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Tém tit. Truy xudt video 1 mot trong nhitng huéng nghién citu méi
va ¢6 nhiéu thach thic. Trong bai viét nay, chiing t6i xin trinh bay nhing
khdo sat clia chiing t6i vé cAc nghién cttu lién quan dén truy xuit video
dya trén khai niém va dinh huéng nghién ctu ma ching t6i du dinh thuc
hign trong dé tai.

Tir khéa. tim kiém video, truy xuit video, da dic trung, multimodal
features, concept-based video retrieval, semantic concept.

1 Gidi thieu

Nho sy phat trién ciia cong nghé s6, con ngudi da tao ra mot khdi lugng dit lieu
da phuong tién rat 16n, lien tuc gia tang vé s6 lugng, da dang ca vé noi dung,
hinh thic va dinh dang luu tri. Trong dé6 dit liéu video duge xem nhu mot di
litu da phuong tién phitc tap vi chiing bao gom cac dit lidu khac nhu van ban,
am thanh, hinh anh,... Trong nhitng nam gan day, viéc tao ra cic tap tin video
cang ngay cang dé hon, moi ngudi déu cé thé ding thiét bi di dong hoic may
quay ki thuat sé dé ghi hinh ma khong can phai sit dung cac phan mém hay céc
thiét bi chuyen nghiép nhu truée day, dong thoi cé thé chia sé véi ban be thong
qua cic trang web chia sé dit liéu tric tuyén.

Chéng han theo théng ké ! tai thoi diém 01/2012 trung hinh trong mot phiit
¢6 hon 136,000 anh dugc upload 1én trang web chia sé hinh anh flicker, ¢6 138MB
dit lieu céc loai duge upload lén facebook, va ¢6 hon 360 gis video dugc upload
len youtube,... Tuy nhién, dé c6 thé sit dung va khai thac hieu qua khéi lugng
dit lieu khéng 16 nay doi héi phai cé nhitng phuong phéap té chic luu tri, lap
chi muc va truy xuat that sy hidu qua vé nhidu mit: tai nguyen st dung, téc do
thyc thi vi diic biet 14 kha ning dap Gng yéu cau clia ngudi dung . ..

Theo Jain et al. [14], video dugc tao ra nham muc dich gii tri, thong tin,
truyén thong, hodc phan tich dit lieu,... diéu do ciing c6 nghia & video dugc tao
ra dap tng cho nhiéu loai déi tugng ngudi diing khic nhau: mot khach hang
xem cic quang cdo dé chon mua san pham, ngudi yéu thich béng da cé thé xem
lai cdnh ghi ban ciia cau thi trong mot tran dau, ngusi yéu thich phim anh cé
xem cac doan giGi thiéu phim,... Hién nay cac website thuong mai nhu Youtube

! http://thesocialskinny.com/100-social-media-statistics-for-2012/



2, Vimeo?, Dailymotion#, blip.tv® ... c6 kha ning dap Gng t6t cac nhu cau trén
va cho phép ngudi diing c¢6 thé xem toan bo hay xem luét qua noi dung ctia tap
tin video dugc luu trit trong hé théng. Tuy nhién, do ¢6 qua nhidu dit lieu nén
ngudi dilng mong muén truy xuit nhitng doan video c6 chita noi dung phit hop
v6i yeu cau. Ching han ngudi dung dang tim hiéu thong tin vé dién vién A nén
muén tim nhitng doan video c6 chita dién vién A, hodic ngudi ding mudén xem
cac doan video ¢6 chim canh cut,... Day la mot trong nhitng bai toan khé dang
duge cong dong nghién citu quan tam, nhitng két qua bude dau can duge tiép
tuc nghién citu va cai tién. Trong dinh huéng nghién cttu, chiing toi sé tap trung
vao bai toan xéac dinh cac khai niém c6é trong video dé lam co sé cho viéc truy
xuét video.

2 Nhiing Nghién ctu Lién quan

2.1 Khai niém trong Video

Qua trinh nhan thic clia con ngudi vé ndi dung video 14 mot qua trinh tac dong
1an nhau gitta cdc khai niem ma ngudi d6 nhan thitc dude, vi thé khi muén truy
xuat video, ngudi diing thudng mo ta cic noi dung can tim qua cac tit khoa lién
quan. Do d6, cic hé théng truy xuét video phai c6 kha ning nhan dién dudc cac
khai niém c6 trong video, t6 chic luu trit va lap chi muc ching sao cho ngudi
diing c6 thé truy xuét cac doan video thong qua cac khai niém ngit nghia dudc
mo ta nhu nhitng tr khéa tim kiém.

Bai toan quan trong nhat & day chinh la lam thé ndo x4ac dinh vh gan cac
khai niém cho tat ca cac doi tugng, sy vat, hién tuong,... xuat hién trong video.

C6 nhiéu phuong phap da duge dua ra, vé cd ban c6 thé chia thanh hai
phuong phap: thi cong va tu dong.

Phuong phap Tht cong

Sau khi xem qua néi dung cta video, ngudi dung sé xac dinh va gan céc khai
niém ngit nghia cho video dé. C6 thé chia thanh hai nhém:

— Do céac cac chuyéen gia thuyc hién [7,10], tuy nhién cong viéc gan nhan thudng
nham chan vd mat nhiéu thsi gian, nén toan bo video chi dudc mo ta ngin
gon.

— Do ngudi diing thyc hién, chdng han trong céc trang YouTube, Flickr, Face-
book,... cac khai niém duge gan béi nhidu ngudi qua cac hinh thite nhu cac
chii thich, cac tro choi nhan dién va gan khéi niém cho ddi tugng [1,2] hay
cong cu cho phép ngudi ding gén nhéan [20],... Vi ¢6 nhiéu ngudi cing tham
gia nén c6 thé dan dén sy nhap nhing gitta cac khai niem dugc xac dinh,
céc khai niem thudng mang tinh ca nhan, va c6 thé khong day du,...

2 http://www.youtube.com

3 http://www.vimeo.com

4 http://www.dailymotion.com
® http://blip.tv



Tuy nhién, véi khéi lugng dit lisu 16n va khong nging gia tang, viéc thyc
hién thi cong 1a khong kha thi, cac khai niem duge gan khong thé phan anh hét
céc noi dung trong video lam cho viéc truy xuéat cidc doan video sé khong higu
quéd [22].

Phuong phap Ty dong

Muc dich ctia phuong phéap nay la ty dong xac dinh va gan cac khai niém cé
trong video thong qua cac bo mo ta (descriptors). Trong céc hé thong tim kiém
trén video hién nay nhu Youtube, Video, Baidu, Blinkx,.... dé tra vé cac video
két qua dua trén cac khai niem do ngusi ding nhap vao dudi dang van ban.
Cac bo m6 ta chli yéu duya vao tén file video, cac thong tin mo ta vé video khi
ngudi dung upload lén hé théng, cic van ban trong tai licu c6 nhing video vio
(surrounding text), social tags, van ban chi thich trong video (closed captions),
hay st dung ki thuat nhan dang tiéng néi dé chuyén am thanh thanh vin ban
(speech transcript), cac metadata trong tap tin video,... Tuy nhién, ngusi dung
thudng upload tap tin video lén hé théng va chia sé video thong qua dia chi lién
két ctia video do, vi thé ho rat it khi mo ta noi dung ctia video khi upload; ngoai
ra, tén file clia video thudng khong mo ta vé video, ¢6 nhiéu nguyén nhan nhung
chti yéu do ngudi diing upload tryc tiép céc file duge ghi hinh bing cac may
ki thuat s6 hay dién thoai di dong. Viéc st dung vin ban cht thich ¢6 nhiing
thanh cong dang ké [3] nhung han ché 16n nhét khi cdc van ban chi thich khong
lien quan dén noi dung video (chéng han cic dong quang céo hay cac dong tin
ngan). Céc he thong truy xuat video dya trén van ban duge rit trich tir céc
phan mém nhan dang tiéng néi dac biét hicu qua trén dit lidu tin tic, phong
van, bai thuyét trinh,... nhung trudng hgp tiéng néi trong video khong st dung
ngon ngit Tiéng Anh nhu Trung qudc, Arap,... 1a mot thach thitc va két qua tim
kiém thudng c6 do chinh xac khéng cao.

Dit lieu video 1a mot dit lieu da phuong tién phic tap vd mang yéu td gidc
quan (a4nh, am thanh, video), nén can thiét phai 4p dung cac ki thuat xit ly anh,
am thanh va thi gidc may tinh dé xéc dinh sy hién dién cac khai niém trong
video. Thong thudng ngudi ta chia video thanh hai dong dit liéu la dong am
thanh (audio stream) va dong hinh anh (visual stream). Vi thé ngoai viec rut
trich cac thong tin tir dong am thanh, thi cac thong tin tir viéc x 1y hinh dnh
rat quan trong. Vi thé mot s6 lugng 16n cic nghién citu diit vai trd quan trong
ctia noi dung hinh anh (visual content) lén hanh dau chit khong phéi van ban
hay cac dic trung khac dugce rit trich tit dong am thanh.

Viéc phan tich xac dinh ndi dung ciia dit liéu hinh 4nh ¢6 mot lich sit lau
doi [19], xuat phat tit nhiing nam 1960s. Véi mot vai thanh cong bude dau, céc
nha nghién citu trong nhitng nam 1970s cho ring bai toan hiéu noi dung dit lieu
hinh anh sé sém dudc gidi quyét hoan toan. Tuy nhién, dén nhitng nam 1980s
ngudi ta cho ring nhitng dy doan nay qua lac quan. Trong nhitng nim 1990s,
truy xuat anh dya trén noi dung 14 mot trong nhitng huéng nghién cttu méi va
nhan duge nhiéu sy quan tam ciia cac nhém nghién cttu trén thé gidi, muc tieu
la phat trién cic phuong phap tim kiém anh trong tap dit lieu 16n dya trén noi
dung.



Dau nhitng nam 2000s, nghién citu trong linh viyc truy xudt dya trén noi
dung da c6 mot su chuyén ddi tit &nh sang video [8] [4] [5] [32] [34]. Dac diém
chung ctia nhitng phuong phap nay 13 dya trén cic dic trung mic thip nhu mau
sic, cau tric van, hinh dang va khong gian - thoi gian. Hau hét nhitng hé théng
dya trén truy van theo mau (query-by-example), ngudi sit dung sé vé phac thao
hay cung cip anh méu can truy van, chi nhitng anh c6 sn trong hé thdng va c6
mot syt khac nhau khong dang ké so v6i anh truy van dude chon lam két qua.
Néu anh chuta c6 trong hé théng thi cAc phuong phap truy van anh duya trén noi
dung sé khong hiéu qua. Ngoai ra, dé dién dat ndi dung can tim dua trén cac
dic trung mitc thap 1a rat khé khan déi véi ngudi ding, trong mot sd trudng
hop ngudi ding khong nhé chinh x4c noi dung can tim. Vi thé nhu cau cip thiét
phéi phat trién cac hée thong cho phép ngudi diing nhap vao céc vin ban mo ta
vé noi dung can tim vd hé théng tra sé vé két qua tuong tng, néi cach khac,
ngusi dilng mong muén tim kiém dya trén sy tuong dong vé ngit nghia gitta
nhitng tit khéa nhap vao vé6i cac dic trung mic thip ma may tinh hvu trit va
c6 thé xit 1y duge. Day 1a mot bai toan khé va c¢é nhidu thach thic. C6 hai khé
khan 16n nhéat:

— (6 su khac biet kha 16n gitta nhitng dac trung mic thip ma may tinh rat
trich tit video véi nhing khai niém mic cao ma con ngudi hidu vé video do,
sut khac bigt nay dugde goi la syt khéc biet vé ngit nghia (semantic gap) [23].
Chéng han trong hinh 1, con ngudi ¢6 thé nhin va hiéu bic anh hinh chim
canh cut nhung vé6i may tinh thi chiing chi la nhitng bit 0 va 1
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(a) Dic trung méy tinh hidu (b) Noi dung ngusi ding hidu

Hinh 1. Hinh 4nh minh hoa sy khac biét vé ngit nghia

— Mot trong nhitng nguyén nhan gay ra sy khac biét vé ngit nghia dé6 1a ciing
mot doan video nhung nhitng ngudi khac nhau c6 thé c6 nhiing céch hiéu
kh4c nhau, dic biét 1 cc video vé cdm xtc hay tinh cdm [9]. Thong thuong
nhing video c¢6 nhidu cach hiéu khac nhau hay cé thé hiéu theo sy chil
quan ciia ting ngudi it duge xem xét. Tuy nhién, dé xac dinh céc khai niem
mang tinh khach quan c6 hién dién trong video hay khong la mot bai toan



khé, chang han chiing ta mudn xac dinh toa nha cé trong video hay khong.
Mot trong nhitng khé khan chinh dé 1a cting mot khéi niém nhung c¢6 nhiéu
thé hién khac nhau: géc nhin khac nhau, diéu kién anh séang hay ti 1& khac
nhau,... sy khac bigt nay duge goi 1a sy khéc bigt vé gidc quan (sensory
gap). Chang han trong hinh 2, cting mot toa thap nhung hai hinh khac bigt
nhau do géc nhin khac nhau.

(a) G6c nhin 1 (b) Géc nhin 2

Hinh 2. Minh hoa sy khac biét vé& gidc quan ctia cing mot khéi niem [27]

T6m lai, c6 hai bai toan ma chiing ta can gidi quyét:
— Xac dinh sy hién dién ctia cac khai niém mang tinh khach quan ¢; cé trong
cac doan video s; hay khong.
— Xac dinh khai niém ¢; trong nhitng diéu kién khac biét vé giac quan.

2.2 Nhitng Nghién citu Lién quan dén Khai niém trong Video

Xac dinh cac khai niém ngit nghia trong video 14 mot trong nhitng huwéng nghién
citu méi, nhiéu thach thic trong linh vic truy xuat video. Cho dén thai diém
hién nay, theo tim hiéu ciia ching toi thi chua c6 mot hé thong nao co thé xac
dinh dugc tit cd cac khai niém c6 trong thé gidi thyc, cac hoi thdo hang dau
trong linh vyc nay thuong cho truéc danh sach cac khai niem va tap di liéu
huén luyén c6 lién quan. Muc tiéu dat ra cho cac nhém nghién cttu 1a xac dinh
céc khai niem c6é hien dién trong tap kiém tra. Ching han: trong TRECVID
20128, s6 khai niem can x4c dinh 1a 500; imageclef20127 stt dung 94 khai niem:;
PASCAL-VOC 2012 8 stt dung 20 khai niém.

5 http://www-nlpir.nist.gov/projects/tv2012/tv2012.html

" http://www.imageclef.org
® http://pascallin.ecs.soton.ac.uk/challenges/ VOC/voc2012/index.html



Mot s cong trinh nghién citu ban dau dya trén cac luat duge xay dung bing
tay dé nhan dién cic khai niem rieng 1é [30,31,36]. Tuy nhién, khi kich thuéc dit
lidu tang, s6 lugng khai niém can xac dinh 16n hon thi nhitng phuong phap nay
khong kha thi vi can qua nhiéu luat. Khi d6 chiing ta can phai c6 cac phuong
phap & mic tong quéat hon, cho phép x4c dinh dugc nhidu khai niém va cé thé
ap dung trén tap dit lieu 16n. Dé giai bai toan nay, thong thudng ta ap dung
cac phuong phap may hoc dé xac dinh méi lien quan gita cic dic trung mic
thap véi cac khai niem ngit nghia ¢ mic cao [17,24,28,29]. Ta c6 thé tdng quat
thanh bai todn nhu sau: cho truéc mot vector dic trung z; biéu dién dic trung
cho mot doan video, muc tieu 1a dung x; dé x4c dinh khai niém ¢; c¢6 hien dien
trong doan video d6 hay khéng. C6 nhiéu phuong phéap rit trich dic trung ;
va nhiéu phuong phap may hoc duge 4p dung dé xac dinh médi quan heé gitta x;
va ¢;.

Chon Dac trung

Cac diic trung dude xay dung phai huéng dén muc tiéu gidm khodng cach khac
biét vé nghtt nghia v& c¢6 thé nhan dién duge khai niem trong diéu kién cé sy
khéc biet vé gidc quan. Do video 1a mot dit lieu phitc tap, ching c6 thé chia
van ban, am thanh, hinh anh, ... nhung sy khac biét gitta video véi cac loai dit
licu khac d6 1a video gdom mot day hinh lién tuc theo thai gian dé tao sut chuyén
dong, vi thé, so véi cac diic trung khac (vin ban, am thanh, ...), cdc dic trung
lien quan dén hinh 4nh duge quan tam hon ca.

Khé khin lien quan dén dac trung hinh anh 13 ching phai dude mo hinh
héa sao cho c6 thé xac dinh chinh xéc cac khai niem trong cdc moi truong khéc
nhau, nghia la chiing c¢6 thé lam giam khodng cach khéc biét vé ngit nghia trong
nhitng diéu kién gidc quan khac nhau (chang han 4nh sang thay ddi, géc hinh
khac nhau, t{ l¢ khac nhau, ...). Vi thé chiing ta can phai két hgp nhiéu dic
trung v6i nhau. Sau day ching t6i sé trinh bay mot s6 dic trung duge st dung
clia cdc nhém nghién citu di cé nhidu két qua cao trong cac hoi thio lien quan
dén linh vyc truy xuat video.

— Nhoém nghién ctu ctia Tokyo Institute of Technology, dat két qua cao nhat
trong TRECVID 2011, ho stt dung 5 loai déic trung vé hinh d4nh va 1 loai dic
trung am thanh: SIFT features with Harris-Affine detector, SIFT features
with Hessian-Affine detector, SIFT and hue histogram with dense sampling,
HOG with dense sampling, HOG from temporal subtraction images, MFCC
audio features. Vector dic trung gom 6 loai dic trung trén dugc goi la
Gaussian mixture model (GMM) supervectors va cac dac trung duge rit
trich bang cach 4p dung tree-structured GMMs [11,12].

— Nhém nghién citu ctia University of Amsterdam(UvA)?, st dung bo mo ta
duya trén mau sic (color descriptors)bing cach 4p dung dic trung SIFT cho
céc hé mau khac nhau [21].

9 http://www.ceessnoek.info



— Nhém nghién ctiu Vireo'® st dung hai dic trung toan cuc grid-based color
moments (CM), grid-based wavelet texture (WT) va hai diic trung cuc bo:
SIFT-DoG, SIFT-HA; phuong phap may hoc la SVM.

— Nhém nghién citu ctia Carnegie Mellon University!! | sit dung 5 dic trung
SIFT-HL (Harris-Laplace), CSIFT (Color SIFT)-HL, SIFT-DS, CSIFT-DS,
va MoSIFT. Phuong phap méy hoc duge ap dung la Sequential Boosting
SVM.

Chiing ta c6 thé théy, dic trung SIFT va céc bién thé ctia né déng vai tro rat
quan trong trong viéc xac dinh cac khai niém. Ngoai ra, trong cdc nhom dic
trung trén thi dic trung lien quan dén am thanh chiém mot ti lé rat nho so véi
cac dic trung lien quan dén hinh &nh.

Phuong phap May hoc

Do khéi lugng dit lieu video rat 1én, c6 nhiéu khai niém can xac dinh, vi thé
sau khi biéu dién cac doan video bang vector dic trung, ching ta st dung cac
phuong phap méy hoc dé xac dinh méi lien quan gitta cac khai niem va vector dac
trung. Phuong phap may hoc thuong duge sit dung 1a hoc giam sat (supervised
learning) dya trén tap mau chita cdc khéi niém cho truée.

C6 hai thach thitc ma cidc phuong phap hoc phai déi mat, dé 1a trudng hop
s6 vec-tor dac trung qué nhiéu c6 thé gay nhidu va trudng hgp c6 nhiéu tham
s6 duge dung trong mo hinh (over-fitting) [13]. N6i cach khac, can phai xi 1y
trusng hgp mét can bing gitta cac mau duong so v6i mau am va trudng hop dit
lieu bi nhiéu hoac 16i. Dé dap ting cac yéu cau trén, phuong phap SVM la phit
hgp hon ca. Viec chon haim nhan (kernel) va tham sé C dé can bing gitta 151
huén luyén vi do phiic tap ctia md hinh 4nh hudng dang ké dén két qua [16,29].
Ham nhan thuong dudc chon dua trén ham Gaussian RBF hodc x2. Dé khic
phuc hién tuong over-fitting, cac tham sé6 duge danh gia dya trén phuong phap
danh gia chéo (cross-validation).

Két hop Dac trung

Nhu chiing ta biét, trong mot doan video c6 thé biéu dién bang nhicu dac trung
khac nhau duya trén cac md hinh khic nhau, vi thé viéc chi sit dung madt mo hinh
(unimodal) hay nhiéu mé hinh (multimodal) can duge xem xét.

— Trong phuong phap st dung mot mo hinh, ¢6 nhidu phuong phap xac dinh
cac dac trung dya vao hinh d4nh (mau sdc, ciu tric van, hinh dang,..) hodc
cac bién thé ciia ching, pham vi rit trich dic trung c6 thé ap dung trong
céc ving khéc nhau nhu toan cuc, cuc bd hay § mic cac diém keypoints
[15,25,33,35]. Tuy nhién, st dung ciing mot mo hinh c6 thé khong phit hgp
cho tét ca cac khai niém khac nhau, vi thé ta thuong két hgp nhiéu mé hinh.

10 http://vireo.cs.cityu.edu.hk/
" http:/ /www.Iti.cs.cmu.edu/



— Trong phuong phap dya trén nhiéu mo hinh, cac dic trung dudc rit trich
tr nhiéu kénh khéc nhau nhu am thanh, hinh anh [28].

Sau khi cac diic trung duge rit trich, ching duge két hgp thanh mot vector diic
trung mo ta cho video. Miic dit uu diém ciia viec két hop nay gitp ta tiét kiem
chi phi cho qué trinh hoc, tuy nhién, chiing ta can quan tam dén mot s6 yéu to
nhu s6 thanh phan ciia vector sé gia ting, mtc do lien quan véi cdc khai niem
clia cac dic trung khic nhau, s6 chidu va mién gia tri ctia cidc dic trung khac
nhau, va thit ty két hgp cac dic trung,...

Mic du day 13 mét trong nhing huéng mdi trong truy xuit video, nhung
dya tren mot s6 két qua duge cong b trong [18,26] va mot s6 cong trinh nghién
citu ¢6 lién quan [6,27] thi nhitng két qua nay can duge cii tién nang cao hon.

3 Mot s6 Két qua va Dinh huéng Nghién ciu

Trong thdi gian qua, ching toi c6 thic hién 2 dé tai khoa hoc cip DHQG khong
trong diém va cong bd hai bai bao:

— Mot bai tai hai thdo ICCCI 2012, da dugc chap nhan, tén bai bao “Caption
text and keyframe similarity based video retrieval system”. Trong bai bao
nay ching to6i trinh bay vé két qui xay dung mot hé théng truy van video
dya trén viéc rat trich cac phu dé va so sanh do tuong ty gita anh truy van
v6i anh chinh trong cac doan video. Day chi 1a mdt cong trinh so khdi, lam
nén tang dé phat trién cac phuong phap khac trong hé théng.

— Mot két qua khac lien quan dén viéc thyc hién so sanh cac bo mo ta dac trung
vé hinh déng ctia &nh dugc chiing t6i cong bo tai hoi thao ITEDUQ2010 (“A
comparative study of shape discriptors in content based image retrieval”).

Trong dé tai nay, ching t6i dyt dinh tap trung nghién ciu cic noi dung sau:

Stt dung phuong phap da mo hinh, két hgp nhidu diic trung dya trén dit lieu

van ban, am thanh va hinh anh.

— Dé xuft cac bién thé clia cac dic trung dé nang cao hiéu qua xac dinh céc
khai niém trong doan video

— Nghién cttu cac phuong phap may hoc, sy két hop cic dic trung va dé xuat
mo hinh cai tién kh& nang nhan dién cac khai niém trong video.

— Xay dyng mot hé théng 4p dung cac phuong phap va mo hinh duge dé xuit

dé danh gia hiéu qua va cho phép ngudi dimg truy xuat dit lieu video dua

trén cac khai niém.

4 Két luan

Trong bai viét nay, chiing toi da trinh bay téng quan vé dé tai nay, nhitng nghién
citu ¢6 lién quan va dac biét 1a dinh huéng nghién cttu ctia ching toéi. Tuy nhién,
nhitng dinh huéng nay mang nhiéu tinh chti quan va phién dién. Ching toi rat
mong nhan dugc sy déng gép ¥ clia quy doc gia dé ching t6i ¢6 thé hoan thanh
nghién citu ctia minh.
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