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Chuong 1. GIOI THIEU BAI TOAN

1.1 Co sé nghién ciu

Trong nhitng nim gan ddy, bai toan phat hién sy kién bat thudng
trong video d6i mat v6i nhitng thach thirc méi. Cac sy kién bat thuong
nhu va cham giao thong, cudp giat, hoa hoan, lai xe sai phan duong, xe
di lui trén duong cao tdc va toi pham trén dudng phd gan day da tro
thanh chu dé ngay cang dugc quan tim trong cac hé thong giao thong
thong minh [13], [115], [134], [154]. Pay van la mot bai toan rat kho
khan do phai xir Iy dong thoi mot lwong 16n dir lidu video giam sat va
ngay cang gia tang theo thoi gian, dac biét trong moi truong giao thong
vi céc canh quay video chira nhiéu dbi twong va phuong tién chuyén
dong dong thoi, diéu kién anh sang, d6 phan giai thap, cac ddi twong
c6 kich thude khac nhau va dit liéu chira sy kién bat thudng chi chiém
mot s6 luong rat nho so véi dir liéu binh thuong. Nho nhitng tién bo
trong céc kién triic mang, thuat toan huin luyén, tai nguyén tinh toan
va cong nghé tri tué nhan tao (Artificial Intelligence - Al), phat hién su
kién bat thuong trong video giao thong dugc quay bang may bay khong
ngudi 1ai da va dang duoc trién khai dé ting cuong pham vi bao phu
cling nhu giam sat an toan va an ninh cong cong. So véi video gidm sat
tir camera c¢6 goc quay cd dinh (fixed camera), video dugc quay bang
phuong tién bay khong nguoi lai c6 nhiéu thach thirc hon nhu sau:
camera chuyén dong thay vi camera tinh; dbi twong c6 kich thude nho
s0 voi kich thudc ddi tugng trong camera tinh; d6 phan giai khong gian
thay ddi do cac d6i twong khong gian dia ly dugc quay ¢ cac do cao
bay khac nhau, diéu kién thoi tiét va anh sang thay doi. Do dé, van con
nhidu kho khan va thach thiac cho nhiém vu phat hién sy kién bat
thuong trong video tir goc nhin trén khong ciing nhu sy khan hiém bo
dir liéu cho bai toan phat hién sy kién bt thuong trong video trén khong
voi nglt canh giao thong.
1.2 Muc dich, muc tiéu va ngi dung nghién cau
1.2.1 Muc dich nghién ctru

Nghién ciru va dé xuat phuong phap phat hién sy kién bat thuong
trong video trén khong voi ngit canh giao thong. Bén canh do, hudng
dén phat trién cac ung dung thyuc té dé tu dong phat hién sy kién bat
thuong trong hé thong giam sat giao thong nham dua ra phan tng kip
thoi cho cac co quan thuc thi phéap luat trong cac thanh phd thong minh



dé ngan chan va han ché hanh vi va hoat dong t6i pham va sy ¢6 de doa
dén an toan va an ninh ciia cac phuong tién va nhiing ngudi tham gia
giao thong, tir d6 cai thién thoi gian timg pho trong cac tinh hudng khan
cap va c6 thé mang lai hidu qua cao trong viéc duy tri trat ty giao thong,
dic biét 1a giao thong d6 thi & cac thanh phd 16n voi mat o va phuong
tién tham gia giao thong dong duc.

1.2.2 Muc tiéu nghién ciru

Muc tiéu thir nhit: Nghién ctru, khao sat va hé théng hoa cac cach
tiép can va phuong phap nghién ctru, cac bo dir lidu chuan cong khai,
hiéu suat cac phuong phap tdi tan hién tai, cac do do pho bién cho bai
toan phat hién su kién bat thuong trong video, thao luan chuyén sau vé
cac thach thuc va img dung ctia bai toan cta bai toan nghién cuu.

Muc tiéu thir hai: Dé xuat phuong phap phat hién sy kién bat
thuong ¢ mirc khung hinh trong video trén khong véi ngli canh giao
théng.

Muc tiéu thar ba: Thu thap va xay dung bo dit liéu cho bai toan
phat hién sy kién bat thuong trong video trén khong v6i ngit canh giao
thong tai TP.HCM, Viét Nam. Bo dit li¢u nay dugc cong bd cong khai
phuc vu cong déng nghién ctru vi muc dich phi lgi nhuan.

1.2.3 Ngi dung nghién ciru

Noi dung 1: Nghién ctru, khao sat cac bai toan va cac phuong phap
gidi quyét bai toan phat hién sy kién bét thuong trong video.

Noi dung 2: Nghién ctru va dé xuét phuong phap phat hién su kién
bat thuong trong video trén khong véi ngir canh giao thong.

Noi dung 3: Thu thap va xay dung bd dir li€u cho bai toan phat
hién sy kién bat thuong trong video trén khéng voi ngir canh giao thong
tai TP.HCM, Viét Nam.

1.3 Phat biéu bai toan phat hién s kién bat thwong trong video
1.3.1 Phét biéu bai toan téng quat

Qua céc nghién ctru da cong bd, bai toan tong quat cho nhiém vu
phat hién su kién bét thuong trong video dugc phat biéu nhu sau:

e Dit liéu vao: Video.

e Dit lidu ra 1a mot trong bon dang sau:

+ Xac dinh video c6 su kién bat thuong hay khong? [22, 128, 129].
+ Céc doan video (video segments) chtra sy kién bat thuong [115,
]

+ Cac khung hinh (frame) c6 chtra sy kién bat thuong [64, 77, 84,



129, 140].
+ Céc khung hinh va vung bat thuong [19, 37, 100, 120, 122].

1.3.2 Phat biéu bai toan caa luan an

Bai toan nghién clru ctia ludn an 1a bai toan phat hién sy kién bét
thuong ¢ mtrc khung hinh trong video trén khong véi nglt canh giao
thong duoc phat biéu va trinh bay nhu Hinh 1.1.

e Dit liéu vao: Video.

e Dit liéu ra: Chudi cac khung hinh véi nhin twong tmg.
+ 0: Khong ¢6 su kién bat thuong.
+ 1: C6 sy kién bat thuong. ‘
Dau vao Daura

0: Normality

Mo hinh 1: Anomaly

Hinh 1.1: Bai toan phat hién sy kién bét thuong & mirc khung hinh trong video trén
khong véi ngit canh giao thong.

Nguyén 1y cua bai toan phat hién su kién bat thuong ¢ mirc khung
hinh trong video trén khong theo chién luoc hoc khong giam sat
(unsupervised learning) 1a hoc cac mau binh thudng tir cac khung hinh
video va ty dong xac dinh khung hinh c6 sy khac biét so vdi cac khung
hinh dé hoc trudc d6 1a khung hinh c6 chira su kién bat thudng trong
giai doan kiém tra. Nghia 12 mé hinh chi huén luyén véi dit liéu binh
thuong va danh gia bang cach so sanh khung hinh tuong lai dugc tao
sinh v&i cac khung hinh lién k& truée d6 va nhan thyc té ciia n6 trong
giai doan kiém tra. Bén canh d6, mé hinh c6 thé mé rong do c6 kha khai
quét hda sang c4c mién va moi truong khac nhau. Ngoai ra, mo hinh
manh mé trudc cac sy kién bat thuong moi vi chi hoc cac mau dit liéu
binh thuong nén mé hinh c6 thé phat hién ra cac sy bat thuong chua
timg thy trudc do.

Pham vi cua bai toan nghién ctru:

e Ngit canh: Video trén khong véi ngilt canh giao thong.

e Phat hién sy kién bat thuong & muc khung hinh. Trong d6, khung
hinh c6 chira su kién bat thuong duoc gan nhan 1a 1, nguoc lai dugc gan
nhén la 0.

o Goc quay tur trén cao voi khong gian va truong nhin rong hon.

e Camera chuyén dong véi do cao tir 50m — 70m.



e Dibu kién thoi tiét va anh sang thuan loi.
1.4 DPong luc nghién ciu

e Gop phin ting cudng kha niang khai thac dit liéu giam sat giao

thong tai Viét Nam.

- L4y cam hing tir cac nghién ciru méi nhat va thanh cong gan day
ctia cac phuong phap toi tAn hién tai [11, 15, 19] d6i véi cac bai toan
lién quan trong linh vuc thi gidc méy tinh bao gdom: phén 16p anh [99,

], phan loai video [101], phat hién d6i twong [102, , 150] va phat
hién sy kién bat thuong trong video [77, , 139].

- Su phd bién cua thiét bi bay khong nguoi lai (drone) trong linh
vuc giao thong va cac linh vuc khac bao gdbm: quén sy, chim soc y té tir
xa, cru hg ctru nan, ndng nghiép thong minh, dich vu giao hang, kiém
tra co so ha tang, [165, , , ].

1.5 Théch thac caa bai todn nghién ciru

Céc thach thirc ciia bai toan phat hién su kién bat thuong trong video
trén khong bao gom:

- Moi trudong giao thdng phurc tap (the complex traffic environment)
[11, 27, 89, , , .

- Camera chuyén dong, goc quay va do cao thay dbi [11, 27, 89,

, 134, 154].

- Pbi twong va phuong tién tham gia giao thong co kich thudc nhod
va da dang [44, 45, 47, ].

- Su da dang cac su kién bat thuong trong thé gidi thuc [3, 4, 9, 11,

]

- Tinh sin c6 ctia dit liéu (availability of data) cho bai toan phat hién
su kién bat thuong trong video con han ché [57, , 180].

1.6 Y nghia khoa hoc va thuc tién ciaa luin an

Cac n6i dung nghién ciru cua ludn an c6 dong gop vé mat khoa hoc
va va tiém ning ung dung cua bai toan nghién ctru trong thuc té. Cuy thé:

- Lué4n an d¢ xuét phuong phap phat hién su kién bat thuong & mirc
khung hinh trong video trén khong véi ngit canh giao thong bang cach
du doan khung hinh twong lai dya trén kién trac Vision Transformer véi
chién lugc hoc khong giam sat thong qua viéc khai thac biéu dién dic
trung khong gian - thoi gian trén cac khung hinh lién tiép trong qua khi
dé dy doan khung hinh twong lai. Bang cach khai thac va két hop hiéu
qua dic trung khong gian - thoi gian, phuong phap dé xuét du doan cac
khung hinh tuong lai véi cac dic trung khong gian - thoi gian c6 chit



luong phong pht hon va hi€u qua hon théng qua viéc huén luyén chi
v cac mau dir liéu binh thuong va phat hién sy kién bat thuong ¢ muc
khung hinh trong giai doan kiém tra. Hon nira, dé tan dung toi da sirc
manh ctia co ché ty chu ¥, ludn 4n cling tién hanh 4p dung co ché tu cha
y chéo (cross-self-attention) dé nang cao hiéu sut ciia mé hinh dé xuét.
Thyce nghiém duogc tién hanh va danh gia trén cac bo dir liéu chuin cong
khai va so sanh véi cac phuong phép tdi tan hién tai (state-of-the-arts)
dé xac thyc tinh hiéu qua cua phuong phap dé xuét.

- Luén 4n tién hanh khéo sat, nghién ctru va phén loai cac bai toan
bét thudng trong video gdm: phat hién sy kién bat thuong, phan loai bat
thudng, du doan su kién bat thuong va dinh vi sy kién bat thuong. Bén
canh d6, hé thong hoa cac cach tiép can va cac phuong phap nghién ctru,
cac bo dit liéu chuén, cac d6 do danh gia cho bai toan phat hi¢én sy kién
bét thudng trong video giam sat. Ngoai ra, thao luin chuyén siu cac uu
diém, han ché cua cac phuong phap tdi tan hién tai va goi mé cac hudng
nghién ctru tiép theo cho bai toan phat hién su kién bat thuong trong
video trén khong.

- Luan 4n thu thap va xdy dung mét bo dit lidu bat thuong méi, co
tén 12 UIT- ADrone cho bai toan phat hién su kién bat thuong trong
video v&i ngit canh giao thong dugc quay bang thiét bi bay khong ngudi
14i tai thanh phd HS Chi Minh, Viét Nam. Bo dir liéu dwoc cong bé cong
khai danh cho muc dich nghién cau tai dia chi https:/uit-
together.github.io/datasets/UIT-ADrone/

1.7 B6 cuc cua luan an

Luan an duge bd cuc gdm cac chuong sau: Chwong 1: Gidi thiéu
bai toan; Chwong 2: Nghién ctru tong quan; Chwong 3: Dé xuit phuong
phap phat hién su kién bét thudng trong video trén khong v6i ngit canh
giao thong; Chwong 4: Xay dung b dir liéu video trén khong véi ngir
canh giao thong; Chwong 5: Thuc nghiém va két qua; Chuong 6: Két
luan va huéng phat trién.

Chuwong 2. NGHIEN CUU TONG QUAN
2.1 Cac khai niém
- Sy kién (an event) 1a mot hoat dong phure tap xdy ra tai mot khong

gian va thoi gian cu thé lién quan dén con ngudi, sy twong tac ctia nguoi
nay véi ngudi khac hodc cac dbi twong khac nhau [172, , ].


https://uit-together.github.io/datasets/UIT-ADrone/
https://uit-together.github.io/datasets/UIT-ADrone/

- Bit thuong (an anomaly) co thé dugc xac dinh 1a cac hoat dong
chua xéac dinh hodc cac su kién khong nhin thay, c6 khac biét so voi
nhiing gi dugc mong doi, pho bién hodc binh thuong [1, 11, 13, 15, 16,

1

Phan loai bai toan b4t thuong

[ [
Phat hién bat thuong Phan loai bat thuong Dy do@n bat thudng Binh vi bat thuong

[77, 139, 140] [162, 163] [147, 148, 161] [100, 120, 122]

Hinh 2.1: Phan loai céc bai toan lién quan dén bat thudng trong video [CT.2].

Béng 2.1: Danh sach cac b dit li¢u chuén cho cac bai toan bat thuong va mot
0 cong trinh nghién ctru lién quan [CT.2].

STT B dit liéu Loai bai toan Céng trinh cong hb
1 UMN [120], UCSD [122), ShanghaiTech [127)], Street Seene [127] Anomaly Detection 77, 139, 140]
2 UCF-Crime [126], XD-Violence [12¢] Anomaly Classification [162, 167]
3 YNC [124), Pittsburgh [160], SIMCD-Prediction [L01], NWPU Campus [142] Anomaly Prediction 142, 147, 145, 101]
4 UMN [120], UCSD [122) Anomaly Localization | ]

2.2 Phuong phap luan cho bai toan phat hign sw kién bit thuong
trong video

Trong phan nay luan 4n tip trung trinh bay cach tiép c4n chinh ctia
cac phuong phap dya trén hoc siu cho bai toan phat hién sy kién bat
thuong trong video theo chién lugc hoc co6 giam sat (supervised
learning), hoc giam sat yéu (weakly-supervised learning), hoc khong
giam sat (unsupervised learning) va hoc tu giam sat (self-supervised
learning). Hinh 2.1 phan loai cic bai toan lién quan dén bat thuong trong
phan tich video gom: (1) Phat hién bat thuong (Anomaly detection); (2)
Phan loai bat thuong (Anomaly classification); (3) Dy toan bat thudng
(Anomaly prediction); va (4) Dinh vi bat thuong (Anomaly
localization). Mdi bai toan c6 cac bo dir lidu chuin va céc cong trinh
nghién ctru lién quan dugc trinh bay trong Bang 2.1.
2.3 Cac phwong phap phat hi¢n sy kién bat thwong trong video

Luan 4n tién hanh nghién ctru va hé thong hoa cac ky thuat va
phuong phéap tiép can khac nhau cho nhiém vu phat hién sy kién bat
thuong trong video thanh hai loai dua trén cudc cach mang hoc sau: (1)
Cac phuong phap truyén thong véi rit trich ddc trung thi cong; va (2)
Céc phuong phép dua trén hoc sau. Phan loai cac phuong phap phat hién
su kién bat thuong trong video dwgc minh hoa trong Hinh 2.2.



Phat hién bét thuong trong video

l
! l

Phuong phap truyén thdng véi it trich
dac trung thii cong [57, 58, 59, 60, 61, 62]

l
! ! ! ! ! ]

Phwong phap dwa trén hoc sau

Mohinmsions | (MORInIty donailios M6 hinh lai M8 hinh tao sinh Mo hinh phan logi | | Mang no-ron tich chap
Transformer tich chap i duoc huan luyén treéc
11, 12, 14, 135] 71, 7] [64, 78, 139, 140] | | [28, 32, 180, 184] [8, 10, 52, 72] 79, 146]

Hinh 2.2: Phén loai cac phuong phép phat hién sy kién bat thuong trong video
[CT.2].

2.4 Cac b dir ligu chuin cho bai toan phat hién sy ki¢n bat thwong
trong video

2.4.1 C4c bp dir ligu chuin cho bai toan phat hign sy kién bit
thwong trong video véi camera c6 goc quay ¢o dinh

Céc bo dit liéu chuin cong khai lién quan bai toan phat hién sy kién
bét thudng trong video v&i camera ¢ goc quay cb dinh duoc trinh bay
trong Bang 2.2. )
Bang 2.2: Danh séach céac bd dit li¢u bat thuong trong video [CT.2].

#Loai s kién

STT Bo dit lieu Nam Do phan giai #Khung hinh P . Moi trudng
bat thuéng

1 UMN [120] 2006 320 x 240 7.740 3 indoor

outdoor
2 Subway Entrance [121] 2008 512 x 384 71.845 66 indoor
3 Subway Iixit [121] 2008 512 x 384 72.401 19 indoor
4 UCSD Pedl [122] 2013 238 x 158 14.000 40 outdoor
5 UCSD Ped2 [122] 2013 360 x 240 4.560 12 outdoor
6 CUHK Avenue [127] 2013 640 x 360 30.652 11 indoor

outdoor
7 NYC [121] 2014 720 x 480 1.500.000 10 outdoor
8 Pittsburgh [160)] 2014 360 x240 106.000 6 outdoor
9 ShanghaiTech [125] 2017 856 x 480 315.398 130 outdoor
10 Street Scene [127] 2017 1280 x 720 203.257 205 outdoor
11 UCF-Crime [120] 2018 320 x 240 13.000.000 13 indoor

outdoor
12 XD-Violence [125] 2020 854 x 480 217.617 6 indoor

outdoor
13 1T Corridor | ] 2020 1920 x 1080 183.566 10 outdoor
14 LAD [120] 2021 640 x 360 1.120.000 14 indoor

outdoor
15 SIMCD-Prediction [161] 2022 640 x 360 360.000 6 outdoor
16 NWPU Campus [112] 2023 720 x 1280 1.466.073 28 outdoor

2.4.2 Céc bd dir ligu chuin cho bai toan phat hién sw kién bat
thwdong trong video trén khdng
Céc bo dir lidu chuén cong khai lién quan bai toan phat hién su kién
bat thuong trong video trén khéng dugc trinh bay trong Bang 2.3.



Bang 2.3: Danh sach cac bo dir liéu bat thuong trong video trén khéng [CT.3].

STT Bo dit liu Nam Loai dit litu D phén gidi #Khung hinh #Loai su kién bat thudng
1 Mini Drone [13(] 2015 Thire té 224 x 224 23.295 3
2 UTT Drone [131] 2021 Thye té 227 x 227 14.021 3
3 Brutal Running [132] 2021 Tong hop 1920 x 1080 1.000 1
4 AU-AIR-Anomaly [133] 2021 Thie té 1920 x 1080 32.823 4
5 Drone-Anomaly [135] 2022 'Iong hgp 640 x 640 87.488

Chuong 3. PE XUAT PHUONG PHAP PHAT HIEN SU KIEN
BAT THUONG TRONG VIDEO TREN KHONG
VOI NGU CANH GIAO THONG

3.1 Phwong phap dé xuit
Pé khai thac hiéu qua dic trung khong gian - thoi gian, luan 4n dé
xuit mot mang du doan khung hinh tuong lai dya trén kién triic Vision
Transformer cho nhiém vu phat hién su kién bét thuong & muc khung
hinh trong video dugc quay bang may bay khong nguoi 1ai voi ngit canh
giao thong theo chién luoc hoc khong giam sat. Hinh 3.1 mo ta kién trac
téng thé cua phuwong phap dé xuat [143].

Transformerg}“) ] I,."‘ LayerNorm
] T e
i, L NERRE - cee )
) E=m - Em - e - =1 -
é xNg [ Tramifnrmar[) ] [ ’I‘mnsfm—ni—mr_';’]2 ] [ ’I‘mm.fon‘ner‘(s) ] I T!a.nsfnrm;mgiv l‘ Vv 0
’ --"-,--"- S - --u-’
[ PatchEmbed_| | Pntch;?mbed ) b [ PatchEmbed ] [ PatchEmbed ]
1% frame 2™ frame it frame N frame

Hinh 3.1: Phuong phap dé xuat cho bai toan phat hién sy kién bat thuong O mirc
khung hinh trong video trén khong vdi nglr canh giao thong duya trén kien triic
Vision Transformer theo chién lugc hoc khong giam sat [CT.1].



3.1.1. Céc cong thic sir dung trong phwong phap dé xuit

Trudc tién, luan an trinh bay Cong thuc (3.1) va Cong thic (3.2)
nhim mé ta phuong phap ANDT tir cong trinh [135]. Cu thé, phuong
phap ANDT da ap dung kién trac Vision Transformer trong bai toan phan
loai anh dé giai quyét hiéu qua bai toan phat hién bat thuong trong video.
Sau d6, luan an s€ trinh bay cdc md rong tir cac cong thirc nay trong
phuong phap dé xuat cho bai toan phat hién sy kién bat thuong ¢ mic
khung hinh trong video trén khong. Cu thé, cho mot chudi N khung hinh
RGB I = {ly, Iy, ..., Inf }, trong @6 l; € R *3 b ma hoéa Transformer
(Transformer Encoder) dugc xay dung theo cac cong thirc sau:

p; = PatchEmbedding(1;),
P= Concatenat.e( [pi] ii’l) ,

(3.1)
= P + PositionalEncoding(P),

2 = I:Z?CLS] | ZW]

z%* = Transformer® (z471) k= 1,2, .., N, (3.2)

Trong d6 PatchEmbedding(+) thuc hién chuyén déi khung hinh
RGB thanh chudi cac ma trin an (patch embedding vector) bang cach
chia nho khung hinh dau vao thanh cac ving anh c6 kich thuée c¢b dinh
(patch) théng qua mot mang nhing patch (patch embedding network) va

2 . .
thu duoc p € RP xC voi kich thudce patch 1a p. Cac embedding vector tur
Nt khung hinh dugc ndi (concatenate) vdi nhau dé tao thanh

2 A .. . £
P e RV X(P“XC) Thanh phan PositionalEncoding(-) cung cap thong
tin vi tri 2D cho P va sau d6 tao ra . Ma thong béo [CLS] nham muc
dich tom tat thong tin tr cac ma thong bao khac trong qua trinh huan

2
luyén (vi du, ZieLs ©°) duge thém vao 2 tao thanh 220 € REN X (P#XC),

Sau d6, mo hinh ap dung mot loat khéi transformer (transformer blocks)
trong kién tric Vision Transformer, trong d6 Ne 1a s6 téng Transformer.
M&i khéi transformer dugc ky hiéu 1a Transformer®(-) gom nhiéu tang
tu chu ¥ nhiéu dau (multi-head self-attention layers), v6i so lugng dau
(head) duoc thiét 1ap 1a 8 dé tao ra khong gian an mirc cao (high-level
latent space) v61 muc dich la giam so chiéu va tao mot vector khong gian
an giéng khung hinh goc nhat c6 thé. Tiép theo, tdng chuan hoa
(normalization layer) va két ndi tit (skip connection) dwgc ap dung nhim
giam mat mat dir liéu trong khdi ma hoa va giai ma. Sau d6, mang lan



truyén thuén (FeedForward Network - FEN) duogc st dung va ting chuin
hoa khéac tao ra dau ra (output). Mo6i khoi bién doi thir k tao ra mét chuoi
. 2
cap cao z* € R¥M *(pxc),
Pang cht y, ma thong bao [CLS] duoc tao bdi khoi transformer cuoi

cung, vi du, Z[cLg eNe ¢ Rimodel | ¢ nguén géc ban dau duogc su dung cho
nhiém vy phan 16p anh dya trén kién trac Vision Transformer. Cu thé, s6
lugng dau chi y (attention heads) trong mdi tang transformer
(transformer layer) c6 kich thu6c patch 13 p Va dmodel 1an lrot duge khoi
tao 1a 8, 32 va 768. Bé phu hop v6i phuong phap dé xuat dya vao du doan
khung hinh twong lai, bd giai ma yéu cau mot thiét ké diac biét dé tai tao
lai ma thong bao nay dudi dang khung hinh RGB, dugc tinh toan theo
cac cong thure sau:
Reshdpe(l’m]et 11011( [c?_'m )) (3.3)

= DecoderBlock (z*1),i=12..Ng (3.4)

Trong ngir canh nay, tang Projection(-) dong vai tro nhu tang chiéu
(projection layer) chuyen d6i dau vao tir s chidu clia dmodel sang s6 chidu
cao hon dn, duoc thiét lap 1a 65, 536. Sau d6, Reshape(-) dugc ap dung
dé tai cu trac vector két qua thanh mot tensor 3D. Két qua 1a f %0 ¢6 dang
R?6x16x16 Ny 1a s6 khoi giai md dugc thiét lap 1a 2. BO giai ma
Transformer (Transformer Decoder) dugc trinh bay ¢ Hinh 3.2 (a) gdm
khdi giai ma DecodingBlock® va khéi giai ma DecodingBlock® nhan
dau vao 1a cac dic trung c6 do phan giai thip tir bo ma hoa Transformer.
Trong d6, khdi giai ma dau tién DecodingBlock® gébm mot chong gdbm
hai tang tich chap (a stack of two convolution layers) dé tinh chinh cac
dic trung khong gian, theo sau 1a ham kich hoat ReLU va tang chuén hoa
BatchNorm nham 6n dinh qua trinh huan luyén. Hon nita, khdi giai ma
nay con chira mot ting tich chap chuyén vi thuc hién ting do phan giai
anh 1én 2 1an. Mit khac, khdi giai ma tha hai DecodingBlock® gdm hai
tang tich chap dé tang cudng khdi dic trung va hai ting tich chap chuyén
vi (transpose convolution layers) tiép tuc tiép tuc ting cudng chét lugng
anh. Coéng thuc (3.3) va (3.4) tir nay s& duoc ky hiéu ngin gon la
Decoder(+). Cudi cung, khung hinh twong lai duoc tao sinh theo Cong
thirc (3.5) va so sanh v6i khung hinh thuc té dé phat hién sy kién bat
thuong:
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I= Gen(zd’N“). (3.5)

Trong giai doan kiém tra, chi ¢6 trinh tao (Generator) trong m hinh
dé xuit duoc sir dung dé du doan cac khung hinh trong tuong lai. Trinh
tao duogc ky hiéu 1a Gen(+) dugc minh hoa ¢ Hinh 3.2 (b) dung dé tai tao
khung hinh dy doan tuong lai va z*Nd biéu dién vector 4n cudi cing do
bd giai ma tao ra sau khi xtr 1y qua Ng khdi giai ma. Trinh Gen(-) dugc
xdy dung nhu mot chdng gom ba tang tich chap (layer convolution). Hai
tang dau tién di kém v&i ham kich hoat ReLU va tang chuan hoa
BatchNorm. Ham kich hoat Tanh() dugc st dung cho tang tich chap thi

ba. Cudi ciing, tai tao khung hinh dy doén tuong lai I” e R™W 3 vi véy,
Transformer Decoder trong mé hinh gém cac khdi giai ma vdi cac tang
tich chap va ham kich hoat c6 nhi€ém vy phong to anh c6 kich thuéc nhu
anh dau vao bang cach st dung cac 10p tich chap nguogc
ConvTranspose2D dé phong tir vector don [CLS] ma thong bao 1én
khung hinh I” € RF*W =3,

ConvTranspose2D

ConvTranspose2D \ Convad ,
) Y _ e e AT .
convad BatchNorm '
'
4 [ RelLU |
ConvTranspose2D/ < 2 [ e——— s ——
A ' Conv2d
BatchNorm U, SO
. .
4 ! BatchNorm
'
UL ! ReLU !
4 ' '
Convad 1 Convad 1
(a) (b)

Hinh 3.2: Minh hoa B¢ giai ma Decoder (a) va Gen (b).
3.1.2. B6 ma hda Transformer theo khéng gian - thoi gian (Spatio
- Temporal Transformer Encoder)

Pé nang cao kha ning trich xuat ddc trung khong gian - thoi gian
dua trén kién trac Vision Transformer, ludn an tién hanh trién khai mot
chong (stack) gom hai by ma hoa Transformer (Transformer Encoder).
Chi tiét hon, khdi ma hoa dau tién, duoc goi 1a Bo ma hoa blen d6i khong
gian (Spatial Transformer Encoder) chi tip trung trich xuét dic trung
khong gian tir mdi khung hinh, trong khi bd ma hoa thir hai duoc goi 1a
B0 ma hoa bién d6i thoi gian (Temporal Transformer Encoder) c6 nhiém

11



vu ndi suy dac trung thoi gian gitta cac khung hinh. Trong phuong phap
dé xuét, mdi khung hinh dugc xir 1y riéng 1¢ bang bd ma hoa bién doi
khong gian c6 ma thong bao [CLS] riéng, dugc goi la ma thong bao
khong gian [CLS].

3.1.3. B0 md@ héa Transformer theo khdng gian (Spatial
Transformer Encoder)

Cho mot chudi Ny khung hinh RGB I = {I,, L, ..., Iys } v6i mdi
khung hinh ky hiéu 1a I, trong d6 I; € R #xWx3 b ma hoa ith dugc tinh
toan lan lugt theo Cong thic (3.6), Cong thic (3.7) va Cong thirc (3.8):

p; = PatchEmbedding"(1;),

z5P° = p, + PositionalEncoding? (p,), (3.6)
50 0 s.pe
;" = [ FCLS] i Z:pe]
h = ’Il"aanorrncﬁrg“l)(zq’'g Nk=1,2,..,Ns (3.7)
sNs |V
Z° = Concatenate [ Elgra) l] - (3.8)

Trong d6 Transformer(d(-) biéu thi khdi ma hoa bién d6i khong
gian k-th cho khung hinh thtr 7, dugc thiét ké twong tu nhu by ma hoa
bién doi dugc trinh bay trong Cong thurc (3.2).

3.14. B6 ma héa Transformer theo thoi gian (Temporal
Transformer Encoder)

Tiép theo dé rut trich dic trung thoi gian, chudi ma thong bao khong
gian [CLS] trai qua qua trinh huan luyén tuong ty va duoc dua vao Bo
ma hoéa bién d6i thoi gian dé tinh chinh va hoc cac phu thudc thoi gian
gitra cac dac trung khong gian cua cac khung hinh. Qua trinh nay dugc
tinh toan theo Cong thirc (3.9) va Cong thire (3.10):

ztPe = Z* + PositionalEncoding(Z*), (3.9)

0 _

0= a4y 1747

z = Traansformergﬂ.)(zt’jfl),j =1,2,..,Ny (3.10)
3.1.5. Co ché chay chéo theo thoi gian (Temporal Cross - Attention)

Trong bai toan phat hién sy kién bét thuong video trén khong vaoi

12



ngit canh giao théng, co ché Temporal Cross - Attention cho phép mé hinh
hoc ddng thoi cac mbi quan hé phu thuge khong gian trong mot khung
hinh va cac méi quan hé phu thudc thoi gian gitra cac khung hinh dé theo
ddi chuyén dong cua dbi trong theo thoi gian bang cach cha y dén cac dic
trung tir nhiéu khung hinh dé dam bao tinh nhat quéan theo thoi gian giita
cac khung hinh lién tiép. Do d6, dé khai thac triét dé tat ca cic ma thong
béo thoi gian ciing véi ma thong bao [CLS], luan an gidi thiéu co ché cha
y chéo theo thoi gian (Temporal Cross - Attention) dugc truyén cam himg
tir cong trinh di cong bd gan day [170] va duoc tinh toan theo Cong thirc
(3.11), Cong thire (3.12) va dugc trinh bay ¢ Hinh 3.3:
Zf['CLNS';]' _ Zf[bNL;‘] ® Wa.liwrz‘l c Rrﬁxd

t'\Nr _ t,Nr £, Ny
Z =z \ Ziad

zhe — [Zt[’éLng: ”Zy_NT] , zhe ¢ R(Vs+1)xd

(3411)
q= Zr[’(‘:i\gg ® qu k= ZI,(‘ ® Wk, v = Zt\c ® Wv;
KT
att = softmax(f‘ﬁ),a,tt € RN+,
7zl = zht | (V Oatt) ® Wa2 Wa? ¢ Rixd
w2t =2t 20T (3.12)

Fully-aware token
—>®D

Wa.Z

T

Softmax —>()

HIED, BN N e aptNT |
1% fo b z Zny

H 2
i [CLS] Tokens for other frames

Hinh 3.3: Minh hoa co ché chi ¥ chéo theo thoi gian.
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3.1.6. Phat hi¢n khung hinh c6 chira sy kién bat thwong dua trén
du doan khung hinh twong lai

Phat hién khung hinh c6 chira sy kién bét thuong dua trén du doan

khung hinh twong lai: Mot chong cac tang giai ma (stack of decoder

layers) dugc tinh toan theo Cong thuc (3.3), Cong thuc (3.4) va mot

mang tao sinh dugc mo ta boi Cong thuc (3.5) dugce ap dung cho z de

thu duoc khung hinh du doan tuong lai I” e RHXWx3 ,

Ham mat mat (Loss Function): D¢ huan luyén b bién d6i khong gian
- thoi gian nhim téi tao khung hinh dy doan | cang gan v6i khung hinh
thyc té cang tot, ham mat mat L2 dugc ap dung va tinh toan nhu sau:

I={L} I € RE=W=3,

INf+1 Gen (Decoder (Traanornlers 7(I) )) (3.13)

Lz = HINerl Iy, iall2
Trong d6 Transformers 1 (+) trinh bay ngin gon vé mo hinh dé xuét cia
ludn an duoc mo ta tir Cong thirc (3.6) dén Cong thirc (3.12), va N, la
s6 khung hinh dau vao. IAN 11 biéu din khung hinh du doan twong lai,
trong khi Iy, ,; biéu dién khung hinh thyc t& c6 gén nhan bat thuong

(ground-truth), ky hiéu la (N; + 1)'[h RO rélng, v&i mot tap cac khung

hinh chira sy kién bat thuong trong tap kiém tra duogc gan nhan giip
danh gi4 tinh hiéu qua va do tin cay ciia mé hinh tét hon. Ham rnat mat
nay tinh toan chénh léch gia tri trung binh binh phuong sai s6 (Mean
Squared Error - MSE) [108, , 171] dugc ap dung dé xac dinh gia tri
khac biét ciing nhu chét lugng anh giira khung hinh twong lai duoc du
doan voi nhan thyc va cac khung hinh lién tiép trude do. Cu thé, MSE

duoc t6i wu hoa va tinh toan theo cong thire (3.14) nhu sau:
H W C

MSE(In 41, 1) = g 3 . 3 (1Nf+1 (i,,€) — In iy o )) (3.14)

i=1 j=1 =1
Trong d6 H va W 1a chiéu rong va chiéu cao cta khung hinh, C=3 1a s6
kénh mau RGB cua khung hinh video. Nhu vay, khi c6 su kién bat
thuong xay ra, sy khac biét gia tri pixel tai cac ving bat thuong trong
khung hinh dyu doan so véi khung hinh khung hinh thyc dan dén gia tri
sai sO MSE giita hai khung hinh nay s& tang 1én. Tir quan sat nay, chon
mot ngudng va xac dinh cac khung hinh trong video c¢6 hodc khong céd
chtra su kién bét thuong. Mot cach truc quan la tbi thiéu hoa gia tri
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MSE ciia m6 hinh trong qua trinh huén luyén va trong giai doan kiém
tra gid tri MSE cang cao cho thdy mé hinh khong du doan duoc khung
hinh twong lai mot cach chinh xac, c6 thé 1a do khung hinh ¢6 chira sy
kién bt thuong.
3.2 Uu diém va han ché ciia phwong phap dé xuat

e Uu diém:

- Phuong phap dé xuit cta luan an huin luyén mé hinh theo
cach tiép can khong giam sat nén giam sy phu thudc vao dit liéu bat
thuong c6 gan nhin va c6 thé ap dung cho cac ngudn cap dit liéu c6 do
phan gidi cao va mdi trudng khac nhau vi dir liéu bat thuong chi chiém
s6 luong rit it so v6i dir liéu binh thudng trong cac tinh hudng thyc té.

- Hudn luyén va trich xuit dic trung chuyén biét: phwong phap
dé xudt chia nho bai toan thanh cac tic vu riéng 1é (rit trich dic trung
khong gian, rat trich dac trung thoi gian, va tich hop dac trung khéng
gian—thoi gian) nén dé quan 1y hon, gitip dao tao on dinh va hoi ty tot
hon so véi rat trich dic trung khong gian - thoi gian dong thoi.

- Tinh linh hoat: c6 kha nang thém céc dac trung khac trong
twong lai bao gdm am thanh (audio), vin ban (text).

- Kha ning mé rong ctia mo hinh: ¢6 kha ning thay thé, hiéu
chinh doc lap céac thanh ph?m rut trich dac trung hién tai béng cac dac
trung tot hon trong twong lai ma khong 1am anh huéng dén toan bo kién
trac ciia mo hinh dé xuat.

- Viéc 4p dung co ché cha ¥ chéo (cross-attention mechanism)
gitp ting cuong hop nhét cac dic trung khong gian - thoi gian da rat
trich va cho phép twong tac tot hon giita cac dic trung khong gian - thoi
gian c6 lién quan giita cac khung hinh khac nhau nham phat hién cac su
kién bat thuong lién quan dén nhiing thay ddi theo thoi gian gifta cac
khung hinh trong video va gitip mé hinh hiéu, phan tich théng tin cuc bo
va toan cuc vé ngit canh giao thong tot hon.

- Hiéu sudt phat hién su kién bat thuong tang 1én dang ké.

e Han ché:

- D¢ phuc tap ting lén: viéc rat trich riéng biét cac dac trung
khéng gian - thoi gian va tich hop cac dac trung nay lam ting thém do
phtre tap cho kién tric cua mé hinh.

- Thoi gian huan luyén mo hinh va tai nguyén tinh toan: thoi
gian huin luyén c6 thé 1au hon va can nhiéu tai nguyén hon do phai t6i
uu hoa cac thanh phan va tuong tac gitra chung.
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Chuong 4. XAY DUNG BQ DU LIEU VIDEO TREN KHONG VOI
NGU CANH GIAO THONG

4.1 M0 ta bg dir liu UIT-ADrone

Dé giai quyét van dé khan hiém cua cac bo dir liéu duoc quay bang
thiét bi bay khong ngudi 1ai cho nhiém vu phat hién sy kién bat thuong
trong thé giéi thyuc trong linh vuc giao thong, luan 4n tién hanh thu thap
va xay dung mot bo dir liéu phat hién su kién bt thuong trong video
trén khong, cd tén la UIT-ADrone. Céc canh (scene) duge chon dé quay
la cac vong xuyen trong moi trudng giao thong thue té, day la mot trong
nhiing noi pho bién dé quay nhing ngudi va phuong tién tham gia giao
thong v&i nhicu chuyén dong va sy kién dong thoi trong tinh hubng thuc
té. Hon nita, mat d6 va sy tuong tac gitra nhiing nguoi tham gia giao
thong rat cao tai cac giao 10 nay, déc biét la xe gan may. Ngoai ra, cac
su kién bat thuong chu yéu xay ra trong mot khoang thoi gian ngan trong
video nén ton nhiéu cong strc, chi phi va thoi gian dé thu thap véi cac sy
kién bat thuong duoc liét ké & Bang 4.1.

4.2 Thu thap dir liu

Luan an sir dung thiét bi bay khong ngudi 14i dé tién hanh thu thap
dir liéu v6i ngit canh giao thong trong thyc té cho bai toan phat hién su
kién bat thuong tai TP.HCM, Viét Nam. Thiét bi bay duoc su dung la
DJI MAVIC MINI 2, quay & toc do 30 khung hinh/gidy (fps), véi do
phan giai 1920 x 1080 pixel va quay ¢ do cao tir 50m dén 70m vao cac
thoi diém khac nhau trong ngay voi didu kién thoi tiét va moi trudng
thuén lgi. Hon nita, Hinh 4.2 minh hoa cac canh (scene) ¢ vong Xuyén
tai ba vi tri trong bo dit li€u do luén an tién hanh thu thap va xay dung.

Béng 4.1: Thong ké bo dit liu UIT-ADrone [CT.3].

STT Loai su kién bat thudng Sé luong s kién bat thudng
1 Ngusi di bo sang duong khong diang vach 80
2 Di bo xudng long 1& dusng 344
3 Chay xe khong diing vong xuyén 686
4 Lai xe trén via he 145
5 Ré trai/phai khong ding luat 28
6 D6 xe dudi long 1& duong 225
7 Chd hang cong kénh 144
8 Dé xe trén via he 68
9  Lai xe ngugdc chiéu 214
10 Nga xe may 1
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Hinh 4.2: Tryc quan hoa cac canh giao thong trong bd dir liéu UIT-ADrone
[CT.3].
4.3 Théng ké b dix liéu

B0 dit liéu UIT-ADrone gém 51 video véi tong cong 206.191 khung
hinh duge trich xut gém cac su kién bat thuong khac nhau. Toan bd
video dai khoang 6,50 gio dugc quay trong cac tinh hudng giao thong
phtrc tap trong thé gidi thuce voi 10 loai su kién bét thuong dugc mo ta
trong Bang 4.1. Hon nita, bo dit liéu UIT-ADrone gdm 8 16p déi twong:
nguoi di b (pedestrian), xe dap (bike), xe gin may (motorbike), xe ba
gac (tricycle), xe 0 to (car), xe tai (truck), xe tai nhd (van) va xe buyt
(bus). Bén canh d6, Bang 4.2 so sanh bd dit liéu UIT-ADrone vai cac bo
dit liéu chuén cho bai toan phat hién sy kién bat thudng trong video trén
khéng.
Béng 4.2: So sanh cac bo dir liéu bat thuong phd bién trong video trén khong
va b dir liéu UIT-ADrone [CT.3].

STT Bé dit lign Nam Ngit canh Docao Do phin gisi #Khung hinh  #Ldp déi tuong  #Loai sy kién bt thuéng
1 Mini Drone [130] 2015 Bai dé xe 10m - 20m 224 x 24 23205 4 3
2 UTT Drane [111] 2021 Khnon vién truomg dai hoc  10m - 20m RTx 2 14.021 3 3
3 Brotal Running [112] 2021 Bii db xe - 1920 x 1080 1000 4 1
4 AU-AIR-Anomaly [127] 2021 Giao thing 10m - 30m 1920 x 1080 32823 8 4
f Drone-Anomaly [1] 2022 Gian thing Hlm - TOm 640 x 640 BTABR 7 =
6 UIT-ADrone [CT.3] 2023 Giao thong 50m - 70m 1820 x 1080 206.191 8 10

4.4 Gan nhan cho b dir liéu

Luén an thuc hién gan nhan theo quy trinh dugc minh hoa trong
Hinh 4.3. Pé tao dir liéu xac thuc cho muyc dich danh gia hiéu suét cua
cac phuong phap tdi tan hién tai khac nhau cho nhiém vu phat hién sy
kién bét thuong trong video voi ngit canh giao thong, ludn an sir dung
cong cu co tén 1a Supervisely (https:/supervise.ly/) dé thuc hién phan
loai cac lop ddi tugng va gan nhan. Luédn an st dung t€p chu thich theo
dinh dang MS COCO (Microsoft Common Objects in Context) [164],
mot dinh dang dit liéu phé bién trong linh vyc phat hié€n va phan doan ddi
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tuong voi bo dit lidu gdm 80 16p dbi twong véi cac hop bién 1a cac hop
bién ngang (horizontal bounding boxes), nghia la cac hop bién nay khong
¢6 hudng. Tiép theo, ludn an sir dung cac nhan kiém tra duoc luu trir dudi
dang mang (.npy). Mdi video dugc biéu dién biang mot ‘mang (array). Chi
muc cho cdc khung hinh bat dau tir 0 va két thic voi tong s6 khung hinh
trir 1. Moi phan tr trong mang dai dién cho mot khung hinh dugc thiét
1ap 0, nghia 1a khung hinh d6 khong c6 chira sy kién bat thuong hodc
duoc thiét 1ap 1a 1, nghia 1a khung hinh dé c6 chtra su kién bat thudng,
duogc minh hoa ¢ Bang 4.3.

Nguot hudmg dén Nhom gan nhén Nhom Kiém tra Ngui tong hop két qua

Bit dau
Dac ta chi tiét tai liéu
gan nhin
Tép hudn phan logi va
gan nhan di liéu

Khong dat

Danh gia

Dat

Thye hién gan nhin
thir nghiém

Khong dat

Danh gia

Thuc hién gan nhan
div liéu

Khong dat

Dat
Két qua gan nhin Tong hop va luu trir
dir ligu két qua gan nhan

Hinh 4.3: Quy trinh gén nhan di lidu.

Béng 4.3: Minh hoa cho chu thich nhan cho khung hinh cé chua su kién bat
thuong trong mot video ctia b dir liéu UIT-ADrone [CT.3].

Vi du minh hoa cho chi thich nhin bat thuong trong video ¢6 tén DJI_0150 . mp4

Ten tép: DJI_0150.npy
01 2 ... 27 28 29 ... 152 153 154 ... 2157
oo0o1...1 1 1 ... 1 1 1 ... 0
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Giai thich: Trong mang nay, d¢ dai ciia mang index dugc danh dau
tir 0 dén s6 lugng khung hinh (frame) trong video (2158) - 1. Mdi index
trong tng v6i mot khung hinh trong video. Hang dudi cua mang biéu
thi hai gia tri: 0 va 1. Khi gi tri 1a 1, nghia 1a khung hinh tuong ung c6
chira su kién bét thuong, va nguoc lai, khi gia tri 12 0, khung hinh d6
khdng cé chira su kién bat thuong.

Viéc gan nhan sy kién bat thuong mirc khung hinh (1: khung hinh
¢ chira sy kién bt thuong; 0: khung hinh khong cé chira sy kién bét
thudng) trong bo dir liéu UIT-ADrone cho bai toan phat hién sy kién bat
thuong voi nglr canh giao thong 6 ¥ nghia Iy luén va thyc tién rat quan
trong dé huan luyén md hinh va tiém ning tmg dung cao trong thuc té.
Viéc gan nhan theo céu tric nay gitip nang cao hiéu suit ciia cac md hinh
huan luyén theo chién lugc hoc khong giam sat, cho phép phat hién bat
thuong chinh xac, hiéu qua va dang tin cdy trong video trén khong voi
ngit canh giao thong. Ngoai ra, mot s6 anh chup giao dién ctia cong cu
Supervisely dugc minh hoa tuong ung trong H1nh 4.4 va Hinh 4.5.

Normal

Scene 1

Hinh 4.4: Mot s6 anh chup nhanh tir cic canh giao théng cua bo dir liéu UIT-
ADrone [CT.3] tir giao dién ciia cong cu Supervisely. Cot bén trai hién thi cac
khung hinh binh thudng va cot bén phai hién thi cic khung hinh bat thuong.
Luu y, cac hgp bién mau do biéu thi cac khung hinh c¢6 chtra su kién bét thuong
[CT.3].

(ATI

Hinh 4.5: Minh hoa mét s6 sy kién bat thuong trong bo dit liéu UIT-ADrone
[CT.3].
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Hinh 4.5 trinh bay mot sb sy kién bat thuong trong cac canh quay
thugc bd dir li€u UIT-ADrone. Ngoai ra, ddi voi 10 loai su kién bat
thuong dugc théng ké trong Bang 4.1 thudc bo dir liéu UIT-ADrone hién
tai chua dugc gan nhan cho tung loai sy kién bét thuong. Vi vy, nghién
ctru tiép theo sé& tién hanh gan nhan cho 10 loai sy kién bat thuong nay
va ¢ thé mé rong cho bai toan phén loai da nhan sy kién bat thuong
(multi-label classification of abnormal events).

Chwong 5. THUC NGHIEM VA KET QUA

5.1 Cac b dir liéu chuin dung dé thuc nghiém

Luan an sir dung hai bo dit liéu chuan cong khai duoc quay tir thiét
bi may bay khong nguoi 14i cho bai toan phat hién sy kién bét thuong
trong video, c6 tén Ia UIT-ADrone [136] va Drone-Anomaly [135] dugc
trinh bay trong Bang 5.1. Ngoai ra, Hinh 5.1 minh hoa mét s canh ciia
hai bg dir liéu nay. )

Bang 5.1: Hai bo dit liéu chuan Drone-Anomaly [135] va UIT-ADrone
[CT.3] dung dé thuc nghiém cho phuong phap dé xuat va cac phuong phap toi
tan hién tai.

STT Bg dit ligu Nim D6 phén gidi #Khung hinh bt thittng  #Téng s6 khung hinh  Tip huén luyén  Tap kiém tra

1 Dronc-Anomaly [135)] 2022 640 x 640 16.041 87488 51,635 35,853
2 UIT-ADrone [CT.3] 2023 1920 x 1080 63.485 206,191 59,186 147,008

Normal

Abnormal

(N

rone Railway Highway Bike Vehicle
inspection roundabout roundabout

Hinh 5.1: Minh hoa c4c khung hinh ¢6 céc canh binh thuong va bit thuong

trong bd dit liéu UIT-ADrone [CT.3] va Drone-Anomaly [135]. Hop mau vang

minh hoa mét so truong hop lién quan dén cac sy kién bat thuong trong cac

tinh huong giao thong tir hai bd dit liéu chuan nay.

5.2 DPj do danh gia

Pé tinh toan hiéu suét cia mo hinh phat hién sy kién bat thuong

trong video giam sat, luan an st dung d6 do AUC-ROC (Area Under The
Curve - Receiver Operating Characteristics) [100] va d6 do EER (Equal
Error Rate) [13].
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5.3 So sanh véi cac phwong phap toi tan hién tai

Luan 4n tién hanh phan tich va so sanh hi¢u suit clia cac phuong
phap t6i tan hién tai va phuong phap dé xut cua luan an trén hai bo dir
liéu bat thuong UIT-ADrone [136] va Drone-Anomaly [135], két qua
thuc nghiém lan luot dugc trinh bay chi tiét trong Bang 5.2, Bang 5.3,
Béang 5.4 va Bang 5.5. Bén canh do, luén an cling trinh bay két qua truc
quan héa ctia cac phuong phap khac nhau trén cac bo dir liéu chuan trong
Hinh 5.2. Ngoai ra, anh chup nhanh (snapshots) mét s truong hop phat
hién sy kién bt thuong chinh xac va mét ) truong hop phat hién su kién
bét thuong khong chinh xac trén bo dir liéu nay tir cac thyc nghiém cia
luan an, dugce trinh bay trong Hinh 5.3 va Hinh 5.4,
Bang 5.2: So sanh cac phuong phap t6i tan hién tai voi do do AUC va EER &
mirc khung hinh (%) trén moi canh (scene) cua bo dir liéu Drone-Anomaly [135].
Céc ket qua tot nhat duge in dam. Két qua cao thar hai duge gach chan [CT.1].

‘ Railway inspection Highway Bike roundabout.  Vehicle roundabout  Crossroads
|AUC+ EER) |AUCY EER)|AUCY EER] |AUCt EER) |AUCt EER]
Future Frame Prediction [61] 60.44 0.40 6275 036 | 64.00 040 | 6141 0.45 481 051

Phuong phap

Spatio-Temporal Dissociation [159] | 3345 063 | 7600 027 | 050 023 | 385 0.61 3809 059
MNAD [77] WM 068 | 6799 045 | 63 038 | 4362 057 | 57.07 045
MLEP [14(] 6835 040 | 5558 047 | 4508 053 | 5618 018 1980 051
ANDT [137] 59.40 - 70 - | 8220 - 61.30 - 015 -
Phuong phap dé xuit [CT.1] | 6450 040 | 8345 0.25 | 7840 025 | 7400 0.2 | 356 056

1Két qua dya trén ma ngudn dugc cung cap véi cac tham sé duge dé xuat tir
cdng trinh nghién ciru [135].

Trong phan nay, luén an ciing trinh bay chi tiét cac thuc nghiém mé
rong chuyén siu co tinh chinh (fine-tuning) cho nhiém vy phat hi¢n sy
kién bat thuong bang cach hiéu chinh bo dir liéu mién chéo (cross -
dataset adaptation) thong qua viéc phan tich va so sanh hiéu suit dua
trén 6 do AUC véi phuong phap dé xuét trén bo dir liéu ngudn (source
dataset) va bo dit liéu dich (target dataset), cu thé 1a UIT-ADrone [136]
va cac canh thudc b dir liéu Drone-Anomaly [135]. Trudce tién, luan an
huén luyén mé hinh cho cac miu dir liéu huén luyén tir bo di liéu ngudn
UIT-ADrone, sau do thuc hién cai dat hoc chuyén tiép bﬁng cach tai cac
trong s6 dugc huin luyén truge tir tap huin luyén trong tp dit liéu
ngudn dé tiép tuc hoc thém vé mau huén luyén tir cac canh cua bo dir
liéu dich Drone-Anomaly. Tiép theo, cac trong s6 cudi cung s& duoc tai
va tién hanh danh gia trén tap kiém tra cia bo dit liéu dich.
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ROC curves on the UIT ADrone dataset
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(e) Vehicle roundabout

Highway

Railway

(f) Crossroads

Hinh 5.2: Truc quan hoa phuong phap dé xuét va cac phuong phap Future Frame
Prediction (FFP) [64], Spatio-Temporal Dissociation (STD) [139], MNAD [77],
MLEP [140] va ANDT [135] vé6i d§ do ROC-AUC & muc khung hinh trén bo di
liéu UIT-ADrone [CT.3] va Drone-Anomaly [135] [CT.1].

Bike Roundabout

Hinh 5.3: Truc quan hoéa céc truong hop true positive, true negative, false
p051t1Vf: and false negative dugc tao ra béi mo hinh dé Xugt Cu‘a luan an. Cac su
kién bat thuong trong moi khung hinh video dugc danh dau bang hinh chir nhat

mau vang [CT.1].
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Bang 5.3: So sanh hiéu suit cua cac phuwong phap phat hién su kién bit thuong
véi @6 do AUC va EER trung binh & muc khung hinh (%) trén b dir liéu UIT-
ADrone [136] va Drone-Anomaly [135]. Céc két qua t6t nhat dwoc danh dau in
dam [CT.1].

| UIT-ADrone [CT.3] Drone-Anomaly? [137]
|AUCt EER| |mAUC+ mEER |

Phuong phap

TFuture Frame Prediction [64] 53.56 0.47 57.94 0.43
Spatio-Temporal Dissociation [139] | 57.05 0.45 52.46 0.47
MNAD [77] 55.88 0.46 52.34 0.51
MLEP [110] 53.55 0.47 55.00 0.48

ANDT [135] 60.50 0.42 60.35
Phuong phap dé xuét [CT.1] | 65.45 0.39 | 67.80 0.36

2Két qua nay duoc tinh bang céch tinh trung binh tir két qua cua 5 canh
trong bo dix liu Drone-Anomaly: Railway inspection, Highway, Bike
roundabout, Vehicle roundabout, Crossroads.

Béng 5.4: Két qua clia cac thyc nghiém thich tmg mién véi 6 do AUC trung
binh ¢ mirc khung hinh (%) trén bd di 1iu UIT-ADrone [136] va trén 5 canh
cta bg dir liéu Drone- Anomaly [135] ¢6 tinh chinh [CT.1].

Ngudn (Source) — Dich (Target) | AUC,_, | AUC,,, ‘ A

UIT-ADrone [CT.3] —+ Railway inspection [137] 66.94 64.50 +2.44
UIT-ADrone [CT.3] — Highway [135] 89.14 83.45 +5.69
UIT-ADrone [CT.3] — Bike roundabout [135] 79.62 78.40 +1.22
UIT-ADrone [CT.3] — Vehicle roundabout [135] | 51.81 7410 | —2229
UIT-ADrone [CT.3] — Crossroads [135] 28.60 38.56 —9.96

X | & i b g -

Hinh 5.4: Minh hoa 3 canh phu (sub-scenes) trong canh Vehicle roundabout. Do
su khac biét dang ké vé ngilr canh tai vong xuyén, hiéu suét cua phuong phap dé
xut giam khi thyc nghiém tinh chinh trén bo dir liéu UIT-ADrone [136] cho
canh Vehicle roundabout thudc bg dir liéu Drone-Anomaly [135].

\st
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5.4 Nghién ctu cit lat (Ablation Studies)

Luan 4n tién hanh cac nghién ciru cét 14t dé phan tich tém quan trong
cac thanh phan khac nhau trong mé hinh dé xuat duoc thé hién day du
trong Bang 5.5. Céc kich ban nghién ctru gdm: (1) STE + TTE dugc xem
12 mé hinh co s& (baseline model) ctia phuong phap dé xuat, sir dung bo
ma hoa Transformer khdng gian (Spatial Transformer Encoder) va b ma
héa Transformer thoi gian (Temporal Transformer Encoder) nhung
khong ap dung co ché ty chil y chéo; va (2) STE + TTE + CSA (phuong
phap dé xuét cua luan an).

Béng 5.5: Mot s6 két qua nghién ciru cit lat cua phuong phap dugc dé xuét voi
d6 do AUC va EER 6 murc khung hinh (%) trén b6 dir liéu UIT-ADrone [CT.3].
Cac ket qua tot nhat duogc in dam [CT.1].

| UIT-ADrone [CT.3]
| AUC ¢ EER |

Phuong phap

ANDT [157] 60.50 0.42
STE + TTE (Our baseline) 61.34 0.39
STE + TTE + CSA ([CT.1]) | 65.45 0.39

Chuong 6. KET LUAN VA HUONG PHAT TRIEN

6.1 Két qua dat dwoc

(1) Pé xuit mot phuong phap phat hién sy kién bat thuong & mirc
khung hinh trong video trén khong véi ngit canh giao théng dua trén kién
trac mang Vision Transformer voi chién lugc hoc khong gidm sat bang
cach khai thac hiéu qua cac dac trung khéng gian - thoi gian gilrta cac
khung hinh trong video va phat hién khung hinh c6 chira sy kién bt
thuong dua trén dy doan khung hinh tuong lai [CT.1].

(2) Phén loai cac bai toan lién quan dén bat thuong trong phan tich
video, hé thdng hoa va phan tich cac uu diém va han ché cua cac phuong
phap phat hién su kién bat thuong. Bén canh dé, khao sat cac bo dit lidu
chuan, thuc nghiém va théo luan chuyén sau cac phuong phap giai quyét
bai toan phat hién su kién bat thuong trong video [CT.2].

(3) Cong bd mot bo dir liéu c6 quy mé 16n, c6 tén 1a UIT-ADrone
cho bai toan phat hién sy kién bat thuong trong video trén khong véi ngir
canh giao théng tai TP.HCM, Viét Nam [CT.3].

6.2 Cac dong gop chinh caa luan an
(1) Luén 4n d3 nghién ctru va dé xudt phuong phap phat hién su
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kién bat thudng trong video trén khong véi ngit canh giao thong dua trén
kién tric mang Vision Transformer véi chién lugc hoc khong giam st
bang cach khai thac cac dic trung khong gian - thoi gian gitra cac khung
hinh trong video va phét hién khung hinh c6 chira sy kién bat thuong dya
trén khung hinh tuong lai [CT.1].

(2) Luan an dong gop mot cong trinh nghién ctru tong quan cho bai
toan phat hién sy kién bat thudng trong video [CT.2].

(3) Luén an dong goép mdt dir liéu trong video trén khong cod quy
md 16n nhét tinh dén thoi diém hién tai, c6 tén la UIT-ADrone cho bai
todn phat hién sy kién bat thuong trong video duogc quay béng thiét bi
bay khong ngudi 14i [CT.3]. B dit liéu dugc cong bd cong khai danh cho
muc dich nghién ctu tai dia chi https://uit-together.github.io/datasets/
UIT-ADrone/.

6.3 Céc cong trinh nghién ciru d cong bd
6.3.1 Céc cong bd chinh cia luan an

[CT.1] Tung Minh Tran, Doanh C. Bui, Tam V. Nguyen, Khang
Nguyen, “Transformer- based Spatio-Temporal Unsupervised Traffic
Anomaly Detection in Aerial Videos”, IEEE Transactions on Circuits and
Systems for Video Technology, IEEE, vol. 34, pp. 8292-8309, 2024.
DOI: 10.1109/TCSVT.2024.3376399. ISI, Q1, Impact Factor: 8.3.

[CT.2] Tung Minh Tran, Tu N. Vu, Nguyen D. Vo, Tam
V.Nguyen, Nguyen Khang, “Anomaly Analysis in Images and Videos: A
Comprehensive Review”, ACM Computing Surveys, vol. 55, 2022. DOI:
10.1145/3544014. 1SI, Q1 (Computer Science Theory and Models),
Impact Factor: 16.6.

[CT.3] Tung Minh Tran, Tu N. Vu, Tam V. Nguyen, Khang
Nguyen, “UIT-ADrone: A Novel Drone Dataset for Traffic Anomaly
Detection”, IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, IEEE, vol. 16, pp. 5590-5601, 2023.
DOI: 10.1109/JSTARS.2023.3285905. ISI, Q1 (Computers in Earth
Sciences), Impact Factor: 4.7.

6.3.2 C4c cong bo khac c6 lien quan dén luan an

Héi thao quéc té:

[CT.4] Dung T.T. Vo, Tung Minh Tran, Nguyen D. Vo, Khang
Nguyen, “UIT-Anomaly: A Modern Vietnamese Video Dataset for
Anomaly Detection”, 2021 8th NAFOSTED Conference on Information
and Computer Science (NICS), DOI: 10.1109/nics54270.2021.9701556

[CT.5] Tu N. Vu, Toan T. Dinh, Nguyen D. Vo, Tung Minh Tran,
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Khang Nguyen, “VNAnomaly: A Novel Vietnam Surveillance Video
Dataset for Anomaly Detection”, 2021 8th NAFOSTED Conference on
Information and Computer Science (NICS), DOI: 10.1109/
nics54270.2021.9701540.

Hoi thao trong nuwéc:

[CT.6] Tran Minh Tung, Nguyén Cudng Phat, Nguyén T4n Tran
Minh Khang, “Phan tich anh huong cta thoi tiét bat lgi ddi v6i phat hién
bat thuong trong giao thong tir video trén khong”, Hoi nghi Khoa hoc
Qudc gia lan thir XVII vé Nghién ciru co ban va ung dung Coéng nghé
théng tin (FAIR’2024).

[CT.7] Vii Ngoc Tu, DBinh Thanh Toan, Tran Minh Tung, V6 Duy
Nguyén, Nguyén Tan Tran Minh Khang, “Mt ham 1i cho phét hién bat
thuong trong video giam sat”, Hoi nghi Quéc gia lan tha XIV vé Dién ti,
Truyén théng va Cong nghé thong tin (REV-ECIT’2021).

6.3.3 Cac dé tai nghién ciru khoa hoc da tham gia

[DT 11 bé tai: “Phat hién d6i tugng trong khong anh sir dung mang
hoc sau”. Ma s DS2021-26-01. Co quan quan ly: Pai hoc Quéc gia
TP.HCM.

[DT.2] Pé tai: “Phat hién phuong tién va nhan biét bt thuong giao
thong trong khong anh”. Mi s6 B2023-26-01. Co quan quan ly: Pai hoc
Quéc gia TP.HCM.

6.4 Hwéng phat trién

Nghién cru tiép theo ciia ludn 4n s€ xem xét viée mo rong sO lugng
ngtr canh giao thong trong thue té nhu ngd ba, nga tu trong giao thong do6
thi, duong cao toc, dudong giao thong tai cac khu vuc nong thon dé tang
tinh da dang cua cac sy kién bat thuong va mé rong gan nhan cho timg
loai sy kién bat thuong trong video trén khong vi mot khung hinh c6 thé
¢4 nhiéu hon mot sy kién bét thuong va la co s mo rong nghién ctru cho
bai toan phan loai da nhan cac sy kién bat thuong. Bén canh do, luan an
c6 thé md rong nghién ciru cho bai toan dinh vi sy kién bét thuong ddi
trong video trén khong dua trén cac khung hinh chira sy kién bat thuong
da dugc phat hién trong phuong phéap dé xuét.
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