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TRICH CHON PAC TRUNG TU CAC MANG NO-RON TiCH CHAP
CHO BAI TOAN PHAT HIEN SAO CHEP MQT PHAN VIDEO

L& Viin Hao', Lé Pinh Nghi¢p?, Nguyén Vin Cuong'
TOM TAT

Cdc mang 2D ro-ron tich chdp la nhitng thanh phan chinh trong hé théng phat hién
sao chép mot phan video. Chiing déng vai tro quan trong trong nhiém vu truy hoi va doi
sanh video trén mot co so dir lieu lon. Tuy nhién, dac tinh hiéu nang cua cac phwong phap
trich chon ddc trung ndy it dwgc nghién ciru. Bai bdo ndy sé dong gép hai phan chinh. Thir
nhat, ching t6i cung cap mot thi nghiém trén b dir lidu quy mé Ién dé chimg minh tinh phé
qudat va lam ré ddc trung hiéu nang cia cdc mang no-ron phé bién. Ké dén, ching t6i dé
xudt mét phirong phép theo mé hinh chudi thoi gian dé chi ra wu va nhwoc diém cia cde ddc
trung anh trich xudt tir cdc mang no-ron trong bdi todn phat hién sao chép mét phan video.

Tir khéa: Mang no-ron tich chdp, trich chon ddc trung, sao chép mét phan video.
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1. PAT VAN BE

Phat hién sao chép mot phan video (Partial Video Copy Detection - PVCD) muc tiéu
1a tim cac doan video nho da bi bién do6i tir mot video tham chiéu gdc trong mot co so di
lieu 16n. Chu dé PVCD gan day duoc nhiéu sy quan tdm trong nghién ciru ciing nhu trong
cac ung dung thuc té [10][21]. Tuy nhién, theo hiéu biét cia ching toi thi van dé hiéu ning
cua tirng loai mang no-ron va danh gia uu, nhugc diém cua timg phwong phép trich chon
dac trung la it dugc quan tam trong cac tai liéu y van hién co [14].

Dé giai quyét van dé trén, trong bai bao nay, chung toi dong gop 2 phan chinh. Thir
nhét, dya trén mot co so dit liéu I6n vé PVCD, chung toi da thuc hién cac thi nghiém véi
hon 700 ty phép ddi sénh cua hon 4.4 triéu vec-to dic trung. Nhitng thi nghiém nay da chi
ra va ly giai nhitng dic trung mang tinh quyét dinh anh huong toi hiéu niang cua cac hé
théng PVCD sir dung cac 2D CNN. Ké dén, mot giao thirc thong thuong dé danh gia cac
mang 2D CNN ¢ mtc video thuong dem dén su hiéu nham cho rang hiéu ning cua cac hé
thong PVCD di dat duoc cac két qua hoan hao. Do d6, ching toi d& xuat mot phwong phap
cho phép phén tich sdu va min hon & mrc cac khung hinh chinh (key-frame) thay vi mac
video nhu cac nghién ctru trude da chi ra.

Bai b&o nay la phién ban dich va chinh stra tir cdng trinh nguyén thay cua nhém téc
gia duoc cong bd trén [14]. Ching i thuc hién vai sy cho phép cua tac gia goc, nham muc
dich 1am cho nghién ctiu c6 thé tiép can duoc véi nhiéu ddi tuong hon. Moi nd lyc di duoc
thuc hién dé dam bao tinh chinh xé4c va trung thuc caa ndi dung gdc trong khi diéu chinh né
cho doc gia cua tap chi nay dé pht hop véi khudn miu va dinh dang. Bai bao dwoc cau tric
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cac phan nhu sau. Phan dau cung cip nhiing khai niém co ban vé PVCD va déng gop chinh
caa chiing t6i. Ké dén, ching t6i dua ra mot phan tich triét dé vé cac nghién cau gan day lién
quan dén PVCD sir dung cac mang 2D CNN. Cac két qua nghién ciru duoc trinh bay & phan 3.
Cudbi cuing 1 cac két luan va mot sb hudng nghién ciru trong twong lai.

2. PHUONG PHAP NGHIEN cUU
2.1. Ngi dung va pham vi nghién ctu

Ung dung 2D CNN trong chu dé PVCD la rat da dang va phong phu [11][12][15][17].
Tuy nhién, hau hét cac nghién ctu trude day moi chi tap trung vao viéc déi sanh & muc
toan cuc-video. Vi thé, trong bai bao ndy nhom tac gia tap trung nghién ctru va phan tich
phuong phap phat hién sao chép & muac khung hinh sir dung 2D CNN dé dua ra nhiing phat
hién mai va chi tiét hon so véi cac cong trinh da dugc cong bé.

Bang 1 dudi ddy trinh bay cac nghién ciru tiéu biéu chinh vé cac hé thong PVCD str
dung 2D CNN. Pau tién Ia trich xuat cac khung hinh chinh bang cac ki thuat nhu 1ay c6
dinh FPS. Céc khung hinh gan nhau c6 do tuong tu cao, dé tranh du thira va ton chi phi luu
trir, mot s phuong phép trich chon khung hinh chinh ciing dugc dé xuat [1][20].

Bang 1. Téng quan hé théng PVCD sir dung 2D CNN

Chon khung hinh chinh| St dung FPS [2,4,6,7,9,10-13,16,18,19,23]; Phuong phap khac [1,20]

VGG [9,11,13,16,19,20,22,23]; ResNet  [4,7,8,11,16];

Chonmohinhmang 1, tionNet [1,11,12,18]; AlexNet [1,10,12,22]

Tang két nbi day du [1,10-13,19,22]; Tang tich chap [1,4,7,

Trich chon ddc trung. | ¢ 1115 16 18.20,23]: PCA [4,6.19,20]: Phan tich Rol [8,23]

Déi sanh video Mic khung hinh [7,13,16]; Muc video [1,4,6,7,8,16,22]

Céc khung hinh chinh sau d6 dugc dua qua mang d3 huan luyén (pre-trained) 2D
CNN nhu AlexNet, VGG, ResNet... dé trich chon céc dic trung. Thong thuong cac mang
nay xir Iy anh mau RGB véi mot kich thude dau vao ¢ dinh. Ching ciing ¢6 nhitng phién
ban khac nhau va kién trdc cia mdi mang ciing dua ra nhitng hiéu nang khac nhau.

Céc dic trung cua hinh anh duoc trich xuat thong qua hai phwong phap chinh. Mot Ia
trich xuét tir 16p két ndi day du cudi cung, ngoai trir 16p danh cho phan loai anh (Fully
Connected - FC). Hoic dic trung anh cd thé trich chon tir nhitng tang tich chap. Déi véi
phuong phép trich xuét tir tng tich chap, hai ky thuat phé bién duoc ap dung d6 1a lay gia
tri cuc dai theo ting (MAC) hozc lay gia tri cuc dai theo ving (Maximum Activations of
Convolutions (MAC) va Regional-MAC (R-MAC) [17].

Cudi cing, cac vec-to dic trung dugc dem di ddi sanh dé xac dinh lidu rang c6 phai
n6 dugc sao chép tir video tham chiéu hay khong. Phuong phap thir nhat 1a phat hién sao
chép dua trén két qua d6i sanh timg khung hinh don. Gia thiét dua ra 1a 2 video duoc coi la
sao chép néu it nhat c6 mot khung hinh dwoc phat hién trong nhan (groundtruth). Phuong
phép thir hai 1a dbi sanh & mic toan cuc théng qua mot ma tran 1a két qua do tuong tu giira
céc khung hinh theo chiéu thoi gian. Trong ca 2 phuong phép, vec-to dic trung anh thuong
dugc chuan héa theo chudn L2 truée khi &p dung tinh d6 twong tw Cosine. Nham téi vu
thoi gian d6i sanh va khong gian luu trir, mot sé phuong phap giam chiéu kich thudc vec-
to cling dugc ap dung nhu Pooling hay PCA.
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2.2. Phwong phap nghién ctu

Trong bai bao nay nhom tac gia da ap dung va trién khai quy trinh nghién cttu gém hai
phwong phap. Pau tién, phuong phap nghién ctu ly thuyét nham hé thdng héa kién thirc vé
cac ky thuat va thuat toan lién quan dén trich chon dic trung anh tir mang no-ron cho bai
toan PVCD. Ké dén, phuong phap nghién ctu thuc nghiém thong qua viéc t6 chic chuéan bi
dir liéu, cai dat thuat toan trén céc bo dir liéu chuan, nham dé so sanh két qua nghién cau lién
quan. Dua trén két qua thuc nghiém, ching tdi chi ra va luan giai duoc nhitng han ché caa
cac phwong phap hién tai, ciing nhu lam ndi bat phwong phap dé xuit cia ching toi.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Bo dir liéu va cac buoc xix ly

Pé danh gia hiéu nang cac hé théng PVCD, mét bo co sé dit liéu can dwgc lya chon
dé thyc hién céc thi nghiém. Trong y van gan ddy, mot vai bo dit lieu duoc cong bd danh
cho phat hién sao chép video va truy van céc video gan tring l3p. Bang 2 tom tit mot s6
dic trung chinh cia cac bo dir liéu da duoc dé xuat.

Béang 2. C4c b dir liéu dwgc sir dung trong danh gia hiéu suit hé théng PVCD

B0 dit lidu VCDB SVD STVD VCSL
Bai béo [10] [9] [13] [7]
Céch bién doi That Téng hop Tong hop That
Thoi lugng (h) 2,030 h 197 h 10,660 h 17,416 h
Video tham chiéu 28 1,206 243 122
Cip dwong tinh 9K - 1,688 K 281 K
Do chinh xac 1s - 1/30s 1s

Dé thyc hién céc thi nghiém, STVD di dugc lya chon do mét sb dic tinh quan trong
nhu (1) bd dir liéu duogc thu thap trén cac tin hiéu tir TV véi do nhiu rat nho dé cho phép
diéu chinh d& dang cac phuong phap bién ddi hinh anh va video, (2) STVD la bé dix liéu c6
kich thugc 16n nhat trong y van hién nay, (3) co s dir lidu nay ciing cung cap mot phan
phdi can bang gitta video dwong tinh va 4m tinh, (4) nhan dit liéu cua STVD chinh xac tgi
muc khung hinh so véi céc b co dir liéu khéc.

Tir bo co so dit liéu STVD chiing tdi thuc hién mot s6 budc tién xir Iy chuan dé trich
Xuit tong cong 458,750 khung hinh dugc mé ta trong Bang 3. Bo dit liéu duoc chia lam
hai tap con gom tap co so goc va tap kiém thir. Chung t6i lya chon 3 kién trdc mang no-
ron pho bién nhat gdm VGG-16, ResNet-50 va Inception-v1. Vé phuong phap trich xuét
dic trung anh chdng t6i sir dung 3 phuong phap chinh gém Last FC, MAC va R-MAC nhu
da gigi thiéu ¢ trén. Cac dic trung anh sau khi trich xuat tr mang no-ron dugc chuan héa
vé dang L2 véi cac kich thude 512, 1024, 2048 va 4096 chiéu.

Bang 3. Phan chia tap dir ligu STVD

Video 60% tap coso goc | 40% kiém thir Tong

Video gia 259,050 172,700 431,750

Video sao chép 16,200 10,800 27,000
458,750
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Budc dbi sanh anh duoc song song héa hiéu qua trén bo xt Iy @b hoa (GPU) sir dung
d6 do twong tu Cosine gira hai vec-to dac trung anh [3]. Trong do, khi hai vec-to dugc
chuan hoa vé dang L2, do tuong tu Cosine gitra hai vec-to twong duong vai phép tich vo
hudng gitra hai vec-to nay.

Dé kiém ching dac tinh hiéu ning, chung t6i str dung cac d6 do chuan gdm do chinh
xac P (Precision), d6 phu R (Recall), va do trung hoa F;. Trong do, 6 twong tu Cosine 16n
nhét duoc sir dung dé xac dinh 2 hinh anh c6 1a ban sao chép caa nhau hay khong.

3.2. So sanh giira cac mo6 hinh mang 2D CNN

Dua trén bo dir liéu va qui trinh xu ly dit liéu, hiéu nang cua cac kién tric mang 2D
CNN dugc md ta trong Hinh 1 va trinh bay chi tiét trong Bang 4.

1.0 1.00 1

0.81 0.981

0.61 £0.961
s
(5]

0.4 £ 0.941

\
—— ResNet-50-v1 (Last FC)
0.21 —— Inception-v1 (Last FC) 0.92 1
---- VGG-16 (Last FC)

—— ResNet-50-v1 (Last FC)
== Inception-v1 (Last FC)
---- VGG-16 (Last FC)

0.0 - " v 0.90 - - T i
0.6 0.7 0.8 0.9 1.0 00 02 04 06 08 1.0
Cosine similarity threshold Recall
(a) (b)

Hinh 1. So sdnh 2D CNN véi Last FC (a) F1 (b) P/IR
Qua thuc nghiém, ching t6i thiy ring d6 anh huong cua céc kién trdc mang khéc
nhau 1a khéng tach biét dang ké (mot khoang cach nho 0.03) mic du diém F; cao nhat thu
duogc vai kién tric mang ResNet-50 & mac gan 0.93. Trong Hinh 1 (b) cho thdy cac mang
2D CNN van duy tri d chinh xac & mirc cao cling véi do phu lon.

Bang 4. Danh sich cac diém Fy caa 9 loai dic trung 2D CNN

LastFC | MAC R-MAC
ResNet50-vl | 0.926 0.828 0.823
Inception-v1 0.923 0.738 0.782
VGG-16 0.894 0.922 0.918

Vé phuong phap trich xuét dic trung, chiing toi nhan thady mot kién tric mang VGG
ding MAC va R-MAC cho mét hiéu suét tot hon F; = 0.03 so véi phuong phap Last FC.
Tuy nhién, d6i véi kién tric mang ResNet va InceptionNet thi chung t6i thu dugc mot
khoang cach lon F;=0.18 giita trich xuat tir tang tich chap va trich xuat tir tang két ndi day
du. Piéu nay dwoc giai thich do kich thudc ting cudi cing VGG 16n hon gip hai lan
(14x14) so vai cac kién tric ResNet va InceptionNet (7x7 hodc 8x8). Diéu nay dan dén
viéc &p dung phép toan cuc dai lén cac ving khac nhau ciia bé mat 16p tich chap trong
VGG dem lai mot do chinh xac cao hon.
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3.3. Do anh huwong téi hiéu suit cia cac dic trung 2D CNN

Viéc lya chon cac kién tric mang va phuong phép trich chon dic trung c6 mot sb
anh huong toi hiéu suat hé théng PVCD da dwoc ching t6i chi ra & phan 3.2. Tuy nhién,
viéc xtr Iy video trong chi @& PVCD dem lai mét khia canh khéc lién quan truc tiép t6i noi
dung cua video thay vi xtr ly cac hinh anh don. That vay, trong cac nghién ctu [7, 13, 16]
tap trung vao d6 do twong tu Cosine cuc dai giita hai khung hinh 1am diéu kién quyét dinh
xem video d6 co bi sao chép hay khdng. Trong phan nay ching toi s& chi ra nhiing diém
han ché cua dic trung str dung 2D CNN khi dbi mat véi cac do nhidu cao, noi dung anh chi
gom hau nhu moét mau dong nhét, hay cac anh gan trang lap vé noi dung. Chung dugc
miéu ta trong Hinh 2 (a) (b) va (c) dudi day.

(b) (c) (d) (e)

Hinh 2. Mét s6 vi du vé khung hinh chinh
Ghi cht: Khung hinh bi mo (b) khung hinh véi mét mdu dong nhat (c) khung hinh ¢6 ngi dung
gan trung lgp (d) khung hinh c6 néi dung tach biét nén/mau (e) khung hinh c6 néi dung ducoc
bé cuc dudi dang ludi
Chung t6i dé xuat trong bai bao ndy mot do do “tiéu chuan’ dé xac dinh tinh phan
biét giira cac dic trung trong khung hinh. P do $(X) duoc xac dinh 14 diém 16n nhit gitra
d6 twong tu bén trong 16p chira video dwong tinh va gitra cac 16p khac voi nhau. Mot két
qua Ién hon khéng (0) 1a duoc cho dam bao kha ning phan loai tét. Cong thirc dudi day
md ta d6 do chuan duoc xéac dinh.
H(X)=SC_min(A, {4 1, ... A _m}-SC max(A, {Y 1,..,Y nl}{d 1,.., dn2}
M&i mot khung hinh X va ban sao caa né {A 1, ..., A m} 1a duoc cin chinh theo
chudi thai gian t vai do chinh xac 1/30 gidy. Ching t6i s& dya trén md hinh chudi thoi gian
nay va do do “tiéu chuan’ dé thuc hién cac phan tich véi céc gié tri thong ké nhu min, mean,
max, standard deviation. M6 hinh hda theo chudi thoi gian dwgc mé ta nhu Hinh 3 duéi day.

1
~ !
AN
1

1

Timestamp
/ frame index

Hinh 3. M6 hinh héa theo chudi thoi gian
Ghi ch: Truc tung la biéu th cac gia tri ciia ¢(X), trong khi truc hoanh 1a biéu thi ddu gia tri
theo khung thoi gian t. Cac ki hiéu NC, NS, W, PS, FS la dwoc gidi thich ¢ Bang 5
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Tu mo hinh nay, chung tdi chia cac khung hinh chinh thanh cac loai khac nhau dugc
mé ta trong Hinh 2 va viét tat trong Hinh 3. Vi du, Hinh 2 (d, e) minh hoa céc khung hinh
dugc gan nhan FS chira c&c ndi dung ¢6 mirc dd phan biét cao (b6 cuc ludi, phan biét mau
nén / noi dung). Nhirng khung hinh FS 1a dé dang dwoc phét hién véi 2D CNN. Tuy nhién,
ching chi chiém 3% téng sb luong khung hinh cé trong video. Bang 5 théng ké tong sé
lugng khung hinh va phén loai caa chdng. Hinh 2 (b, ¢) minh hoa cac khung hinh véi nhan
W miéu ta cac hinh véi mau dong nhat hoic gan trang 13p (chén logo, chix). Mic du chi
chiém mot phan nho véi gan 8%, nhung chung phai duoc loai bé mét cach can than. Hinh
2 (a) miéu ta nhitng khung hinh bi mo béi cac hiéu tng chuyén khung canh trong video
duoc nhan NC. Nhimg khung hinh nhu thé c6 mot d6 bién thién (d6 léch chuan) 16n véi
muc d6 phan biét khé nho, dan dén 2D CNN rit kho dé phat hién sao chép. Cubi cling, gan
65% sb lugng khung hinh dugc gén nhan NS. Nhiing dic trung khung hinh chinh nay kho
duoc phat hién mot cach hiéu qua véi cac 2D CNN.

Bing 5. Bang théng ké phan loai khung hinh chinh

S6 khung hinh NC w NS PS FS
50,844 6,966 4,169 33,049 4,881 1,780
100% 13.7% 8.2% 65% 9.6% 3.5%

Ghi chl: Trong do cdc ki hiéu ¢(X) la gia tri duoc tinh theo cong thure da trinh bay ¢ trén, NC
|& dang viét tdt cho logi khung hinh ‘Not Consitent’, W la dang Viét tat cho ‘Worst’, NS la
dang viét tat cho ‘Not Separable’, PS la dang viét tit cho ‘Partial Separable’,

va FS la dang viét tat cho ‘Full Separable’.
3.4. Két luan va hwéng nghién ciu

Dua trén mot co so dir liéu video 1on, chung t6i da thuc hién cac thi nghiém trén 9 loai
dac trung 2D CNN dugc dung trong PVCD. Céc thi nghiém nay dugc danh gia trén mot khdng
gian chira gan 4.4 triéu vec-to dic trung véi gan 700 ti phép déi sanh. Ching t6i da chi ra mot
su tach biét nho vé hiéu suat gira cac kién tric mang khac nhau trong d6 diém sé cao nhat 1a
mang Resnet-50 tai F;=0.93. Tiép theo, chung t6i cling thiy riang cac phuong phap trich chon
dic trung 13 ¢6 1ién quan véi cac kién tric mang. Cu thé, d6i véi mang VGG thi phuong phap
MAC, R-MAC cho hiéu suét cao hon so v6i phuong phap Lats-FC véi do khac biét F;=0.03.

Tir md hinh theo chudi thoi gian, chung toi dé xuat mot phuong phap dé phan loai
cé&c khung hinh chinh dya trén nhiing dac trung cta chung. Phuong phap nay cho phép cac
phén tich sdu va min hon phuong phap toan cuc — xt ly mc video. Qua thi nghiém, chidng
t6i chi ra va nhan manh cac gidi han vé tinh manh mé cua cac dic trung sir dung mang no-
ron trong cac trudng hop video bi md (blurring), khung hinh véi mét mau duy nhét, hoic
céc khung hinh gan trang lap. Khi xir Iy voi video, mot lwong 16n cac khung hinh nay
(chiém gan 87%) la rat kho dé phat hién sao chép mot cach hiéu qua vai 2D CNN. Tir
nhitng gisi han ndy ciia 2D CNN chiing t6i huéng dén didu tra mot s6 phuwong phép lua
chon khung hinh chinh ¢6 tinh manh m& va phan hda cao bang viéc sir dung cac phuong
phap huan luyén lai nham cai thién hon nita hiéu suat caa PVCD.
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FEATURE ENGINEERING WITH CNN MODELS FOR PARTIAL
VIDEO COPY DETECTION PROBLEM

Le Van Hao, Le Dinh Nghiep, Nguyen Van Cuong
ABSTRACT

2D convolutional neural networks are the key component in partial video copy
detection systems. They play a crucial role in video retrieval and matching tasks within a
large database. However, the performance characteristics of these feature extraction
methods have not thoroughly discussed in literature. This paper presents two key
contributions. First, we conduct the experiments on a large-scale dataset to demonstrate
the generalization capability and clarify the performance characteristics of popular neural
networks. Next, we propose a time-series model approach to highlight the advantages and
limitations of image features extracted from neural networks in the partial video copy
detection problem.

Keywords: CNN models, feature engineering, partial video copy detection.
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