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PHUONG PHAP BAM BAO CHAT LUQNG
VIDEO DYA TREN KY THUAT DY BOAN
THAM SO LUONG TU

Vii Hiru Tién, Nguyén Thi Hwong Thao
Hoc vién Coéng nghé Bwu chinh Vién thong

Tém tit: V6i sy bung nd cua cac dich vu xem video
tryc tuyén trén mang vién thong nhu Youtube, Netflix. ..
trong khi co s¢ ha ting mang 1a hitu han, viéc dam bao
chat Iuong hinh anh cho cac dich vu nay ngay cang cép
thiét. Hién nay, c6 rat nhiéu tham sé danh gia chat luong
hinh anh video trong d6 tham sé do tan suit thay d6i mirc
chat lwong hinh anh 1a mét trong nhitng tham s quan
trong. Db voi nguoi xem video, sy thay doi chat lugng
hinh anh véi tan suat cao s& gay ra su kho chiu khi xem.
Viéc nay co thé s& xay ra thuong xuyén khi chat luong
mang khéng 6n dinh. Vi vay, trong bai bao nay, mot
phuong phap dam bao chat lugng video 6n dinh dya trén
ky thuat dy doan tham sé luong tir duge dé xuat. Cu thé,
dua trén noi dung cua tieng khung hinh video, mé hinh
hoc may dugc dua ra dé dy doan mot mic lwong tir
twong tng cho tirng khéi hinh trong khung hinh nham dat
dugc mic chit luong video mong mudn. Két qua md
phong cho thdy phuong phép dé xuat da dat dugc hai tiéu
chi dong thoi. Thir nhat, phuong phap dé xuat da dat
dugc muc chat lugng mong mudn cho video tai tao. Thir
hai, hiéu niang nén cua video trong phuong phap dé xuat
tang 1n so voi bo mé hda video tiéu chuan x.264.

Tir khéa: VMAF, Video coding, x.264.

I. GIOITHIEU

V6i su phét trién bung no cua di ligu trong cac dich
vu video tryc tuyén trén mang vién thong, viéc dam bao
chat lugng trai nghi¢m cho ngudi xem la mot trong nhiing
yéu cau cap thiét hién nay. Chét luong trai nghiém duoc
dinh nghla la mirc @6 hai long hoac khong hai long cua
ngudi dung khi st dung mét dich vy hay ung dung nao do
[1]. Pé do mirc do hai Iong cua nguoi ding c6 thé co rat
nhiéu tiéu chi nhu thoi gian tré khoi dong, thoi gian dung
hinh, tan suat thay doi muc chat luong... Trong sb céac
tidu chi ndy, tan suit thay ddi chit lwong h|nh anh la mot
trong nhung tiéu chi quan trong. Sy thay doi chat luong
hinh anh c6 thé xay ra khi by ma hoa video diéu chinh
tham sb lugng tir dé dam bao t6i wu vé tée do bit va do
meo (RDO). Tuc la by ma hda s& chon ra gia tri tham $0
luong tir t6t nhat sao cho téc do bit 1a nho nhat va chat
lwong hinh anh 1a tét nhét. Tuy nhién, qua trinh thyc hi¢n
RDO chi chu trong t6i muc tiéu dé toi uu gilra téc do bit
va chat luong nén s& dan dén tinh trang chat luong anh
dau ra gitra cac khung hinh trong chudi video s& thay doi
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lien tuc theo néi dung. Ngoai ra, trong qua trinh RDO,
chit lugng khung hinh déu dugc do bang phuong phap
khach quan, trong khi chat luong hinh anh video dwogc
ngudi ding cam nhan la chu quan. Vi vay, viéc dam bao
t6i wu téc do bit va chat luong, dong thoi dam bao Chat
lugng video tai tao dat muc chat lwong mong mudn la rat
can thiét.

Trong bai béo [2], phuong phép diéu chinh h¢ so
Lagrangian A theo n6i dung video trong qua trinh toi uu
toc d6 bit — d6 méo (Rate-Distortion Optimization) dé
dam bao video sau khi khai tao luén dat dwoc mic ché;
luong nhat dinh. Cy thé, hé so Lagrangian va tham so
luong ti Q cho mdi khung hinh dugc tinh sao cho gia tri
khéc biét gitra chét luong dwoc du doan va chat luong cua
khung hinh sau giai m4 1a nho nhat. Ciing voi muc tiéu dat
dugc muc chit luong khong d6i gitra cac khung hinh,
phuong phap [3] st dung ham mét do xac Suat cuia cac he;
s0 bién doi dé uéc lwong do sau cua cay ma hoa. Tur do,
chat lugng cua cc khdi ma hoa dugc diéu chinh dé dam
bao murc chat lugng on dinh. Trong bai b4o [4] mé hinh
RDO thich ung theo ndi dung cho chuian ma héa H.264
duoc sir dung @€ udce lugng d6 méo gitra khung hinh goc
va khung hinh sau gidi ma. Dya trén gia tri u6c lugng,
tham s6 QP chd mdi khung hinh dugc tim dé dat duoc
murc chat lwong mong mudn.

Trong cac phuorng phap trén, chat luong video duoc
danh gia bang tham s6 khach quan PSNR. Tuy nhién, chat
lugng tai phia nguoi dung dugc cam nhan thong qua chu
quan clia nguoi dung. Vi vay, trong phuong phap dé xuat
nay, tham s6 VMAF két hop giira hai phuong phép déanh
danh khach quan va chu quan duoc sir dung dé danh gia
chat luong video.

Phan tiép theo cua bai bao dugc chu trac nhu sau.
Phan Il | gici thigu vé ky thuat RDO trong md hoa video va
tham s6 danh gia chat lugng video VMAF. Phan 111 md ta
phuorng phap dé xuat. Cac tham sé md phong va két qua
mo phong duoc trinh bay trong Phan IV va két luan dugc
dua ra trong Phan V.

I1. CAC NGHIEN CUPU LIEN QUAN

A. RDO

Bit dau tir tiéu chuan ma héa video H.264, thuat toan
RDO dugc str dung da dat duoc nhimg uu,_ diém vuot troi
S0 V&i cAc chudn mi hoa video truée d6 vé hiéu nang ma
hoa [5], [6]. Thuat toan RDO gilp bo ma hda lua chon ché
d6 ma héa téi wu nhét trong sb rat nhleu céc ché do ma
héa. Cu thé, qua trinh RDO gitp to| thiéu hoa do méo
hinh anh (D) ung véi mot gia tri téc do bit cho trudc R
bang cach lua chon cac tham s6 ma hoa phu hop. Bai toan
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trén duoc dua vé bai todn tim cuc tri caa D véi didu kién
rang budc la toc do bitR < R,.

D¢ giai bai toan trén, phuong phap nhan tir Lagrangian
dugc s dung. Y tudng co ban cua phuong phap nay la
tim nhén tir Lagrangian va cac gia tri D, R sao ham chi phi
dat gia tri nho nhat:

J=D+AR 1)

Trong d6 J 1a ham chi phi Lagrangian va 4 1a nhan tir
Lagrangian. Khi moi quan h¢ gitra R-D la ham 16i, R va D
kha vi tai moi diém thi J dat cuc tiéu khi:

dj dD _
R-mTA=0 2
_Trong tai lieu [5], méi quan giira R va D duoc biéu
dién bang biéu thic:

R(D) = alog, (3) ®)

Trong d6 a va b 1a céc hé s6 khong doi. M6 hinh cua

d6 méo D duoc biéu dién bang biéu thuc:
p=2 (4)
3

Trong d6 QP 1a tham s lugng tir. Thay (3), (4) vao (2)

ta co:
—_a 2
A=-2=c.QP (5)

Véi ¢ 1a hang sé va c6 gia tri bang 0,136 trong tiéu
chuan H.264. B¢ tim gia tri trj nho nhat cua ham chi phi,
b6 ma hda s&é ma héa nhiéu ché do khac nhau bao gom ché
d lién anh, noi anh, céc kich thudc khdi khac nhau va cac
gia tri QP khéc nhau. Vi mdi ché ¢6 ma hoa s& c6 mot bo
ba gia tri R, D va A duoc tim va ham chi ph1 J dugc tinh
theo cdng thuc (2). Ché do nao dat duoc gié tri J nho nhat
s€ dugc lya chon. Trong hau hét cac bo ma hoa hién nay,
gia tri D duoc tim bang cach tinh gia tri khéc biét glua anh
goC va hinh anh duoc gidi nén. Mic du viéc danh gia do
méo dira vao phuong phap khach quan c6 wu diém 14 hiéu
qué trong tinh toan nhung c6 nhugc diém 1a d6 chinh xéac
khong cao so vai phuong phap chu quan [7]. Vi vay, trong
bai bao nay, phuong phép do d meo s¢ sir dung tham s6
VMAF la tham sé két hop ca phuong phap khach quan va
chu quan.

B. VMAF

Danh gia chat hmng 1& mot nhu Cau thiét yéu trong
nhleu dich vu video, cung véi su phat trién cua mot sé chi
s6 do chit lugng dé tan dung loi thé cua danh gia tw dong.
DPé c6 dugc mot chi so chat luorng cam nhan phu hop,
Netflix da phat trién mot chi s6 chat lugng cam nhan c6
tén la Két hop nhleu phuong phap danh gia video
(VMAF) dé cung cap diém sé chinh xac cho cac ngi dung
khac nhau nhu chuwong trinh truyén hinh timg doat giai
thudng, phim, phim hoat hinh, phim tai liéu.[8]

Y tuong vé VMAF la sy két hop caa mot sé cac chi s6
aé duy tri cac diém manh nhu dugc mo ta trong Hinh 1.
C6 nhiéu tinh ning va chi sb da dugc danh gia rong rai
trong nam qua, nhu’ng ba chi s6 co ban, tac 1a VIF, DLM
va Motion, dugc ap dung trong phién ban VMAF hi¢n tai.
Dé giai thich rd hon, VIF dinh lugng su mat mat cua
thdng tin hinh anh tir quan dlem cua ly thuyét thong tin,
trong khi DLM do luong su mat chi tiét anh huong dén
hién thi noi dung.
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Hinh 1. Minh hoa sir két hop cac chi sé do trong VMAF

Ca hai chi sb deu nam bat duoc dic dlem khong gian
cua video, va chi s6 con lai - Motion bao gom dac diém
thoi gian. Sy sai khac vé pixel dugc tinh toan gifra cac
khung hinh lién k& cho chi sb Motion. Hon nira, VMAF
St dung loi thé cia may hoc hiéu suat vuot troi théng qua
hoc c6 giam sat (tuc la hoi quy SVM) thay vi danh trong
sb truyen thdng. Ban dau, dé tao ra mot bo dir liéu cho
danh gia chii quan duoc tiéu chuan héa, video véi nhiéu
tinh nang khac nhau dugc ma héa & cac do phan giai va
toc do bit khac nhau, sau d6 ngudi quan sat dua ra diém
) bang cach so snh nhung khiém khuyét cua video clip
bi méo. Cudi cung, md hinh VMAF su dung héi quy
SVM duoc dao tao dua trén diém So thu thap dugc tur
nhitng ngudi quan sat dé gan trong sé phi hop cho cac chi
s6 co ban. Dya trén két qua thuc nghiém cho thay thang
do VMAF dat d§ chinh xac cao trong cac truong hgp
video c6 do phan giai cao.

I11. PHWONG PHAP DE XUAT

A. Phuwong phap dé xuit

Hinh 2 cho thay cac budc tong thé cua thuat toan udc
lwong ban d6 QP dé xuat. Ban dau, khung hinh hién tai
ctia chudi video dugc chia thanh cac mang hinh anh c6
kich thuéc 16 x 16. Mdi mang ghép hinh anh duoc dua
vao mot md hinh mang no-ron tich chap (CNN) da duoc
huan luyén cung véi diém sé VMAF du kién dé uac tinh
gia tri QP. Sau khi uéc tinh gia tr;\QP cho tat ca cac manh
ghép hinh dnh, ban d6 QP bao gom tat ca cac gia tri QP
nay duoc tao va dugc dua vao bo ma hoa x.264 dé ma hoéa
khung hinh hién tai. Pau ra ciia by ma hoa la mot khung
hinh dugc méa héa c6 muc chat luong tuong (mg voi diém
VMAF du kién. Trong dé xuét nay, dai VMAF tur 40 dén
100 duoc chia thanh 12 dai con (40 - 44, 45 - 49, ..., 90 -
94, 95 - 100). MJi dai con tuong ng véi mot mitc chit
luong.

Mirc chét lwvong
mong muon

Khung hinh Cac khéi anh
dhu vao 16x16 ¢
_ M®b hinh
" "l _CNN
A\ 4
Bang gia tri
QP du doan
Y N .
B6 mai hoa Luong bit
X.264

Hinh 2. Cdc budc trong thudt todn dé xudt
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B. Md& Hinh Du Poan QP

~ Trong phan nay, chiing t6i gisi thigu md hinh hoc sau
d¢ du doan QP cua ché do noi anh. M6 hinh st dung céc
khoi anh 16 x 16 (Macroblock — MB) lam dau vao. Ly do
sir dung khdi anh kich thic nhu vay 1a do day la kich
thuéc 16n nhat b méa hoa x.264 c6 thé hd trg. Céu triic
md hinh (nhu duwgc mo ta trong Hinh 3) bao gom:

Dé thu thap tap dit liéu va ban dd QP géc phuc vy cho
qua trinh huan luy¢n mo6 hinh CNN, 15 video véi do phan
giai 352 x 288 duoC nén & 24 gia tri CRF (tir 22 dén 45).

Sau khi m& h6a, ban d6 QP chén 1y co ban cia ting
muc chat lvgng dugc trich xuat bang quy trinh sau:

- Po diém VMAF cho mdi khung hinh cia video dugc

{ Datalnput X Preprocessing ><

Feature Extraction ><

o)

Fully Connection

Expected

VMAF score

16%16 8% 8x64

lmmhtb-

I\I'\cloBlock GrayScale ‘
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‘f Output
= QP Value
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Hinh 3. Kién tric mang CNN dé xuat

* Cac 16p tién xir Iy: MB duoc tién xir 1y trudc bang cach
chuyen dbi thanh hinh anh xam va duoc chuan héa thanh
gia tri trong dai 0-1.

« Cac 16p nhan chap: Dix liéu théng qua cac 16p tién xir
ly s& dwoc nhén chap vai cac nhén 4 x 4 ¢ 16p tich chap
dau tién dé trich xuat cac dac trung muc thap va nhan 2 x
2 cho céc dac trung murc cao hon.

« Céc 10p két nbi day du: Cac ban dd dic trung tir cac
I6p tich chap duoc ghép ndi voi nhau va sau do dugc lam
phgng thanh mét vector mot cot. Va sau do, gat ca cac
phﬁn tir cua vecto duogc dua qua ba 16p ket noi day du, 16p
nay dua vao cac dac trung duogc trich xuat bai cac 1op
truge do dé du doan cac gia tri QP. Hon nita, VMAF ciing
cd anh hudng dang ké dén tham s6 luong tir héa thich
ung. Khi VMAF giam, QP c6 xu hudng tang va nguoc lai.
Do d6, VMAF duoc bd sung nhu mot dic tru’ng bén ngoai
trong vecto dic trung cho céc 16p két ndi day du, cho
phép mé hinh tao ra mot tham sé lugng tir hda thich tng.

« Cac 16p khac: Trong giai doan huan luyén, sau l6p
tich chap, 16p pooling (gop) da duoc thém vao dé giam
kich thugc cua ting ma tran dac trung. Va sau do, 16p
chuan héa dugc sir dung dé chuan hoa ma tran ddc trung
nham 6n dinh qua trinh hoc va giam sé lwong cac epochs
huan luyén. Bén canh do, 16p dropout s€ loai bo ngau
nhién cac dic trung véi Xéc suat 20%. Xac suat nay dugc
lya chon sau khi mé hinh dugc thir nghiém vé6i nhiéu gia
tri dropout khac nhau va gia tri 20% c6 d¢ chinh xac la
cao nhat Ngoai ra, m6 hinh ciing duoc thir nghiém voi
mot s6 kién truc ‘mang bao gom 2, 3, 4, 5 va 6 16p nhén
chap. Trong sé céc kién tric trén, klen trdc véi 3 16p nhan
chap cho do chinh xac cao nhit. Vi vay, kién tric nay
duoc str dung cho viéc wde luong gid tri lugng tu.

Trong md hinh dé xuat sai sO tuyet déi trung binh
(MAE) duoc sir dung dé do do chinh xac. MAE dugc tinh
str dung cong thuc sau:

MAE = ¥, ly; — 9| (6)

trong do y ¥ la gia tri QP du doan, y la gia tri QP tham
chiéu cia moi manh hinh anh, n 1a sé luong céc khéi anh
ding dé huan luyén.
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tai tao lai

- Nhém céac khung hinh theo diém sé VMAF (mdi
nhém tuong wng véi mot dai con cia diem so VMAF, nhu
néu trong Muc Il1LA).

- Trong méi nhém khung hinh, ban 6 QP cua khung
hinh nao c6 gia tri Jcost nhé nhat dugc coi la ban do QP
chén ly nén tang cho muc chat luong do6. Gia tri Jcost
dugc tinh dudi dang ham sau:

0
voar + AR 7

trong d6 R 1a téc do bit cua khung hinh va A 1a hé sé
nhén Lagrange.

Jeost =

Sau khi c6 duoc ban dd QP co ban cho tirng nhom, céc
khdi hinh cua khung hinh trong nhém dugc sir dung 1am
dau vao cho mo hinh CNN dé xuat. Nhan cua mdi khoi
hinh anh 13 gia tri QP c¢6 cing vi tri véi khéi hinh anh
trong ban d6 QP. Bé c6 dugc mot md hinh CNN, 15 chudi
video duoc st dung. Do phan giai cua méi khung hinh la
355 x 288 va chiéu dai 1a 50 khung hinh. Sau khi huan
luyén véi 100 epochs, MAE cua md hinh 14 2.11.

IV.DIEU KIEN THU NGHIEM VA PHAN TiCH KET
QUA
A. Diéu kign thir nghi¢gm o
bé danh gia hiéu nang cua phuong phap dé xuat, 4
chuéi video bao gom céc chuoi BasketballDrive

1920x1080, BQTerrace 1920x1080, Kimono 1280x720
va Cactus 1280x720 duogc sir dung. Do dai caa mdi chudi
14 50 khung hinh.

BasketballDrive

a. BQTerrace b.
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Kimono

c. Cactus d.

Hinh 4. Khung hinh dau tién cua 4 chudi video thi
nghi¢m

V. KET LUAN

Bai bao da dé xuit mot phuong phép du dodn gia tri
QP cho cac khdi anh trong khung hinh dé d¢am bao video
c6 muc chat lugng nhu mong muon tai dau ra phia giai
ma. Cu thé, phuong phap da cai tién phuong phap RDO
ctiia H.264 va stir dung mé hinh mang no-ron tich chap dé
du dodn gia trj QP cho tung khol hinh. Két qua md phong
cho thay phuong phap dé xuat dat duoc gia tri VMAF tai
dau ra cua bo giai ma bang véi gia tri mong mudn. Ngoai
ra, hiéu nang ctia phuong phip dé xuat ciing cao hon
chuan ma hoa H.264 xet theo gia tri BD-VMAF va BD-
Rate. Cu thé, gia tri BD-VMAF cua phuong phéap dé xuat

Bang 1. So sanh BDRate va BD-VMAF giita H.264 va phuong phap dé xuat

) H.264 Phwong phép dé xuit e —
Chuoi Video Bitrate | VMAF | Bitrate VMAF
crf27 | 3510.08 | 99.00 2363.26 92.49 -25.98 16.69
BasketballDrive crf29 | 2775.24 | 92.00 2107.84 88.25
crf32 | 2001.74 | 71.00 1461.19 72.07
crf 37 1221.73 | 49.00 968.44 56.35
crf 32 | 1425.42 | 100.00 | 1008.06 100.00 -17.67 7.11
BQTerrace crf 37 734.69 89.00 692.22 89.49
crf 42 422.18 68.00 320.24 73.94
crf 45 309.33 55.00 228.55 67.05
crf29 | 2774.12 | 100.00 | 2558.08 100.00 -16.62 5.51
Eatas crf 32 1909.05 | 93.00 1458.45 93.20
crf 37 1076.84 | 74.00 944.79 73.00
crf 42 625.63 52.00 432.76 50.79
crf 27 | 4573.45 | 96.00 2940.56 97.00 -23.25 7.41
> — crf29 | 3562.52 | 90.00 2634.68 92.00
crf 32 | 2466.17 | 79.00 1922.71 77.00
crf 37 1357.00 | 57.00 1195.70 55.00
Trung binh 1921.57 | 79.00 1452.35 79.85 -20.88 9.18

Hinh 4 m6 ta khung hinh dau tién cua céc chudi video
thir nghiém. Trong bai bao nay, bé ma hda video x.264
duogc st dung dé ma hda cac chudi video. Két qua cua
phuong phap dé xuit duoc so sanh véi két qua cua bo ma
hoa x.264 trong truong hop tée do bit khong ddi.

B. Két qua mo phéng

Hinh 5 va Bang 1 mé ta két qua so sénh giita phuong
phap dé xuét va chuan ma héa video H.264. Két qua cho
thdy gia tri VMAF cua phuong phap dé xuat dat duoc
xap xi gia tri VMAF mong muén. Cu thé, Bang 1 cho
thay cac chudi hau hét co6 gia tri VMAF béng hoic lon
hon gi4 tri mong muén trong trudng hop crf 28, 29.
Trong khi do, tai cac gia tri crf 37, 42, gia tri VMAF nho
hon gi4 tri mong mudn nhung van cting muc chit lugng.
Gia tri trung binh cia VMAF cua 4 chudi cho thiy
phuong phap dé& xuit dat dugc muc chat lugng tuong
duong véi mic chat lwong mong muén trong khi toc do
bit trung binh thap hon ctia H.264 1a 4.6%.

Hinh 5 cho thiy phuong phap dé xuat c6 hiéu nang t6t
hon chuan H.264 trén khia canh BD-Rate va BD-VMAF.
Cu thé, gi4 tri BD-Rate cua phuong phap d& xuat giam
20.88% so véi BD-Rate cua H.264. Ngoai ra, gia tri BD-
VMAF cua phuong phap dé xuat lon hon 9.18 so véi
BD-VMAF cua H.264.
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I6n hon H.264 1a 9.18 va BD-Rate cua phuong phap deé
xuét thip hon cua H.264 1a 20.88%.
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Hinh 5. So sanh hiéu nang giita phuwong phap dé xuat

va chuan H.264

LOI CAM ON
Nghién ctru nay duoc tai tro boi Hoc Vign Cong nghé
Buu chinh Vién thong trong dé tai ma s6 01-HV-KTDT1.
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CONTENT-BASED QUANTIZATION
PREDICTION FOR CONSISTENT VIDEO
QUALITY

Abstract: With the explosion of online video viewing
services on telecommunications networks such as
Youtube, Netflix, etc., while the network infrastructure is
limited, the image quality for these services is an urgent
requirement. Currently, there are many parameters to
evaluate video image quality. The parameter measuring
the frequency of change in image quality level is one of
the important parameters. For video viewers, the high
frequency change in image quality will cause annoyance.
This can happen often when the network quality is
unstable. Therefore, in this paper, a method to ensure
consistent video quality based on quantization parameter
prediction technique is proposed. Specifically, based on
the content of each video frame, a machine learning
model is proposed to predict a corresponding quantization
level for each frame in the frame to achieve the expected
video quality level. The simulation results show that the
proposed method has achieved two criteria
simultaneously. Firstly, the proposed method has achieved
the expected quality level for the reconstructed video.
Secondly, the compression performance of the video in
the proposed method is increased compared to the
standard x.264 video encoder.

Keyword: VMAF, Video coding, x.264.
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Vi Hivu Tién, Tét nghiép dai
hoc va cao hgoc nganh bién t&
Vién théng vao cac nadm 2002,
2004 tai Dai hoc Bach khoa Ha
ndi. Ndm 2010 nhan bang Tién
si tai Pai hoc Chulalongkorn
(Thai Lan) nganh Dién ti Vién
théng. Hién dang cbng tac tai
Khoa Pa phwong tién, Hoc vién
Céng nghé Buwu chinh Vién
théng.

Linh vwc nghién cu hién nay:
X ly tin hiéu va truyén théng da
phuwong tién, Phat trién (ng
dung da phuong tién.

Nguyén Thi Hwong Thao,
Nhan bang t6t nghiép dai hoc va
thac sy Hoc vién Cbébng nghé
Bwu chinh Vién théng vao céac
nam 2003 va 2010. Nam 2021
nhan béng Tién si tai Hoc vién
Céng nghé Buwu chinh Vién
théng nganh Ky thuat dién to.
Hién dang gidng day tai Khoa
Ky thuat Bién tr 1 - Hoc vién
Céng nghé Buwu chinh Vién
thdng. Linh vwc nghién clru: X&
Iy tin hidu Video, X& Iy Anh, Ly
thuyét thong tin.
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