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A, AGHANA AESE 59 o BNANF LEROE o|EAZ
(e} hya A

REae] FES(410m)9] W

o~
AEE STIUF A%on olFdel, Ange] weemk Jo| zagel WeEHk A3 AANLH AES

X7 E, AB0GANN QLSS F4 o) ARE A= o)FAA w, dxfo 9=
HZEsle] Q59(410p) HAT o HyuyF 29 U(400)9 HAAT Ho Furt A @
olgiZ o & olxale], Aw$ol Huk o] Yo HAY A3 AXHEE A= (410p")E

= =
EA F 2R o)A} A (p)E A (= 59 2" 17~193%, & 6 FF).

T 7 B odel A AAde] mE o]y 43 g4 Ao EFRo|tt. B wyge] o AAdel] wE o] A
g B2 A= Holr shte] TR AA(520), wWREE(540), D AF FX (56002 XIS = vk, Lol o
T8 vke} o], o] A3 BX IR = 1o =AIE G4 Al Alzwlel A A Al A (20)el o FHE=E
F drk. olggk A, fgAAlY] AW (20)= 7+ ZAl ZhER(10a~10n)7F B 5% Al 9G4S sl AR S
B wolEola, FAE 7HA GAelA ol S et agEX g, B ool thE A=, A
o] AW (20)7F obd NE Al ZhelE(10a~10n)7F o1 A3 BX FX=2 28T ¢ da, B4 AxE 7ZAA
o] AW (20)o AEE 4 9tk

ZRAA (5200 H 2 (540) /= A AX(560)o] AFE TEaH HuHS APt £ vy, TEAA

(520)= AHojx= 3o =9+ A8 A (central processing unit, CPUYW Ze)® A2 =X (graphics

processing unit, GPU)ol 93] 8= 4 on, uto] & wgo] w2 WS 38 = 9= ojEle] T2

qd 4 9l

W22 (540)E oA RAM(Random Access Memory)$t #2 34 w2e]9}, ROM(Read Only Memory)d} #& H]

by wEYE 2 ¢ drk. WEZ(540)E A FX(560)0] AGH TR PES 2rslo], ZREA
e}

6 =
A (520) 0l AlgFFezM ZEAA(520)7F ol AT & U=F & F AU

A A Ge0)= Z2ad WH@H delds AAFstrle @ ZEmAEA, Jdddg st= vad, 239 ¢
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DVD(Digital Video Disk)$} 22 4 7|5 wia|(Optical Media), ZFEZA vl (Floptical Disk)9} £ 27
-3 i A (Magneto-Optical Media), ZeiA] wlZ2Ju} EPROM(Erasable Programmable ROM) & ol&S 7|Wto=
A ZE = SSheF 22 WA WEEE X 4 .

A AA(60)= 47l 2RO ¥R8S ARG, 59, 7] Z2ad ¥R & Oudd wE ol 4% o
A e Fdsky] g o) AR wx TS xS g vk Y] ol AR BA TR A
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A ZHJRG AR o® b o =y Y] AA ZHYRG AAHoE HI olF s EUE
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Az el o] el £FH U= Alw AAS = dALE Ee= ol AR wA UHE sk
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gl ) = 2 2 X2 AA(520)9] Aol 93] wREE](540)0] =
=5 Ao, Z2AA(520)0] o8 Aol & o] o3t WS AT 4 o).

&

A dole] AJEQ 'CUHK Avenue', 'UCSD Ped2', 'ShanghaiTech
Campus' HloJE] MEE Al&3le] 2 dge) o3t o)t A3 €9 Jgdx 9 £5E HAESGT. 7 dolH

'CUHK Avenue' ®lolE] MEi= 640x3609] )d=g 7k 167H4 FH 94 219 HrE 94 zﬂ%
g dlo]lEL= 25 fpsolth. o] HlolE AE= JhetR Y AAF dojd s AATE FopA= 50l

»o_OL
)

UCSD pedz FlolE] A= 360x2102] SIS THL 101e] 4 A4 12)9) B Qg Ags 2

A #olEE 10 fpseltt. o] dHeoly MEE FHR R AA7 dojxgete A A7|7} vtk 54

S
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A&t Y o]E= 24 fpsoltl. o] HolH HE= Avenue, Ped2 Hlo]E AE<} th=A thefsk Zhxeof Hl

270& 7 1309 FielA FGHATHE 5 0] Tt

2 Iy AES 2 oy MEA o A B Ao £E5 A7 A8l 7 dlolH MES Fd 94
o] QIFAH W (Cross U-Net) EAS SHEAIF I g<5%¥ Cross U-Net B3} cascade sliding
sto] HAE Q749 Za vttt o) HA4E g5eisict. aga ZddE o Haet 4

A ol A3 E3 oJFE Edl2 4412 22 54 (ROC: Receiver
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533t
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7ol aIAlES HolFE,
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EHS

Algorithm 1. Cascade sliding window algorithm
Input: real current frame F, ;, predicted current frame F; ;, frame size
s, window size §, window decrease size d

Output: anomaly score S
1 I = (Fz'., = F,_j)2 /* image on the square of the difference be-
tween F; ; and E, T |

192

Initialize coordinates x = 0 and y = 0, mean squared error of
each patch p;
3 while y < s do

4 if y + § < s then

S while x < s do

6 if x + § < s then

7 R Ya-aich e 8
8 else

9 Px = siz f=s-8 j:; lz.j
10 end if

11 x=x+§

12 end while

13 else

14 while x < s do

15 if x + § < s then

16 pi = TR il
17 else

18 P = siz ime=s j=s-tlty
19 end if

20 x=x+3§

21 end while

22 x =0

23 y=y+$§

24 §=8§-d

25  sort(p,) in ascending order

! 1 n

- = ;21:1 Py

27 Return S

_19_
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EH8
AUC (%) /
Dataset dexgcsjg“s/ize Initial window size (pixels) /

Patch number

0 90.59/36%/6

1 90.65/352/7

i 2 90.61/522/4

3 90.74/54% /3

4 90.77/57%13

5 90.68/592/3

0 96.99 /292 /1

1 96.62 /402 / 1

Ped? 2 96.13/50% /1

3 95.51/54% /1

4 94.78 /57 /1

5 94.09/592/1

0 72.48/20%/2

1 71.82/36%/1

) 2 71.45/52%2 /1

ShanghaiTech

3 71.26 /582 /1

4 71.14/73% /1

5 71.07/74% /1

EBY
Method Avenue Ped2 ShanghaiTech

AMDN [25] N/A 90.8 N/A
Zaheer et al. [22] N/A 98.1 N/A
Conv-AE [13] 70.2 90.0 N/A
ConvLSTM-AE [17] 77.0 88.1 N/A
TSC [14] 81.7 92.2 68.0
Liu et al. [18] 84.9 95.4 72.8
sRNN-AE [15] 83.5 92.2 69.6
Tang et al. [21] 83.7 96.2 715
Anomalynet [16] 86.1 94.9 N/A
MPED-RNN [11] 86.3 N/A 73.4
Nguyen et al. [23] 86.9 96.2 N/A
STAN [20] 87.2 96.5 N/A
Chen et al. [24] 87.8 96.6 N/A
lonescu et al. [10] 90.4 97.8 84.9
Cross U-Net 90.8 97.0 725
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EHI0
Dataset
Avenue Ped2 ShanghaiTech
Preprocessing time 1 1 6
Prediction time 28
Inference time 2 4 7
Running time 31 33 41
EHII
Method Dataset Running Time
Avenue 110
lonescu et al. [10] Ped2 224
ShanghaiTech 127
Avenue 31
Cross U-Net Ped2 33
ShanghaiTech 41
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EHI12c
ShanghaiTech
ol4 Ha
o
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Bicycle Car Throwing  Skateboard
bag
ol
Ery
Hl
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3
o4 Ha
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L)
Hl
KIr :
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<0
8o
e
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Small Cropped Predicted
well
EHI3
AUC (%)
Model Avenue Ped2
No concatenation 87.88 80.05
cc 87.34 81.23
CE 90.23 93.55
Cross U-Net (CC + CE) 90.77 96.99
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