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LOT CAM POAN

T6i xin cam doan két qua dat duoc trong Luan van 1a san pham cua riéng
ca nhan t6i, khdng sao chép lai cia ngudi khac. Nhitng didu duoc trinh bay
trong ndi dung Luan vin, hoic 1a cua c& nhan hoic 1a dugc tong hop tir nhiéu
ngudn tai liéu. Tt ca céc tai liéu tham khao déu cd xuat xt rd rang va duoc trich
dan dung quy cach. Toi xin hoan toan chiu trach nhiém va chiu moi hinh thuc ky
luat theo quy dinh cho 161 cam doan ctia minh.
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Lé Van Hao
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MO PAU

Cung véi sy phét trién cua céng nghé thong tin, toc do internet dang cai
thién dang ké. S6 luong video bai giang, dién thuyét... phuc vu hoc tap cho moi
ltra tudi dang duoc tai 18n va chia sé trén internet nhanh chong. Mdi ngay, hang
triéu video nhu vay trén thé gioi duoc ding tai 18n cac ung dung internet nhu
Youtube, Facebook, Yahoo. Ddi véi luong video dang ting trudng ting ngay
nay, co ché t6 chic luu trir phuc vu cho viéc tra ctu, tim kiém 1a mot thach thuc.

Gi4o duc truc tuyén hay E-Learning khong con 1a khai niém mai la va dang
phat trién manh m&. S6 luong video bai giang, dién thuyét ciing vi thé ngay cang
duogc tang truong. Nhu cau tim kiém cua ngudi hoc cang yéu cau khat khe hon:
ca vé do chinh xéc va thoi gian tim kiém. Tuy nhién, cac chirc nang tim kiém bai
giang cho cta cac hé théng hién tai thong thudng chi cho phép nguoi ding tim
kiém vai tén bai giang, tén hoc phan, hoic tén giang vién... C4c chic ning nay
thuong cho két qua c6 do chinh xac khdng cao, va cac két qua tra vé c6 nhiéu
noi dung khong lién quan dén muc dich tim kiém thuc sy cia ngudi ding. Do
d6, can c6 mot hé thong ma co thé “hiéu” dugc ndi dung cua ting video bai
giang dé phuc vu cho viéc tim kiém ciia nguoi ding.

Nhitng cong cu tim kiém pho bién hién nay - nhu Google, Yahoo, Bing...,
la nhitng hé théng tim kiém dua trén “tir khoa”, va tim kiém trén dit liéu vin ban
(text). Chinh vi thé, néu video khong cd bat ky siéu dit liéu (metadata) vi du nhu
ngay, tac gia, tir khda, hoic md ta thi khdng thé tim kiém duoc bang céch sir
dung cac cong cu néu trén. Siéu dir liéu thuong duoc thém bang tay, qué trinh
nay s& rat ton thoi gian. Hon nita, ngay ca khi mot doan video c6 thé duoc tim
thay bang siéu dir liéu caa nd, cong cu tim kiém thong thuong khdng co kha
nang tim kiém mot doan bai giang, slide cu thé trong video ma nguoi dung quan
tam.

Muc tiéu chinh cta cua Luan van la tap trung nghién cuizu xay dung mgt hé
thong tim kiém cac bai gidng, thuyét trinh, trinh dién bang slide dwdi dang
video. Hé théng s& cho phép nguoi ding chi can nhap vao mot phan noi dung
cua bai giang, két qua tra vé s& 1a nhitng video bai giang co lién quan dén chudi
truy van. Ngoai ra, véi giai phap nay ciing cho phép cac hé thong tim kiém co
thé truy van dir liéu video ma khong can c6 siéu dit liéu. Xuat phat tir quan diém
néu trén, ngodi phan mé dau va két luan, luan van duoc chia lam 4 chuong duoc
tom tat nhu sau:
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- Chuong 1: Gidi thiéu vé cong cu tim kiém trén mang internet, cac khai
niém va kién tric cua céng cu tim kiém. Cac van dé can giai quyét trong luan
vin va y nghia khoa hoc, thyc tién cua luan vin.

- Chuong 2: Trinh bay vé cac bai toan can giai quyét trong khudn kho tim
kiém video bai giang dang slide. Mot s6 khai niém, md hinh cac bai toan con
can giai quyét. Cac phuong phap tiép can dé giai quyét van dé.

- Chuong 3: La chuong quan trong nhat cia Luan van. Noi dung chinh cua
chuong nay la tap trung trinh bay giai phap thuc hién cta tac gia, cac ki thuat ap
dung dé trich xut vin ban, xu 1y vin ban va danh chi muc tim kiém cho video
bai giang.

- Chuong 4: La phan trinh bay cac két qua thuc nghiém va danh gia. O mdi
bai todn tac gia déu co nhiing thuc nghiém dé kiém chung va danh gia vé do
chinh xac.

Téc gia xin bay to 1ong biét on chan thanh t&i PGS.TS. Nguyén Tri Thanh,
thay da luon an can, chi bao, dong vién, gitp dd tac gia trong sudt qua trinh thuc
hién Luan van. T4c gia Xin chan thanh cam on gia dinh, ban bé, déng nghiép da
ludn tin tudng, dong vién va gitp d& vé nhiéu mat trong thoi gian qua. Tac gia
Xin chan thanh cam on céac thay, cd gido trong khoa Céng nghé Théng tin va
Truyén thong, trudng Pai hoc Hong Puc da dong vién va tao diéu kién gitp do
t4c gia hoan thanh tét nhat luan van nay.
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CHUONG 1: GIOI THIEU

1.1. Giéi thiéu vé cong cu tim kiém

Néu ban da ting truy cap dia chi www.google.com.vn, nhap noi dung can
tra cru va bam vao “tim véi google”. Mot danh séch két qua lién quan dén noi
dung tim kiém duoc liét ké trén man hinh cho phép nguoi dung lya chon cac noi
dung pht hop vai yéu cau. Nhiing cong cu cho phép ngudi dung tim kiém cac
thong tin trén mang nhu Google, Bing, Yahoo... nhu vay goi la cac céng cu tim
kiém (web search engine).

Thuat ngir “web search engine” duoc dinh nghia: “Mot cong cu tim kiém la
cac ung dung thuc té cua cac ki thuat truy hoi théng tin trén mién dir liéu van
ban qui mé6 16n”Bl,

Dé hiéu dugc loi ich cua cac cong cu tim kiém ching ta s& can nim ré mot
s6 khai niém lién quan:

- Thong tin (information): La nhiing hiéu biét duoc vé mot thuc thé nao do.
Vi du nhu n6i dung caa luan nay la théng tin.

- Dit liéu (data): La cai dé biéu dién thdng tin dudi cac dang ky hiéu, chi
viét, chit s6, hinh anh, am thanh hoic dang twong tu. Vi du: quyén sach la dix
liéu.

- Truy hdi théng tin (information retrieval): L& cé4c giai phap dé thu thap,
md hinh héa, biéu dién, t6 chtc, lvu trir dit liu nham phuc vu qué trinh tim
kiém, truy cap thong tin ma ngudi ding quan tdm duoc thuan tién, nhanh chéng
va chinh xac nhat c6 thé.[

1.2. Lich sir phat trién cia cong cu tim kiém

Niam 1990, Archie la céng cu tim kiém dau tién duoc phat trién boi Alan
Emtage, Bill Heelan and J. Peter Deutsch, hai sinh vién chuyén nganh khoa hoc
may tinh cta truong McGill University tai Montreal (Canada). Chuong trinh cho
phép 1ap chi myc danh sach cac tép tin tai vé qua FTP.

Nam 1991, mot céng cu tuwong tu Archie la Gopher cua tac gia Mark
McCahill tai University of Minnesota, c6 chirc ning tim kiém theo tén tép tin va
tiéu dé dugc luu trir trong hé thdng Gopher da 1ap chi myc.

Niam 1993, danh dau nhitng budéc tién méi vé cong cu tim kiém nhu World
Wide Web Wanderer bgi Matthew Gray, day dugc xem la mot web robot dau
tién do luong dugc dung lugng cua trang web. Hay cong cu Aliweb cho phép
ngudi dung cap nhat cac trang web vao b chi muc (index).


http://www.google.com.vn/
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Nam 1994, véi sy ra doi caa WebCrawler cong cu tim kiém dau tién chi
Muc toan trang web va cho phép nguoi ding tim kiém va thu thap voi bat ky tur
nao mot cach ty dong.

Nam 1995, cong cu tim kiém yahoo duogc tao boi David Filo va Jerry Yang.
Str dung danh ba web thay vi danh chi muc toan van ban.

Nam 1996-nay, véi su phat trién manh mé cua internet cac cong cu tim
kiém phat trién manh mé& hon, t6i wu hon nhiéu so véi cac cdng cu trudc day.
Nam 1998, Google duoc phét trién bai Larry va Sergey dua ra khai niém vé
PageRank (tht hang ciia mot trang web), danh dau sy phat trién vuot bac va
hién dang 1 cdng cu tim kiém c6 thi phan 16n nhat hién nay.

1.3. Kién tric caa cong cu tim kiém

Trong phan nay tac gia s& md ta kién triic co ban cta mot cong cu tim
kiém. Cac thanh phan va cac mdi quan hé gitra cac thanh phan cé trong né.

Trudc tién, thuat ngir kién tric duoc hiéu 1a ban thiét ké dé dam bao rang
hé thong s& dap tng cac yéu cau hoic muc tiéu caa tng dung.

Hai muc tiéu chinh caa cong cu tim kiém d6 1a:

- Hiéu qua (chat lwong): ching ta mong mudn lay dugc théng tin lién quan
nhat c6 thé khi truy van.

- Téc do: ching ta mong mudn qué trinh xt Iy truy van tir ngudi ding cang
nhanh cang tét.

Kién trac thong thudng cua cdng cu tim kiém hién nay duoc xac dinh bai
hai yéu cau néu trén. Béi vi ching ta muén mot hé thong co tée do cao, cong cu
tim kiém s& str dung cu tric dit liéu duoc tdi wu hoa dé truy hdi thong tin nhanh
chéng. Bai vi chling ta mudn két qua co chat lugng cao, cdng cu tim kiém sé& xir
Iy van ban va luu trit van ban théng ké can than dé gidp cai thién sy lién quan
cua két qua.

Cac thanh phan cua cong cu tim kiém hd trg cho hai chic nang chinh d6 1a
qua trinh danh chi muyc, va qua trinh truy van.

1.3.1. Qua trinh danh chi muc

Qua trinh d4nh chi muc tao nén nhiing cau tric ma cho phép viéc tim kiém,
va qua trinh truy van str dung nhitng cau tric nay va truy van cua nguoi dung dé
xay dung mot danh sach xép hang cua tai liéu. Hinh1.1 thé hién & muc cao cac
thanh phan cta qué trinh danh chi muc.
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8 Kho luwu trir tai liéu
— Thu thap Lap
van ban chi muc

Trang web, bai bao, % @ Chi muc

thu dién tl, tin tiec...

Chuyén dai van
ban

Hinh 1.1. Qua trinh danh chi myc

Cac thanh phan chinh bao gém viéc thu thap van ban, chuyén dbi vin ban
va tao chi muc.

Nhiém vu cta viéc thu thap vin ban 1a dé xac dinh va 1am tai liéu duogc san
sang cho viéc tim kiém sau nay. Trong c4c cdng cu tim kiém hién nay, cong viéc
nay théng thuong duoc thu thap bang crawling hoic qua trinh quét tu dong céc
trang web, hoic cac ngudn thong tin khac nhau. Ngoai ra, dé c6 duoc tai liéu
phuc vu cho qué trinh tiép theo la truy van thi qué trinh thu thap vin ban sé tao
ra mot kho luu trix tai liéu. Kho lwu trir tai liéu bao gdm van ban va siéu di ligu
cho tat ca tai liéu. Siéu dir liéu la théng tin vé tai lieu ma khong bao gom phan
noi dung cua tai liéu. Vi du nhu kiéu cua tai liéu (email, trang web, video....),
cau tric cua tai liéu, va cac dic diém cua tai liéu nhu (dung luong, d6 dai...).

Chuyén dbi van ban 1a qua trinh bién doi tai liéu vao cac chi myc thuat ng.
Chi muc thuét ngi 1 cac phan cua tai liéu ma duoc luu trir trong chi muc va
duoc sir dung trong viéc tim kiém. Thuat ngit chi don gian 1a mét tir, nhung
khong phai tat ca c4c tir cO thé dugc str dung dé tim kiém.

Thanh phan tao chi muc la két qua cua qua trinh chuyén dbi vin ban va tao
ra cac chi muc hoic cau tric dit liéu dé cho phép viéc tim kiém nhanh hon. Véi
sb luong 1on céc tai lieu trong nhiéu @ng dung tim kiém, tao chi muc phai c6
hiéu qua ca vé thoi gian va khdng gian. Cac chi myc nay phai ¢ kha ning duoc
cap nhat mot cach hiéu qua khi co cac tai liéu mai. Thong thuong c6 hai phuong
phap dé danh chi myc la:

- Anh xa tir tai liéu dén thuat ngi.

- Anh xa tir thuat ngit dén tai liéu (chi muc nguogc: inverted index).

Qua trinh 1ap chi muc cho tai liéu 1a mot trong nhiing phan quan trong nhat
cta céng cu tim kiém.
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1.3.2. Qué trinh truy van

Phan con lai cua cdng cu tim kiém 1a qua trinh truy van. Qua trinh truy van
thong thudng bao gom ba thanh phan chinh 1a twong tic ngudi dung, xép hang
va dénh gié.

Thanh phan tht nhat, twong tac nguoi ding cung cap c4c giao dién tuong
tac gitra nguoi ding va cong cu tim kiém. Nhiém vu ctia phan nay gém: thi nhat
1a tiép nhan cau truy van tir nguoi ding va chuyén d6i vao trong chi muc thuat
ngit, tha hai 1 nhan danh sach thir hang da dugc sap xép tir cong cu tim kiém va
trinh bay két qua theo thir ty cho ngudi dung.

Thanh phan xép tha hang 1a trung tam cia mot cong cu tim kiém. N6 sé&
chuyén ddi truy van tir giao dién nguoi ding va tao ra mot danh séach tai liéu da
duoc sap xép bang diém sb dua vao moét mo hinh truy hoi thong tin. Viéc xép
thir hang phai dam bao ca vé thoi gian va hiéu qua. Co nghia 13, c6 thé nhiéu
truy van can dugc xur ly trong thoi gian ngan va chat luong cua bang xép hang
s& quyét dinh dén két qua caa cong cu tim kiém d6 c6 tét hay khong. Vé toc do
xu Iy truy van phu thudc vao viéc danh chi muyc, hiéu qua cua xir Iy truy van sé
phu thudc va mé hinh truy hoi théng tin.

Nhiém vu cta thanh phan danh gia d6 1a do va diéu khién hiéu qua va téc
d6 cua cong cu tim kiém. Mot phan quan trong caa danh gia d6 1a ghi lai va
phan tich hanh vi cia ngudi dung bang cach st dung dix lidu nhat ky (log data).
Két qua cua viéc danh gia do 1a dé diéu chinh va cai thién thanh phan xép hang.
Viéc danh gia chu yéu l1a cac hoat dong bén ngoai, khdng nam trong céng cu tim
kiém truc tuyén, nhung n6 1a mot phan quan trong cia bat ky tng dung tim kiém
nao.

1.4. Cong cu tim kiém video trén mang internet

Su phét trién cua ha ting cdng nghé 1a nén tang cho sy phat trién nhanh
chéng cua internet. Dit liéu trén mang truyén di khdng con goi gon trong cac vin
ban (text) binh thudng nira ma rat da dang vé chang loai nhu 4m thanh, hinh
anh, video... va dang ngay cang tang truang véi toe do lon.

Cong cu tim kiém video cho phép nguoi dung thuan tién trong qua trinh
tim kiém phuc vu nhiéu muc dich khac nhau nhu giai tri, gido truc va truyén
thong. Néu chia theo linh vuyc thi video ciing rat da dang nhu video truyén hinh,
video quang céo, video bai giang, hoc thuyét... Trong ndi dung cta luan vin nay
tac gia chi dé cap dén thé loai video bai giang dang slide, cach tiép can va hudng
giai quyét dé xay dung mot cong cu tim kiém video bai giang dang slide. Viéc
tim kiém yéu cau bang cach duyét qua tap cac video két qua.
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Video 1a mot dang bang tir dung cho viéc ghi lai cac chuyén dong hinh anh
va am thanh. Video 1a phuong tién truyén lién tuc (hoic tuyén tinh): néu tam
ding, chi c6 mot khung hinh duy nhat van con, am thanh bi mat. Viéc luu trix va
chuyén d6i video 1a thach thac 16n hon nhiéu so véi dit liéu kiéu van ban. Cac
dic trung ctia van ban (Ki tu, tir) thi c¢d thé dugc xac dinh, ma hda va gigi han
dugc. Nhung ddi voi cac dic trung cua video (canh, mau, chuyén dong, do cao
ctia 4m thanh...) thi viéc xac dinh, trich xuat va l1ay mau kho hon. Hon nita ddi
Vv6i van ban thi ngudi ding cé thé truy van mot cach dé dang bang cach g truc
tiép 1én ban phim, con d6i vai tim kiém video thi truy van dau vao 1a vin ban va
két qua ra lai 12 video.

1.5. Tong quan ciia dé tai va cac van dé can giai quyét
1.5.1. Tong quan deé tai

Trong dé tai ndy, tac gia hudng toi xay dung mot hé théng tim kiém céc
video bai giang, thuyét trinh, trinh dién bang silde dudi dang video... Cho phép
tim thdy nhitng video bang van ban xuat hién trong d6. Véi giai phap nay, don
gian bang cach nhap tir khéa tim kiém, ngudi ding c6 thé tim kiém cac video
bai giang va nhiing canh trong d6 ma thuat ngir xuat hién. Giai phap nay ciing
cho phép nguoi ding tim kiém cac video khéng can c6 siéu dit liéu.

1.5.2. Cac van dé can giai quyét

Vén dé can giai quyét o trong dé tai nay 1 giai phap xur 1y video dau vao.
Phan tich va danh chi muc cho video. Pau tién, cic doan video tinh trong mot
thoi gian nhat dinh duoc xac dinh 1a céc slide va trich xuat tir video. Tiép theo,
cac dir liéu van ban chira trong hinh anh cua slide duoc trich xuat bang cach sir
dung ki thuat nhan dang ki tu quang hoc. Cac vin ban trich xuat s& dugc xtr 1y
trung 1ap, stra 16i chinh ta va dugc danh chi muc twong vng véi video goc luu trix
trong co s& dir liéu.

Sau d6 nguoi ding cd thé tim kiém cac video bai giang théng qua mot
giao dién trinh duyét web. Pau vao, ngudi dung chi can gd bat ky tir khoa nao
c6 lién quan dén nodi dung video thi dau ra s& 1a danh sach két qua lién quan
duoc liét ké.

1.6. Y nghia khoa hoc va thyec tién ciia dé tai nghién ciru
1.6.1. Y nghia khoa hoc

- Pé tai da tong quat dugc cac phuong phap khoa hoc dé giai quyét van dé
1ap chi muc video bai giang, phuc vu qua trinh truy hoi thong tin.

- Pé tai cung cép cac co so¢ khoa hoc, dinh hudng cho cac nghién ctru veé XU
1y 1ap chi muyc cho video bai giang.
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- Tur két qua nghién ctru cua dé tai, gop phan 1am co sd thuc tién va 1y luan
dé phat trién hé thong tim kiém video dya trén ndi dung.
1.6.2. Y nghia thue tién

- Huéng tiép can mébi cho cac may tim kiém, truy hoi thong tin video dua
trén noi dung.

- Gop phan nang cao chat lugng cua cac may tim kiém. Két qua tra vé c6
d6 lién quan cao hon so voi phuong phap tim kiém duya trén tir khoa hién nay.
1.7. Két luan

Trong chuong nay, luan van da gidi thiéu khai quat mot sé khai niém, lich
st va kién tric cuia mot cong cu tim kiém néi chung. Ngoai ra, luan van ciing
gidi thiéu tong quan cac van dé can giai quyét cta dé tai. Y nghia khoa hoc va y
nghia thuc tién ctia dé tai nghién ctru xay dung hé théng tim kiém video dua trén
noi dung.

Chuong tiép theo, luan vin sé& trinh bay chi tiét cac tiép can dé giai quyét
ting van dé trong bai toan tim kiém video bai giang dang slide dua trén noi
dung.
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CHUONG 2: BAI TOAN TiM KIEM VIDEO BAI GIANG
DUA TREN NOI DUNG
2.1. Phat biéu bai toan

Trong khuén khé luan van nay, tac gia chi dé cap dén céc video bai giang,
thuyét trinh dudi dang slide va bai toan lién quan dén qua trinh xay dung cong
cu tim kiém nhitng video dang néi trén. Ngoai ra, con rat nhiéu chung loai video
kh&c nira, va noi dung nghién ctu céc video khac 1a nam ngoai khuén khé trong
luan van. Trong tdm cua luan van la nghién ctru cach thirc xur ly va 1ap chi muc
cho video dau vao.

Tac gia s& xay dyung céng cu tim kiém cho phép nhan noi dung truy van la
chudi vin ban va két qua tra vé la cac video bai giang ma noi dung co lién quan
dén chudi vin ban nguoi dung truy van.

Nhu d3 trinh bay & chuong 1, cong viée can giai quyét dbi v4i bai toan nay
gém hai viéc. Thtr nhat, trich xuat duoc noi dung tir video dau vao dé lap chi
muc. Thit hai, 14p chi muc cho video va xir Iy truy van tim kiém tir ngudi ding.
Bai toan tim kiém video dua trén noi dung dugc chia thanh hai bai toan con
dugc mo ta nhu sau:

Bai toan 1: X 1y video dau vao, trich xuat vin ban tir video.

Pau vao:
- Tap videos bai giang dang slide.
Pau ra:
- Van ban trich xudt ndi dung tir video dau vao.
Bai todn 2: Lap chi muc va tim kiém video dua trén ndi dung bai giang.
Pau vao:
- Truy vén tir ngudi dung.
Dau ra:
- Danh sach két qua videos c6 ndi dung lién quan dén truy van.

Trong bai toan thir nhét, vi dic tinh cta video 1a c6 ca hinh anh va am
thanh nén s€ c6 hai cach phuong phap tiép can chinh dé trich xuat van ban tur
video la:

- Phan tach video thanh cac khung hinh de lua chon khung hinh dai dién
chinh, sau do str dung cong nghé¢ OCR d¢ trich xuat van ban tir cdc khung hinh
do.

- Str dung cong nghé nhin dang giong noi tu dong, dé chuyén doi phan 4m
thanh cta video thanh van ban.
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Kién trac chung ctia mot h¢ théng tim kiém video dya vao néi dung duogc
miéu ta trong hinh 2.1.

Video dau vao

L 0.

St dung ASR Phan doan video va xac dinh
cho am thanh video khung hinh dai dién chinh
Chuyén doi am thanh St dung OCR cho cac khung
thanh van ban hinh dai dién

Truy van
tim kiém

1 I

™ Kéet qua
€3 — o

Cdo sd dir lieu chi muc

Hinh 2.1. Kién tric tong quan hé théng tim kiém video dya trén noi dung

Hinh 2.1 cho thay qua trinh 1ap chi muc cho video dugc trai qua ba budc 1a
phan doan video, trich xuat noi dung tir video va lap chi muc cho video.

2.2. Cac nghién ciru vé tim kiém video dua trén ndi dung

Liska et al va cong su da dé xuat mot hé théng tw dong cho viéc 1ap chi
muc video bai giang [8]. Ho st dung toan by khung hinh phan doan dugc tu
video va sir dung cong cu OCR dé trich xuat vin ban trén tap khung hinh do.
Vién ban sau khi thu thap dugc tién hanh 1ap chi muc va cho phép tim kiém. Giai
phéap nay hi€u qua kém do khong loai bo cac tép van ban trung lap. Thoi gian xir
Iy video mat nhiéu thoi gian do s6 lwong 16n cac khung hinh.

Hunter et al d& xuat mot hé théng lap chi muc cho céc bai thuyét trinh da
phuong tién[7]. Pau tién, moi ngudi s& phai chuan bi mot tép tin thuyét trinh
dinh dang PDF va giri lai sau khi d4 trinh bay. Sau dé tép tin s& duoc dong bo
v6i video thuyét trinh. Cong viéc OCR s& dugc thuc hién trén tép tin PDF ma
khéng can quan tdm dén video thuyét trinh.
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Yang et al str dung cong cu nhan dang giong noi ty dong ASR dé trich xuat
ndi dung video thanh vin ban[8]. Cac két qua cho thdy do chinh x4c cta nhan
dang giong néi thap hon rat nhiéu so véi cong nghé OCR.

Lienhart et al dé xut mot phuong phap phat hién van ban trong video va
hinh anh[8]. Ho x4y dung mdt mang noron nhiéu tang dé huin luyén phat hién
van ban. Thuat toan cua ho xu ly véi tat ca céc khung hinh phan doan duoc va
cach tiép can nay kém hiéu qua vé thoi gian xtr 1y.

2.3. Hudong nghién ctru ciaa tac gia

Dua vao cac phuong phép tiép can nghién ctru da néu trong phan 2.2, tac
gia lya chon phuong phép tiép can dé trich xuat vin ban tir video bang cong
ngh¢ OCR thay vi stir dung ASR.

Cong cy tim kiém video ma tac gia mong mubn xay dung duoc hinh thanh
tir cach giai quyét cac bai toan cy thé sau:

- Phan doan video.

- Trich xuét vin ban dai dién:

+ Nhan dang ki tu quang hoc.
+ Xt ly trung lap van ban,
+ Stra 16i chinh ta vin ban.

- Panh chi muc va tim kiém.

Kién tric ctia cong cu tim kiém video dua vao ndi dung ma tac gia dé xuét
dugc mo ta trong hinh 2.2.

Trich xuat viin ban

Nhén dang ki tu'

quang hoc
Videos Phén doan video
bii giang ::> thanh anh ﬂr> Wi itruht;g I6p ]
n ban

Sira 10i chinh ta Banh chi

Tiéng Vit e
> Truy vin > CSDL
chi myc

ft'

Hinh 2.2. Kién triic hé thong tim kiém video tac gia dé xuat

T
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2.4. Bai toan phéin doan video thanh dnh
2.4.1. Khai niém

V& mat ban chét thi video ma chung ta thy trén tivi, may tinh, dién thoai. ..
duoc cAu thanh tir nhitng anh tinh. Nhitng anh nay sau d6 duoc sip xép lién tiép
nhau va cling trinh dién trong mot don vi thoi gian du nho dé 1am cho mét cua
ching ta cam nhan ring cac d6i twong nay dang chuyén dong. Céc anh duoc
trinh chiéu nhanh hon thi chung ta cam nhan dwoc muot ma va linh dong hon.
Théng thuong thi cac video dugc quay & khoang 24-30 hinh méi giay.

M®di hinh nay duoc goi 1a mot frame. S6 frame trén mot gidy duoc do bang
mot s6 nguyén duoc ki hiéu FPS. Mot video don gian duoc hiéu la tong sb
khung hinh duoc luu trit cing nhau va trinh chiéu theo mot tht ty, do vay mot
video thong thuong c6 khoang vai tram dén vai trim nghin khung hinh.

2.4.2. Phuong phap tiép cin

Chaing ta c6 thé tim kiém dugc phian mém, céng cu khac nhau dé hd tro
viéc chuyén d6i video thanh cic frames nhu phan mém total video converter,
video to picture converter... Nhung tac gia quan tdm nhat 1a cong cu ma ngudn
mo Ffmpeg boi ba ly do chinh:

- H4 tro nhiéu dinh dang video khac nhau, vi du .mp4, avi, flv...

- biéu chinh dugc FPS.

- M4 ngudn mo.

FFMpeg 1a mot thu vién c6 rat nhiéu tién ich cho viéc xtr Iy video. Tinh
nang ndi bat nhat c6 I 1a kha niang encode/decode nhiéu video dinh dang khac
nhau, giup chuyén do6i qua lai nhiéu dinh dang video. Ngoai ra, chung ta cling co
thé ding FFMpeg dé chia cat mot doan video, chup lai cac frame va xuat ra
dang hinh anh,...Hinh 2.3 m6 ta cau lénh ma FFMpeg thuc hién chuyén doi
video thanh dang anh.
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# - 0 mrhao@mrhao-Satellite-L310: ~fVideos

mrhao@mrhao-Satellite-1L310:~5% cd Videos/
mrhao@mrhao-Satellite—L31ﬂ:~fvideos$|ffmpeg -1 lecture@@l.mp4 -r 5 %d.tif|
ffmpeg version 2.7.2 Copyright (c) 2000-2015 the FFmpeg developers

built with gcc 4.8 (Ubuntu 4.8.4-2ubuntul~14.04)

configuration: --disable-yasm

libavutil 54, 27.100 / 54. 27.100

libavcodec 56. 41.100 / 56. 41.100

libavformat 56. 36.100 / 56. 36.100

libavdevice 56. 4.100 / 56. 4.100

libavfilter 5. 16.101 / 5. 16.101

libswscale 3. 1.18e1 / 3. 1.101

libswresample 1. 2.100 / 1. 2.100
[nput #8, mov,mp4,m4a,3gp,3g2,mj2, from 'lecture@®l.mp4': ]

Metadata:
major_brand : mp42
minor_version : 0

compatible_brands: isommp42
creation_time : 2014-09-16 12:18:30
Duration: @0:06:22.87, start: 0.000000, bitrate: 591 kb/s

Stream #0:0(und): Video: h264 (High) (avcl / 0x31637661), yuv420p, 1288x718
[SAR 1:1 DAR 640:359], 396 kb/s, 3@ fps, 30 tbr, 30 tbn, 68 tbc (default)

Metadata:

handler_name : VideoHandler

Stream #08:1(und): Audio: aac (LC) (mpd4a / 0x6134706D), 44100 Hz, stereo, Tlt

p, 192 kb/s (default)

Metadata:
creation_time 1 2014-09-16 12:18:31
handler name : IsoMedia File Produced by Google, 5-11-2011
|0utput #0, image2, to '%d.tif':|
Metadata:
major_brand : mp4a2
minor_version : 0
compatible_brands: isommp42
encoder : Lavf56.36.100

Stream #0:0(und): Video: tiff, yuv420p, 1280x718 [SAR 1:1 DAR 640:359], q=2-
31. 200 kb/s. 5 fps. 5 tbn. 5 tbc (default)

Hinh 2.3. Sir dung FFMpeg dé chuyén déi video thanh anh
2.5. Bai toan trich xuit viin ban
Trong bai toan trich xuét vin ban, dé nang cao hi¢u qua va tranh cac han
ché cua cac nghién ctu trude. Téac gia chia bai toadn thanh ba van dé nho hon dé
la:
- Bai toan nhan dang ki tu quang hoc dé trich xuét van ban tir video.

- Bai toan xur ly trung 1ap van ban dé thu duoc tép van ban dai dién cho
video.

- Bai toan stra 16i chinh ta Tiéng Viét. Li chinh ta phét sinh do qua trinh
nhan dang OCR.

2.5.1. Bai toan nhan dang ki tu quang hoc
2.5.1.1. Khai niém OCR

Sau khi thu dugc tap khung hinh, tac gia sir dung ki thuat nhan dang ki tu
quang hoc (Optical Character Recognition) dé trich xuat van ban cho trong ting
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khung hinh nay. Két thic qua trinh, két qua thu duoc s& 1a mot tap van ban
tuong tng véi ting khung hinh trich xuat duoc.

OCR la cdng nghé cho phép chuyén ddi céc loai tai liéu khac nhau, vi du
nhu céc tai liéu gidy, anh chup hoac céc tap tin PDF bang mot may anh ki thuat
s6 thanh dit liéu vin ban c6 thé chinh stra va tim kiém. Nhitng hinh anh nay cé
thé 1 cac chir viét tay hoic danh may. Pay 1a mot ki thuat phd bién cua viéc sb
hoa cac van ban in dé cd thé tim kiém bang dién ttr, luu trit gon gang, hién thi
trén mang.
2.5.1.2. Phwong phap tiép cin

Tac gia s dung Tesseract- OCR dé thyc hién trich xuat noi dung van ban
tir anh. Tesseract 1a mot cong cu nhan dién ki ty quang hoc ma nguén mé va
hién nay dugc phét trién boi Googlel®. C6 nhiéu phan mém, ¢ tinh phi, hoac
mién phi trén mang ma ngudi dung co6 thé tim dugce. Nhung trong pham vi luan
van nay tac gia su dung Tesseract-OCR boi:

- Cong cu mién phi.

- H tro nhiéu hé diéu hanh (Windows, Linux, Mac...)

- HO tro trich xuat dong loat nhiéu tép tin ciing ldc.

- Puoc tai tro phat trién bai Google. Véi hd tro trén 100 ngdn ngit khac
nhau.

- Mét trong nhiing cong cu ma ngudn mé OCR chinh xéc nhit hién nay.[']

Hinh 2.4 mé ta cac budc ma cdng cu Tesseract-OCR thuc hién.
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Anh dau vao

N

Phan
ngudng anh

T Anh nhij

phan
Phan tich
Bo cuc
7 ki tu
Tim
dong va tu
cua van ban B6 cuc

@ cua tir
Nhan dang Nhan dang Van ban
tu (pha 1) ::> tur (pha 2) :> nhan ducc

Hinh 2.4. Kién trlc ctua Tesseract — OCR

Tesseract thuc hién timg budc nhu trong hinh 2.4. Budce dau tién 1a phan
ngudng anh dé chuyén doi anh thanh anh nhi phan. Budc tiép theo 1a qua trinh
két ndi téi bo phan tich dé trich xuat ra bd cuc céc ki tu. B6 cuc nay dé dang co
duoc dua trén nén den va chit trang do qué trinh chuyén di anh. Tiép dén cac ki
tu s& duoc t6 chic trong nhitg dong van ban. Nhitng dong vin ban nay sé duoc
phan tich riéng véi ting ving nhat dinh, hodc theo timg dong cé kich thuéc
twong duong. Qua trinh nhan dang cac tir trong anh duoc thuc hién qua hai pha.
Pha thtr nhit s& ¢ gang nhan dang ting tir mot, véi mdi tir & pha tha nhét s&
truyén sang pha tha hai nhu 1a noi dong bo phan 16p thich nghi. Tai day dir liéu
s& duoc “hoc” nham cai thién d6 chinh xac caa qua trinh nhan dién.

2.5.2. Bai toan xir ly trung lap vian ban
2.5.2.1. Khai niém

Cac khung hinh lién tiép vé& mit thoi gian tao thanh cic doan co so (shot).
Mot video bai giang c6 thé gom nhiéu doan co sé ghép ndi lai, chuyén tir doan
nay sang doan kia c6 thé la chuyén canh dot ngot hoac chuyén canh dan dan
bang viéc str dung mot s hiéu tng khi bién tap video. Viéc chuyén canh trong
truong hop ndy xay ra twong duong véi viée thay doi silde trong bai giang. Vi
vay, cac khung hinh trong cung mét doan co s& sé c6 d6 tuong quan vai nhau.
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Nhitng tép van ban thu duoc sau khi trich xuat caa ciing mot doan co so 1a gan
trung nhau vé ndi dung. Do vay, viéc tom tit video co thé dugc thuc hién bang
cach biéu dién mdi doan co sd chi bang mot vai tép van ban dai dién.

Khi hai van ban ma noi dung déu gidng hét nhau thi chiing duoc coi l1a céc
van ban trung 13p hay goi 1a ban sao cua nhau. Trong nhiéu truong hop, hai tai
litu ma khéng phai giéng nhau hoan toan van cé thé chira cing mét noi dung thi
duoc goi 1a cac van ban gan trung lap. Mot vai trudng hop duoc qui V& vin ban
gan trang lap:

- Cac vin ban chi x40 tron, thém hozc bot vai tir & ndi dung. Dang pho bién
ctia van ban gan tring lap.

- Cac van ban ciing mot noi dung nhung cach dinh dang, phéng chit, b6 cuc
khac nhau.

- Cac van ban ndi dung gidng nhau, nhung khac nhau vé ngay tao, ngay sua
chira, dinh dang tép tin.

Véi dac thu 1a cac van ban dugc trich xuat tir cac khung hinh video bai
giang lién tiép theo nhau thoi gian. Chinh vi thé tap hop vin ban thu dugc ton tai
ca hai loai d6 1a trung 1ap va gan trung lip van ban. Hinh 2.6 1a vi du vé noi
dung van ban tring lap vai hinh 2.5, hinh 2.7 1a gan trung lap caa hinh 2.5.

@ - O *origin.txt (~) - gedit

o \ggg Open ~ ESave ==, @x Undo -

| ] *origin.txt
Walmart
Save money. Live better

NOI DUNG
Gia cla cbng ty so vdi canh tranh trén thi
truding & cac van dé cong ty gdp phai khi
dua ra cac quyét dinh vé dinh gia 1an dau
hodc diéu chinh gia khi tham gia kinh
doanh quoc té?

Hinh 2.5. Vian ban gbc
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@ - 0O B58.txt (~/Videos) - gedit
o “Dpen v ESave L‘;‘J = Undo a7

| ] code.txt x | 7] 58.txt.txt x | | | 58.kxt X
Walmart :1:

Save money. Live better.

NOI DUNG
Gia cua cong ty SO vdi canh tranh trén thi

tru'dng & cac van dé cong ty gap phai khi
dua ra cac quyét dinh vé dinh gia lan dau
hodc diéu chinh gia khi tham gia kinh
doanh qudc t&?

Hinh 2.6. Van ban trung lap cua van ban trong hinh 2.5
Hinh anh thu duoc c6 ndi dung hoan toan giong vin ban goc. Pay la két
qua sau khi OCR bing Tesseract-OCR véi truong hgp ma hinh anh trich xuat
duoc khdng bi anh huéng béi cac hiéu tng trinh chiéu 1am thay d6i noi dung.

@ - 0O 49.txt (~/Videos) - gedit
o g OPEN  ~ ESave o = Undo v

| ] 49.txk x
Walmart :1:

Save money. Live better.

NOI DUNG
Gia cla cong ty SO vdi canh tranh trén thj

trudng & cac van dé cong ty gap phai khi
dua ra cac quyé dinh gia Ian dau
hodc diéu chinh gia khi tham gia kinh
doanh quoc té?

Hinh 2.7. Vin ban gan tring ldp cia van ban trong hinh 2.5.
Noi dung ciia van ban bi thiéu mot vai tir so voi van ban goc. Day 1a két
qua khi nhan dién OCR bang Tesseract-OCR tir anh bi hiéu ¢ng trinh chiéu 1am
anh huong dén noi dung.
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2.5.2.2. Phuong phap tiép cin

Nhiém vu chinh cua bai toan nay la phai xac dinh dugc cac van ban dai
dién cho video bai giang. Nghia 1a ddi véi cac van ban trung ldp hoic gan tring
lap (duoc trich xuét tir cing mot slide) can duoc loai bo va giir lai mot vin ban
lam dai dién.

Theo céc nghién cau [2], [6], [9], [13],[15] c6 nhiéu phuong phap tiép can
dé giai quyét van dé tim cac van ban tring lip nhu:

- Bag of words: So sanh c4c tir va tan sé cua nhitng tir d6 trén mot vin ban
véi nhitng van ban khac.

- Shingling: Cai thién hon so véi Bag of words, phuong phap nay sé& tiép
can bang cach so sanh cac cum tir “shingle”. Phuong phap ndy quan tim dén
ngir canh cua cac tur (tha ty cua cac tw).

- Hashing: Cac cum tir s& duoc bam thanh cac con sb va sau d6 so sanh dé
tim ra su trung lap.

- MinHash, SimHash: Cai tién cua phuong phap Hashing, giup sap xép hop
1y qua trinh luu trit nd1 dung duoc bam.

Trén co s& phan tich tap dit liéu c6 cac dic diém nhur:

- Van ban tring lap hoan toan: Khi chua c6 su thay doi slide trong bai
giang. Cac vin ban thu dugc déu 12 két qua OCR cua cung mot slide bai giang.

- Vian ban gan tring lip: Cac vin ban thu duoc déu 1a két qua OCR caa mot
silde nhung c6 su sai khac mot vai tur.

- Vin ban khéng tring lap: Cac van ban hoan toan khac nhau vé noi dung.
Khi cac van ban 1a két qua OCR cua nhitng slide khac nhau trong video.

Dua trén cac két qua nghién cau [2], [6], [9], [13],[15] thi phuong phap
shingling cho két qua d chinh xac cao va phi hop véi kiéu dit liéu dau vao nhu
tap dir liéu cua tac gia. Chinh vi thé, trong luan van nay, tac gia lya chon va cai
dat thuat toan phat hién trung lap van ban dya vao ki thuat Shingling cua Broder
va cong su. Hinh 3.12 bang két qua d6 chinh xac va do hdi tuéng cua cac ki
thuat tim trung lap van ban theo nghién ctu [15].
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Hinh 2.8 251, B chinh x4c va d6 hdi twdng cua do do twong tu cho phwong phap
fuzzy-fingerprinting (FF), localitysensitive hashing (LSH), supershingling
(SSh), shingling (Sh), and hashed breakpoint chunking (HBC).

2.5.3. Bai toan sira 16i chinh ta viin ban
2.5.3.1. Khai niém

Chinh ta I1a sy chuan hoa hinh thac chit viét cua ngén ngit. P6 1a mot hé
théng cac qui tic vé cach viét cac am tiét, tir, cAc dau cau, tén riéng, tir nudc
ngoai...

Nhitng 16i chinh ta phat sinh la do qua trinh nhan dang OCR phat sinh cac
15i chinh ta cho tir nhan dién dugc. Bai toan ndy gém ba budc chinh [a tién xur ly
tap vin ban dau vao, phat hién 13i chinh ta va stra 16i chinh ta.

Lo6i chinh ta duoc chia 1am hai loai 1a non-word va real-word. Ldi non-
word dugc hiéu 1a nhitng tir 15i khéng tim thay trong tir dién. Vi du mot cau
trong tiéng Viét: “Khoa Cong Nghé Thoong Tin”, chudi “Thoong” 1 tir bi sai
15i chinh ta. Tir “Thoong” nay khéng hé xuat hién trong tir dién Tiéng Viét, tur
dang phai 1a “Thong”.

L3i real-word 1a nhitng tir 13i ¢6 trong tir dién nhung khong ding trong ngit
canh cua cau. Vi du mot cau 15i real-word: “Bai toan xtra 16i chinh ta”, tir “xtra”
la tir sai 15i chinh ta, mac du tir “xtra” van co trong tir dién. T dung trong
treong hop nay phai la “stra”.
2.5.3.2. Phwong phap tiép cin

Dbi voi van dé phat hién I8i chinh ta thi thuong c6 hai phuong phap tiép
can chinh 27,

Ki thuat tra ciu ding tir dién: Ki thuat don gian 1a kiém tra sy hién dién
ting tir cia van ban dau vao. Néu tir d6 c6 trong tir dién thi tir 6 duoc coi 1a tir
dung chinh ta, nguoc lai thi tir 46 duoc coi 12 15i chinh ta. Ki thuat pho bién nhat
va nhanh chong dé phat hién tir bi 13i chinh ta. Tir dién duoc xay dung bang
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cach sur dung bang bam dé cai thién toc do tra cau. Hinh 2.9 md ta quéa trinh
kiém tra I3i chinh ta bang ki thuat dung tir dién.

Tir can tra

Tir dién Khong xuat hién
(Hash
Table)

Daunh sach tir
16i chinh ta

Xuat
hién

Danh sach tir
ding chinh ta

Hinh 2.9. Ki thuat phat hién 13i chinh ta dwa vao tra ctu tir dién

Ki thuat phan tich N-gram: N-gram 1a mét chudi con gém n tir, thuong thi
1a hai, ba hodc nim tir. Ki thuat ndy thuc hién bing cach chia vin ban dau vao
thanh n-gram tuwong tGng, ddi véi mdi n-gram dau vao, tim kiém trong bang
thong ké n-gram tinh trudc. Két hop thém tan suat xuat hién cia n-gram trong
bang théng ké dé kiém tra sy ton tai hoac mac do phd bién cua n-gram dau vao
nham xac dinh 15i chinh ta. Hinh 2.10 m6 ta qua trinh kiém tra 15i chinh ta bang
Ki thuat stir dung N-gram.
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@ Tach n-gram

n-gram

Dir liéu i
thu thap

Khong xuat hién - -
anh sach tu

loi chinh ta
Danh sach tur
duang chinh ta

Hinh 2.10. Ki thuat phat hién 15i chinh ta dua vao phan tich N-gram
Sau khi chudi ki ty dugc phat hién 1a 16i chinh ta, tac gia can tim nhiing tur
goi Y thich hop trong tap tir dé cir dé thay thé cho tir bi 16i. Dua vao céc nghién

ctu [10], [20], [21] thuat toan tim wng vién thay thé pho bién nhat 1a dya vao
tinh todn khoang cach chinh sta nhé nhat (minimum edit distance).

Khoang céch chinh stra nay lan dau tién duoc nha khoa hoc ngudi Nga, tén
1a Levenshtein dua ra khai niém vao nam 1965711201,

Khoang cach chinh sira nho nhat 1a sé lugng téi thiéu cia cac hoat dong
chinh stra (chén, xda va thay thé) can thiét d¢é chuyén mét chudi thanh chudi
khac. Vi du khoang cach chinh stra nho nhat giira hai chudi “chinh” va “chén” 1a
2, Vi phai dung it nhat 2 Ian bién doi.

1. chinh -> chin (x0a ki ty “h”)

2. chin ->chén (thay Ki ty “i” bang “¢”)

Ngoai ra khoang céach chinh sira nho nhat con sir dung dé xép hang cac tng
vién thay thé cho tir bi 15i. Muc tiéu caa viéc xép hang cac tng vién 1a dua ra
C4c tir c6 kha nang thay thé tot nhat 1én dau danh séch tir goi y thay thé.

Bang xép hang tir thay thé nay c6 thé sir dung khoang cach chinh sira nho
nhat dé day céac tir c6 khoang céach chinh stra nho nhét 1én dau danh sach goi .
Hoac c6 thé sir dung tan suét cua tir, nhitng tir ¢6 tan suat st dung phd bién hon
(duoc str dung nhiéu) s& dugc uu tién dé thay thé cho tir bi 16i. Tly vao muc
dich ma co thé ap dung ddng thoi ca hai ki thuét sir dung khoang céch chinh sira
nhé nhat va tan sut cua tir. Vi du trong danh sach cac tir goi y cung khoang
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cach chinh stra nho nhat, tir nao ¢6 tan suat st dung cao hon s& duoc wu tién dé
thay thé cho tur bi I5i.

2.6. Bai toan danh chi muc va tim kiém

2.6.1. Khai niém

Két thic qué trinh xu Iy video ngudn, két qua thu dwgc 12 mot tép vin ban
tuong tng d6i vai ndi dung cua video bai giang da duoc trich xuat. Cac van ban
& dang thd can duoc chuyén sang mét dang biéu dién nao d6 dé xir 1y. Qua trinh
d6 1a 1ap chi muc cho tép van ban dé hd tro viéc tim kiém thong tin cua nguoi
dung.

Lap chi muc tai liéu 1a cong viéc sip xép tai lieu nham dap wng nhanh
chéng yéu cau tim kiém thdng tin cua nguoi sir dung. Qua trinh 1ap chi muc
duoc hiéu 13 giai doan phan tich tap van ban di xir Iy va thu dugc dé xac dinh
cac chi muc biéu dién noi dung cua tép van ban nay. Hé thong chi muyc thu duoc
la danh s&ch céc tir khda, chi rd cac tir khoa nao xuét hién & video nao, dia chi
nao. Cac phuong phap 1ap chi muc dong vai tro quan trong trong viéc xay dung
mot hé thdng tim kiém thdng tin hiéu qua.

2.6.2. Phuong phap tiép cin

C6 nhiéu ¢ong cu dé thuc hién 1ap chi muc cho tai liéu nhu Apache Sorl,
Lucence, Sphinx. Nhung ddi véi bai toan 1ap chi muyc tai liu tac gia st dung
cong cu Elasticsearch.

Elasticsearch 1a mot may cha tim kiém dua trén Lucence. N6 1a cong cu mé
ngudn ma cho phép tim kiém toan van (full-text search). Phién ban dau tién cua
Elasticsearch dugc Shay Banon phat hanh vao thang 2 nam 2010. Hién nay, theo
danh gia cua DB-Engines thi Elasticsearch 1a cong cu tim kiém doanh nghiép
pho bién nhat, tiép theo 1a Apache Solr, ciing dya trén Lucene.



30

17 systems in ranking, April 2016

Rank Score
Apr Mar Apr DBMS Database Model Apr Mar Apr
2016 2016 2015 2016 2016 2015
1. 1. A~ 2. Elasticsearch fJ Search engine 82.58 +2.41 +17.92
2. 2. 1. Solr Search engine 66.02 -3.35 -15.98
3. 3 3. Splunk Search engine 42.35 -1.38 +4.32
4, 4 4. MarklLogic Multi-model @ 9.12 -0.25 -1.09
5. 5. 5.  Sphinx Search engine 8.48 -0.24 -1.10
6. 6. #A7. Google Search Appliance Search engine 3.57 -0.21 -0.12
7. 7. #8. Amazon CloudSearch Search engine 2.36 -0.03 +0.58
8. 8. #A9. Microsoft Azure Search Search engine 1.25 -0.03 +0.53
9, 9. #h 10. Xapian Search engine 0.48 -0.02 -0.07
10. 10. #4811, Indica search engine 0.32 -0.02 +0.03
11. A4~ 12. A~ 13.  Crate.1IO Multi-model @ 0.16 +0.02 +0.01
12. S 11. A~ 14.  SearchBlox Search engine 0.16 -0.01 +0.07
13. 13. 4 16.  Srch=z Search engine 0.05 +0.02 +0.05
14, 14. #n 15. DBSight Search engine 0.02 -0.00 -0.03
15. 15. A~16. Exorbyte Search engine 0.01 +0.01 +0.01
16. J 15. $ 12. Compass Search engine 0.00 +0.00 -0.21

16. ¥ 15. searchxml Multi-model & 0.00 +0.00

Hinh 2.11. Tha hang caa 17 cong cu tim kiém. Nguon http://db-engines.com

Theo nghién cau [18] thi Elasticsearch la céng cu c¢6 nhiéu vu diém vuot
troi hon cac cong cu tim kiém khac nhu:

- Khéng can cau hinh phirc tap ElasticSearch sé& tu dong phat hién cac kiéu
dir liéu co ban ma ta dua vao. Do d6 ta chi can tién hanh index tai liéu ngay sau
khi cai dat xong.

- ElasticSearch hd tro thém, xo04, sira chi myc thong qua cac phuong thuc
HTTP nhu GET, POST, DELETE va PUT, hd trg tham s6 dudi dang JSON thay
vi chi la GET params.

- Cai dat va sur dung dé dang ma khong can cai thém bét ctir tng dung nao
khéc.

- Tim kiém gan nhu thoi gian thuc (real-time).

2.6.3. Kién truc cia Elasticsearch

- Cluster: Mot cluster 1a mot tap hop cua mét hodc nhiéu nodes (servers)
ma cuing nhau nim gitr toan bo dir liéu va cung cap cac chi muc va kha niang tim
kiém qua tat ca cac nodes. Mot cluster dugc dinh danh bai mot tén duy nhat,
mac dinh 1a “elasticsearch”.
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- Node: Mdt node 1a mot server riéng ma 1a mot phan trong cluster. Luru trit
dir liéu va tham gia vao viéc 1ap chi muc va tim kiém. Mot node ciing dugc dinh
danh bai mot tén riéng biét, mac dinh duoc khoi tao cho node khi khaoi dong.
Mic dinh mdi node duoc thiét 1ap dé lien két vai mot cluster nhat dinh boi
cluster name. Trong mot cluster thi khong han ché sb lugng céac node.

- Index: Mot index 1a mét tap hop cac documents c6 dic diém chung. Vi
du, ta c6 mot index cho dit lidu bai giang, mot index khéac cho san pham, hoic
mot index khac dé sip xép dir liéu. Mot index duoc duge dinh danh boi tén
riéng, tén riéng viét thuong, khdng viét hoa. Tén nay dung dé lién hé dén index
khi thuc hién tao 1ap chi muc, tim kiém, cap nhat, x6a document trong d6. Trong
mat cluster co thé chara nhiéu indexes.

- Type: Trong mot index ban c6 thé dinh nghia mét hodc nhiéu types. Mot
type la mot muc/phan ving c6 nghia trong index cuia ban. Mot type dugc dinh
nghia cho document bao gém mot sb truong.

- Document: Mot document 1a mdt don vi thong tin co ban dé lap duoc
index. Vi du c6 mot document cho mot khach hang, document khac cho mét san
pham hay cho mot don dit hang khac. Document nay duoc dinh dang theo mét
type nao d6. Trong mdi index/type, c6 thé luu trir nhiéu documents. Chi ¥ mot
document can duoc gan vao mot type bén trong index dé c6 thé dugc 1ap index.

- Shard & Replicas: Mdi index c6 thé dugc chia thanh nhiéu shards. Mi
index ciing c6 thé dugc sao luu nhiéu 1an. Mdi khi dugc nhan ban, mdi index s&
c6 nhitng shards chinh va nhitng shards nhan ban (sao chép tir shards chinh). Sé
lwong shards va replicas c6 thé duoc khai bao khi tao index. Sau khi index duoc
tao, cd thé thay doi s6 lwong ban sao bat cr luc nao nhung khong thé thay doi s6
shards.

NODE 1 - w MASTER NODE 2 NODE 3

RO P1 P2 RO R1 R2 PO R1 R2

Hinh 2.12. Kién tric cluster-node-shard cua Elasticsearch

Hinh 2.12 biéu dién mot mo hinh don gian cua Elasticsearch. Dit liéu duoc
luu trir ¢ cluster vai ba nodes trong d6 Node 1 1a master. C6 ba primary shards,
hai trong s6 d6 dugc dat & Node 1, con lai & Node 3. Mdi primary shard (PO, P1,
P2) c0 2 replica shard (R1, R2) (vi du primary shard PO & Node 3 thi c6 replica
shard RO & Node 1 va mét shard nita & Node 2). Viéc sap dit vi tri primary
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shard 1a ngau nhién, con céac replica shard luon dugc dam bao 1a khéng nam
cung node vai primary shard.
2.7. Két luan

Két thuc chuong nay, tac gia da trinh bay khai quat cac bai toan can giai
quyét trong noi dung luan vin nay. Cac phuwong phap tiép can dé giai quyét van
dé. Tiép theo, chuong ba tac gia xin trinh bay chi tiét vé cac giai phap ki thuat
tién hanh cua tac gia dé thuc hién cac bai toan dd néu trong chuong hai.
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CHUONG 3: KI THUAT PE GIAI QUYET CAC BAI TOAN TRONG
KHUON KHO LUAN VAN

Noi dung chuong nay s& nghién ctu cac cach giai phap ki thuat tién hanh
cai dat cac thuat toan dé giai quyét cac bai toan da néu trong muc 2.
3.1. Bai toan phan doan video thanh dinh danh anh

3.1.1. Phat biéu bai toan
Bai toan dau tién dugce dé cap trong luan vin nay 1a chuyén d6i video bai
giang dau vao thanh tap cac khung hinh roi rac lién tiép nhau theo gioi gian.
Hinh 3.1 mé ta qua trinh bién do6i video bai giang thanh tap anh. Bai toan duoc
phat biéu nhu sau:
Pau vao:
- Video bai giang nguon.
Pau ra:
- Tap céac khung hinh dugc trich xuét tir video nguén.

Images

)

TIF

Hinh 3.1. M6 ta qua trinh bién dbi video ngudn thanh dang anh

3.1.2. Gidi phap thuc hién

Sau khi cai dat phan mém Ffmpeg, sa dung dong lénh “ffmpeg -i
lecture001.mp4 -r 1 %d.tif” trong do:

- 11a video dau vao véi duong dan cua tép tin video. Trong vi du nay video
dugc dinh dang la .mp4 vai tén tép tin la lecture001.

- 1 14 56 khung hinh trén giay.

- %d.tif 1a dinh dang tén tép tin hinh anh dé luu véi tén 1a s6 nguyén va
dinh dang la .tif. Vi du 1.tif, 2.tif, 3.tif...
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Trong qué trinh thuc nghiém dé c6 két qua tot nhat phuc vu cho nhitng qué
trinh xi 1y tiép theo tac gia dé xuat:

- binh dang cua anh thu duoc la .TIFF - Tagged Image Format File. Binh
dang anh chuan danh cho in 4n, va di c6 bi nén hay khéng thi anh khéng bi mat
bat ki dit liéu anh nao. Chat luong anh thu duoc rat tét va duoc khuyén nghi dé
ap dung cho cac may nhan dién ki tu. Mot qué trinh tiép theo duoc trinh bay &
muc 3.2.

- Str dung s6 FPS 1a 1 (mot khung hinh mot giay).

3.2. Bai toan trich xuit viin ban

Nhu di trinh bay ¢ chuong 2, trong bai toan trich xuat vin ban dé 1ay noi
dung cua video bai giang. Bai toan nay dugc chia nho thanh ba bai toan con:

- Bai toan nhan dang ki tu quang hoc bang cong cu Tesseract-OCR.

- Bai toan xur 1y trung lap van ban bang ki thuat Shingling.

- Bai toan sira 1i chinh ta Tiéng Viét.

3.2.1. Bai toan nhan dang ki tw quang hoc bang cong cu Tesseract-OCR

Theo nghién ciu [19] thi anh mau thuong cho két qua nhan dién chinh xéc
kém hon so v&i anh da cip xdm. Chinh vi thé trudc khi nhan dang OCR thi anh
mau sé& duogc tac gia chuyén doi thanh anh da cap xam. Hinh 3.2 md ta cau lénh
chuyén doi anh mau thanh anh da cap xam tuong tng.

% - 0 mrhao@mrhao-Satellite-L310: ~/Videos

mrhao@mrhao-Satellite-1310:~$ cd Videos/
mrhao@mrhao-SatelIite-L31@:~fVideosS‘convert 58.tif -colorspace Gray -quality 100 58-gray.tif

Hinh 3.2. Chuyén d6i anh mau thanh anh da cdp xam



35

Walmart > ;<

Save money. Live better.

NOI DUNG
Gia clia cong ty so vdi canh tranh trén thi
truvong & cac van dé cong ty gap phai khi
dwa ra cac quyét dinh vé dinh giad lan dau
hodc diéu chinh gia khi tham gia kinh
doanh quéc té?

Hinh 3.3. Anh mau
Walmart > <

8

Save money. Live better,

NOI DUNG
Gia cua cdng ty so vdi canh tranh trén thj
truwong & cac van dé cong ty gap phai khi
dua ra cac quyét dinh vé dinh gia lan dau
hodac diéu chinh gid khi tham gia kinh
doanh qudc té?

Hinh 3.4. Anh da cip xam
Bay gio tac gia sé thuc hién OCR trén anh da cdp xam & Hinh 3.4. Cau lénh
thuc hién qua trinh OCR duoc md ta trong hinh 3.5. Cau Iénh Tesseract gom ba
tham s6: Tham s6 thir nhat 12 tén tép tin hinh anh, tham s6 thtr hai 12 tén tép tin
két qua trich xuat van ban tir anh dau vao va tham sé thir ba 1a ngdn ngit dung dé
trich xuat ¢ day 1a Tiéng Viét. Tén tép tin két qua trich xuat duoc luu trit Voi
phan mé rong la .txt. Két thuc qué trinh thu duoc tép tin ¢6 noi dung & hinh 3.7.



36

® - 0 mrhao@mrhao-Satellite-L310: ~/Videos
mrhao@mrhao-Satellite-L310:~$ cd Videos/

mrhao@mrhao-Satellite-L310:~/Videos$ |tesseract 58-gray.tif 58 -1 vie |

Tesseract Open Source OCR Engine v3.03 with Leptonica
mrhao@mrhao-Satellite-L310:~/Videos$

Hinh 3.5. Qua trinh OCR anh trong hinh 3.4 bang Tesseract-OCR
@ - O B58.kxt (~/Videos) - gedit

o (g Open ~ iSave

|| code.txt x
Walmart :1:

Save money. Live better.

NOI DUNG

| ] 58.bxL.ExE X

=,

| 58.txt X

Gia cla cong ty SO vai canh tranh tren thi

truong & cac van de cong ty gap phai khi

dua ra cac quyet dinh ve dinh gia lan dau
hoac diéu chinh gia khi tham gia kinh

doanh quoc te?

Hinh 3.6. Két qua sau khi hoan thanh OCR bang Tesseract-OCR

Nhu di trinh bay & muyc trudc, so lwong anh thu duoc trong qué trinh
chuyén d6i video thanh dang anh 1a 16n. Dé thyc hién tu dong va dong loat OCR
tat ca tép tin anh thi cau lénh OCR dugc thay doi véi noi dung dugce néu ¢ hinh

3.7.

@ - O mrhao@mrhao-Satellite-L310: ~fVideos
mrhao@mrhao-Satellite-L310:~5 cd Videos/

vie;

done:;

mrhac@mrhao-Satellite-L310:~/VideosS for 1 in *.tif ;
do tesseract Si 51 -1

Tesseract Open
Tesseract Open
Tesseract Open
Tesseract Open
Tesseract Open

Source
Source
Source
Source
Source

OCR
OCR
OCR
OCR
OCR

Engine
Engine
Engine
Engine
Engine

v3.
v3.
v3.
v3.
v3.

Hinh 3.7. Thuc hién OCR tat c4 anh trong thu muc bang Tesseract-OCR
Theo cac két qua nghién ctu [19] va két qua tac gia thuc hién thi ddi Voi
anh mau thi do chinh xac trung binh khoang 61%, va ddi véi anh da cap xam thi

03
a3
a3
a3
03

with
with
with
with
with

Leptonica
Leptonica
Leptonica
Leptonica
Leptonica
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la khoang 70%. Diéu d6 ching to viéc chuyén doi anh mau thanh anh da cap
xam cho chat lwong nhan dang tét hon va hitu ich hon.
3.2.2. Bai toan xir ly tring lip vin ban bang ki thuit Shingling
3.2.2.1. Phat biéu bai toan
Muc tiéu cuaa qué trinh nay sé la phat hién va loai bé nhirng tép van ban co

noi dung gan tring nhau (cac tép duoc trich xuat tir mot slide). Qua trinh nay
trai qua hai budce duogce trinh bay trong hinh

I I

Tapvanban || —\ Phathién :'I> Loai bo
'pﬂcn —V|  tring lap tring lap

Tap van ban
dai dién

Hinh 3.8. Qué trinh xt ly trung lap van ban

Budc 1- Phét hién su trung lap noi dung cua hai tép van ban: Chinh la qua
trinh tim su tuong dong gitra hai tép van ban dya trén mot gia tri nguong cho
truoc.

Budc 2 - Loai b mét tép van ban ¢ noi dung trung lap: Cac van ban duoc
x4c dinh 14 tring 1ap sé& loai bo va gitt lai mot van ban 1a van ban dai dién dé tiép
tuc qua trinh lap.

Trong bai toan nay, tac gia can giai quyét hai van dé 1a: phat hién sy tring
l3p cta hai van ban va lay van ban dai dién cho tap vian ban tring lap.

Pau vao:

- Tap céac vin ban duoc trich xuat tir OCR.

Pau ra:

- Phat hién trung lap van ban.
- Tap van ban dai dién cho video bai giang.
3.2.2.2. Gidi thuat Shingling

Phuong phap Shingling 1a mét trong cac phuong phap NDD sém nhat, ki
thuat ndy nham dé udc luong do tuong tu giita cac cap tai lieu duoc trinh bay
nam 1997 bai Broder va cong su. Thuat toan Shingling duoc trinh bay nhu sau:

Cho mat s6 nguyén duong k va mot chudi lién tuc cac thuat ngir trong tai
liéu D. k-singles la tap k tur lién tuc nhau trong D. Vi du: Van ban ¢ noi dung
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“truong dai hoc cdng nghé thudc dai hoc qudc gia ha noi”. 5-shingles cua tai liu
D vura cho d6 1a “truong dai hoc cbng nghé”, dai hoc cong nghé dai”, “hoc cong
nghé dai hoc”, “cong nghé dai hoc qudc”, “nghé dai hoc qudc gia”. Bang truc
giac ching ta c6 thé nhan thiy 1a dé két luan hai vin ban gan tring nhau néu hai
tap shingles duoc tao tir chiing 1 gan nhu bang nhau.

Goi tap S(d;) la tap shingles cua tai liéu d;. Sy twong dong cua hai tai lieu
duoc do bang cach st dung hé sé Jaccard giira cac vector shingles. Gia st voi
hai tap d; va d; thi hé s6 Jaccard dugc tinh theo cong thirc hinh 3.9.

S(dy)nS(d
/L), Sty = :Sgdli SSEdzi:

Hinh 3.9. H¢ s6 Jaccard cua tai liéu d va d,

Hé s6 Jaccard dua ra két qua la gia tri trong doan [0-1], gia tri cang 16n thi
c6 nghia d6 twong dong cua hai van ban cang cao. Trong thuc nghiém, tac gia s&
st dung mot gia tri ngudng dé két luan vé do twong dong cua van ban.

Mic du d6 do Jaccard cho két qua tét nhung vai s6 luong 16n cac tai lieu
thi viéc tinh ton tiing cap van ban sé& 1a mot thach thic. SO lwong phép tinh ting
tuyén tinh theo s6 luong shingle c6 trong tai liéu. Néu sb luong shingle dai (hé
s6 k 16n) thi nhimg thay ddi nho trong céc tai liéu sé& anh huong dén do Jaccard,
nguoc lai néu kich thudc shingle ngan thi dan dén thoi gian tinh toan ting 1én
dang ké. Viéc lua chon k cho két qua tét thuong nam trong khoang [4-10]1).

Pé tranh viéc phai tinh toan Jaccard véi timg cap tai liéu, nguoi ta thudng
ap dung thém ki thuat bam. Pau tién, s& anh xa ting shingle vao mot gia tri bam
duoc luu trir bang 64 bit. Ham H(d;) 1a gia tri bam twong ung cua tap S(d;). Goi
IT la tap cac hoan vi cua tap cac gia tri bam H(). Ki hiéu la IT (d;) la tap hop céac
gia tri bam hoan vi trong H (d;); do d6 véi mdi h €H(d;) thi ton tai mot gia tri
tuong ung n(h)€I1(d;).

Nguoi ta cling chimg minh duoc rang néu goi x7, xF1a gié tri nho nhat thi
J(S(dy),5(dy)) = P(xT = x¥). Hinh 3.9 md ta cach biéu dién shingle cua hai
tai liéu.
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H(d,) H(d>)
0 *e X ) 264 1 0 ® oo 264 1
12 34 1 2 34
H(dy) and I'l(d;) H(d>) and I'l(d>2)
64 64
—1 -1
I1(d,) I1(d>)
o @G G oesor o MGl [Fheos
x7 x3
o [3] 264 _ 1 o [3] 264 _ 1
Document 1 Document 2

Hinh 3.10%. Bén qua trinh tinh toan shingle cua hai tai liéu.

Budc dau tién (dong trén cuing), ching ta 4p dung ham bam 64 bit cho mdi
shingle tir hai van ban dé tao thanh H(d:) va H(d») (cham hinh tron). Tiép theo,
chiing ta &p dung hoan vi ngau nhién II cua H(d:) va H(dy), tao thanh TI(d;) va
I1(d2) (hinh vudng). Budc ba, chi hién thi I1(d;) and I1(d,), va dong cudi cing
biéu thi gi tri nho nhat xT va x¥ cho mdi tai liéu.

Chuing ta ciing xét vi du duéi day dé hiéu rd phuong phap nay.

Tap A: Toi thich mau xanh va do.

Tap B: Toi thich chung, mau xanh va doé.

Tap 2-shingles

S(A)={[Ta6i thich] [thich mau] [mau xanh] [xanh va] [va do]}

S(B)={[Tai thich] [thich chlng] [ching mau] [mau xanh] [xanh va] [va d6]}
S(A) N S(B)= {[Tbi thich] [mau xanh] [xanh va] [va do]}=4.

S(A) U S(B)= {[Toi thich] [thich mau] [mau xanh] [xanh va] [va do] [thich
ching] [chdng mau]}=7.

Hé sb Jaccard duoc tinh theo cdng thic:

IS, 5(B)) = SAINSBN_2 ey

s@us®)| 7
3.2.2.3. Ki thuit tién hanh

Dua trén cac co sé cia phuong phap shingling, tac gia di xac dinh va két
luan dugc hai tép van ban bat ky c6 phai 1a gan tring lip nhau hay khong, cin
clr vao mot gié tri ngudng cua do do Jaccard trong hinh 3.13. Bai toan tiép theo
trong noi dung nay la xac dinh dugc tép cac van ban dai dién cho video bai
giang.
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Pau vao: Cho tap D 12 tap tat ca vian ban duoc trich xuat OCR tir video, gia
tri d, da,... dn 1a cac van ban duoc thudc tap D.

Dau ra: Tap D’ 1a tap vin ban dai dién cho tap D.

Giai thuat

Chot k=0

9]

Tinh
Jaccard(d,di+1)

Téng i Jaidivr <0.4

- Duyét chot - =i
- Lay d cd max jaccard
- K=

Hinh 3.11. So d6 khéi qua trinh trich xut tip vin ban dai dién
Két qua cua qua trinh nay tac gia thu duoc tip cac vin ban dai dién cho
video bai giang dau vao. Pay 1a cac vian ban duoc trich xuat tir noi dung cac
slide khac nhau trong video bai giang dau vao.

3.2.3. Bai toan sira 16i chinh ta viin ban tiéng Viét
3.2.3.1. Phat biéu bai toan

Tép van ban dai dién can dugc xu Iy 15i chinh ta, 16i nay phét sinh do qué
trinh nhan dang ki tu quang hoc. Chinh vi thé qua trinh nay sé& phat hién va sira

cac 15i chinh ta cta tép vin ban dai dién. Hinh 3.12 md ta cac budc dé thuc hién
phéat hién va stra 16i chinh ta vin ban.
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Tap van ban
dai dién

Lam sach
dif liéu

u L6i
non-word % i
Phat hién Lua chon tir Tap van ban J
16i chinh ta a thay the 'két qua

Loi
real-word

Hinh 3.12. Qua trinh phat hién va sta 16i chinh ta van ban

- Bugc 1: Pay 1a budc dau tién trong qua trinh phét hién va sira 15i chinh ta.
Dit liéu dau vao sau khi duoc nap can dugc loai bo mot s6 ki ty du thira (khéng
c6 y nghia trong tr) nhu cac khoang trang, cac dau cham, hoac céc ki tu dic
biét...

- Budc 2: Phét hién 15i chinh ta: Bé phat hién 13i chinh ta chiing ta can mot
s6 khai niém vé céc loai 15i chinh ta. C6 nhiéu cach, tiéu chi dé phan loai nhung
trong khudn kho chuong trinh phat hién I8i chinh td & mac tir thi 16i chinh ta
dugc chia lam hai loai 1a 16i non-word va 15i real-word:

+ L&i non-word: 1a 15i tao ra tir sai, tir d6 hoan toan khong c6 trong tir dién

tir ving hoic mot sb tir dién tén riéng, tir dién viét tat, tir dién vay muon,...

Pay 14 loai 13i d& phat hién.

+ LAi real-word: 12 16i chinh ta ma tir 6 c6 trong tir dién nhung sir dung tir

sai. Néu khéng dua vao ngit canh xung quanh thi khdng thé xac dinh duoc

d6 c6 phai 12 13i chinh ta hay khong. Pay 14 loai 13i khé phét hien va xi Y.

- Budc 3: Dya vao ting loai 161 dé lya chon tir thay thé cho tur bi 16i.
3.2.3.2. Lam sach dir li¢u trwéc khi stra 16i chinh ta

Trudc khi phat hién va sta 16i chinh ta, dit liéu dau vao can duoc xu 1y nhu
x0a ki ty khoang trang thira, loai bo cac ki tu dic biét (ddu cham, phay, cham
than, cham hai...), va cac chudi dic biét nhu dia chi trang web, email, cac dir
licu s6, ngay thang... Do nhiing ki tu nay khong lién quan dén nghia cua tir va
han ché dugc céc 15i non-word. Tac gia thuc hién viéc 1am sach dit liéu ba budc:

- Budc 1: Loai bo céc ki tu khoang tring thira & dau, gitta, va cudi cau. Vi
du“bai giang ” s& duoc thay bang “bai giang”.
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- Budc 2: Bé qua cac chudi 1a dia chi email, dia chi website.
- Bud6c 3: Loai bo céc ki tu dic biét, cac dau cham, ki tu 6, ngay thang. ..
3.2.3.3. Ki thuit sita 16i chinh ta dang non-word

Déi véi nhitng 161 chinh ta dang non-word thi da dwgc nghién ctu rat rong
rdi, phd bién. Céc thuat toan dé phat hién va goi v tir chinh stra cho céc 16i dang
non-word dd dugc dé& xuit nhu trong cac nghién ctu [17] [11] [12]. Cac thuat
toan nay duoc goi la spell-checker va duoc tich hop vao trong nhiéu phan mém
Xt ly van ban khac nhau nhu Microsoft Word, LibreOffice Writer, Ispell,
Aspell...

Trong luan vin nay tac gia sé sir dung cong cu ma ngudn ma Aspell dé cai
dat chuong trinh stra 181 chinh ta d6i véi dang 16i non-word.

GNU Aspell 1a mot spell-checker md nguon ma va mién phi. Aspell c6 thé
st dung nhu mot thu vién hoac la mot spell-checker doc lap. Cac tinh nang cua
GNU Aspell bao gom:

- H tro kiém tra cac van ban dinh dang UTF-8 ma khong can thém tir dién
dac biét nao khac.

- H& kiém tra chinh ta nhiéu loai ngbn ngi, trong d6 ngon ngir Tiéng Viét.
Tinh ning nay rat quan trong béi vi noi dung van ban trong pham vi luan vin
nay 1a vin ban Tiéng Viét.

- C6 thé tly chinh tir dién, b6 sung céc ngoai 1& hoic cap nhat thém cac tir
méi cho tir dién.

GNU Aspell duoc phat trién dén nam 2004, dén thoi diém hién tai thi
Aspell khdng c6 ban nang cap nao thém. Chinh vi thé tac gia da st dung mot tir
dién méi cho ngdn ngit Tiéng Viét duoc cap nhat nam 2014.

Pé giao tiép va lam viéc vai GNU Aspell trong muc dich 1ap trinh, tac gia
st dung thém mot goi thu vién 1a Pspell. Pspell 1a cong cu cung cap giao dién dé
lam viéc véi tir dién caa Aspell qua mot sé6 ham d3 duoc khai béo. Thuat toan
phat hién 15i va sira 13i chinh ta dang non-word duoc tac gia mo ta boi so do
khoi nhu hinh 3.13.



D = Aspell

- Lay danh sach tir ggi y
- Tinh Levenshtein
- Thay thé tir 16i

Hinh 3.13. So d6 khéi stra 16i chinh ta sir dung tir dién Aspell
Ki thuat sta 16i chinh ta dung GNU Aspell chi 4p dung duoc véi nhitng 10i
dang non-word. Vi ki thuat nay s& kiém tra ting tir va khong quan tam dén vj tri
cua tir d6 so vai cac tir xung quanh. Vi vay, dé nang cao hiéu qua cua viéc kiém
tra 16i chinh ta vin ban, tac gia ap dung ki thuat N-gram.
3.2.3.4. Ki thuit sia 16i chinh ta dang real-word

Loi chinh ta dang real-word thi phuc tap va khé hon non-word, do nhiing
16i nay thudng 1am nhap nhang c phap va ¥ nghia cta cau. Viéc ty dong phan
tich cu phap/ngir nghia cua mot cau dung la nhiém vu kho khan va nhiém vu
phan tich nhiing cau sai gan nhu 1a khdng thé trong nhiéu truong hop. Vi du
dudi day cho thay ngén ngit Tiéng Viét sy da dang va phong pht cua ngir phap
Tiéng Viét.

Cau dugc cho 13: “Ong gia di nhanh qua”. Pay 1a mot cau hoan toan ding
vé ngit phap va c4c tir hoan toan cd trong tir dién. Nhung lai ¢6 su nhap nhang
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gitta y nghia cau trén. Cau trén c6 thé tach thanh hai cau “/Ong/ gia di /nhanh /
qua/” hodc “Ong gid/ di / nhanh /qua”.

Cac nghién ctu [11] [12] [20] ciing d4 chi ra riang, cac hé théng phat hién
va stra 13i chinh ta vin ban co d6 chinh xac xap xi khoang 50% cho tat ca céc
loai 16i. Trong d6 thi 25% - 40% trong tat ca loai I5i nay 1a 15i real-word, chinh
vi thé viéc nghién ctu phat hién va sira loai 13i nay 12 hitu ich.

Do dic trung ngdn ngit Tiéng Viét 12 gom cac tir don ghép lai véi nhau. Vi
vy, dé xuat caa tac gia 1a s dung ki thuat 2-gram d¢é sira cac 13i chinh ta dang
real-word. Nghia 1a tir dugc kiém tra s& xem xét két hop ca hai hang xém bén
trai va bén phai cia no. Duéi day 1a mo ta vé ki thuat kiém tra va sira 18i chinh
ta dung bigram.

Tap dé ctr cho tir dugc kiém tra (W) la tap cac tir trong tir vung ma co thé
sinh ra W bang cach mot thao tac chinh sta. Tap dé ctr ¢6 thé duoc biéu dién
dang

C(WH) = (W, Wy, .., W}, .., Wi }

Trong d6: W Ia tr thi i trong cAu can kiém tra va k; 1a s phan tir trong
c(W?). Bay gio tap bigram trai va bigram phai cia mdi tr trong C(W?) s& c6
dang nhu sau:

Bigram trai: Wi=tw}

Bigram phai: Ww'+?

Tur dién Bigram duoc tac gia xay dung bang cach thu thap dir liéu tir nhiéu
ngudn trén mang nhu vnexpress.net, dantri.com.vn, wikipedia.org. Dit liéu bao
gom nhiéu cha dé nhu khoa hoc, xa hoi, thé thao, giai tri.... Kich thudc cua tap
dir liéu cua tac gia khoang 66 MB. Sau d6 tac gia sé tinh tan s cua cac bigram
nay. Két qua dugc mo ta trong bang 3.1.

Bang 3.1. Két qua Bigram tap dir liu

Kich thwéc tép tin|So6Bigram |Kich thwéc sau
trwéc khi tach Bigram | tach dwoc khi tach Bigram
Bigram 66 MB 4.836.571 82 MB
Thuat toan phét hién va sua 16i chinh ta van ban dua vao ki thuat N-gram
duoc tac gia cai dat va mo ta nhu sau:




Dy = Bigram

- Kiém tra LeftBigram
Kiém tra RightBigram
Danh sach tir ggi y

T 1G6i= T tan sudt max

Hinh 3.14. So d6 khoi stra 16i chinh ta sir dung Bigram
3.3. Bai toan danh chi muc va tim kiém
3.3.1. Phat biéu bai toan
Bai toan lap chi muc cho tép van ban trai qua hai budc:

- Budc 1: Xac dinh c&c muc tur, khai niém co kha nang dai dién cho van
ban s& duoc luu trit. Pay 1a qua trinh phan tich tép van ban bao gém cac qua
trinh nhu tach tir, loai bo tur dung. ..

- Budc 2: Xac dinh trong sé cho ting muc tir, trong sé nay la gia tri phan
4nh tam quan trong caa muc tir d6 trong vin ban.

Hinh 3.15 m6 ta cac budc dé 1ap chi muyc tai liéu.
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Tép van ban :: y p{‘;'i':ité'ﬁh :> Lap chi muc

Hinh 3.15. M6 ta qua trinh 1ap chi muc tai liéu

3.3.2. Lap chi muc va tim kiém bing Elasticsearch

Trudc khi tién hanh 1ap chi muc bang Elasticsearch, can thuc hién khoi
dong Elasticsearch. Khoi dong Elasticsearch bang cau 1énh: “sudo service
elasticsearch start”.

Dé kiém tra, trén thanh dia chi caa trinh duyét web, truy cip vao dia chi
http://localhost:9200. Néu thanh cong thi két qua s& c6 nhu md ta cta hinh 3.16.

ALl -

€ C [Y localhost:9200

1

"mame" : "Stained Glass Scarlet”,
"cluster_name" : “elasticsearch",
"wversion" : {
“numbezr™ : "2.8.8",
"build _hash" : "deS54438d6af8f0340d58c5c786151783ce7debes",
"build timestamp” : "2815-1@-22T0E:89:48Z",
"build snapshot" : false,
"lucene_wversion" : "5.2.1"

7

"tagline" : "You Know, for Search"

¥
Hinh 3.16. Kiém tra khoi dong Elasticsearch
Tao index: Dé tao chi muc co tén 1a “lectures” thi sau khi khéi dong
elasticsearch. Str dung cau Iénh: curl -XPUT 'localhost:9200/lectures’.
Pua ra danh sach tit ca cac chi muc ¢ trong Elasticsearch bang cau lénh:
curl 'localhost:9200/_cat/indices?v'. Két qua duoc mo ta trong hinh 3.17.


http://localhost:9200/
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! &3 localhost:9200/ catfindics X
€ - C [} localhost:9200/_cat/indices?v

health status index pri rep docs.count docs.deleted store.size pri.store.size
yellow open lectures 5 1 @ @ 635b 635b

Hinh 3.17. Danh sach cac chi muc hién c6. Tén chi muc 1a lectures, sd tai liéu
docs.count hién tai co gia tri béng 0 (do chua tao tai li¢u cho chi muc nay).

Tao type va document cho chi muc: Pinh dang ctia mdt document s€ cé

kiéu {“url”:”dudng dan dén tép video bai giang”, “contents”: “ndi dung tép tin

van ban ndi dung da dugc xur 1y”’}. Document & day thudc type “external”. Cau

lénh dé tao type va document nhu hinh 3.18.

cur]l —#PUT 'localhost: flectures/external/l 7pretty’ —d

{

L M =

"url": "uploads/videoOO0l.mpd",
"content":"ngay nay khi cdng nghé& théng tin..."

]!

& =y

Hinh 3.18. Tao type va document cho chi muc.

Chi muc duogc tao co tén la lectures, type la external. Document c6 hai
tham s6 1a url va content. URL 1a dudng dan dén tép tin video, va content 1a noi
dung cua video bai giang. Id ctia document ¢ day duoc gan bang 1.

Néu thuc hién 1énh POST khong gén id cho document thi Elasticsearch sé&
tao mot id tuy dong cho document.

curl —#POST 'localhost: flectures/external/ 7pretty’ —d
{

L b =

"url": "uploads/videoO0l.mpd",
"content":"ngay nay khi cdng ngh& thdéng tin..."

]!

LA s

Hinh 3.19. Tao type va document bang 1énh POST. Id cta document dugc
Elasticsearch géan tu dong.

Lay document: Str dung cau 1énh GET dé lay ra document véi id va chi
muc tuong tng:curl -XGET 'localhost:9200/lectures/external/1?pretty’.

Cap nhat document: Thuc hién Iénh tao document véi id da ton tai thi
thong tin cua document cling s¢ dugc cap nhat lai.
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Ln

curl —¥FPUT localhost:

{

48

flectures/external/1 Ypretty’ —d

"url": "uploads/video001l.mpd",
"content":"ndéi dung thay déi..."

]T

Hinh 3.20. Cép nhét lai document cho chi muc véi id da tn tai.

Hoic c6 thé sir dung lénh UPDATE tryc tiép duoc mo ta trong hinh 3.21.
flectures/esternal/1l/ _update?pretty’ —d

{

=] o L M

]_!

curl —HPOST 'localhost :

"Aoc™ . {

"url"™:

"uploads/video001l .mpd™,

"content™: "ndéi dung thay adi..."

}

Hinh 3.21. Thuc hién cdp nhat lai document bang cau 1énh UPDATE
Xo6a chi muc: Dé x6a chi muc di tao, st dung cau Iénh nhu sau:
curl -XDELETE ‘'localhost:9200/lectures?pretty'.
Xéa document: Cau 1énh dé x6a mdt document d3 ton tai bang cach:
curl -XDELETE ‘'localhost:9200/lectures/external/1?pretty".

Tim kiém cac document trén index:

Hinh 3.22. Tim kiém document trén chi muc

{8 glasticsearch-head b4 -"'-\k

<« C' | [1 localhost:9200/_plugin/head/

Elasticsearch http://loc alhost:- 9200/ | Connect | elasticsearch
Overview || Indices || Browser || Structured Query [+] || Any Reqguest [+]

Search lectures (12 docs) ¥ for documents where:

should * | _all ¥ query_string ¥  giac an dién tlr L+
| Search |Output Results: | Table ¥ Mumber of Results: | 10 v Show guery source

Searched 5 of 5 shards. 11 hits. 0.030 seconds

_index _type _id _score ¥ url content

lectures external  AVSI2ZCNEYDIXrjSOBOY4 0.41683638  uploads/videcOS5.mp4d phan ldn cac gido vién ng
lectures external  AVSIZixmYDjXrSOBOYY 0.23890013  uploads/videc07.mpd chinh gi nhing kho khan
lectures external  AVSIZEKNYYDXrjSOBOYS 0.22431326  uploads/videcO5.mpd khi sif dung gido an dién i
lectures external  AVSI3gdlYDjXrSOBOY_  0.19815733  uploads/videol0.mpd Khi sif dung gido an dién-
lectures external  AVSIZNxWYDjXrjSOBOY- 0.12944615  uploads/video09.mp4 dé tao duoc mét gido 3n
lectures external  AVSI1zHIYDIXrjSOBOYZ 0.014263429  uploads/videcO4.mpd hién nay bd gido duc va d
lectures external  AVSI3rDYDIXrjSOBOZB  0.0075643254 uploads/videoll.mpd MNEu chi trinh bay sudng,t
lectures external  AVSIOTgPYDj¥rjSOBOYD 0.007408212  uploads/videc02.mpd cdéng nghé théng tin tf 13
lectures external  AVSix-OLYDj¥rjSOBOYy 0.0060319444 uploads/videcOl.mpd noay nay khi cong nghé t
lectures external  AVSIOvpSYDI¥rjSOBOY1 0.004588555  uploads/videc03.mpd cudn sach clng dufoc hinh
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Thoi gian tim kiém cho cdu truy van “gido an dién ti” 1a 0.030 gidy. Hién
thi 10 két qua dau tién co lién quan dén truy van. Két qua duoc sip xép theo thu
tu giam dan cta score.

Két thuc chuong 3, tac gia da trinh bay chi tiét cac giai phap va cac ki thuat
cai dat xay dung hé théng cho phép tim kiém céc video bai giang dua vao chudi
truy vin nhdp vao ctia ngudi dung. Chuong tiép theo, tac gia s& trinh bay qua
trinh thuc nghiém va cac danh gid chuong trinh.
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CHUONG 4: KET QUA THUC NGHIEM, PANH GIA VA KET LUAN
4.1. COng cu, mdi trwong thuc nghiém

Pé phuc vu cho qué trinh thyc nghiém, tac gia str dung cau hinh phan cimg

va cac cong cu phan mém thé hién trong hai bang 4.1 va bang 4.2 nhu sau:

Bang 4.1. Thong s6 phan cing

STT | Thanh phan Thong so ki thuat
1 CPU Intel ® Pentium ® Dual core T3200 2.00GHz
2 RAM DDR Il - 3GB
3 | Hé diéu hanh Ubuntu 14.04 LTS
4 B6 nhé ngoai 150 GB

Bang 4.2. Danh sach cong cu phan mém

trinh.

STT | Tén cong cu Chirc nang Nguon tai
Trinh soan thao va
1 | Sublime Text3 |bay 1di chuong https://www.sublimetext.com

tim kiém tai liéu.

Ngon ngir 1ap
2 |PHP5.0 trinhdung thuc http://php.net/downloads.php
nghi¢m.
Co u ly
3 | FFMpeg .Ong cUREy https://ffmpeg.org/download.html
video.
Cong cu chuyén . : :
. 2., L http://www.imagemagick.org/script/
4 | Imagemagick doi anh mau thanh i
) P binary-releases.php
anh da cap xam.
Cong cu nhan dang )
5 | Tesseract -OCR ) https://github.com/tesseract-ocr
ki tw quang hoc.
Co kiém t
6 | Aspell ,(,mg ,Cu {em e http://aspell.net/
161 chinh ta.
Thu vién 1ap trinh
stra 16i chinh ta http://php.net/manual/en/intro.pspell.
7 | Pspell ) N N
trén ngudn ngir php
PHP.
g Vietnamese Tur dién tir vung https://github.com/1ec5/hunspell-
Dictionary ctia Tiéng Viét. vi/tree/master/dictionaries
Cong cu ho tro tai | http://www.tenmax.com/teleport/pro/
9 | Teleport Pro R
dir liéu trén mang. | download.htm
Cong cu ho trg
10 | Elasticsearch danh chi muc va https://www.elastic.co/



https://www.sublimetext.com/
http://php.net/downloads.php
https://ffmpeg.org/download.html
http://www.imagemagick.org/script/binary-releases.php
http://www.imagemagick.org/script/binary-releases.php
https://github.com/tesseract-ocr
http://aspell.net/
http://php.net/manual/en/intro.pspell.php
http://php.net/manual/en/intro.pspell.php
https://github.com/1ec5/hunspell-vi/tree/master/dictionaries
https://github.com/1ec5/hunspell-vi/tree/master/dictionaries
http://www.tenmax.com/teleport/pro/download.htm
http://www.tenmax.com/teleport/pro/download.htm
https://www.elastic.co/
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4.2. Két qua thuc nghiém, danh gia

Trong phan thuc nghiém nay, tac gia liy ngiu nhién trén mang nam video
bai giang. Tién hanh trich xuat cac khung hinh tir 1an luot cho céc video nay thu
dugc bang két qua mo ta ¢ bang 4.3.

Bang 4.3. Két qua thyc hién trich xuat khung hinh tir video

STT | Pinhdang @ Kich thwéc = Thoigian | S6 khung hinh | Kich thwéc
(MB) (phut:giay) thu dwoc (MB)
1 mp4 23,8 6:22 382 404,6
2 mp4 48,1 6:38 398 450,7
3 mp4 32,1 3:07 187 174,8
4 mp4 137,6 28:27 1707 1740,8
5 mp4 19,6 2:35 155 139,4

Chung ta c6 thé diéu chinh tiang, giam tan s6 FPS dé nham thu duoc s6
lwong khung hinh phu hop. Qua qué trinh thyc nghiém, dé dam bao khong bi
thira hodc thiéu noi dung thi tin sé FPS ma tac gia sir dung trong luan vin nay 1a
1 FPS.

S6 luong khung hinh thu dugc cia mdi Video‘tuong ung nhu” trong bang
4.3. Vi cac khung hinh hiép tai dang la é}nh 1}12‘1u, nham nang cao chat luong cua
qué trinh OCR. Tac gia tién hanh chuyén doi toan b tdp khung hinh thu dugc
thanh anh da cap xam.

Bang 4.,4 mo ta két qua nhan dang ki tu quang hoc bang cong cu Tesseract-
OCR. Tap két qua dugc luu trit véi dinh dang van ban .txt.

Pé danh gia qua trinh OCR bang Tesseract-OCR, tac gia sir dung do
chinh xéc - P, d0 hdi tudng - R, va do do F1.

D0 chinh xac OCR cua mot video P = Z‘I\; L Véi N 1a tong sd tép tin cla
video do.

Do chinh x4c P; dugc tinh theo cong thirc:

T nhin dang dwoc|din
pi=2 g dwoclding . 40

Y. Tir nhin dang dwoc

n
lll

Do hoi twong OCR ciia mot video R = . Vé6i N 1a tong sd tép tin

cua video do.
Do hoi tuong R; duoc tinh theo cong thirc:

Twr nhin dang dwoc|diun
R =2 g duoclding 1 (g,

Y Tong sb tu 151 thuc t&
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Do do F1 1a sy két hop cua hai d6 do chinh x4c va d do hoi tuéng. Do do
F1 d6i voi mdt video dugc tinh theo cong thirc.

F1=2x

dd chinh xac * d6 hoi twong

dd chinh xac + do hoi twong

Bang 4.4. Két qua thuc hién Tesseract-OCR d6i véi tap khung hinh thu dugc

STT = Sblwgng Kich thwéc tap DY chinh xac| D9 hoi twéng| P F1
két qua (KB) (%) (%) (%)

1 382 136,3 71,2 81,8 76,13
2 398 100,5 71,1 82,0 76,16
3 187 33,7 76,4 67,0 71,39
4 1707 529,1 66,4 76,2 70,96
5 155 45,0 775 66,3 71,46
Trung binh 72,52 74,66 73,22

Qua thyc nghiém tac gia nhan ra rang, ddi véi cac khung hinh khong bi anh
huéng boi hiéu tng trinh chiéu thi két qua nhan dang bang Tesseract-OCR cho
két qua v6i do chinh xac cao, xdp xi khoang 96% dén 100%. Nhung ddi voi cac
khung hinh bi anh hudng thi cho két qua nhan dang thap, khoang 56% - 64%. Vi
vay d6 chinh xé4c trung binh dbi v6i mot video bi giam dang ké, xap xi 72,52%.
Pay ciing 14 thach thirc va han ché cua tac gia trong luan van nay.

Tap két qua sau qua trinh OCR tiép tuc dugc xt 1y trung lip bang ki thuét

Shingling. Két qua thuc hién loai bé tring 13p duoc mo ta trong hinh 4.5.
Bang 4.5. Két qua thuc hién NDD véi ki thuat Shingling

STT Tépdau |Sovinban Sboslide Sbévian Dochinh| Pohodi | PoF1
vao daidién | thucte | ban dai Xac twuong | (%)

thu dwgc dién dung | (%) (%)
1 382 14 22 12 85,7 545 | 66,63
2 | 398 24 25 22 91,6 88,0 | 89,76
3 187 42 35 34 80,1 97,1 | 87,78
4 1707 14 18 13 92,8 722 | 8121
5 155 21 24 18 85,7 75,0 | 79,99
Trung binh 87,18 77,36 81,07

Do chinh xac, d6 hoi tuong va do do F1 dugc dung dé danh gia qua trinh
xu 1y trung 13p van ban. K&t qua cua qua trinh nay 1a tap van ban dai dién cho
video bai giang dau vao.

Do chinh xac P duoc tinh bang cong thuc:

Y. Van ban dai dién|ding

P_

a Y Van ban dai dién thu dwoc

* 100%
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Do hoi tuong R duoc tinh theo cong thic:

__ )Van ban dai dién|ding
Y Van ban dai dién thuc té

* 100%

D6 do F1 duoc tinh la: F1= 2 % =%
P+R

Sau khi xtr Iy trung 1dp van ban, tap hgp cac van ban dai dién dugc gop
chung thanh mot vin ban duy nhat. Trude khi xir 1y 16i chinh t4, tip vin ban can
dugc lam sach nhu da trinh bay chi tiét trong muc 3.4.2.

Tap dir li¢u sau khi dugc lam sach déu bao gém ca hai loai 16i non-word va
real-word. Trong luan vin nay, tac gia két hop ca thu vién Aspell dé kiém tra 16i
non-word va sit dung Bi-gram dé phat hién 15i real-word. Két qua mo ta qua
trinh phat hién 16i chinh td duoc mo ta trong bang 4.6.

Do chinh xac P duoc tinh bang cong thuc:

S6 tir phat hién dwoc|dun
P:Z A,p\ ,. — ¥ | g*loo%
Y. SO tr phat hién duoc

Do hoi tuong R duoc tinh theo cong thic:

Y. S6 tir phat hién duoc|din

R= phathicn duoclding 4 100%
> S0 twr 16i thwce té

PR

P+R

D0§ do F1 duoc tinh la: F1= 2 *

Bang 4.6. Két qua qua trinh phat hién 15i chinh ta dung Aspell két hop Bi-gram

STT | Tapddu Tongso = S616i |S615iphat| Pochinh | Dy hdi | D§F1
Vao loi thyc | phéat | hi¢n ding Xac twong | (%)
(s6 tir) te hién (%) (%)
dwgc
1 | 9% | 77 71 66 92,9 85,7 | 89,15
2 1365 121 112 96 85,7 79,3 | 82,38
3 2482 43 33 18 54,54 418 | 47,33
4 786 96 91 85 93,4 88,54 | 90,91
5 1520 31 26 22 84,6 709 | 77,15
Trung binh 82,23 73,25 77,38

Danh sach nhiing tir goi ¥ cho tir phat hién 13i, tAc gia str dung tir dién két
hop vé6i khoang cach chinh stra nhé nhat va tan suat xuat hién Bi-gram dé lua
chon tir thay thé phu hop. Bang két qua sira 16i chinh ta duoc mé ta bing bang
4.7.

Do chinh xac P duoc tinh bang cong thuc:
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Y. S4 tir stra dwgc|din
p = 230t staduoclding , 4 (g,
> SO tr stra duwoc

Do hoi tuong R duoc tinh theo cong thirc:

S6 tir stra dwoc|din

R = 230 trstadugclding , 4 g0,
> S0 tir 16i thue té

PxR

P+R

Do do F1 duoc tinh 1a: F1= 2

Bang 4.7. Két qua qua trinh sira 15i chinh ta

STT | So 16i phat S6 16i S616isita = Pochinh | Pohdi | PoF1
hién sira dung Xac tuéng (%)
(%) (%)

1 71 69 49 71,0 69,0 | 69,99
2 112 102 62 65,8 554 | 57,97
3 33 16 9 56,3 273 | 36,77
4 91 84 43 51,2 50,5 | 49,17
5 26 28 18 64,3 69,2 | 66,66
Trung binh 60,72 53,64 | 56,11

Nhu di trinh bay & muc 3.4 vé kho khan khi stra 18i chinh ta Tiéng Viét. Vi
vay trong luan van nay, tac gia da cb gang dé nham cai thién chat luong cta qua
trinh sira 16i. P9 chinh x4c trung binh xap xi khoang 60,72%.

4.3. Két luan
4.3.1. Két qua dat dwoc

Trong luan vin ndy, tac gia hudng téi muc dich 1a tim hiéu va nghién cau
phuong phap dé xay dung mot hé théng tra ciru video dua trén ndi dung. Video
tac gia quan tam 1a cac video bai giang dang silde. Noi dung cia truy van s& 13
cac tir hodc cac cum tir ¢6 lién quan dén ndi dung vin ban bén trong cc video
bai giang.

Qua bdén chuong, ludn vin da trinh bay vé cac khai niém lién quan dén
cong cu tim kiém. Cac phuong phap tiép can, ki thuat ap dung dé giai quyét cac
bai toan vé xdy dung cong cu tim kiém video. Ung dung cic phuong phap, ki
thuét dé thuc nghi¢m xay dung mogt h¢ théng tim kiém video bai giang dua trén
ndi dung.

Céac dong gop chinh cua luan van:

- H¢ théng lai kién thtrc, khai niém lién quan va kién trac cta cong cu tim
kiém.
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- Trinh bay mo hinh cac bai toan can xir 1y trong qua trinh xay dung cong
cu tim kiém video.

- Phan tich cic phuong phap tiép can dé giai quyét cac bai toan va lya chon
ki thuat dé thuc nghi¢m.

- Xay dung thir nghiém tng dung tim kiém video bai giang dang slide dwa
trén noi dung.
4.3.2. Pinh huéng phat trién

Véi nhitng két qua dat duoc trong luan van nay, tac gia hy vong trong
tuong lai s¢:

- Thir nghiém vai dir liéu da dang hon va 16n hon. Thu thap va xtr Iy dugc
v61 nhiéu dinh dang video.

- Nghién ctru cac phuong phap, ki thuat dé nang cao chéat luong chuong
trinh stra 161 chinh ta Tiéng Viét.

- Cai tién va nghién ctru dé ning cao chat luong, giam thoi gian xir 1y video
dau vao.
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