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TOM TAT— Bai viét nay dé xudt mgt phwong phap méi dé truy héi video véi cdc chii thich ndi dung bang van ban khéng hoan
chinh. Y twong chinh la viéc sir dung co ché suy dién Bayes dé duw doan dinh danh cua con nguoi, hanh déng va dia diém ho Xudt
hién trong cdc khung hinh video. Mgt vai mé hinh truy hoi video voi khd ning tich hop cdc chimng cik xudt hién ciia anh va van ban
khéng hoan chinh dwoc dé xudt va so sanh. Trong cdc thi nghiém, bdi viét sit dung cdc tdp cia bé phim truyén hinh Buffy the
Vampire Slayer lam cdc tdp dit lidu hudn luyén va kiém thir. M6 hinh mang Bayes dwoc dé xudt c6 khd ndng cho phép két hop nhiéu
thuéc tinh cia video nhuw hinh anh va van ban, xit 1y} cdc cdu truy van trong dé cé nhiéu thuc thé ¢é quan hé ngiv nghia véi nhau va
quan trong nhdt la ¢é kha ning suy ludn ra cdc thuc thé néu ching khong dwoc nhdc 16i trong vin ban nhwng lai xudt hién trong
cac khung hinh.

Tir khéa— Khai thdc div liéu da phwong tién, Idp chi muc va truy hoi video.
I. GIOI THIEU

Web dang ngay cang tr& thanh mot ngudn thong tin song con véi kha ning thoa man hau nhu moi nhu cau tra ciru
thong tin ciia con ngudi. Cac bo may tim kiém Web, dén lugt minh, tro thanh cong cu trich loc phai ¢6 nhim gitp cho
ngudi ding thu hep pham vi tim kiém trong mot bién thong tin, dé cudi cung c6 dugc vai thong tin ma ho thuc sy can.
Céc bd may tim kiém c6 lich st phat trién 1au doi dya trén nhidu két qua nghién ctru thanh cong trong cac linh vire 1ap chi
muc va truy hdi théng tin (information indexing and retrieval). Lap chi muc va truy hdi thong tin dang van ban 1a mot vi
du dién hinh. K§¥ thuat nay so khép ciu truy van ctia nguoi dung khong chi véi siéu dir liéu (metadata) dung dé mo ta tai
liéu (trén Web thuong 14 thiéu hodc khong hoan chinh) ma con véi chinh ndi dung bén trong tai liéu dé. Cac k¥ thuat lap
chi muc va truy hdi thong tin hién dai thuong dat dén murc rat trich va trinh bay thong tin theo ngit nghia (semantics
extraction and representation). Ky thudt nay tdp trung vao viéc so khdp cdu truy van va tai liéu theo ngit nghia. Day rd
rang 13 mot thanh tyu quan trong vi hé thong c6 thé hiéu dugc y nghia thuc sy dang sau cau truy van ciia ngudi dung va
sau do tra vé cho ngudi ding cac tai liéu co ¥ nghia tuong dong ma rat ¢ thé ho s& cam thiy thoa min.

V6i su phd bién nhanh chéng cua truyén thong dai ching, nhu cau thng tin ciia ngudi dung khong con gidi han &
c4c van ban thudn tuy ma mé rong ra dén hinh anh, am thanh, video, thong tin y sinh,... Rat nhidu nha nghién ctru ndm bét
xu hudng nay da va dang nd luc khong ngimg dé xay dung cac hé thdng truy hoi théng tin da phwong tién nhim thoa man
nhu cu tim hiéu théng tin da phuong tién cua ngudi ding. X 1y théng tin da phuong tién huéng ndi dung thyc sy kho
hon nhiéu so v&i thuan tuy xur 1y van ban. Thir nhét, cAn nhiéu nd luc dé rat trich cac dic trung quan trong cua dir liéu da
phuong tién. Thur hai, nhitng dac trung nay thuong khong twong tng vdi truc gidc cia con nguoi vi chung thuong 1a cac
dic trung tho thé hién dir liéu ¢ mirc thap ma chira dung rét it ngit nghia. Thi ba, s6 lugng ciing nhu cac mdi lién hé giira
cac khai niém mang tinh ngit nghia s& khac nhau tuy vao cac ngudn dir liéu, vi vay lam sao dé chon ra cic khai niém
mang tinh ngit nghia vira dii va vira c6 y nghia dé trinh bay cho nguoi ding 1a mét thir thach 16n. Nhimg thach thic noi
trén thuong duge dé cap dén nhur 1a khoang trong vé ngit nghia (semantic gap) giita néi dung & murc thap va cac khai niém
muc cao.

Céu hoi dat ra la lam sao dé lap day khoang trong ngir nghia nay? Cac nd luc ban du 1a nhim vong tranh khong
giai quyét tryc tiép vin dé ma chi don thuan chuyén d6i thé hién cau truy van & murc thip hon. Vi dy, mét s6 hé thdng truy
héi video sir dung co ché “truy vén qua vi dy” (query by example). Tuy nhién, v6i cau truy van tuong ddi phtrc tap nhu
“Buffy is fighting in the graveyard”, rit kho dé tim ra tm anh vi du twong tng trong co s dit liéu hién c6 dé co thé rut
trich ra nhitng dic trung cip thap nhdm phan anh toan bo tap cac khai niém “Buffy”, “fighting” va “graveyard”. Mot co
ché xir 1y thong dung khac la sir dung cac cu truy van dang van ban. Véi cach ndy, viéc nam bat ngit nghia 14 d& dang
hon ddi véi cau truy van. Tuy nhién, ching ta cling phai rit trich ra cac y nghia tir cac phuong tién khac voi van ban, anh
xa ching t6i cac nglr nghia tir cau truy van va tra vé cho nguoi dung. Phuong tién 4m thanh trong video co the dugc
chuyén d6i thanh van ban dé 1am gidu thém thong tin cho ngudn vin ban, nhung di voi dir liéu hinh anh thi vén dé van
dang dugc nghién cuu.

Van d& con lai 13 1am sao dé anh xa tir cac ddc trung cap thap sang cac ngir nghia cip cao? Giai phap dwoc ap dung
phé bién trong thuc tién 1a str dung viéc chu thich bé“mg tay (boi nhan vién luu trir hodc str dung cac dich vu gan nhan truc
tuyén boi con nguodi, chéng han dich vu Amazon Mechanical Turk®). Tuy nhién, véi quy mé cta van dé, cha thich bang
tay khong phai 14 lya chon thich hop. Vi thé, s& hop 1y hon néu cac k¥ thuat may hoc duoc ap dung dé giai quyét bai toan
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ma & d6 cac tién trinh hoc c6 thé 1a c6 giam sat mot phan hodc khong cé giam sat. Cac ky thuat c6 giam sat mot phan thuc
hién viée rat trich dac trung cua dir liéu anh mot cach ty dong, dinh nhan béng tay mot phan dir lidu va gan nhén tu dong
phan con lai cua dir liéu dua trén sy tuong dong cua cac dac trung cap thip. Cac k¥ thuat khong giam sat thuc hién ty
dong tat ca cac thu tuc rat trich dic trung cap thip va cac ngit nghia cip cao, lién két ching lai dya trén cac k1eu mau dugc
phat hién trong toan bd dir liéu. Hoat dong nghién ctru cac ky thuat may hoc nay dang tién trién va thuc su can nhiéu hon
nita cac dong gop, cai tién dé co thé duoc ap dung rong rii. Bai viét nay s thao luan mot s dong gop vao hudng nghién
ctru ndy. Cu thé 1a chiing t6i muén kham pha sy dong xudt hién ctia dit liéu vin ban va hinh anh dé x4y dung cac mé hinh
¢6 thé lap day khoang trong ngir nghia giita cac dic trung cip thap va cac ngir nghia mirc cao. O day ching i s& tap
trung vao nghién ctru cac hé thong truy hoi video.

Céc hé thong truy hdi video hién tai thuong dua vao cac cha thich bang tay ctia cac video twong tmg. Viée ¢6 duoc
cac chii thich nay thuong dugc to chiic thong qua cac hoat dong gan nhan dya trén sb dong nguoi dong gop. Tuy nhién,
trong mot s6 truong hop, cac cha thich dugc thém vao vi Iy do yéu thich ca nhan. Véi dit liéu video ma chiing toi sir dung
trong bai viét nay (cac tap phim truyén hinh “Buffy the Vampire Slayer” [1]), ngudi hdm m¢ da thém vao cac mo ta theo
dang vin ban ngdn ngit tw nhién nham ké lai nhimg gi dang dién ra trong video. Nhitng mé ta nay rat khong hoan thién vi
rat nhiéu khung hinh khéng c6 m6 ta hodc cac mé ta cé dugc chi thé hién mot phﬁn ndi dung cua mdt khung hinh video
(vi dy nhu con nguoi va hanh dong ctia ho duge mo ta, nhung dia diém xuét hién lai khong cd). Thém nira, cac méc thoi
gian chi dat dugc sy trung khép tuong d6i. Trong bdi canh nay, cac phuong phap truy hdi video dya theo ndi dung c6 xem
xét ca ndi dung anh va cac mo ta bang van ban tuong Gmg 14 ¢6 gié tri vi chiing c6 kha ning cai thién d6 chinh xac khi truy
van ciling nhu cung cip cai nhin rd rang hon bén trong cac tap dir liéu video [2]. Ly do 1a vi cac phuong phap truy hoi
thong tin huéng ndi dung c6 nhiéu kha nang co thé tom tit noi dung ciia phuong tién chira thong tin thanh cic ménh dé
mo ta stc tich va phan 16p cac mo ta nay.

Nghién ciru ctia chiing toi tap trung vao viéc truy van cac video vé Buffy véi cac khai niém ngit nghia nhu con
nguoi, hanh dong ciia ho va dia diém ma ho xuat hién (vi du: Buffy is fighting in the graveyard). Dé co thé truy hdi dugc
cac khung hinh tuong tg, 1y twong nhit 1 mdi khung hinh dugc cha thich mot cach chi tiét va day da nhu & vi du trén. O
day chiing t6i s& trinh bay mot mé hinh dung dé chu thich ndi dung cac khung hinh mot phan dua trén mot s6 nhan dang
thong tin khong chéc chan tir cac nguén van ban, cac khung hinh va mot 50 thong tin so khép khong chic chén cua ching,
tir d6 sir dung mang Bayes dé suy dién ra cac mdi lién hé con thiéu, lap day khoang trong ngit nghia. Cac phuong phap
tich hop chimg ctr niy c¢6 kha ning tich hop tot vao cac mé hinh truy hdi thong tin dira theo xac suat. Chung t6i dé xuat ba
md hinh truy hdi théng tin. Mo hinh truy hdi co so dau tién (goi 1a Unigram Language Model) truy hdi cac khung hinh
video chi dwa trén cac chi thich bang vin ban hién ¢6 nhung khong hoan chinh. M6 hinh thi hai (goi 1a Unimodal Entity-
Relation Model) s€ rut trich t€n con nguoi, t€n hanh dong va tén dia diém tir van ban, lién két cac tén thuc thé thanh cac
b6 dit liéu quan hé (relational tuple) va sir dung cac bo dir liéu ndy trong cac md hinh truy hdi théng tin hudng ndi dung.
Mo hinh nay biéu dién noi dung cua céac chi thich cia nguoi hAm md thanh ti cac b dir li¢u theo mot md thie dir liéu
duy nhat 13 vin ban. Cudi ciing, ngoai thong tin dugc rat trich tir vin ban, chiing i ciing tich hgp thong tin rit trich tir ndi
dung céc khung hinh video dé xdy dung mo hinh tich hop ndi dung phtic tap hon. M hinh thir ba (Multimodal Entity-
Relation Model) trong tw nhu mé hinh ding tai cac bd nhung tich hop cac ching ¢t tir nhidu mé thte dir liéu khac nhau.
T4t ca cac md hinh suy luan vdi tri thiee chua chic chin duoc rat ra tir cac mé thire dir 1iéu voi d6 phire tap trai rong tir cc
md hinh xé4c suét hudéng ndi dung don gian dén cac mé hinh suy ludn sir dung mang Bayes day du. Hon nira, cac mang
Bayes cho phép suy dién ra cac ngit nghia con thiéu & cic khung hinh ma ¢ d6 cac cha thich bang vin ban khong day du.

DPong gop chinh cua bai viét 1a mé hinh truy hdi khung hinh video méi, c6 thé hoat dong vdi ca trudng hop cac
md ta bang van ban 1a khong c6 hodc khong day du. Thém vao do, ching toi so sanh mot sé mé hinh truy hdi thong tin
véi cau truy vén theo dang mdt bo cac quan hé (relational, nghia 1a mét nguoi thyc hién mot hanh dong nao do tai mét dia
diém nao do) va viéc thé hién tai liéu dé truy van 1a khong chic chdn mé dudng cho viée tich hop chimg ctr ¢6 duoc tir
nhiéu mé thuc dir liéu khac nhau.

Phan con lai cta bai viét dugc t6 chirc nhu sau. Phan |1 thao luan cac nghién ctru ¢6 lién quan trong linh vic lap
chi myc va truy hoi théng tin hudng ngit nghia. Phan Il gidi thiéu cdc khai niém va thudt ngtr duoc sir dung xuyén suot
bai bdo, sau do gi6i thiéu cac cong viéc ma ching toi s€ giai quyét. Phan IV trinh bay cac cach tiép can giai quyét cac
cong viée néu & phan I11. Phan V mo ta cac thiét ké thuc nghiém, cac két qua va cac kham pha cua ching t6i. Chung toi
két thuc bai viét & phan VI.

II. CAC NGHIEN CUU LIEN QUAN

Viéc truy hdi video bang cac tir khoa tim kiém c6 ngir nghia 13 mot trong nhiing thtr thach 16n nhét trong linh vuc
xir Iy va quan 1y video. Nhiém vu quan trong nhat trong hudng nghién ciru nay la lap day khoang tréng giira cac dic trung
mirc thip va céc khai niém ngit nghia mirc cao. Vé nguyén tac, mot hé thong truy hdi video can phai lam duoc cac cong
viée sau: 1) tim kiém mot muc thong tin cy thé va 2) duyét qua va tém tat mot tap cac dir liéu thong tin [2]. Dé co thé
tuong tac dugc voi ngudi dung, mot hé thong truy hoi thong tin da phuong tién can c6 mét so d6 anh xa tir cac dic trung
cap thdp ham chira ndi dung cuia cac muc thong tin dén cac khai niém hay diéu khoan & mirc cao dé hiéu hon dbi véi
nguoi ding. Nguoi ta dé cap dén khai niém “khoang tréng vé ngit nghia” nhu 14 sy thiéu tinh tring hop (coincidence)
gitta nhitng thong tin ma nguoi ta rat ra tir dit liéu hinh anh va nhimng dién gidi cho chinh dit liéu do dé cung cép cho
nguodi dung trong mdt hoan canh cho trude [3]. Hon nira, $6 lugng cac khai niém ngir nghia la rt 16n va da dang. Vi du



782 UNG DUNG KY THUAT BINH DANH TU DU LIEU VIDEO VAO VIEC NHAN DANG CON NGUGIL, HANH DONG. ..

nhu cac khuén mat con nguoi, nii ddi, canh bai bién, bau troi, duong pho nha cira va nhiéu khai niém nira. Viéc xay
dung mot hé thdng truy hoi thong tin ma c6 thé théa mian moi truy van cta ngudi diung véi tit ca cac loai khai niém
thuong 1a vuot qua kha nang cua cac cong trinh nghién ctru duong dai. Vi vdy, nghién ctru cua ching t6i tap trung vao 03
loai khai niém co ban nhung hitu ich: con ngudi, hoat dong, dia diém va mdi quan hé gitra ching. Thuc té, c6 nhiéu nha
nghién ctru da va dang tap trung nghién clru cac phuong phap dung dé hoc nham nhéan dang ba loai khai niém nay tir dit
liéu video. Chéng han, [4, 5, 6, 1, 7, 8, 9] d4 biéu dién nhitng két qua thu vi trong viéc dinh nhan cho con nguoi. Viée phat
hién va phan loai hanh dong cta con ngudi da dugc nghién ctru boi [10, 11, 12], trong khi [13, 14] giai quyét van dé phat
hién c4c dia diém trong video.

Tuy nhién, rat it cong trinh xem xét két hop ca ba loai khai niém nay. Luo va cong su [15] dé xuat mo hinh két hop
Expectation — Maximization dé dinh nhan khuén mit va dang di€u cta con ngudi mot cach déng thoi. Nitta va cdng su
[16] gan nhin cho con ngudi va hanh dong ciia ho trong cic video thé thao bang cach dau tién 1a dung van ban (phu dé
dong — closed caption) d¢é trich ra cac phan canh (scenes) ciing véi con ngudi, hanh dong va su kién ho xuat hién, sau dé
phéan doan lai video tuong tmg bang cach sir dung cac diu mdi tir hinh anh, cudi cing lién két cic phan doan video véi cac
phan doan vin ban. Marszalek va cong su [17], theo cach khac, trinh bay két qua nghién ciru vé phat hién hanh dong va
dia diém trong video chil yéu duya trén gia thiét ring hanh dong cta con ngudi c6 lién quan cao dén dia diém ma ho xuét
hién. Trong tAm trong hudng tiép can cua ho 1a khudn khd tai cac dic trung (bag-of-features) ding cho cac mé hinh xir Iy
anh nhim phat hién cac khung canh va hanh dong. Céc khu6n khd va md hinh ndy dugc két hop voi nhau trong mot bo
phan loai hon hop hanh dong-khung canh duya trén ky thuat SVM. Béng cach d& xuit cac phuong phap nham phat hién
mot tap hop cac khai niém, [15, 16, 17] da tdn dung moi lién hé gilra cac khai niém nay diéu rat €0 gia tri trong viéc cht
thich tur dong cac khai niém trong video. Vi du nhu, mét khung canh “dudi nuwde”  thudng xuét hién véi mot con “ca
mdp” thay vi 1a mot “con chim”; hodc mot tap cac khudn mit gidng nhau déng xuat hién co hé thong cung voi cai tén
Bush trong mo ta vén ban tuong tmg nén duge gan tén la Bush. Nghién ctru cua chung t6i cling b gang hoc cac mdi tuong
quan giita cac khai niém va mé rong ra mbi quan hé giira 03 khai niém (con nguoi, hanh dong, dia diém) thay vi cac moi
quan h¢ tu than hodc hai chiéu.

Véi y dinh t6 chirc cac tai liéu thanh mdt cau triic cua cac khai niém ngit nghia, ching t6i tim hiéu cac mo6 hinh
truy hdi c6 hd trg viée 1ap chi myc va hoat dong dugc trén mot cAu tric tai liéu nhu vay. M6 hinh c6 lién quan nhiéu nhét
(m6 hinh db thi x4c xuat ding dé 1ap chi myc va truy van cac tai liu hudng ndi dung) duoc gidi thi¢u boi Turtle va Croft
[18]. Ho st dung cac mang Bayes dé mo ta cac su phy thude vé xac sudt giita cac khai nlem ngtr nghla Céc mang Bayes
nay duoc biéu dién nhu 14 cac db thi ¢6 hudng va khong c6 chu trinh. M6 hinh ndy bao gdm 02 phan: mot mang cua tap
cac tai heu (DN) va mot mang truy van (QN). Trong mang céc tai liéu, mdi tai liéu (d) dugc trinh bay nhu 13 mot cau tric
phén cép cta cac nat thé hién céc tai lidu, cac tir clia tai lidu va cac khai ni¢ém ngtr nghia cua ching. Cac nit thé hién céc tir
va cac khai niém ngir nghia c6 thé dugc chia s¢ boi nhiéu tai liéu véi xac suat khac nhau. Mang truy van s& dugc xay dung
mdi khi nguoi .dung d¢ trinh cau truy van cta ho (q). Pay ciing la chu trac phan cép clia cac tir, cac khai niém ngir nghia
thé hién yéu cau thong tin ciia ngudi dung. Sau d6 mang truy van s& dugc gin vao mang cac tai liéu bang cach so khop
cac khai niém nglt nghia cla céu truy van va cua tai li€u. Cac nut trong mé hinh nay cé gia tri nhi phan, nghia 1a nhan gia
tri tr tap {true, false}. Viéc udc lugng diém sb xép hang dugc thyce hién tach biét cho tirng nut tai liu. Nghia la mot nat
tai liéu duoc bat con cac nut tai lieu khac duoc tit va diém sd xép hang dugc tinh bﬁng P(gq|d). Cac mo hinh truy hdi
ngon ngir (language retrieval models), theo phan tich ctia Croft va Laferty [19], c6 thé dugc xem nhu cac dang mé hinh do
thi don gian cua mo hinh ma Turtle va Croft d& xuit. O do, cac tai lidu cling nhu cdu truy van duoc trinh bay nhu 1a cac dd
thi ctia cac nut thé hién cac tir (bag-of-words) ma khong co 16p cac nut chira cac quan niém ngir nghia. Va co ché so khop
cdu truy van — tai lidu chi don thuan sir dung k¥ thuat so khop cac tir voi nhau.

Khoi déu, md hinh dugce dé xuat boi Turtle va Croft dugc ap dung cho cac tai liéu thudn van ban. Graves va
Lalmas [20] d& m¢ rong noé cho cac tai liu video & khuon dang MPEG-7. O d6, ho tan dung céc chu thich dugc két hop
san trong video (man — scene, canh — shot, dbi tuong — object, con ngudi, hanh dong, dia diém,...), khai thac cac dic tinh

cta chuan MPEG-7 va xdy dung mot he thong truy hoi video hiéu qua. Coelho va dong sy [21] trinh bay nghién ctru cia
ho trong linh vyc truy héi anh ma cting chia sé s quan tam dén viéc sir dung mot mang Bayes dé mo hinh ho4 cac tap tai
li€u anh, anh truy van va viéc ndi két chung. Cu thé 1a cac tai li€u anh duoc trinh bay nhu 14 cac tui tir, nhung dya trén cac
ngudn chimg ctr khac nhau (cac thé mé ta, thé meta, vin ban ddy du hodc doan vin ban xung quanh cac birc anh).

Nghién ciru ctia ching t6i mé rong cac cong trinh di trude bang cach két hop cac chimg cir tir cic khung hinh
video va cac vin ban di kém, bang cach gan thudc tinh da tri cho cac nut trong mang Bayes thay vi chi la nhi phan va bang
cach suy dién ra cic mo ta cho cac khung hinh noi ma cac mé ta vin ban khong c6 hodc thiéu.

Sau cung, chiing t6i str dung ky thuat truy hoi video dua trén cac khung hinh chinh (nghia 14 chung t6i truy hoi cac
khung hinh chinh - dit liéu duoc cho 1a tiéu biéu cho mdi canh — shot). K¥ thuat nay thuong duge sir dung trong cac hé
thong truy hoéi video [22, 23].

III. CAC PINH NGHIA CO BAN VE CHU THICH NGU NGHIA CHO VIDEO VA CAC BUOGC THUC HIEN

Nhiém vu ciia chiing i 14 xay dung va danh gia mot hé thong lap chi muc va truy hoi video ma no co thé tu dong
rut trich ra cac khai niém ngir nghia trong video (con ngudi, hanh dong va dia di€ém), hoc cac moi tuong quan gitta chung,
1ap chi muyc cho chiing cung véi cac don vi video tuwong trng (khung hinh chinh) va xtr Iy cac cau truy van ctia ngudi dung.
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Trong cac md hinh truy hoi phia sau, chung t6i sir dung céc thuat ngit sau day:

Khai ni¢ém ngir nghia (semantic concept): Chiing to61 dinh nghia khai niém ngit nghia trong video theo ba loai:
con nguoi, hanh dong, dia diém.

B6 khai niém ngit nghia (semantic concept tuple): Mot to hop cia mot con ngudi dang thuc hién mot hanh
dong tai mot dia diém dugc trinh bay nhu 1a mét bd <person, action, location>. Cac b co6 thé 1a hoan chinh
hodc khong hoan chinh.

Tai liéu huéng ngit nghia: Trong mot doan video (& dy thé hién bang mot khung hinh chinh) ching ta c6 thé
thay vai b khai ni€ém nglr nghia. Chung t6i goi mot khung hinh video cung véi cac bd twong ung cta no la
mdt tai liéu hudng nglr nghia.

Cau truy van hudng ngit nghia: Mot yéu cau thong tin ctia nguoi dung dugc trinh bay nhu mot bd quan hé (vi
du: mot nguoi dang thuc hién mdt hanh dong tai mot dia diém, mot nguoi tai mot dia diem hodc chi 1a mot
con nguoi...).

Cho moét video va vin ban mé ta (khong day du) tuong g, cac cong viée ctia chiing t6i 1a:

Tién xir Iy dit liéu dé tao ra mot tap céc tai liéu S={d_,d |} , trong d6 d ¢6 thé 1a mot tii tir hay mot tai

172" |S
cac bo (bag-of-tuples) tuy thuéc vao mé hinh xir ly.

Trong qua trinh 1ap chi muc cho ndi dung ctia S, tit ca cac mé hinh suy ludn vdi tri thirc khong chéc chan rat
ra tir dit li€u voi nhi€éu mo hinh xac suat hudng ndi dung khac nhau.

V6i cau truy van g, cac md hinh trén sir dung ham xép hang r(q,d) dé sip xép tai liéu duoc truy hdi di tuong
{mg theo d6 tuong dong véi . Ham xép hang r(q,d) duoc tinh nhu sau:
r(q,d)=logP(qld) 1)
IV. PHUONG PHAP THUC HIEN

Trong cac phan tiép theo, ching tdi thao luén qua trinh tién xur 1y video nham tao ra cac khoi dir liéu can thiét cho
cac md hinh 1ép chi myc va truy hoi ti€p theo. Sau d6 ching t6i thao luan ba m6 hinh truy hoi theo cap d¢ tir don gian
(Unigram Language Model va Unimodal Entity-Relation Model) dén phirc tap (Multimodal Entity-Relation Model).

A. Tién xir Iy video

Video Subtitle Transcript

00:10:01,929 --> 00:10:04,440 BUFFY

So I won't be taking drama with you €= So [ won't be taking drama with you.
In the background we see Tara and Dawn
peering in the windows of the magic shop.

j\ WILLOW
ol 00:10:04,529 --> 00:10:08,799 What? You have to, you promised!
= What? You have to, you promised! 7

3

-

Well, I know, but Giles said that it \ BUFFY

. Just was... Well, I know, but Giles said that it just was-
. (gesturing to Giles who's behind her,

\ looking in the opposite direction)
2 WILLOW

00:10:08,889 --> 00:10:11,399
T | |
The hell with Giles. <«——> Thehellwith Giles.

(Giles turns in surprise)

_1
! o I can hear you, Willow.
:/ \ GILES
”

I can hear you, Willow.

Hinh 1. Su can chinh v thoi gian xut hién ctia cac khudn mat va tén

Do chung t6i mong mudn c6 thé truy hdi cac khung hinh video voi su xuét hién cta con nguoi, hoat dong cua ho
va dia diém ho xuét hién, nhiém vu dau tién cta ching toi 14 phat hién ra cac khuén mat con nguoi. Xuat phét tir cac
khu6n mat nguoi, ching t6i kham pha cac cht thich (phu de - subtitles hodc kich ban - transcripts) duoc canh thoi gian
v6i video dé tim ra cac tén nguoi c6 thé co. Tir day, chung t6i tiép tuc tim kiém trong cac chi thich nay tat ca cac hanh
ddng hodc hoat dong c6 thé ¢6 cta con nguoi. Cudi cung chung t6i x4c dinh cac noi chén hodc dia diém ma nhitng ngudi
da dugc nhan dang co thé xudt hi¢n trong do.

Trong c4c tap phim Buffy the Vampire Slayer, tén ngudi dugc rit trich tir hai ngudn thong tin dang van ban: cac
phu dé ¢o san trong DVD va cac kich ban c6é dugc tir website ciia ngudi hdm mo [1]. Cac kich ban chura thong tin vé
ngudi dang noi, cdu noi 1a gi va md ta mot phan hanh dong ciia cac nhan vat. Nhung khéng co th6ng tin vé thoi gian
tuong Ung véi nhimg gi dién ra trong phim. Con phuy dé lai chira thoi dlem cac cau nodi phat ra. Mot giai thuat can chinh
thoi gian [1] dugc ap dung dé cudi cing c6 dugc thong tin hoan chinh vé ai, dang lam gi/néi gi va khi nao. Hinh 1 mé ta
lai giai thudt can chinh thoi gian.
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Vi céc kich ban phim cung véi thong tin vé thoi gian ¢6 duoc tir qua trinh 4p dung giai thudt can chinh thoi gian,
chiing t6i so khop vé mit thoi gian xuat hién ctia cac khuén mit trong cac khung hinh va cac tén ngudi trong kich ban nhu
sau: Vo1 mot phan doan thoi gian cua kich ban, néu mdt chudi cac khudén mit co su giao thoa vé thoi gian Xudt hién véi
phén doan kich ban nay, tat ca cac khudn mit trong chudi s& nhan dugc tat ca cac tén nguoi trong phan doan kich ban lam
ung vién dé dat tén. Hinh 1 thé hién cac vi du vé& viéc gi6i thiéu céc tén g vién cho cac khudn mat trong video. Luogc dd
gan tén chi tiét cho timg khuén mit dugc thyc hién théng qua giai thuat ma ching t6i dé xuat trong [8]. Tuy nhién ¢ day
chiing t6i khoi dong giai thuat Expectation Maximization (EM) bang cach str dung bd phan loai Naive Bayes, sir dung dit
liéu huan luyén bi nhiéu (nhu d& cap ¢ trén).

Chung t6i dya trén ngudn van ban dé rat trich ra cac dong tir va dia diém bang cach sir dung giai thuat gan nhin vai
tro ngir nghia c6 giam sat mot phan (semi-supervised semantic role labeling) [26, 27, 14]. Ap dung ky thuat gan nhan vai
tro ngir nghia trong cac kich ban phim chinh 1a viéc lién két tén ciia nhan vat véi hanh dong va dia diém. Va sau qua trinh
gan nhan tén nguoi cho cac khudn mat trong cac khuén hinh video, cac hanh dong va dia diém ciing duoc gin véi timg
ngudi cu thé trong khung hinh. Két qua la viéc gan nhan khoi diu cho cac khung hinh véi cac tén cua cac khuon mit,
hanh dong va dia diém xuat hién — néu nhing thong tin ndy 1a hién hitu trong kich ban. Tét ca cac chu thich ban diu dugc
thé hién dudi dang cac phan ph01 xac suit. Bé y rang s& co nhiéu khung hinh khong c6 phan kich ban di kém, hodc kich
ban khéng hoan chinh. Vi thé chung t6i hy vong riang kha ning suy dién cua mot mang Bayes c6 thé gitp ludn tao ra cac
chu thich day di ngay ca khi cac khung hinh khong c6 ngudn thong tin vin ban di kém.

B. Mo hinh ngon ngii unigram

Khi chi sir dung duy nhéat ngudn thong tin van ban cho viée truy héi cac khung hinh video, mé hinh ngén ngir
unigram (Unigram Language Model) cung cap mot cach thire phu hop va pho bien dé xEp hang cac khung hinh (1a céc tai
liéu nglt nghia) ung vai su twong thich véi cau truy van. Chung t6i s€ st dung md hinh nay 1am md hinh co sé trong cac
thi nghiém cua minh.

Véi tap gom |S] cac khung hinh video ma & ddy goi 1a céc tai lidu ngit nghia, S= {dl' o |S|} , bai toan trd
thanh: Lam sao dé xép hang nhing tai liéu nay v6i cau truy van ¢ bao gém |q| tir? Chung toi g1a sir rang cau truy véan q
hodc tai liéu d duogc cau thanh tr mot tdp cac thudc tinh doc 1ap nhau (¢ day la unigram hodc cac tir don):

o= vad=@hd®..dY . Ham truy héi o thanh:

12 gl i
P(ald)=P(q",q".....a "[d)= TT (AP(q'|d)+(1-2)P(q’|S)) V3
i=1

7. I \ , A A7 \ I A , X [N N A \ A 1N A \
véi P(q'|S) 1a xac suat dé rat ra dugc tir @ mot cach ngau nhién tir tdp S; A la tham s6 lam muot. Viéc lam muot
nay la can thiet vi c6 rat nhi€u khung hinh trong phim Bufy khong c6 kich ban di kém hogc kich ban d6 khong cung cap
thong tin gi hitu ich cho cau truy van.

Gia tri clia P(ql|d) va P(qI|S) ¢6 dugce bang cach str dung phép udc lwong kha ning xuat hién cao nhit (maximum
likelihood) ciia mot tir trong mot tai liéu va trong tap |9 tai liéu. A thong thudng dwoc udc luong tir mot tap cac phan hoi
lién quan (relevant feedback) ciia ngudi ding. O day chiing toi dit gid tri thuc nghiém A=0.8 boi vi chung t6i khong ¢
phéan hdi lién quan cho cau truy van q.

C. Mé hinh thwe thé - quan h¢ don dang thirc

Trong budc tién xu 1y, chung t6i da thyc hién phén tich ban dAu cho cac khung hinh video va di rut trich ra duoc
tén nguoi, hanh dong va dia diém tir cac kich ban tuong tmg. Véi nhing thong tin nay, ching ta c6 thé tao nén cac bod
quan h¢. B¢ gan nhan vai tro ngir nghia da cung cép cho chung ta méi quan hé gitra hanh dong va nguoi thyc hién. Ching
toi gia su rang mdt khung hinh chi phan anh mot dia diém. Vi thé chiing ta ¢6 thé tao ra nhiéu bo chira cac thuc thé ciing
nhu cac mdi quan hé ciia chung (vi du nhu cac bd “con nguwoi, hanh dong, dia diém” - <person, action, location>, “con
nguoi, dia diém” - <person, location>, ...).

Vi cac bo duge rit ra tir cac tai liéu va ciing gia sir rang cau truy van ciing dugc trinh bay nhu mot bo cac cac khai
ni¢m, gc, chiing t6i c6 thé xay dung mo hinh truy hoi thuc thé - quan hé don dang thuc nhu sau:

lacl : :
P(qeld)=P(act qc?....ac%la)= TT 0P (acdy+(1-0)P(ac’ss)) 3)
i=1

Gia tri cua P(qc'|d) va P(qc'|S) cling dwoc tinh dua trén phép woc lugng kha ning xuat hién cao nhit, nhung & day
1a mot khai niém trong mdt tai liéu nglt nghia va trong tép céc tai liéu ngir nghia S. O day ngudng A ciing dugc dat 1a 0.8.
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D. M0 hinh thuc thé - quan hé da dang thirc

—— o —
L . (Action®, o Textual®
{Face} (Name} v Verb [/ v Noun ,
P mmew Tmeae seaeet o N
Y Y P Y Cut back ra\nc Street r r A
Shat of Butfy talking to Giles.  Gileggvegher 2 sour kok. He pulls over. Dawn 38 Tara are walking sisety-sde,  Buffy talking the street Model 1
Butty rolls her eyes at him wih Giles |V‘a1~: them and

Buffy ang Willow

Semantic concept Bayesian network

L e
o=t . | Anmn\‘ &7 Textual™
{Face) \_n'\l:indu:y v Verk = o Noun s

=== e

Model 2

/'— SN, e
L= o ! Act:on\, 7 Textual®
\facg) “WName’ \Verb , < Noun _’

s Seo -

’.-‘ = mm——
¢ Actions ¢ Textual™

Hinh 2. M6 hinh mang Bayes ding dé truy hoi tai liéu ngit nghia (Face) {Hamey \yerd ! ', Noun .
Model 3

Hinh 3. Cac m6 hinh mang Bayes

Trong mo hinh thyuc thé quan hé da dang thirc, ching t6i suy luan trén ngudn thong tin dugc rit ra tir bude tién xir
1y trong ca dir liéu hinh anh va van ban, ¢ ca hai cép d6: cuc bo trong tai liéu ngir nghia va toan cyc bao gém toan b cac
tai liéu trong tap phim. Thém vao d6, mot sb thong tin 4n chira co thé dugc hoc béi md hinh nay véi hy vong co thé truy
héi cac khung hinh con thiéu thong tin mé ta tir vin ban. Cac phuong phap két hop chimg ctr bay gid dwoc cai dat trong
mdt mang Bayes df?ly da. Mot mang Bayes [28] ¢6 thé dugc dinh nghia nhu 1a mot cdp (G,Q) Voi: G la mot dd thi c6
hudng khong c6 chu trinh trén cac bién Z, dwoc goi la kién triic mang; Q 1a tap cac bang xac suat c6 diéu kién, mdi bang
dung cho mot bién trong Z, dugc goi 1a tham s6 hod mang.

Mang suy din dung cho viéc truy hdi tai liéu ngit nghia (ching t6i goi 1a Model 1), dwoc mé ta trong hinh 2, bao
gom mot nut biéu dién tai liéu ngit nghia (Document), cac nut biéu dién cac khai niém ngit nghia (Person, Action and
Location) va cac nat 14 (Face, Name, Action Verb, Textual Noun). Cac nut 14 thé hién cac quan sat vét Iy cua ba khai
niém triru twong 1a Person, Action va Location. Nhiing quan sat nay c6 dugc tir hé thong tién xir Iy dugc trinh bay ¢ phan
IV.A

Mb hinh mang 1 dugc xem Ia co ban vi da cai dat dwoc dinh nghia vé mot tai lidu ngit nghia nhung khéng cho
phép biéu dlen cac moi quan hé ngir nghia gitra cac khai niém — diéu ma ndi dung dir liéu da thé hién r5. C6 hai mbi quan
hé chinh yeu ma chiing t6i mong mudn c6 thé khai thac tir dit liéu: 1) con ngudi va hanh dong ciia ho, 2) con ngudi va dia
diém xuét hién ciia ho. Boi vi hé thong truy hdi ctia chung toi tip trung vao viéc tra 10i cho cau hoi ai, lam gi, ¢ ddu, nd
nén coi con ngudi 1a trung tim. Nhu da trinh bay trong phan IV.A, b gan nhin vai trd ngit nghia 16 rang da xac dinh mbi
quan hé giita con ngudi va hanh dong cua ho. Viéc khai thac mdi quan hé nay s& dem lai loi lich khi ma hé théng can phai
du doan hanh dong cua mot ngudi trong mot khung hinh ma thong tin mé ta bing van ban khong co. Thay vi gan tat ca
hanh dong cho mdt nguoi vdi xac suit 1a béng nhau, hanh dong ma nguoi dé thuong thyc hién nhu trong dit liéu mo ta
nén 14 tng vién ndi trdi nhat. Con ngudi va dia diém xuét hién thuong kho dé ghép lai véi nhau, tuy nhién ching t6i uée
lwong mbi quan hé bang cach sir dung thong tin vé thoi gian dong xuat hién cua hai khai niém ngir nghia nay.

Hinh 3 m ta ba mo hinh mang Bayes ma, ngoai mé hinh co ban 1, mo hinh 2 cai dat mbi quan hé con nguoi —
hanh déng, m6 hinh 3 cai dat ca hai mdi quan hé con nguoi — hanh déng va con nguoi — dia diéem qua cac quan hé phu
thudc vé xac suat. Chung toi s€ so sanh tac dung cua ba mé hinh trong phan thi nghi¢m.

E. Udc lwgng cic tham sé ciia mang Bayes

Trong mang tai liéu dugc trinh bay trong hinh 2, nut gdc (Document) nhan céc gia tri roi rac thé hién chi muc cia
tai liéu nglr nghia (viét tat 1a d). Cac ndt Person, Action and Location ciing nhin cac gia tri roi rac thé hién cac chi muc
duy nhat cta cac 16p con nguoi (pm), hanh dong (am) va dia diém (Im). Gia tri ciia cic nat 14 thé hién tinh chat vat 1y vé
hinh dnh/van ban ctia cac khai niém ngr nghia.

Chung t6i goi tip cac nut X, U 1a mot gia dinh néu cac nit U 1a cha ctia ntit X. MJi tap gid tri xu cua gia dinh nay
duoc goi 1a mot the hién cua gia dinh XU. Tham s6 mang ®x|u dugc dinh nghia la ®X|U=P(X|u). Cong viéc cua chung t6i la

udc lugng nhitng tham s6 nay bi€t trude cau truc cua mang. Cac tham so ciia mang c6 thé dugc ude lugng theo cac cach
tiep can sau day.
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1. Uédc lugng ngau nhién cac tham s6 mang

Dé tim ra cac tham s6 mang ngiu nhién, ©, trong mdi gia dinh XU biét trudc thé hién u ctia cac nit cha, cac

tham s ®x|u dugc ldy mau tir phan phdi Dirichlet d6i xtmg Dir(pl'pZ'""p|X|) voi pi:0.1 la mot gia tri gia lap lai

mdt xac xuat ¢ dicu kién xac dinh, voi mot gia tri gan voi 1 va cac gia tri khac gan vai 0.

2. U6c luong cac tham sb mang dya trén dir liéu da duoc tién xur ly

Xac sudt cia mot khudn mit biét trude mot ngudi P(fm|pm) dugc wéce luong bang cach st dung phuong phéap do
mat do khuon mat quanh mot nhan (mdt 16p con ngudi) c6 chuan hoa (normalized kernel density estimation). Viéc udc
luong xac sut ctia mot tén biét trudec mot ngudi P(nm|pm) duoc thuc hién bang cach tinh kha nang xuat hién cao nhét
(maximum likelihood estimation) ctia mot tén d6i voi mot 16p con nguoi. Khi nm khong duge gan cho khudn mit nao
trong tai liéu d- boi tién trinh gan tén trude do, P(nm|pm) duoc wéc luong mot cach dong nhét biét trude sb lugng con

nguoi trong mot tap phim. Vi s0 luong hanh dong va dia diém 1a c6 gi6i han trong mot tap phim chung t6i da xay dung
mdt tir dién cho céc tir chi hanh dong av; va 16p hanh dong cua chung, twong tu 1a tir dién cho cac tir chi dia diém |0 va

16p cua chung dya trén WordNet (vi du nhu xac dinh tir "cemetery" thudc vé 16p chi dia diém * ‘graveyard"). Céc tir dlen
ndy duoc dung dé woc luong xdc suét clia mot dong tir cho trude 16p hanh dong P(avlam) va xac suat ctia mot tir chi dia
diém biét trude 16p dia diém P(lo|lm). Cac xac suat ciia mot ngudi biét trude mot tai lidu P(pm|d), ctia mot 16p hanh dong
biét trude mot tai liéu P(am|d) va cua mot 16p dia dlem biét trude mot tai liéu P(Im|d), dwoc udc lugng bang cach tinh kha
nang xuit hién cao nhat trong tai lidu nay. Cach tiép can trong tu cling dugc ap dung dé wdc luong xac sut cia mot 16p
hanh dong biét trudc mot ngudi va mot tai lieu P(am|pm,d). Tét ca cac ude lugng déu s dung co ché 1am muot dé giai
quyét cac truong hop xac suat bang khong.

3. Ubc lugng cac tham sb mang sir dung ky thuat EM

Tir cac bude tién xir 1y trude day nhiam nhan dang con ngudi, hanh dong va dia diém, ching ta c6 dugc tap cac tai
liéu ngir nghia S={d,,d 109 |S|} . Tuy nhién tap dir liéu nay la khong hoan chinh vi trong nhi€u truong hgp ching toi

khong thé c6 duoc b quan hé day du (person, action, location).

Gidi thuat EM dung cho viée hoc cac tham sé ciia mang Bayes duoc dé xut boi [29] 1a mot giai that rd rang va
true quan dé€ trng pho vai viée dir 1iéu bi mat hoéc thicu. Giai thudt nay cé thé dugc khai tao bdi cac phan phoi xac suat co
dieu kién duoc dinh nghia trude d6 (duge ude lugng ngau nhién hodc bdi cac dir li€u tir budc tién xir Iy) va sau do cod
nhi€u hy vong 1a sé t0i wu hoa cac phan phoi xac suat nay. Pau tién, budc E s€ hoan thién tap dir li¢u bang cach dién vao
cac phan dit li€u bi thi€u st dung cac phan phoi hién cd. Budc M tiép sau do su dung tap dir liéu da hoan thién nay dé udc
lugng lai cac tham s6 mé hinh mang Bayes.

Giai thuat chi tiét duoc trinh bay nhu sau.

Buére E: Véi mdi tai lidu di’ tim tap cac bién Ci v6i gia tri bi thiéu trong di' Uéc lugng xac suit cho mdi bién can

hoan thién c, trong di’ P ®k(Ci|di), dwa trén tap cac tham sb hién tai G)k.

. k+1 . .
Buéce M: Uédc luong lai cac tham so ®k 1 biét trude tap dir liéu S va cac tham s6 hién hanh ®k nhu sau [28]:

N
>P k(xuld)
k+1 =1
xu =g ®
2P gkuld))
i=1

Giai thuat EM s& hdi tu trong mot sb hitu han cac vong 1ap [29].

Céc tham s6 mang khoi tao, ®0, c6 thé dugc udce lugng boi mot tién trinh 1ay gia tri ngdu nhién (xem phan IV.E.1)
hodgc str dung dit liéu ¢ budc tién xur 1y (xem phan I1V.E.2).

F. Truy vin mang Bayes

Vi mang Bayes dugc dé xuét, cac tai liéu d dugc xép hang twong ing véi cau truy van q bang cach wdc lugng
phan phdi hau bién (posterior marginal distribution) P(dla) [28]. Dé cho ham xép hang trong mé hinh Multimodal
Entity-Relation Model twong thich véi cdc md hinh truy hdi khac, ching toi sir dung cong thirc Bayes dé bién d01
P(d|a) thanh P(q|d), ma ¢ do, voi muc dich la xép hang tai liéu, chung t6i co thé g& bo mot cach an toan cdc hing s6
(x4c suit tién nghiém - prior probability ciia mot tai liéu, dugc xem nhu 1a ddng nhat d6i voi tit ca cac tai lidu).
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V. THi NGHIEM VA KET QUA

Chiing t6i thuc hién cac thi nghiém trén bd phim truyén hinh Buffy the Vampire Slayer season 5, episode 2 (ciing
dugc sir dung trong [1]). Tir két qua ctia cic qué trinh gan tén cho khudén mit, rat trich hanh dong trong van ban va nhan
dang dia diém, chiing t6i 1ap ra mot tap dit liéu gdm 1474 tai liéu ngir nghia. Trong d6 c6 14 con nguoi (phan biét), 51 16p
hanh dong va 14 16p dia diém. Trong tong s6 1474 tai liéu ngir nghia, 128 tai liéu khong c6 thong tin vin ban di kém hoic
van ban di kém khong chira thong tin vé con ngudi, hanh dong va dia diém.

Chuing t6i 1ap ra cac tap dit lidu sau dé sir dung trong cac thi nghiém: 1) Dataset A bao gdm 630 tai lidu ngir nghia
da dang thirc, dugc lwa chon ngau nhién tir 1474 tai liéu goc. Tap dir liéu nay s& duoc ding dé thir nghiém mo hinh ngon
ngit unigram - Unigram Language Model (UL-Text), mé hinh thyc thé quan hé don dang thtrc - Unimodal Entity-Relation
Model (UER-Text) va mé hinh thuc thé quan hé da dang thirc - Multimodal Entity-Relation Model; 2) Dataset B bao gom
128 tai liéu ngir nghia da dang thirc khong c6 thong tin van ban di kém. Tap dir lidu nay s& duoc sir dung dé xem xét mo
hinh Multimodal Entity-Relation Model s& hoc cac mbi quan hé giita cac thuc thé ngir nghia nhu thé nao va sau d6 du
doan céc thuc thé bi thiéu nhu thé nao. Viéce truy hdi tai lidu véi cac mo hinh UL-Text and UER-Text s& khong cho két qua
kha quan vi x4c suit trong quan giita tai liéu va cau truy van chi dya vao thao tac 1am muot cac phan phéi x4c suat.

Riéng véi mé hinh Multimodal Entity-Relation Model, chung t6i so sanh hiéu qua ctia mé hinh véi bén phuong
phép khoi tao cac tham sé: khéi tao ngdu nhién (MER-Ran), khoi tao bang cac dit liéu c¢6 duoc tir bude tién xt Iy (MER-
Pre), khoi tao ngau nhién va khoi tao sir dung dir liéu & bude tién xir 1y sau d6 cai thién cac phan phéi X4c sut béng giai
thuat EM (goi twong tmg 1a MER-EM-Ran and MER-EM-Pre).

Trong cac thi nghiém du6i ddy, ching t61 xem x¢t sau loai cau truy van: q1 truy van mot tén nguoi, q2 truy van
mot hanh dong, g3 truy van dia diém, g4 truy van mot nguoi thyc hién mot hanh dong, g5 truy van mot nguoi tai mot dia
diém va g6 truy van mot nguoi thye hién mot hanh dong tai mét dia diém. Vi mdi loai cau truy van, tat ca cac thé hién
(instantiations) ctia cau truy van dugc stir dung va duong cong precision-recall trung binh duge xac dinh.

Céc két qua thi nghiém trén Dataset A voi nhiéu loai cau truy van duoc trinh bay trong hinh 5. Chung thé hién rang
viée két hop céc chimg ci ¢6 trong vin ban va hinh anh (MER-Ran, MER-Pre and MER-EM-Pre) luén lu6n cho hiéu suat
truy hoi tai lidu tot hon. Thong tin tir budc tién xur 1y gitp ting thém hiéu qua truy hdi tai liéu (MER-Pre and MER-EM-
Pre) khi so sanh v&i cac két qua dat dugc tir caic mé hinh MER-Ran va MER-EM-Ran. Vé hiéu qua ctia budc tién xt 1y dit
liéu, b gan nhan vai tré nglr nghia nhan dang cac hanh dong va nguoi thuc hién voi dg chinh xac hon 90% [30] trong khi
cac dia diém dugc nhan dang v6i do chinh xac 69% [14] . Chiing t6i nhan thiy trong tap dit liéu ring cac mdi quan hé
gitta con ngudi va hanh dong c6 thé dwoc tan dung trong kién trac mang Bayes.

Hinh 6 trinh bay két qua truy hdi tai liéu trén Dataset B voi nhiéu phuong phap uée lugng tham sé mang Bayes.
M6 hinh MER-EM-Pre cho phép 1ap day cac phan thong tin bi thiéu dua vao ngudn théng tin hién cd. Hinh 4 mo ta cac
khung hinh dugc x€p hang cao nhat (tir trai sang phai) béi mé hinh truy hoi MER-EM-Pre tir Dataset B véi nguon thong
tin van ban bi thiéu.

Chung t6i s& nhan xét cac két qua trén mot cach chi tiét nhu sau:

Nhdn xét 1: Viéc két hop céc chimg cir tir dit liéu van ban va hinh anh s& lam ting hiéu suat truy hoi tai liéu.

Hinh 5 thé hién rd nhan xét ndy trén dataset A. Ta thdy ring mé hinh Multimodal Entity-Relation Model vuot troi
cac mo hinh khac theo cac so do precision va recall. Viéc két hgp ca hai mo thirc dir liéu 1a hinh anh va van ban cung cap
cho ngudi dung nhi€u khung hinh thich hop hon so véi viéc chi st dung mé thirc van ban. Pac biét trong trudng hop truy
hoéi con ngudi va dia diém, mo6 hinh xtr Iy da dang thire luén ludn vugt trdi so voi cac mo hinh khac. Gié tri cia mo6 hinh
xtr ly da dang thuc cling dugc thé hién khi ching ta xét trudng hop truy van cac hanh dong. Khi ma cac hanh dong dugc
rut trich ra chi tr mé thitc van ban thi cac chiing ctr ¢6 dugc khong du dé truy hdi mét cach dang tin cay céc tai li€u lién
quan dén hanh dong.

Nhdn xét 2: Thong tin c6 dugc tir bude tién xir 1y gitp ting hidu suat truy hoi tai liéu.

Hinh 5 ciing thé hién rd rang viéc sir dung dit liéu hinh anh va van ban da duogc tién xir 1y gitip cai thién cac diém
so recall va precision ctia qua trinh truy hoi tai liéu. Viéc st dung dir liéu hinh anh va van ban déc trung dé hoc cac moi
quan h¢ gitra cac khai niém la quan trong trong viéc khoi tao mang Bayes. Trong vai truong hop, viéc udc luong cac tham

s6 mang sir dung dir liéu tién xu 1y con dat hi€u qua cao hon viéc dung giai thuét EM dé cai thién chinh nhirng dir liéu tién
xir Iy nay. Chiing t6i nghi ngo rang tién trinh EM da lam muot qua mirc cc phan phdi xé4c sudt.

Nhén xét 3: Viéc truy hdi cac khung hinh duoc cai thién bang cach xem xét thém cac mbi quan hé giita con nguoi
va hanh dong.

Chiing t6i thye hién sau loai cau truy vén trén md hinh Multimodal Entity-Relation Model véi ba kién triic mang
(hinh 3) trén tap dir liéu Dataset A. Mic du chung t6i khong thiy su khac biét rd nét vé hiéu ning trén ba mé hinh nay, mo
hinh 2 va 3 duong nhu thé hién t6t hon trong viéc phan anh mdi quan hé giita con ngudi va hanh dong (trung binh cai
thién 5% precision). Day badi vi cac hanh dong dugc phat hién thong qua cong cu dinh nhan vai tro nglt nghia ma & do
hanh dong duoc g'fm v6i thuc thé thyuc hién, chu yéu 1a con nguoi. Viéc két hop gilta con nguoi va dia diém cai thién hiéu



788 UNG DUNG KY THUAT BINH DANH TU DU LIEU VIDEO VAO VIEC NHAN DANG CON NGUOI, HANH DONG. ..

ning khong nhiéu (cai thién nhidu nht 1a 0.7%, dién ra giira mo hinh 1 va mé hinh 3 véi loai cau truy van person -
location), vi thé chiing ta cing khong thay nhiéu diém khac biét trong Hinh 5.

Diéu bt 161 ma chung toi rut ra duge qua cac thi nghiém trén 13 viée st dung cac ching ctr da dang thirc trong cac
thiét ké truy hdi dit liéu trd nén dﬁy hra hen, ngay ca khi ¢ dau do trong dit liéu khong cé sy hién dién ciia mot ) truong
thong tin hodc cac trudng thong tin nay bi nhidu. Quan trong hon nita 1a viéc tan dung cac mbi quan h¢ giira cac khai niém
ngit nghia trong qué trinh hoc ctia hé thdng 13 rat hitu ich cho cac du doan cudi ciing clia cac truong thong tin bi thiéu nay.

q6 = "Buffy look room"
Hinh 4. Cic khung hinh x&p hang cao nhit duoc truy hdi tir Dataset B véi cac vi du cua 6 loai cdu truy vén
VL. KET LUAN

Chiing t6i da dé xudt ba mé hinh truy hdi video, trong d6 mé hinh Multimodal Entity-Relation, mot mé hinh méi
dwa trén cac ching cir ¢6 dugce tir cac dang thirc dit liéu anh va vin ban, da thé hién vuot trdi so véi cac md hinh con lai
(Unigram Language Model va Unimodal Entity-Relation Model) boi vi né da tan dung dugc ngudn thong tin da phuong
ti€n trong qua trinh 1ap chi muc video nhim hoc t6t hon cac mbi quan hé giira cac khai niém ngit nghia. Viéc st dung
nang luc suy ludn ciia mang Bayes dé hoc cac mbi quan h¢ nay duogc chirng minh la c6 lgi.

Khi phai dwa vao ngudn thong tin vin ban khong hoan chinh hodc bi thiéu, viéc truy hdi cac khung hinh video c6
lién quan trd nén kho khan va da cho két qua khong kha quan. Chiing t6i di trinh bay cach thirc ma mé hinh mang Bayes
cho phép viéc két hop cac ngudn thong tin da dang thirc tir anh va van ban, xir Iy cic cau truy vin dang quan hé va suy
luan cac mo ta cho cac khung hinh video trong trudng hop cac mo ta nay bi thiéu. Dé so sanh véi cac mé hinh Unigram
Language va Unimodal Entity-Relation, tét ci cic mo hinh dugc thyuc thi va danh gia trén mot tap ciia by phim truyén
hinh Buffy the Vampire Slayer, sy gia ting vé hidu ning truy hdi cac khung hinh 1 16 rang, dic biét la cac khung hinh
thiéu nguon thong tin van ban.

Chung t6i tin tuéng ring cong ngh¢ mang Bayes, v6i kha nang két hop ching ctr aé suy luén va kha nang tmg pho

v6i viée thiéu hodc mét thong tin, c¢6 tiém ning 16n néu duoc sir dung trong cac hé thong truy hdi thong tin da phuwong tién
trong tuong lai.
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VIDEO RETRIEVAL: WHO IS DOING WHAT AND WHERE?
Pham The Phi, Do Thanh Nghi

ABSTRACT— This paper proposes a novel method for the retrieval of video frames when incomplete textual annotations are
available. The idea is using Bayesian inference for guessing potential textual descriptors about the actors, actions and locations in
the frames. Several probabilistic retrieval models that incorporate evidence from the visual and incomplete textual data are
evaluated and compared. For our experiments we use the soap videos of Buffy the Vampire Slayer.

Keywords— Multimedia data mining, video indexing and retrieval.



