCHI J, HAZAN E, and SINGER Y. Adaptive
subgradient methods for online learning and stochastic
optimization[J]. The Journal of Machine Learning Research,
2011, 12: 2121-2159.

GLOROT X and BENGIO Y. Understanding the difficulty
of training deep feedforward neural networks[C].
Proceedings of the 13th International Conference on
Artificial Intelligence and Statistics, Sardinia, Italy, 2010:
249-256.

WANG Tian and SNOUSSI H. Histograms of optical flow
orientation for abnormal events detection[C]. Proceedings of
2013 IEEE International Workshop on Performance
Evaluation of Tracking and Surveillance, Clearwater, USA,
2013: 45-52. doi: 10.1109/PETS.2013.6523794.

LUO Weixin, LIU Wen, and GAO Shenghua. Remembering
history with convolutional LSTM for anomaly detection[C].
Proceedings of 2017 IEEE International Conference on
Multimedia and Expo, Hong Kong, China, 2017: 439-444.
doi: 10.1109/ICME.2017.8019325.

IONESCU R T, SMEUREANU S, ALEXE B, et al.
Unmasking the abnormal events in video[C]. Proceedings of
2017 IEEE International Conference on Computer Vision,
Venice, Italy, 2017: 2895-2903.

LUO Weixin, LIU Wen, and GAO Shenghua. A revisit of
sparse coding based anomaly detection in stacked RNN
framework[C]. Proceedings of 2017 IEEE International
Conference on Computer Vision, Venice, Italy, 2017:

341-349. doi: 10.1109/ICCV.2017.45.

o, 19764E4F, #HIR, HMLASN, EEHATRNGEE

Rl IR A
4, 199344, WitAz, WER T BN AT e,


http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.cviu.2018.02.006
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.cviu.2018.02.006
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.cviu.2018.02.006
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.neucom.2015.07.153
http://dx.doi.org/10.1016/j.cviu.2018.02.006
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.1016/j.cviu.2016.10.010
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.16383/j.aas.2017.c150667
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/10.1109/TIP.2012.2216276
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/

