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TOM TAT

Véi su gia tang khoi lugng va da dang cta dit liéu video, viéc tim kiém, trich xuét
thong tin va hiéu ndi dung ngay cang phtic tap va tén thoi gian. Tém tét video, bang
cach rat gon video dai thanh phién ban nge“'m hon hodc hinh anh dai dién, ndi 1én
nhuw moét giai phap tiém nang. Ky thuat nay cé nhiéu ting dung trong gido duc, giai
tri, an ninh, ndng cao ndng suat va trai nghiém nguoi dung. Cac phwong phép tom
tat truyén thdng cho hiéu suat trung binh do han ché& trong xtt ly ndi dung phtc tap,
trong khi cac ky thuat hoc sau hién dai da c6 tién bd dang ké. Bai bao nay gidi thiéu
cach tiép can duya trén biéu dién dic trung cta doan clip, khai thac thong tin khong
gian va thoi gian qua co ché hoc tu chu y (self-attention). Bén canh d6, chung t6i dé
xuat hai phuong phap tém tat phit hop cho ngit canh ngoai tuyén va truc tuyén dwa
trén cac bidu dién dac trung nay. Két qua thuc nghiém cho thay cach tiép can nay c6

tiém nang 16n cho cac ting dung tém tat video thuc té.

T khéa: Biéu dién dic trung, hoc sau, self-attention, tom tit video.

1. MO DAU

Tém tét video, hay con goi la Video Summarization, da ndi 1én nhie mot giai phap
tiém nang dé khai thac tiém nang ttr dit liéu video. N6 bao gom viéc rut gon mot video
dai thanh mot phién ban ngén hon hoac mot loat cac hinh anh dai dién, trong khi van
gitt lai thong tin ¢St 161 va y chinh ctia ndi dung g6c. Muc tiéu 14 tao ra cac ban tom tat
phan anh chinh xac va day du ndi dung thiét yéu, gitip giam thiéu thoi gian can thiét d&€
nguodi diing nam bt cac diém chinh ctia video.

Tém tat video duge ing dung trong nhiéu linh vuc khac nhau, mo ra nhiéu co
hoi moi. Tt gido duc, giai tri, an ninh dén nghién ctru khoa hoc, né ¢é thé nang cao hiéu
suat lam viéc va trai nghiém nguoi dung trong cac boi canh da dang. Vi dy, mét video
goc tir mot sy kién thé thao c6 thé duoc rut gon thanh mot ban tom tit vai phut, néu bat
nhitng khoanh khac quan trong nhat nhu ban thang va cac qua da phat dén.
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Céc phuong phap tom tat video gan day st dung nhiéu ki thuat va mo hinh khac
nhau, ttr cac phwong phap truyén thdng dén cac ky thuat hoc sau hién dai, d€ dat duoc
hiéu sudt tom tat t&i wu. Cac phuwong phép truyén thdng nhwe CSUV [1] tap trung vao cac
ky thuat tom tit video co ban nhu phan doan video va lya chon doan tom tat. Mic du
nhiing phuong phép nay da tién phong trong linh vuc tém tat video, chiing thuong c6
hiéu suét trung binh do han ché trong viéc xt ly va hiéu ndi dung video phtic tap. Cac
phuong phap hoc sau da tao ra budce tién 16n trong tom tat video, nho kha nang xt ly
dit liéu phtrc tap va hoc tir lugng 16n dit liéu. Vi dy, VS-LMM [2] st dung sy tiong hd
gitta hinh anh va ngdn ngit d€ ting cwong tinh mach lac ctia ban tém tat, dppL.STM [3]
két hop qud trinh Determinantal Point Process (DPP) v6i mang Long Short-Term
Memory (LSTM), re-seq2seq [4] st dung khung sequence-to-sequence dé€ xt ly dix liéu
tuan tu va tao ra cac ban tém tit mach lac. Ngoai ra, Summary Transfer [5] &p dung hoc
chuyén giao d& diéu chinh cac m6 hinh tém tat trong cac linh viee video khac nhau, cai
thién tinh tong quat cia m6 hinh. Cudi cung, DR-DSN [6] str dung hoc ting cuong sau
dé tém tat dong, t6i wu hoa su can bang gitta ¢ dai va thong tin ctia ban tom tat.

Trong bai bao nay, ching toi gidi thiéu mot cach tiép can dya trén biéu dién dic
trung ctia doan clip. C4ch biéu dién nay khai thac thong tin vé khong gian va thoi gian
théng qua co ché hoc tu chd y (self-attention). Thong qua cac biéu dién nay, chung toi
cling dé xudt hai phuwrong phap tém tat video Ian luot theo cac ngit canh ngoai tuyén va
truc tuyén. Cac két qua thi nghiém cho thay cach ti€p can nay cd tiém nang to 16n trong
viéc tém tit video cho cac tng dung thuc t€.

2. PHUONG PHAP NGHIEN CUU
2.1. Biéu dién dic trung clip dwa trén Timesformer

Hinh 1 biéu dién kién tric tdng quan ctia md hinh Timesformer [7]. Kién tric nay
dugc cau hinh theo md hinh Timesformer-baseline dwgc huan luyén trude trén tap di
liéu Kinetics-600 [8]. Theo kién trtic, mo hinh sé nhan d4u vao la cac clip ngén dwoc cét
ra tir video gdc ban dau. Moi clip nay sau khi di qua md hinh sé& trich xué4t ra biéu dién
d3c trung teong tng, day 1a ddc trung sé duoc stt dung cho thuét toan tém tit video
dwgc dé xudt. Cac budc chinh dé€ trich xuat dac trung caa clip thong qua mo hinh
Timesformer bao gom:
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Hinh 1. Minh hoa kién tric tong quan mo hinh Timesformer.

Input clip: M6 hinh nhan dau vao la mot clip X € RXW>3xF trong d6 bao gom
F khung hinh RGB (Red, Green, Blue) voi kich thudc H px x W px duoc 1dy tie
video goc.

Phan ra: Mdi khung hinh dwoc chia thanh cc patch nhé kich thuée P px x P px,
va cac patch nay khong chong chéo nhau. Nhiing patch nay sau d6 dwoc lam
phang thanh cac vector Xp) € R3P? v6i p la vi tri cua patch va t 1a vi tri cia
khung hinh.

Nhiing tuyén tinh: Mbi patch X(p,ry duoc nhung thanh embedding vector

z(op't) € RP thong qua mot ma trén nhung E € RP*3P? ¢6 thé hoc duoc, két hop

véi positional embedding vector e(ppof) € RP. Cong thirc 1 biéu dién cho phép

nhing tuyén tinh nay:

Zpe) = Expy + €6y (1)
Transformer Encoder: Timesformer bao gom L khdi ma hda. Cac bude thuc hién
tai mdi khdi ma héa I (I=1..L) dwoc minh hoa nhu trong Hinh 2. Cu thé, mbi khéi
ma hoa ], gid tri cac vector query qg‘g duoc tinh cho mdi patch tir dai dién Z((zl?,_t ;)
da ma hod ¢ khoi trude. Trong do, q((zl)‘g la vector query ctia patch ¢ vi tri (p, t),
tai khoi ma hoa [ va tai attention head a. Ti€p theo, trong sd self-attention

0‘85?) € RV +F+1 cho mdi query duoc tinh thdng qua dot-product gitta vector

query va key, sau d6 4p dung ham Softmax dé€ chuan hoa trong s6. Cudi cung,
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ndi tat ca cac vector dau ra da ma hoa tur tat ca cac attention head, két hop su
dung residual connection va dua qua mot 16p Multi-Layer Perceptron (MLP)
truyén két qua Z((ll))t) cho khoi ma hoa tiép theo.
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Hinh 2. Minh hoa kién tric khdi ma hoéa I st dung Divided Space-Time Self-Attention.

Trong bai bao gdc [7], nhiéu phwong phap tinh toan self-attention khac nhau da
duoc thit nghiém. Cac két qua phan tich chi ra réng, phirong phap Divided Space-Time
Self-Attention (T+S) cho thdy su hiéu qua trong viéc hoc cdu tric thoi gian - khong gian
trong video. Vi vay, trong nghién cttu nay, chung t6i 4p dung phuong phap T+S trong
mdi khdi ma hoa @€ trich xuat dac trung ctia moi clip.

(5) Clip Embedding: Biéu dién dic trung clip y duoc 1dy tir khdi ma hoa cudi cung
L sau khi ap dung ham chuéan héa LN() theo Cong thtkc 2.
= e €50 g
2.2. Thuat toan tom tit video

Dua vao md hinh Timesformer, mdi clip dau vao sé dugc trich xudt thanh mot
vector 768-dims. Cac vector nay, sau do, sé duoc sit dung dé€ thuc hién tom tit video.
Trong bai bdo nay, chiing tdi dé xuat hai thuat toan tém tit video tiong ting véi hai cach
tiép can riéng cho bai todn nay: (1) Tém tat video ngoai tuyén; va (2) Tém tat video truec

tuyén.
2.2.1. Thuat toan tém tit video ngoai tuyén

Budc dau tién cua thuat todn nay st dung phuong phap phan cum K-means véi
K 1a 58 lwong cum bang 15 phan trdm tdng s& bidu dién dic trung (cac vector 768-dims)
duoc trich xuat. Sau khi thye hién phéan cum, ta sé c6 dwgc K cum véi mdi cum bao gom
c4c biéu dién dic trung ctia cac clip twong déng véi nhau. Budc tiép theo thuc hién tinh
khoang cach gifta moi tim cum va danh sach biéu dién dic trung dé tim ra clip twong
tng c6 khoang cach gan nhat véi moi tam cum. Két qua ta c6 duoc danh sach K clip
duoc chon. Cudi cung, dua trén danh sach K clip nay, ching ta sé chon ra cac khung
hinh (frame) dai dién. Thuat todn duoc biéu dién nhuw trong Hinh 3 dudi day.
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) Frame dai dién 8
_'C|ip dugc
chon ...
Clip dugc
Clip ddu ra N Cum M chon M
[1, 768]

Hinh 3. Minh hoa thuat todn tom tit video ngoai tuyén dua trén phan cum K-means

2.2.2. Thuat toan tom tit video truc tuyén

Diém
" khai d& —
Clip déu ra 1 Hadu
[1, 768] Frame dai dién 1
d;; < ngudng t Frame dai dién 2
. " Frame dai dién 3
Cllpil’d;l:‘sn]'o 2 . Cum
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Clip dgu ra 3 23 gueng
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- ) Frame dai dién 1
Clip déu ra 4 | d34 > ngudng f| Frame dai dién 2
[1, 768] \ Frame dai dién 3
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Frame dai dién K
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1, 768]

Hinh 4. Minh hoa thuat toan tém tit video truc tuyén
Thuét todn tém tit video truc tuyén duoc biéu dién nhu trong Hinh 4. Thiét lap
clip dau tién 1a diém khoi dau, thuat toan bat dau duyeét tir clip thit 2. Tai mdi clip dang
xét, thuat toan thyc hién so sanh sy khac nhau gitra clip hién tai va véi clip ké trude. Néu

37



Tom tit video diwea trén biéu dién dic trieng cua doan clip

nhw d khac nhau vuot qua ngudng t, thi tién hanh luu lai cac clip 6 diém khoi dau téi
clip k& trudce cua clip hién tai tao thanh mét doan video chira cac clip twong dong. Sau
do, lay ngéu nhién K khung hinh dai dién trong mdi doan video nay. Thuat toan sé lap
lai tir dau voi thiét 1ap diém khoi dau mai 1a clip hién tai cho t6i khi vuot qua clip cu6i
cung.

3. KET QUA VA THAO LUAN
3.1. Két qua
3.1.1. Co sé dir liéu

Chung t6i tién hanh thi nghiém trén tap dit liéu SumMe [9], tap di liéu nay bao
gom 25 video c6 thoi luwong t6i da 6 phat, véi 25 chu dé khac nhau, bao gom thé thao, sy
kién va ngay 18 (xem mot s6 khung hinh mau trong Hinh 5). SumMe c6 cac tap chu thich
duoc thu thap ttr 15 dén 18 nguoi khac nhau cho mdi video. Mdi ban tém tit c6 do dai
ttr 5 dén 15 phan tram thoi lugng cua video goc.

256 395 335 619 923

Frame O 149
Jumps.mp4

Hinh 5. Mot s6 khung hinh mau ctia video Jumps.mp4 trong tap dit liéu SumMe.

3.1.2. Phuong phéap danh gia

Dé€ thuc hién viéc danh gid tinh hiéu qua cua hé théng, chiing t6i danh gia dya
trén thudc do Fl-score. F1-score duoc tinh toan duya trén két qua tom tit dwoc tao ra tix
hé thong tém tit video ctia chting t6i y; € {0,1} véi phan chu thich c6 sdn trong tap dit
liéu SumMe y; € {0,1}. Trong d6, y; = 1 néu khung hinh i dwoc chon nam trong két qua
tom tit, nguoc lai la 0; twong tw voi y; nhung véi chu thich c6 san trong SumMe (xem
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Hinh 6. Minh hoa cach danh gia cho bai toan tom tit video véi tap dit litu SumMe.
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3.1.3 Két qua thi nghiém

Trong két qua thi nghiém, Fl-score sé duwoc tinh riéng cho ting video tom tat. F1-

score cua tap dit liéu nhan duoc béng cach tinh trung binh hodc chon mtec t6i da cho

mbi video. Céc két qua thi nghiém theo hai thuat toan tém tat video ngoai tuyén va truc

tuyén dugc bao cdo 6 Bang 1 dudi day.

Bang 1. Bang két qua thi nghiém theo hai thuat toan trén tap dix liéu SumMe

1T Tén video FPS N-frames (ngI:c};isiZ;eézh ) (trFl;(_:stio;z'n)
1 Air Force One 25 4494 21.08 16.94
2 Base jumping 30 4729 21.25 15.75
3 Bearpark climbing 25 3341 18.92 17.02
4 Bike Polo 30 3064 23.91 15.94
5 Bus in Rock Tunnel 30 5133 17.21 17.28
6 car over camera 30 4382 29.22 14.96
7 Car rail crossing 30 5075 15.99 17.02
8 Cockpit Landing 30 9046 16.07 16.22
9 Cooking 15 1287 29.27 17.23
10 Eiffel Tower 25 4971 20.07 15.88
11 Excavators river crossing 25 9721 16.78 15.68
12 Fire Domino 30 1612 28.51 17.87
13 Jumps 25 950 17.39 18.06
14 Kids playing in leaves 30 3187 18.00 17.96
15 Notre Dame 24 4608 17.45 17.38
16 Paintball 24 6096 18.26 15.57
17 paluma jump 30 2574 23.37 16.43
18 playing ball 30 3119 22.37 16.22
19 Playing on water slide 30 3065 21.57 18.48
20 Saving dolphins 30 6683 17.23 16.17
21 Scuba 30 2221 23.73 16.59
22 St Maarten Landing 25 1751 29.83 16.99
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23 Statue of Liberty 25 3863 22.40 17.44
24 Uncut Evening Flight 30 9672 15.98 15.55
25 Valparaiso Downhill 30 5178 20.67 15.72

Trung binh 21.06 16.66

Bén canh do, ching toi cling bao cao két qua thi nghiém trong so sanh v6i mot
s0 nghién ctru trudc day dé€ cd dugc cai nhin tong quan hon, két qua thé hién ¢ Bang 2.

Bang 2. Bang so sanh két qua thi nghiém vdi cdc nghién cttu truede day trén tap dir liéu SumMe

TT Phuwong phap F-avg F-max
1 CSUV [1] 23.1 -
2 VS-LMM [2] - 40.3
3 dppLSTM [3] - 43.2
4 VS-DSF [10] 18.3 -
5 Summary Transfer [5] - 41.2
6 DR-DSN [6] - 41.3
7 re-seq2seq [4] - 45.1
8 SASUM [11] - 45.3
9 Timesformer (Thuat toan ngoai tuyén) 21.06 29.83
10 Timesformer (Thuat toan tryc tuyén) 16.66 18.48

* F-avg la thwoc do F1-score trung binh; F-max la thudc do F1-score cao nhdt.
3.2. Thao luan

Trong thi nghiém nay, ban dau chting tdi da thiét 1ap tan suat 18y mau 1a 1/1, ttc
la git toan b video goc d€ thuc hién viéc tom tit video. Nhuw vay, viéc danh gia sé dam
bao duoc tinh chinh xac vi s6 luong khung hinh dai dién s€ la toan bd khung hinh ctia
video gdc. Tuy nhién, van dé da nay sinh khi ching tdi tién hanh tém tat véi mot s&
video c6 d¢ dai hon 8 phut, phan cing da khéng dap ing dwoc cac video nay. D€ giai
quyét, ching tdi tién hanh ting tan suét 1dy mau 1én, viéc 1am nay cd wu diém sé giam
ganh nang bo nhg, tuy nhién, hanh dong nay v6 tinh luwoc bo mét s6 luwgng 16n khung
hinh quan trong, dan dén két qua danh gia tré nén kém di.

Thong qua thi nghiém, ching ta thay duwgc hudng tiép can khac biét vdi bai tom
tat video ctia hai thuat thuat toan. Cu thé, d6i véi thuat toan dua trén phan cum K-
means, ta ¢an nam rd sS lwong cum chinh xéc 1a bao nhiéu. D& c6 dwoc diéu nay, duong
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nhién phai c6 tong s6 khung hinh ctia video goc, vi vay, phwong phap nay sé hoat dong
hiéu qua vdi dang video da dwoc luwu trix, co sdn nhw mot bd phim, mot video trén
Youtube. Thém nita, véi 6 phtic tap tinh todn ctia K-means, khién cho viéc tom tat dién
ra khong duoc qué nhanh, sé khong pht hop véi hudng tiép can tém tat video truec
tuyén. D61 v6i hudng tiép can nay, di liéu video sé dwgc cap nhat lién tuc cho dén khi
dting, vi du nhu mot budi livestream. Liic nay, thuat toan tém tit video triec tuyén tién
hanh xét cac clip méi vao véi clip cudi ciing trong ban tom tat, néu gidng, thi bé qua clip
mdi nay, nguoc lai, tién hanh luu vao clip vao ban tom tit. Nhw vay, thuat toan nay sé
bd qua viéc luu trir cac clip twong dong véi clip trude d6 cho t6i khi video két thuc, gitp
giam bdt ganh nang luu triv dang keé.

4. KET LUAN

Bai bdo nay da gidi thiéu mot phuong phap tém tat video méi dua trén bidu dién
dac trung clip thong qua co ché self-attention ctia mé hinh Timesformer. Phuong phéap
nay c6 thé tao ra cac ban tém tat video day du thong tin va cé thé dugc 4p dung cho ca
hai ngt canh ngoai tuyén va triee tuyén, mang lai tinh linh hoat cao. Két qua thi nghiém
cho thdy cach tiép can nay cé tiém nang to 16n trong viéc tém tat video cho nhiéu linh
vuc khéc nhau, gitp nguoi dung tiét kiém thoi gian va nang cao hiéu suéat cong viéc.

Tuy nhién, phuong phap dua trén mo hinh Timesformer yéu cau phan ctng
manh mé d€ xtr Iy dit liéu video dai. Piéu nay dan dén mot sd han ché khi ap dung vao
cac video dai trong thuc t€, doi hoi sy tdi wu hda thém vé mat phan cing va thuét toan.
Mic du két qua hién tai chi 6 muec tiém ndng, viéc ti€p tuc tinh chinh mo hinh va tim
kiém cac phuong phap chon loc hiéu qua hon la can thiét dé cai thién két qua tom tét
video.
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ABSTRACT

With video data’s increasing volume and diversity, tasks such as searching,
extracting information, and understanding content have become more complex and
time-consuming. By condensing lengthy videos into shorter versions or
representative images, video summarization has emerged as a potential solution.
This technique has numerous applications in education, entertainment, and security,
enhancing productivity and user experience. Traditional summarization methods
yield average performance due to limitations in handling complex content, whereas
modern deep-learning techniques have shown significant advancements. This paper
introduces an approach based on clip feature representation, leveraging
spatiotemporal information through a self-attention mechanism. Additionally, we
propose two summarization methods suitable for offline and online contexts based
on these feature representations. Experimental results demonstrate that this

approach holds significant potential for practical video summarization applications.

Keywords: Deep-learning, feature representation, self-attention, video

summarization.
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2024. Hién nay, 6ng dang cong tac tai cong ty TNHH Phan mém FPT
Quy Nhon (QAI).

Linh vyec nghién cteu: Tri tué nhan tao, Thi gidc may tinh.

Lé Quang Chién sinh ngay 15/09/1983 tai Thira Thién Hué. Ndm 2005,
ong t6t nghiép ct nhan chuyén nganh Tin hoc tai treong Pai hoc Khoa
hoc, Dai hoc Hué€. Nam 2007, 6ng nhan béng thac si chuyén nganh khoa
hoc may tinh tai treong Dai hoc Khoa hoc, Dai hoc Hué. Nam 2016, éng
nhan hoc vi tién si chuyén nganh Tin hoc tai treong SOKENDAI (The
Graduate University for Advanced Studies), Nhat Ban. Hién nay, 6ng

dang cong tac tai khoa Cong nghé Thong tin, treong Pai hoc Khoa hoc,
Pai hoc Hué.

Linh vwc nghién ciru: Xt ly va nhan dang anh, xt ly video, hoc may, thi

gidc may tinh.
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