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ABSTRACT

Anomaly detection is a problem that has received much attention in recent
years with many high-precision methods born. Future Frame Prediction
is a novel approach to video anomaly detection. This method has the main
idea of using videos containing only normal frames to train the model. In
the test phase, the model can take as input a video containing an anomaly
frame, the anomaly detection is based on the difference between the frame
reconstructed from the normal data and the actual frame containing any
abnormality, usually in test video. In this paper, the model was improved
by changing the optical-flow estimator in the Future Frame Prediction
model and modify the error function of this model based on the FenceGAN
work to increase the anomaly detection performance. The results after
fine-tuning showed that the model improves on average 0.5% accuracy
on standard datasets such as UCSD Ped1, UCSD Ped2, Avenue.

TOM TAT

Phat hién bat thwong la mot bai toan dwoc quan tam nhiéu trong nhiing
nam gan ddy véi nhiéu phirong phdp ra doi co do chinh xdc cao. Future
Frame Prediction la phwong phdp tiép cdn méi la doi véi bai todn phdt
hién bat thirong trong video. Phwong phdp ndy ¢6 y twong chinh la si
dung cdc video chi chira kKhung hinh binh thuong @é hudn luyén mé hinh.

Giai doan kiém tra, mé hinh ¢ thé nhdn dau vao la video ¢ chira khung
hinh bat thuong, viéc phat hién bat thuwong dua trén sy khdc biét giira
khung hinh dwoc tdi tao tw dir liéu binh thuong va khung hinh thuc té ¢6
chira bat thuong trong video kiém tra. Trong bai bdo nay, mé hinh dwgc
cdi thién bang cdach thay doi thanh phan wée lwrong optical-flow trong mé
hinh Future Frame Prediction va sua déi ham 16 dya trén cong trinh
FenceGAN nham tang hiéu sudt phat hién bat thuong. Két qua sau khi
tinh chinh, mé hinh cdi thién dé chinh xac trung binh 0,5% trén cdc bg dir
liéu chudn nhu UCSD Pedl, UCSD Ped2, Avenue.

1. GIOI THIEU

1.1. Bét thwong trong video
1.1.1. Pinh nghia vé bdt thiong

Mot §6 cong trinh trude day timg dé cap dén khai
niém bat thuong nhu Chandola et al. (2009),

Chalapathy et al. (2019), Zhu et al. (2020),
Ramachandra et al. (2020)... Trong do, dinh nghia
vé bat thuong ciia Ramachandra et al. (2020) khong
chi bao quat cac dinh nghia trudc ma con b6 sung
thém thong tin ngir nghia veé khong gian va thoi gian
khi xac dinh sy kién bat thuong. Cu thé,
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Ramachandra va cac cong sy da cho rang bat thuong
trong video c6 thé dugc coi la su xuat hién cua dbi
tugng bat thuong, thudc tinh chuyén dong bét
thuong hodc sy xuat hién ciua ddi twong c6 thudc
tinh hodc chuyén dong khong thuong gap ¢ cac dia
diém hozc thoi diém xéac dinh. Véi dinh nghia nay,
trong cong trinh cling da néu ra nhiing khé khan va
thach thtrc dén tir dir liéu cua bai toan. Cu thé, ban
chat khai niém bat thuong khong cb dinh va khong
nhét quan & nhirng ngit canh hoac nhiing thoi diém
khéc nhau.

1.1.2. Khéng nhdt qudn khdi niém bdt thirong

theo khéng gian va thoi gian

Trong cac khao sat vé bat thudng ma ching toi
tham khao, viéc khong nhit quan va khong 6n dinh
cua bat thuong trong video ciing 1a mot van dé Ién
duoc quan tam.

Khi n6i vé su khong nhét quan cua bit thuong
theo khong gian, nghia 1a khi thay déi ngir canh
video nhan dinh v& bat thuong c6 thé khong con
dung nita. Gia sir video ghi hinh tai mgt cong vién
hodc mot dia diém cong cong co canh xung dot, bao
lyc, danh nhau,... ngit canh nay chinh 1a canh bt
thuong. Mat khac, néu video duoc ghi hinh tai mot
giai dau vo, boxing,... thi hanh dong xung dot, danh
nhau khéng han 1a mot canh bat thuong. Tém lai,
khi ngir canh video bi thay ddi, dinh nghia bét
thuong ciing khong con diing véi ngir canh maéi. Noi
cach khac, bét thuong trong mot hodc mét sé ngir
canh khong hin s& 1a bat thuong & tit ca cac ngit
canh khac va nguoc lai

Déi vai viée khong nhit quan bat thuong theo
thoi gian, gia sir mot trung tim mua sim hoat dong
tir 8h — 23h mdi ngay trir cac ngay cudi tuan, trung
tdm nay c6 camera an ninh ghi hinh tai quiy thu
ngan. Viéc khach hang ra vao qudy thu ngan trong
gio 1am viéc 1a sy kién binh thuong (khong phai bat
thuong). Tuy nhién, ngoai gio lam viéc hoac & thoi
diém ma trung tim mua sam dong cira, viéc ghi lai
canh c6 ngudi ra vao quay thu ngan lai 13 sy kién bat
thuong. Tom lai, cing mot ngir canh, néu thoi gian
thay ddi thi khai niém bat thuong ciing khong con
chinh xac tuyét d6i nira. Néi cach khac, dé xac dinh
dung sy kién bat thuong can chi ¥ dén khong chi 1a
ngir canh trén video ma con can dic biét luu y dén
thoi diém dién ra bat thuong dé tranh nhdm Ian cho
viéc phat hién bat thuong tir d6 tranh sai sot cho cac
kién trac mé hinh duoc xay dung cho bai toan nay.

1.2. Phwong phap du doan khung hinh bat

thuong

Dy doan bét thuong trong video 1a mot nhanh
cua phat hién bat thuong, dugc su dung rong rai
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trong viéc xdy dung hé thong giam sat an ninh ty
dong & nhimg noi cong cong nhu duong phd, san
bay, siéu thi, trung tdm wvui choi giai tri,...
(Ramachandra et al., 2020). Phuong phap Future
Frame Prediction cho phép xac dinh sy bét thuong
& nhimng khung hinh cu thé (mirc khung hinh) hoc
céc ving cu thé cua khung hinh (mirc khong gian)
¢6 chira sy kién bat thuong trong video bang cach so
sanh cac khung hinh chi chira sy kién binh thuong
dugc tao ra va khung thyc té cua video. Khung hinh
bat thuong dugc chi dinh phu thude vao ngudng
dugc dat ra trong viéc so sanh khung hinh thyc té va
khung hinh dugc du doan. Trén hét, viec phat hién
bat thuong con phu thudc rit nhiéu vao ngit canh caa
mai tap dir liéu.

Phuong phép nay dugc xdy dyng dua trén kién
tric GAN (Liu et al., 2018) trong Hinh 1(a) véi U-
Net 1a Generator. Kién tric dic biét caa U-Net
(Hinh 1(b)) nay cho phép tai tao khung hinh c6 cung
kich thuéc véi khung hinh dau vao. Y tudng chinh
ctia mo hinh Future Frame Prediction 1a tao ra khung
hinh khéng bt thuong bang cach chi hoc cac video
khong chira khung hinh bét thuong. Néi cach khac,
mo hinh chi hoc cac dac trung ctia khung hinh binh
thuong dé c6 thé tai tao ra khung hinh khong chira
cac su kién bat thuong va tir d6 tao tién dé cho viéc
phat hién khung hinh bét thuong ¢ budc kiém tra.

O budce huan luyén, thanh phan “Generator” cua
mo hinh két hop vai optical-flow trong viéc du doan
khung hinh dé nang cao chat lugng cua viéc tai tao
khung hinh va dam bao tinh logic chuyén dong cua
cac ddi tuong gitta cac khung hinh truéc va sau. Céac
khung dugc tao ra sé dugc phan loai boi
“Discriminator” dé danh gia cac khung duoc tao nay
1a that hay gia. O budc kiém thir, mé hinh s& nhan
vao video ¢6 chira cac khung hinh bat thuong, nhiém
vu cta md hinh 13 ¢6 gang tao ra khung hinh khong
chua su kién bt thuong. Khung hinh nay duoc so
sanh voi khung hinh thyc té dé xac dinh xem khung
hinh thuc té c6 chta sy kién bat thuong hay khong
dua trén ngudng xac dinh bét thuong da dugc xac
dinh tir truée. Trong pham vi bai bao nay, thanh
phan wéc lwong optical-flow tir FlowNet2 (2017)
duoc chuyén sang phuong phap hién dai hon la
RAFT (2020), dong thoi chinh stra ham 13i cia mé
hinh tir ham 16i GAN co s sang y twong ham 16i
cua FenceGAN nham cai thién do chinh xac AUC
cua mo hinh Future Frame Prediction.
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A. Mo hinh Future Frame Prediction

B.
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Kién tric mang U-Net dwgc diéu chinh béi Liu
et al. (2018)

Hinh 1. Anh minh hoa mé hinh ciia Future Frame Prediction véi U-Net 1a thanh phin Generator

(Ghi chii: Pau vao (a) la 1 loat t frame danh lién tiép (trong bai bao t=5). Trong dd, 4 frame anh dau sé la dau vao cho
Generator (b) dé du dodn frame cudi cing. Frame dnh cudi ciing dau vio diroc xem nhw “ground-truth” dé danh gia

két qua duw dodn khung hinh.)

2. PHUONG PHAP NGHIEN CUU

2.1. Cac nghién ctru lién quan

2.1.1. Phat hién bdt thirong trong video ¢ muc
khung hinh va murc khong gian

Phat hién bt thuong trong video c6 hai mirc
chinh & mtc khung hinh (temporal localization) va
muc  khong  gian  (spatial  localization)
(Ramachandra et al., 2020). Trong d6, mrc khung
hinh s& phat hién sy kién bat thuong cho du bét ky
khung hinh nao trong video c¢6 chira sy kién bat
thuong hoac sy kién mai la khong dugc hoc trong
budc dao tao. Trong khi do, phat hién mirc khong
gian s& phan doan viing bat thudng sau khi phat hién
khung hinh bt thuong.

Noi cach khac, & muc khung hinh, vié¢c phat hién
su bat thuong khong quan tim dén hinh thtc va vi
tri sw kién bat thuong xay ra trong khung hinh video.
Thay vao do, viéc phat hién cac sy kién bét thuong
trong video giam sat dudi mic khung hinh s€ mé ra
kha ning 4p dung cac mo hinh giam sat yéu cau phat
hién du nhanh va canh bao kip thoi trong hé thong
giam sat an ninh.

2.1.2. M6 hinh uéc luong optical-flow

Optical-ﬂow c6 nhiém vy wdc tinh dac trung
chuyén dong theo thoi gian trén moi pixel gi&g cac
khung hmh video. Day cung la mot bal toan rat lau
ché boi nhirng khé khan bao gom chc vat thé Chuyen
dong nhanh, vat can, chuyén dong mo va bé mat
kém ngir nghia (Teed et al., 2020).

FlowNet 2.0: Sy tién hod ciia viéc uéc heong
optical-flow bang kiéen tric hoc sdu

_FlowNet2 (Ilg et al., 2017) la phién ban phat
trién cta FlowNet. Chang la mang duoc su dung
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trong nhiém vu udc tinh optical-flow véi hiéu suat
cao. Bang cach xép chdng cac bién thé FlowNet,
FlowNet2 da dat dugc hiéu suét cao va duge coi 1a
hién dai tai thoi diém duoc cong bd. Kién tric nay
cling duoc Liu et al. (2018) st dung cho mo hinh
Future Frame Prediction cua minh.

RAFT: Bién ddi hoi quy tdt ca cap viing cho viéc
ude luwong optical-flow

RAFT (Recurrent All-Pairs Field Transforms)
(Teed et al., 2020) 1a m6 hinh uéc luong optical-
flow hién dal (Hinh 2(a)). Nghién ctu cua llg et al.
(2017) da c6 ging cai tién FlowNet co s¢ tr¢ thanh
FlowNet2 (Hinh 2(b)) bang viéc xép chdng hai bién
thé FlowNetC va FlowNetS két hop v6i FlowNet co
SO tiéu chuén va thanh phan warping dé cai thién
chat luong dau ra cua optical-flow. g et al. (2017)
cho rang, viéc két hop céac bién thé FlowNet va tinh
chinh dir liéu huan luyén dong nhét cho bién thé
FlowNetC va FlowNetS s& gitip cai thién lon vé chat
luong cua optical-flow. Trong bai bao ciia minh, ho
da chimg minh FlowNet2 lam giam dén 50% I5i khi
ude lugng optical-flow va tr¢ thanh phuong phap
state-of-the-art tai thoi diém ra mét nam 2017.

RAFT 1a mo6 hinh ué6c lugng optical-flow SoTA
tinh t6i thoi diém hién tai va duoc ra mit vao nam
2020. M6 hinh cho hiéu suat tét nhat trén b dit liéu
KITTI (Geiger et al., 2013) va ca Sintel. Khac vai
FlowNet2, Teed et al. (2020) da dé xuat RAFT voi
¥ tuéng chinh 13 dung kién trac mé hinh méi véi 3
giai doan: trich xuit dic trung, tinh d6 twong quan
“visual”, thuc hién vong 1ap Ién dé téi uu két qua
mo hinh. Piéu dic biét & RAFT la sir dung khéi
tuong quan 2D va 4D thay vi 1a chi tinh toan gia tri
turong quan. M6 hinh RAFT cho hiéu suit cao hon
nhiéu so véi FlowNet2 trén cac bo dir liéu tiéu
chuan. Cu thé véi 151 dau cudi (EPE) 1a 1.609 trén
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bo dir liéu Sintel (clean) gitp giam 16i khoang 60% khung hinh truéc va sau phai logic véi nhau \{é
so véi FlowNet2 c6 EPE 1a 3.960. huéng chuyén dong, mau sac, do sang,... cuia cac doi
Viéc thay thé FlowNet2 bing RAFT trong nhigm (48 trong khung hinh. Vi vay, Liu et al. (2018) da
. . - £ dé xuat mot phuong phap co6 tén la Future Frame
vu udce lugng optical-flownham cai thién hiéu suat L N . , . N
du doan khung hinh va t&i uru ham 13i trong qué trinh Predlctlpn bang céch sir dung N so cua GA.N va k? t
huén luyén. EPE thip hon trén cac bo dif liu tiew 9P OPtical-flow duot dy dodn boi pre-trained cua
chuén so .V(;i FIowNeIt)Z RAFT mang dén tiém ning FlowNet dé cai thién chat lwong du doan khung hinh
t6i wu két qua ude luong optical-flow cuc by va toi (Hmh l(a))ﬁ Y tu’g“pg Chln}{ cua Bhuf(mg Phap Jay ‘la
wu ham muc tiéu tong thé ciia mo hinh, tir d6 lam su dung mot chuoi t hinh anh lién tuc lam dau vao
ting d6 chinh xac AUC cua viéc phat hién bt cua ca md hinh. Trong d6, ho s dung t-1 hinh anh
thusna. i i dau tién d¢ tai tao khung hinh thir t va phén loai hinh
g o anh duoc tao nay la thuc hay khong theo D. O buéc
2.1.3. M6 hinh GAN tai tao khung hinh thit t, khung hinh dugc tao ra xem
Generative  adversarial networks  (GAN) nhu 12 khung hinh duoc dy doan va khung hinh nay
(Creswell et al., 2018) da dugc chiing minh tinh hiru duA(yc:fiu?g de so §anh Vol khung hl?h thu_E thuf: tS;
ich ctia minh trong viéc t4i tao hinh anh véi nhidu D0 10i tong thé cia md hinh bao gom nhiéu d loi
cong trinh lién quan. Kién tric mang nay bao gdbm 2 phu nhu: 16i téi tao khung hinh (flow lo?s,.s, intensity
thanh phin, Generator (G) va Discriminator (D) loss, gradient loss, generation loss), 16i phan loali
duoc thé hién trong Hinh 1(a). Didu d6 cho phép md khung hinh duorc tai tao (discriminator loss). Ham
hinh hoc cach tai tao lai khung hinh trong video 13i tong thé van con kha phan tan, chua dugc cac tac
bang G va cai thién chét luong tai tao bang D. Tuy g!‘} tap Emng V?O Vl@cAth,‘m‘ V"; .kl Vong_cal th!¢n
nhién, viéc tao khung hinh trong video RGB doi hoi h'?u suat moAhIRh, mot S0 hAam’ 101 duoc t'nh‘ Chlnh
céc yéu t6 nhu do phan giai, chi tiét, mau sic vadac ~ thanh phan d& toi uu hicu suat tai tao khung hinh, tir
biét 1a chuyén dong cua cac déi twgng gita cac do6 tang hiéu suat phat hién khung hinh bat thudong.

‘ e ot =) =0 ) i e ' = N o
[T =z
A. M hinh kién triic ciia RAFT tinh gon hon,
mo hinh gom 3 giai doan: Trich xuat dic trung,
tinh dj twong quan “visual”, thyc hi¢n vong lip
Ion dé toi wu két qua md hinh (Teed et al., 2020)
Hinh 2. Kién triic mé hinh Flownet2 va RAFT

B. Mo hinh kién triic ciia Flownet2 véi kién tric
lon, xép qhﬁng cac bién thé caa FlowNet dé cai
thién chat lwgng optical-flow (llg et al., 2017)

2.1.4. FenceGAN
Vin dé ham 15i va viéc toi wu no6 trong kién tric
GAN la mét van dé dugce quan tam kha nhicu, dac

Ham 161 géc ciia Discriminator trén GAN:

GAN(Gg,D¢,x Z)=

biét ddi v4i bai toan tai tao khung hinh. Do dic trung
mo hinh gdm nhiéu thanh phan, trong d6 thanh phan —Z [—log (DdJ (xl-)) —log (1 — Dy (Ge (zl)))]
Generator (G) va Discriminator (D) dugc xem 1a hai N i=1

thanh phan d6i ngau lan nhau. Do d6, viéc tdi uu cac
siéu tham s ciing nhu ham 131 dé hai thanh phan nay
dat dugc hiéu suat tét van 1a mot thach thie rat lon.
Liu et al. (2018) d dua trén ham 16i co s ciia GAN
dé tinh toan 15i cho thanh phan G va D.

Trong do, X' = {xy, %, ..., xy} 1a tp dit licu gom N
diém dit liéu va mdi diém dix liéu x; 1a mot anh hodc
khung hinh. Nhiém vy cia GAN 1a ¢6 géng tao ra
mot ban sao that nhét co thé cua timg diém dir liéu

x;. Voi mdi diém dir liéu duoc xem nhu thudc vé
Ham 16i goc ciia Generator trén GAN: mot phan phdi Py, cua dit liéu thyc. GAN sau khi

AN dugc huan luyén sé nhan dau vao 1a mot diém dit
£G3"(Go Dy, 2) = liéu ngdu nhién thudc V& p,. va duoc xem nhu
1 thuoc vé mot phan phdi nhiéu. Biém dir liéu nhiéu
ﬁz [log (1 — Dy (Go (Zi)))] nay duoc dua vao GAN dé tai tao lai khung hinh

i=1 bing nhitng dac trung di liéu da dugc hoc trude do.
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Tap diém dit liéu nhidu chinh 12 Z = {z,, 2,, ..., zy}
trong cong thirc ham 18i goc cia GAN duoc dé cap
bén trén. Tuy nhién, viéc cb gang tao ra diém dix liéu
that nhat thuoc phéan phdi dir liéu thuc thuong gap
phai tinh trang qua khép vai dir ligu thye. Khi d6 G
s& dat duoc hiéu suat tai tao khung hinh qua t6t dan
dén két qua phan loai ciia D kém di va diéu nay dugc
coi 1a khong hiéu qua cho mot hé thdng ciia mo hinh
phat hién bat thuong. Diéu d6 dan dén ham 15i gbc
ciia GAN truyén thong khong truc tiép phu hop véi
muc tiéu phat hién bat thuong. Do d6, Ngo et al.
(2019) da dé xuat Fence GAN véi dong gop chinh
1a stra d6i ham 13i ciia GAN sao cho cac mau dugc
tai tao nam trong ranh giGi cua phan phdi dir liéu
thuc cho muc tiéu phat hién bét thuong. Céc sira doi
muc tiéu cta ching 1a dé Generator tai tao ra cac
mau xung quanh ranh gisi cua X, ma céc tac gia ky
hiéu 1a §X. Didu d6 cho phép Discriminator tai cudi
qua trinh dao tao, v& mot ranh gigi "chat ch&" xung
quanh X. Vi vay, Discriminator sau d6 c6 thé duoc
st dung nhu mot moé hinh phan loai mét 16p hoac
mot mo hinh phat hién bat thuong. Thay vi sir dung
ham 13i don gian cho thanh phan Generator, Ngo et
al. (2019) da dé xuat hai ham 15i thay thé d6 1a
Encirclement Loss (EL) va Dispersion Loss (DL).
LEAN(Gg, Dy, Z) khi d6 s& 1a tong cua EL va DL véi
hang s6 B € R* dé khuéch dai DL. Cong thirc ham
16i méi cho Generator theo FenceGAN duoc tong
hop nhu sau:

Encirclement Loss:

EL(Gg, Dy, Z) = %Z [log(|a — Dy (Go (z))])]

Céc tac gia ciia FenceGAN mudn G tao ra cac
diém Gy () ndam bén trong ranh giGi §X, vi vay ho
dé xuat ham 18i thanh phan cho G va duoc goi 1a
Encirclement Loss. Trong d6, a € (0,1) dugc St
dung cho EL nhu mdt siéu tham sd. Trong qua trinh
thay thé ham 18i goc L4V (Gg, Dy, Z) clia m6 hinh
Future Frame Prediction, nhiéu thuc nghiém duoc
tién hanh va danh gia, cubi cung a = 0,5 duoc chon
cho tit ca cac bo dit lieu véi hiéu suét dat duge 1a
cao nhat.

Dispersion Loss
1
u= ;Z’ivﬂ Go(z)
1
1ow
NZi:l (I1Go(z) — M||2)

DL(Gy, Z) =
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Ham 15i thanh phan két hop véi EL cho ham 13i
Generator cua FenceGAN duoc goi la Dispersion
Loss. Trong d6, u = (uq, Uy, .., g) 13 center cta
mau dir liéu vira dugc tai tao dugc tinh theo cong
thac u = %2{&1 G (z)) véi muc dich qé cac diém
dir liéu duoc tao ra tir Generator c¢6 thé phu dugc
toan bo ranh gi¢i 6X. Ham 16i méi caa G ki hiéu la
LG amor duge viet lai dusi dé xuat cua Ngo et al.
(2019) nhu sau:

LESaN o (Go, Dy, Z) = EL + B X DL

generator

Trong d6, B 1a hang sb khuéch dai DL véi 8 €
R* va dong vai tro 12 mot siéu tham sd twong tu nhu
a. Trong tinh chinh mo6 hinh Future Frame
Prediction, két qua cho thay DL khong that sy phu
hop va mang lai két qua cai thién cho mé hinh. Vi
vay trong phan tinh chinh ham 151, DL dwoc bo qua
hay néi cach khac gia tri cho 8 duoc chon 1a 0.

DPbi voi Discriminator, cac tic gia cua
FenceGAN ciing thém mot vai thay d6i nho trong
ham 13i cua D véi viéc thém vao hang sb y trong
cong thuc :

FGAN —
Ldiscriminator (GGv qu: X, Z) =

N
%Z |~1og (Dy(x)) = Ylog (1= Dy(Go(20))|

Céc tac gia cua FenceGAN dé cap dén viéc ding
hang s6 y nhu mot siéu tham s dé khién ham 1i
hoat dong tot hon trén bai toan phat hién bat thuong.
Véi ddc thi caa mo hinh GAN, viéc huan luyén D
1a mot bai toan danh doi, nhat 1a véi cac tiép can du
doan khung hinh cho viéc phat hién bat thuong. D
s& phai tap trung cho viéc phan loai tot & 16p anh gia
(dwoc tai tao boi G) hoac I6p anh that (anh
groundtruth tir bo dir lidu). Vi hing sb y € (0,1]
trong cong thirc FenceGAN, diéu nay c6 nghia 1a khi
y nhé hon 1, D s& tap trung hon vé viéc phan loai
cac diém dit liéu thuc mot cach chinh xac, do dé
ranh giGi quyét dinh cua no it co kha nang bi udn
cong vao mién X, cho phép G uéc luong 5X tt hon.
Trong qué trinh thyc nghiém, y dwoc diéu chinh theo
kinh nghiém cho tung tap dir liéu riéng biét.

2.2. Phwong phap dé xuit

Trong bai bao nay, viéc thay thé mé hinh thanh
phan wdc lugng optical-flow tir FlowNet2 sang
RAFT dugc dé xuit nham }am ting chit luong tai
tao khung hinh. M6 hinh du doéan optical-flow la
mot thanh phan quan trong trong kién truc cia
Future Frame Prediction. Optical-flow dugc xem
nhu yéu t6 rang budc vé chuyén dong dwoc nhic dén
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trong cong trinh cua Liu et al. (2018), yéu té nay
biéu dién su rang budc chuyén dong theo thoi gian
giita cac khung hinh trude va sau. Viéc dua trén yéu
t6 nay dé tdi wu 13i tai tao vé mat chi tiét cac doi
tuong trong khung hinh s€ gitip tdng tinh dam bao
logic vé chuyén dong theo thoi gian cua cac ddi
tugng gitra cac khung hinh dugc tai tao so vdi cac
khung hinh thyc té truge d6. Mot trong nhimg dong
gop chinh cua phuong phip Future Frame
Prediction 14 bd sung thanh phan u6c lwong optical-
flow cho md hinh GAN co s& nham ting chét luong
tai tao khung hinh tir “Generator”. Do d6, viéc thay
d6i md hinh wéc lugng optical-flow FlowNet2 sang
mo hinh tién tién hon 1a RAFT duoc ky vong gitp
cai thién hiéu sut cua viéc tai tao khung hinh, tir d6
lam ting d¢ chinh xac clia qué trinh phat hién bat
thuong.

Mot dong gop quan trong khac cia bai bao nay
1a d@é xuat chinh stra ham 18i ctia mé hinh Future
Frame Prediction tir ham 15i co s& cua GAN truyén
thong sang ham 13i dua trén cong trinh FenceGAN
ctia Ngo et al. (2019). Theo d6, dé xuit cai tién va
sira d6i ham 15i cua phuong phap Future Frame
Prediction dugc dwa ra dgya trén y tudng cua
FenceGAN dé tim ra cdu hinh phu hop nhét cua viéc
tinh chinh nay cho tirng bé dit liéu. Cu thé, viéc tinh
chinh va cai dit lai ham 18i m&i hoan toan theo
FenceGAN duoc thyc hién dé danh gia. Tuy nhién,
két qua gan nhu khong cai thién. Nguyén nhan dén
tir viéc FenceGAN dugc phat trién cho bai toan phat
hién bat thudng trén anh don va hon hét 14 cac bo dir
liéu anh don gian nhu MNIST, CIFA10,... Mac du
S0 v6i GAN, dong goép thay dbi ham 13i theo
FenceGAN giup cai thién dang ké d6 chinh x4c cua
phat hién bat thudng trén cac bo dir liéu anh don tiéu
chuin nay. Tuy nhién, ddc thi nhitng bo dit liéu nay
chi chtra nhitng dbi twong don va hoan toan khong
ton tai rang budc chuyén dong giita cac khung hinh
nhu trén video. Song, dbi v&i phuong phap Future
Frame Prediction lai 1a phuong phéap du doan khung
hinh ¢ thoi diém tuong lai trong video, bang viéc chi
hoc dic trung ciia su Kién binh thuong & tap huan
luyén dé tai tao khung hinh ‘tuong lai khong chira sy
kién bat thuong & tap kiém thir. Viéc phat hién
khung hinh & tap kiém thir c6 chira bat thuong hay
khong bang cach tinh toan 13i giita khung hinh duoc
tai tao va khung hinh thuc té trong video & tap kiém
thir ¢& dua ra quyét dinh dia vao mot ngudng bat
thuong dugc dit ra tir ban dau. Do d6, néu ap dung
truc tiép ham 13i cuia FenceGAN cho phuong phap
Future Frame Prediction 1a khong hop li. Thay vao
d6, i y tuong caa FenceGAN dugc sir dung dé tinh
chinh ham 15i sao cho that sy phu hop véi phuong
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phap nay. Cu thé, d6i véi 2 ham 13i thanh phan cua
G (Generator) trén FenceGAN, y tuéng tir ham 15i
Encirclement Loss duoc sir dung, siéu tham sb alpha
dugc dung vao ham 13i gbc ciia phuong phép Future
Frame Prediction nhdm tao ra X cho ting bo di
liéu trong qua trinh huan luyén véi muc tiéu dé
khung hinh s& dugc tai tao trong mién cua §X. Y
twong cia ham 16i D (Discriminator) trén
FenceGAN ciing dugc sir dung dé tinh chinh cho
ham 13i géc D cua phuong phap Future Frame
Prediction cua Liu et al. (2018). Theo d6, ham 16i D
dugc viét lai nham muc tiéu dé D phan biét tot khung
hinh duoc tai tao (fake frame) thay vi nham vao viéc
phan loai chinh x4c khung hinh that nhu ham 18i gbc
trén phuong phép cia Liu et al. (2018). Cac ham 13i
truée va sau khi tinh chinh dugc viét lai nhu sau:

Ham 16i géc phuong phap Future Frame
Prediction cta Liu et al. (2018):

1
adv(l) - Z LMSE(D(I)L]r )

Lj

R 1
Log, (D) = Z ELMSE(D(I)U’ 1)

ij
1 R
+ z ) LMSE(D(I)L'J. 0)
iJ

Ham 18i phuwong phap Future Frame Prediction
cua Liu et al. (2018) sau khi tinh chinh dya trén y
tuong FenceGAN cua Ngo et al. (2019):

PN 1 i
Li;;;ence(l) _ Z ELMsE(D(I)i,j’ a)

ij

1
Lla)dljienCe([’ I) — Z ELMSE(D(I)L]' 0)
ij

1 R
+ VZ ELMSE(D(I)L'J' 1)
ij

Trong qué trinh thyc nghiém, nhiéu gia tri khac nhau
cho a va y véi a €[0,1] va y € (0,1) duogc thu
nghiém theo cong bd ciia Ngo et al. (2019) Vé viéc
chon gia tri cho cac siéu tham s6 cho ham 15i mai dé
tim ra bo gia tri t6t nhat. Két thuc qua trinh chinh
stra ham 16i va thuc nghiém, gia tri a va y dugc chon
dua trén y tuéng va cong bd cua FenceGAN, theo
d6, Ngo et al. (2019) da cong b két qua cai thién tét
nhét khi chon a = 0,5 va y = 0,1. Két qua 1a bd
siéu tham sb nay ciing cho ra két qua t6t nhat trong
s6 cac thir nghiém ctia nghién ciru. Viéc thir nghiém
thém céac bo siéu tham s6 khac dé tim ra cdu hinh tbi
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wu nhit cho tinh chinh nay dugc dé cap trong phan

KET QUA VA THAO LUAN — Két qua thao luan.
2.3. Thuc nghiém va danh gia

23.1. Cdc b¢ diF liéu bdt thuong tiéu chudn
dwoc su dung dé danh gia

UCSD Pedestrian

B¢ dir liéu UCSD Pedestrian (Mahadevan et al.,
2018) gom 2 b dit liéu con 1a UCSD Ped1 va UCSD
Ped2 va déu la dit liéu dang video, chira canh quay
trén doan duong ¢b dinh bao gom ngudi di bo trén
duodng, cac phuong tién giao thdng va cac dam dong.
Bo UCSD Ped1 chira 34 video training va 12 video
testing, do phén giai 1a 158 x 238 véi 200 frame anh
& mdi video. Bo UCSD Ped2 13 16 video training,
12 video testing vdi do phan giai 240 x 360 va dao
dong tir 120 — 200 frame/ video. Ngoai trir nguoi di
bo binh thudng, cac phuong tién va chuyén dong bat
thudng cua ca phuong tién va con ngudi déu dugc
quy dinh 13 bat thuong trén bd dir liéu nay. Bo
UCSD Pedl1 bao gém 14.000 khung hinh (6.800
khung hinh & tap huan luyén, 7.200 khung hinh &
tap kiém thir) trong khi bo UCSD Ped?2 chira tong
cong 4.560 khung hinh (2.500 khung hinh & tap
huan luyén, 2.010 khung hinh & tap kiém tht). Bo
dir ligu UCSD cung cap ground-truth & ca muc
khung hinh 1an mirc khong gian (pixel).

CUHK Avenue

Bo dir liéu Avenue (Lu et al., 2013) duoc thu
thap trong CUHK Campus Avenue véi tong sb
30.652 khung hinh (gdm 15.328 khung hinh & tap
huan luyén va 15.324 khung hinh & tap kiém th).
Bo Avenue chira 16 video & tap huin luyén va 21
video & tap kiém thir véi téng sb 47 su kién bat
thuong, bao gdm ném dd vat, lang vang va chay. Bo
dir liéu tdn tai mot sb thach thirc dé danh gia nhu c6
su rung nhe camera giam sat va sy Xuét hién caa mot
s6 diém bt thuong nho. Cac video tap huan luyén
chi ¢6 cac su kién binh thuong trong khi video thir
nghiém bao gom cac sy kién binh thuong va bt
thuong. Ground-truth dwoc cung cap ¢ muc khung
hinh va ca mirc pixel dé danh gia hiéu suét cia cac
phuong phap phat hién bat thuong co s& va ca nhiing
phuong phéap SoTA.

2.3.2. D¢ do danh gid két qua

ROC/AUC

buong cong ROC (Receiver Operation
Characteristic) thé hién su can bang giita ty 1¢ dwong
tinh thuc (true positive) va ty I¢ duong tinh gia (false
positive) d6i v&i mot mé hinh du doan hodc phan
loai sir dung ngudng x4c suit phan loai. Dudng cong
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ROC thich hgp st dung khi cac quan sat dugc can
bang giita mdi 16p, trong khi cac dudng cong nhu
precision hay recall phii hop dé danh gia cho cac tap
dir liéu khong can bang. Biéu do6 ROC biéu thi ty I&
bao dong sai so vai ty 1€ bao dong chinh xac. Chi
tiét vé biéu dd ROC duoc d& cap trong cong trinh
cua Narkhede et al. (2018).

Area Under Curve (AUC) (Narkhede et al.,
2018) 1a dai luong vo huéng cua dién tich ving dudi
dudng cong biéu dd ROC duoc dung dé danh gia do
chinh xac ctia mé hinh phan loai dac biét 1a mé hinh
phan loai nhi phan nhu bai toan phat hién bat
thuong. Gia tri AUC cang cao, md hinh cang dang
tin cay. Trong bai toan phat hién su kién bat thuong
trong video & muc khung hinh, AUC dai dién cho
d6 t6t va hiéu suat ciia mo hinh mang lai khi phan
loai céc khung hinh bat thudng va binh thuong trong
video.

Peak Signal-to-Noise Ratio (PSNR)

PSNR (Mathieu et al., 2015) 1a d6 do dé danh gia
chat luong khung hinh dugc tai tao so véi khung
hinh thyc té trén timg pixel thay vi st dung cac do
16i MSE (Mean Squared Error) truyén thdng.
Mathieu et al. (2015) dé xuit dung d6 do nay cho
bai toan du doan khung hinh va dugc xem la cach
danh gia khung hinh dy doan t6t hon cac d6 do truée
day nhu MSE. Néu gia sir I 1a khung hinh thyc té va
I 13 khung hinh dwgc dy doan thi cong thic tinh
PSNR la:

. [max;]?
PSNR (1, 1) = 10log,g T——————;
v Zio (i —T)

Trong d6

e | la khung hinh thyc té,

e [ 1a khung hinh duoc dy doén,
max; 12 bién dong 16n nhit cua anh duoc
du doan I. Vi du; Néu [ 1a anh mie xam
V6i gia tri diém anh giao dong trong doan
[0, 1] thi gia tri cha max; 1a 1, véi anh mau
gié tri diém anh trong doan [0, 255] thi gia
tri cia max; s€ 1a 255.

Trong qué trinh hudn luyén, dé tién cho viéc theo
ddi chit lwong tai tao khung hinh, ma ngudn ciing
duogc tich hop thém do do Peak Signal-to-Noise
Ratio (PSNR), theo do tai iteration bat ki, PSNR
cang cao thi khung hinh &ng voi iteration do cang
duoc tai tao tdt. Dua trén PSNR, ta c6 thé phéan doan
sém dugc thoi diém mo hinh xay ra overfitting hodc
varnishing dé kip thoi thay ddi cu hinh hoac kién
tric mo hinh cho phu hop.
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2.3.3. Cdu hinh thuc nghiém

Trong nghién ctu nay, thuc nghiém trong
nghién ctru nay dwoc thiét 1ap trén cdu hinh GPU
RTX 2080Ti véi mi ngudn dugc implement trén
nén tang pytorch. Puong dan dén repository github
dugc sir dung nhu mi ngudn phuong phap gdc:
https://github.com/feiyuhuahuo/Anomaly_Predicti
on.

Tuy nhién, v&i implement nay, ta chay trén bo
avenue trudc khi tinh chinh

2.3.4. Két qud thuc nghiém.

Dé danh gia hiéu qua cua viéc thay thé thanh
phan uéc lwong optical-flow, ta tién hanh thay déi
thanh phan nay tir FlowNet2 cua phuong phéap gbc
sang RAFT — phuong phap dugc xem nhu SoTA
cho viéc ude luong optical-flow tinh ti thoi diém
hién tai 2022. Pong thoi, ta giit nguyén cac thanh
phan va yéu té khac cia mé hinh dé két qua thuc
nghiém la trung thuc nhat cho viéc danh gia. Két qua
thuc nghiém dénh gia duocthong ké 0 Bang 1. pé
két qua danh gia dugc khach quan, ciu hinh thyc
nghiém, cac tham s nhu learning rate, batchsize
duoc ¢ dinh. Sau do, kién triic gde duoc chay lai dé
ghi nhan két qua trude va sau khi tién hanh chay theo
y tuong tinh chinh.

Bing 1. Két qua chay thyc nghiém khi thay thé
FlowNet2 bang RAFT trén cic by dir
ligu tiéu chuan bang d do AUC (%)

Datase FlowMode PaperAU  OurAU
t | C C
Pedl 2SD 83,10 -
Pedl RAFT - 83,56
Ped2 2SD 95,40 -
Ped2 RAFT - 95,07
Avenue 2SD 84,90 -
Avenue RAFT - 84,45

Thyc nghiém tinh chinh thay d6i mé hinh wéc
lugng optical-flow RAFT va chinh sira ham 18i mo
hinh theo FenceGAN nhu da dé xuét trén cac b di
liéu tiéu chuan duoc duoc tién hanh va liét ké & phan
Phuong phap dé xuat. Két qua thyc nghiém dugc liét
ké & Bang 2 véi do do danh gia 1a AUC.

Trong qua trinh thyc nghiém y twong tinh chinh
cua minh, tong 15i generator cua mé hinh duoc
khuéch dai bang viéc dé xuat dung thém hang sé
amp dé tang trong s6 13i cua optical-flow. Nguyén
nhan 14 do thay thé FlowNet2 bang phuong phap
SoTA cua bai toan udc lugng optical-flow 1a RAFT.
Do 16i cua viéc ude luong optical-flow sau khi thay
thé FlowNet2 sang RAFT s& giam di rat nhiéu. Do
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d6, dé tranh tinh trang “over-fitting” khi thay d6i mo
hinh udc lugng optical-flow, hang s6 khuéch dai do
15i optical-flow duoc bd sung thém & giai doan tdi
wu md hinh.Viéc khuéch dai 15i optical-flow dugc
dé xuat nham bugc mé hinh phai ting chit luong tai
tao khung hinh nhiéu hon dé phtt hgp véi mé hinh
optical-flow mai. Két qua thuc nghiém dé xuét ciing
duoc liét ké chi tiét 6 Bang 2. V&i dé xuat thém hang
s6 khuéch dai amp, két qua co cai thién hon so voi
viéc chi két hop viéc thay thé thanh phan u6c lwong
optical-flow RAFT va tinh chinh ham 15i theo
FenceGAN.

Bang 2. Két qua chay thwc nghiém khi thay thé
FlowNet2 biang RAFT két hep tinh
chinh ham 15i theo FenceGAN bang dd
do AUC (%) trén cac by dir ligu tiéu

chuan

a Y amp Original Our
Pedl 05 01 20 83.10 83,49
Pedl 05 01 50 83.10 83,66
Ped?2 05 01 20 95.40 95,92
Ped?2 05 01 50 95.40 95,85
Avenue 05 01 20 84.90 85,08
Avenue 05 0.1 50 84.90 85,32

3. KET QUA VA THAO LUAN

Pong gop chinh trong bai bao nay 1a thay doi
thanh phén kién tric mo hinh, cu thé 1a pretrained
model ding dé wéc lwong optical-flow. Vi RAFT
1a md hinh wéc lugng optical-flow dugc xem nhu
SoTA tai thoi diém d& xuit ¥ tuong cai tién trong
bai bao nay. Theo do, viéc thay thé tir FlowNet2
sang RAFT khong that sy cho két qua cai thién vuot
troi hay qua néi bat. Tuy nhién, trén bo Pedl va
Ped2, két qua co cai thién so véi viéc ding
FlowNet2 0,45% trén bo Pedl. Viéc thay ddi nay
dugc ky vong gitip t6i vu tot hon ham 16i mé hinh
cua Liu et al. (2018) sau khi dugc tinh chinh va stra
ddi theo FenceGAN. Két qua sau khi két hop gitra
RAFT va ham 13i stra d6i theo FenceGAN co cai
thién hon so véi ban du. AUC tang tur 0,38% dén
0,56% trén tat ca cac bo dit liéu bao gom Ped1, Ped2,
Avenue. Do dic trung cua dit liéu video bat thuong
thuong phu thugc rat 16n vao ngit canh va muc tiéu
giam sat, nhirng su Kkién 1a bat thuong & ngit canh
nay lai c6 thé khong phai 1a bat thuong & mot ngir
canh khac. Vi vy, viéc tinh chinh dé tim ra ciu hinh
t6i wu cho ting bo dir lidu dit ra thach thirc vé tai
nguyén tinh toan va thoi gian 1a rat 16n, dac biét 1a
v6i phuong phap c6 kién trac twong dbi I6n nhu
Future Frame Prediction. Do han ché vé tai nguyén
va thoi gian thuc nghiém, ching toi dé xuat huéng
cai tién dat hiéu qua cai thién cac bo dir ligu tiéu
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chuin nham tao tién dé cho cac nghién ciru sau nay
¢6 thé tim ra c4u hinh t&t nhat cho ting bo dir liéu
v6i d& xuét cia chung t6i, do chinh xac tir d6 ¢ thé
cao hon cong b cua bai bao nay.

4. KET LUAN

Vi két qua cai thién dat duoc trung binh 14 0,5%
trén 3 bo dit lidu tiéu chuén Pedl, Ped2 va Avenue,
trong tuong tai c6 thé thuc nghiém va b sung thém
két qua trén mot sb bo dir lidu khac, trong d6 c6 bd
dir liéu vira dwoc cong bd nam 2021 vé dir liéu
camera an ninh ghi lai cac sy kién bat thuong tai
Viét Nam do Vo et al. (2021) cong bb. Nghién ciru
nay hi vong s& tao tién dé co so cho cac nghién ciru

TAI LIEU THAM KHAO

Chandola, V., Banerjee, A., & Kumar, V. (2009).
Anomaly detection: A survey. ACM computing
surveys (CSUR), 41(3), 1-58.
https://doi.org/10.1145/1541880.1541882

Mahadevan, V., Li, W., Bhalodia, V., &
Vasconcelos, N. (2010, June). Anomaly detection
in crowded scenes. In 2010 IEEE computer
society conference on computer vision and
pattern recognition (pp. 1975-1981).
https://doi.org/10.1109/CVPR.2010.5539872

Geiger, A, Lenz, P., Stiller, C., & Urtasun, R.
(2013). Vision meets robotics: The kitti dataset.
The International Journal of Robotics Research,
32(11), 1231-1237.
https://doi.org/10.1177/0278364913491297

Lu, C., Shi, J., & Jia, J. (2013). Abnormal event
detection at 150 fps in matlab. In Proceedings of
the IEEE international conference on computer
vision (pp. 2720-2727).
https://doi.org/10.1109/ICCV.2013.338

Mathieu, M., Couprie, C., & LeCun, Y. (2015). Deep
multi-scale video prediction beyond mean square

error. arXiv preprint arXiv:1511.05440.

llg, E., Mayer, N., Saikia, T., Keuper, M., Dosovitskiy,
A., & Brox, T. (2017). Flownet 2.0: Evolution of
optical flow estimation with deep networks. In
Proceedings of the IEEE conference on computer
vision and pattern recognition (pp. 2462-2470).
https://doi.org/10.1109/CVPR.2017.179

Creswell, A., White, T., Dumoulin, V.,
Arulkumaran, K., Sengupta, B., & Bharath, A. A.
(2018). Generative adversarial networks: An
overview. IEEE Signal Processing Magazine,
35(1), 53-65.
https://doi.org/10.1109/MSP.2017.2765202

Liu, W., Luo, W., Lian, D., & Gao, S. (2018). Future
frame prediction for anomaly detection—a new
baseline. In Proceedings of the IEEE conference on

68

Tap 58, Sé 5A (2022): 60-68

phat trién sau nay lién quan dén phat hién bét thuong
n6i chung va dy doan bt thudng néi riéng cé thé cai
thién duogc d6 tin cay va d6 chinh xac cia cac mo
hinh phat hién bat thuong dé cac mo hinh nay c6 thé
sém ap dung vao cac van dé thuc té, gitip con ngudi
giai quyét dugc nhiéu kho khan nhét 1 ddi véi bai
toan giam sat an ninh.

LOI CAM TA

Nghién ciru dugc thyc hién tai Phong thi nghiém
Truyén thong Pa phuong tién (MMLab), Truong
Dai hoc Cong nghé Théng tin — Pai hoc Quéc gia
Thanh phé H6 Chi Minh.

computer vision and pattern recognition (pp. 6536-
6545). https://doi.org/10.1109/CVPR.2018.00684

Narkhede, S. (2018). Understanding auc-roc curve..
Towards Data Science, 26(1), 220-227.

Chalapathy, R., & Chawla, S. (2019). Deep learning
for anomaly detection: A survey. arXiv preprint
arXiv:1901.03407.
https://doi.org/10.1145/3394486.3406704

Ngo, P. C., Winarto, A. A, Kou, C. K. L., Park, S.,
Akram, F., & Lee, H. K. (2019, November).
Fence GAN: Towards better anomaly detection.
In 2019 IEEE 31St International Conference on
tools with artificial intelligence (ICTAI) (pp.
141-148). IEEE.
https://doi.org/10.1109/ICTAI.2019.00028

Ramachandra, B., Jones, M., & Vatsavai, R. R.
(2020). A survey of single-scene video anomaly
detection. IEEE transactions on pattern analysis
and machine intelligence.
https://doi.org/10.1109/TPAMI.2020.3040591

Teed, Z., & Deng, J. (2020, August). Raft: Recurrent
all-pairs field transforms for optical flow. In
European conference on computer vision (pp.
402-419). Springer, Cham.
https://doi.org/10.1007/978-3-030-58536-5_24

Zhu, S., Chen, C., & Sultani, W. (2020). Video
anomaly detection for smart surveillance. In
Computer Vision: A Reference Guide (pp. 1-8).
Cham: Springer International Publishing.
https://doi.org/10.1007/978-3-030-03243-2_845-1

Vo, D.T., Tran, T. M., Vo, N. D., & Nguyen, K.
(2021, December). UIT-Anomaly: A Modern
Vietnamese Video Dataset for Anomaly Detection.
In 2021 8th NAFOSTED Conference on
Information and Computer Science (NICS) (pp.
352-357). IEEE.
https://doi.org/10.1109/N1CS54270.2021.9701556


https://doi.org/10.1145/1541880.1541882
https://doi.org/10.1109/CVPR.2010.5539872
https://doi.org/10.1177/0278364913491297
https://doi.org/10.1109/ICCV.2013.338
https://doi.org/10.1109/CVPR.2017.179
https://doi.org/10.1109/MSP.2017.2765202
https://doi.org/10.1109/CVPR.2018.00684
https://doi.org/10.1145/3394486.3406704
https://doi.org/10.1109/ICTAI.2019.00028
https://doi.org/10.1109/TPAMI.2020.3040591
https://doi.org/10.1007/978-3-030-58536-5_24
https://doi.org/10.1007/978-3-030-03243-2_845-1
https://doi.org/10.1109/NICS54270.2021.9701556

