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TOM TAT

V6i xu hudng phat trién nhanh chong cua internet va cic cong nghé mang cé lién quan,
mang khong day va dir liu da phuong tién ngay cang dong vai tro 16n trong cac hoat dong doi
thuong. Rat nhiéu nguoi dung thlet bi di dong st dung cac dich vy nhu VolP, cac ung dung mang
xd hoi co hd trg trao dbi tin nhin, cudc goi thoai, cudc goi video dua trén ket n01 internet, do do
truyén dit liéu da phuong tién trén mang khong day c6 mot vai tro then chét ddi v6i nguoi ding
internet hi¢én nay. Déanh gia chat lugng dich vu mang ki€u nay thuong dya trén céc ti€u chi QoS
(Quality of Service) von mang nhiéu ddc tinh ky thuat nhu do tré, d6 mat géi tin, bang thong,
thong lugng. Tuy nhién, v6i sy phat trién bung nd cua cac dich vu da phuorng tién hi¢n nay, yéu
t6 chat luong trai nghiém (Quality of Experlence QoE) ciing dong vai tro ngay cang ndi bat bdi
no lién quan den cam nhan tryc tlep ctia nguoi dung cu thé voi mot loai dich vu da phuong tién
cu thé, mang yéu t6 dinh tinh nhleu hon dinh lugng. Danh gia QoE do vay cling ¢ cach tlep can
khéc so voi danh gid QoS truyen thong. Trong bai bao nay, chung toi phén tich mot s6 yéu 6 lién
quan dén danh gia QoE (101 v6i dit liu da phuong tién va stir dung bo phan mém mo phéng ns-3
dé d4nh gia QoE v&i mot sb kich ban truyén dir liéu da phwong tién trén mang khong day.

Tir khoa: da phuong tién, mang khong day, mé phong, ns-3, QoFE, QoS.

EXPERIENCE QUALITY ANALYSIS AND EVALUATION FOR
MULTIMEDIA DATA ON WIRELESS NETWORKS

ABSTRACT

With the rapid development of the Internet and related network technologies, wireless networks
and multimedia data play an increasingly large role in daily life activities. Numerous mobile device
users use services such as VoIP, social networking applications that support the exchange of messages,
voice calls, and video calls based on the Internet connection. Therefore, transmitting multimedia data
on wireless networks plays a pivotal role for today*s Internet users. Evaluation of this type of network
service is usually based on QoS (Quality of Service) criteria, which have many technical characteristics
such as delay, packet loss, bandwidth, and throughput. However, with the explosive development of
multimedia services today, the Quality of Experience (QoE) criteria is becoming increasingly
important because it is related to the direct perception of the user, specifically with a particular type of
multimedia service, with more qualitative than quantitative factors. QoE evaluation therefore also has
a different approach than traditional QoS evaluation. In this paper, we analyze some factors related to
QoE evaluation for multimedia data and use the ns-3 simulation software to evaluate QoE with some
scenarios of multimedia data transmission over a wireless network.

Keywords: multimedia, ns-3, QoE, QoS, simulation, wireless.
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1. PAT VAN PE

Chat lwong dich vu hay QoS (Quality of
Service) 1a mot linh vuc da duoc nghién ctiu
kha nhiéu tir 1au nay. Theo Lién minh vién
thong quéc t& ITU (International
Telecommunication Union) tai cac tai li€u
(ITU, 2008, 2020), QoS duoc dinh nghia la
“Téng thé cic dic diém cia dich Vi vién
théng ¢6 kha nang ddp iing cdc nhu cau da
duwoc cho biét va di dwoc néi ré cia nguoi si
dung dich vu.”

Nhu vay c6 thé thay, QoS dwa nhiéu vao
yéu t6 k¥ thuét cta dich vu do cac hiang cung
cép t6i khach hang dua trén thoa thuan (k¥
thudt) hai bén, cac thoa thudn nay dé thay va
dé duoc lu:orng hoa thong qua cac con so ky
thuat cu thé. Con v6i chat lwong trdi nghiém,
hay QoE (Quality of Experience), ching ta
truc tién can chu ¥y rang nhan thic
(perception) la qua trinh xi 1y thong tin cam
nhan duogc véi ddi tugng con nguoi tiép xic,
sy nhén thirc nay duoc gia dinh bao gém hai
giai doan xur 1y ké tiép nhau trudc khi mot
nhan thirc cubi clng xuat hién trong thé giGi
nhén thuc ctia con nguoi, cu thé 1a: chuyén
dbi cac kich thich thong qua cac co quan cam
gi4c sinh 1y twong tmg thanh céc tin hiéu thin
kinh; xtr Iy va truyén céc tin hiéu than kinh
nay trong hé théng than kinh trung wong dén
v6 ndo, cudi cung dan dén sy xuét hién cua
cac khai niém cu thé trong thé gidi tri giac cia
con ngudi. Vi cach nhin trén, c6 thé dinh
nghia su trai nghiém (experiencing) “la dong
nhdn thirc riéng le (vé cam giac, nhdn thiec,
cam tinh, va khai niém) xdy ra trong mot tinh
huong quy chiéu cu thé.”

2. PHUONG PHAP NGHIEN CUU

Dé di dén cong nhan chinh thirc mot tiéu
chudn cho cac mang khong day nhu IEEE
802.11 (IEEE, 2012) can trai qua qué trinh
danh gia thir nghiém nham chimg minh hiéu
qua. Viéc danh gia cac théng sb mang noéi
chung la kho khan, dac biét voi mang khong
day do tinh da dang cua phan cimg, phan
mém, thong s6 mang va kho c6 mot phwong
phap tdi wu nao cho viéc danh gia tat ca cac
thong s6 mang. Mot s6 phuwong phap chinh

86 05 (11/2022): 72— 79

thuong dugc thyc hién nhu: mé hinh hoa
(modeling), md phong (simulation) va gia
lap (emulator).

Phurong phdp mé hinh héa c6 wu diém 1a
d& dua thém tham s6, két qua chinh xac do co
thé chimg minh bang toan hoc, mé hinh co6
tinh tong quat hoa rit cao. Tuy nhién, nhugc
diém 1a kho trién khai do méi trudng thuc té
mang thuong c6 nhiéu yéu t6 tac dong.

Phwrong phap mé phong co uu diém la chi
phi thap, cac thong s6 mang c6 thé d& dang
thay doi, quan sat nho viée thiét 1ap gia tri
trong phan mém mo phong. Nhugc diém cua
phuong phap nay la khé chirmg minh chinh
xac nhu phuong phap mé hinh va cac yéu t6
danh gia du sao V£~11’1 12 do phin mém mé
phong thiét 1ap nén van khong dat dugc muc
d6 gidng cac mang chay trong thuc té.

Phuwong phap gia Idp, hay noi cach khac
1a str dung thiét bi that dé gia 1ap mot moi
trudng mang gan gidng nhu thue t& dé danh
gi4 thir nghiém, phuong phap nay c6 wu diém
hon han hai phuong phiap mé hinh va mé
phong vé tinh chat gidng that, nhung ciing c6
kho khin do chi phi dau tu thiét bi, chi gia 1ap
mot phin ciia mang chir khéng gidng toan bd
mot mang trong thuc té (do co nhiéu thiét bi,
nhiéu nguoi dung).

Trong khudn kho bai bao nay, chung toi s&
st dung phuong phap mo phong va ap dung
dé phén tich, danh gi4 chét lwong trai nghiém
cua dich vu dir liéu da phuong tién thong qua
mot s6 kich ban truyén dit liéu da phuong tién
trong mang khong day.

Theo mét s nghién ciru danh gia, so sanh
cac giai phap phdn mém mé phong mang
(Khan va cs., 2012; Zhou & Tian, 2016) thi
bd cong cy mo6 phdéng ns-2 (VINT — Virtual
Inter Network Testbed, 2011) 1a mot trong
nhirng phan mém duoc sir dung rong rii nhat
trong nhiéu nghién ciru thudc linh vuc danh
gi4 hiéu ning va chat luong mang khong day
v6i nhiéu loai hinh di liéu, do tinh chit mién
phi, ma ngudn ma, duge déng dao cong dong
nghién ctru ciing tham gia trao ddi chia s¢. Do
dugc cong dong st dung nhiéu nén it nhiéu
viéc md phong bang ns-2 ¢é tinh tin cy cao.
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Tuy nhién, véi sy phat trién nhanh chong
cua cong nghé mang, dac biét 1a mang khong
ddy, céc thiét bj da trd nén ré hon, bt dau co
mot s6 cong cu md phong mang méi hon co
thé tuong tac phan nao véi cac thiét b that, vi
du phin mém ns-3 (nsnam, 2022). Cac giai
phap nhu vay c6 sy tin cdy t6t hon ns-2, xét
vé ¥ nghia thyc té. Do véy, nghién ctru trong
bai bao nay s& st dung ns-3 dé moé phong mot
s6 kich ban nham danh gia chit lugng trai
nghiém mang khong day voi dir ligu da
phuong tién.

3. CAC KICH BAN MO PHONG VA
PANH GIA KET QUA

Do viéc phan phdi da phuong tién qua
mang internet ngay cang phd bién, nhu cau
dam bao chat luong hinh anh va am thanh
duogc giri di cling ngay cang ting theo. Dé dap
g nhitng yéu cau niy can c6 nhitng cong cu
hd trg 1ap ké hoach va danh gia dé co thé dua
ra nhitng thiét ké mang phti hop. Vi vay, trong
nghién clru nay, ching 61 tap trung vao viéc
tim hiéu vé chit luong trai nghiém muc do
hai long cuia nguoi dung trén mang dir liéu da
phuong tién va khai thac mot module phan
mém ma ngudn mé méi 13 QoE Monitor phat
trién boi Saladino va cs., (2013) dé du doan
cach nguoi dung cubi sé tiép nhan chit lugng
video va/hodc am thanh. Trong phan nay cua
bai bdo, ching t61 m6 ta chi tiét vé& cong cu
md phong va mét s6 két qua danh gia hiéu
suét phat tryc tuyén video, ciing nhur cho thay
su hiéu qua ctia né ddi véi phan tich chat
luong trai nghi€ém. Module nay hoat dong
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Sender

Trace -
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Trace
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» APPLICATION
SENDER

nhuy mot thanh phan tich hgp vao bd md
phong mang ns-3 dugc phat trién dé cung cap
mot nén ting md phong mang ma.
3.1. Thiét19p méi truong mé phéng

Moi tru’orng mo phong duoc chung toi xay
dung trén cau hinh phan cimg va phan mém:
may tinh Intel(R) Core(TM) i5-2540M CPU
2.60GHz RAM 8GB; hé diéu hanh Ubuntu
12.04; phan mém mo phong mang ns-3.13 ¢6
cai thém module QoE Monitor. Can bién dich
lai ma ngudn ns-3 ciing nhu cai dat thém thu
vién FFmpeg (FFmpeg, 2022) dé xir 1y cac
teép video trong kich ban mo6 phong.

3.2. Xay dung kich ban mo6 phéng

Do viéc phan phdi da phuong tién qua
internet ngay cang lon nén viéc dam bao
truyén tai noi dung am thanh va video chit
lugng cao ngay cang tré nén can thiét. Trong
qué trinh xtr Iy va truyén tai video, qua trinh
ma hod/ giai ma va truyén di c6 thé tao ra mot
s6 bién dang hodc tao tac (artifacts) trong ca
ndi dung video va &m thanh da nhén. Dya vao
1y do trén, dy an duoc phat trién boi Saladino
va cs., (2013) tap trung vao viéc trién khai
mot framework hoan chinh, cho phép danh
gi4 chét luong video va Am thanh cam nhan
dugc boi nguoi ding cudi bang cach st dung
cac cong cu md phong sd va chi tiét hon 1a
dinh lugng tac dong cua mang giao tiép véi
mot cAu hinh cu thé va cua codec duoc st
dung dén chat luong cua video va/hodc 4m
thanh da nhan.

N —

. ns3 ™\ RAW VIDEO
{ ] IAULTIMEDIA _—TTTE.
\ ® ® < + APPLICATION )

4 s \ RECEIVER n
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Trace

v
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Hinh 1. Kich ban mé phéng
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Hinh 1 md ta kién trac va thiét ké kich
ban mé phdong. Nguyén li hoat dong chung
nhu sau:

— Véi muc tiéu du doan xem video duoc
truyén qua mang mo phong s& duoc ngudi
xem cam nhan nhu thé ndo, mot video thod
tham chiéu (khong nén) dugc ma hoa bang
codec cu thé va guri di (H.264, véi viée st
dung FFmpeg).

— Video sau khi ma hoa dugc dong goi
boi thanh phan Packetizer, ngoai ra con tao
ra truy vét goi chira cac thong tin sau: ID cua
g6i, kich thudc va dau thoi gian ctia goi.

— Céc goi trén s& dugce truyén qua mang
mo phong duoc tao boi NS-3 bang thanh
phan MultimediaApplicationSender. Thanh
phan nay c6 nhiém vu tao cac goi tin theo giao
thire Truyen Thoi gian thyc (RTP) dé truyen
theo ludng dit liéu UDP va tao ra mot truy vét
(trace file) giri, chira ID cac goi va dau thoi
gian (timestamp) tuong ung.

— O phia nhan, cac géi tin dwoc nhan bai
thanh phan MultimediaApplicationReceiver,
no trich xuat thong tin tidu dé cia mdi gbi va
tai tao lai truy vét nhan chia ID céc g0i va
dau thoi gian tuong tng.

— Céc truy vét goi, truy vét giri va nhan duoc
thanh phan MultimediaApplicationRebuilder
st dung dé dung lai video, thuong s€ c6 su
bién dang nhét dinh. Chét luong cua video
duoc tai tao lai phu thudc vao ) lugng goi da
dugc nhdn va cac thong s6 mang nhu do tré
g6i, dd nhiéu (jitter) va ti 1& 15i.

— Cubi cung, video mdi duoc tai tao s€
duoc gidi ma va xuét ra & bén nhan. Lac nay,
c6 thé so sanh video nhan dugc voi tham
chiéu st dung cac chi s PSNR va SSIM dé
dua ra du doan vé chat luong video cam nhan
duoc, tor d6 xac dinh anh huong cta viéc
truyén video qua mang mo phong.

V& cic chi tiéu danh gia chit lugng video,
bai bao nay sir dung hai thong s 1a PSNR va
SSIM 1a cac chi sé danh gia chat luong trai
nghiém phd bién dic biét ddi véi loai hinh dit
liéu da phuong tién (Setiadi, 2021).
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Ti 56 tin hiéu cuc dai trén nhiéu (PSNR —
Peak Signal-to-Noise Ratio) la mét thuét ngir
ky thuét dé chi ty 1¢ gitta cong sut toi da co
thé cua tin hiéu va coéng suit cia nhidu lam
anh huong dén d¢ trung thyc ctia biéu dién tin
hiéu. Béi vi nhiéu tin hiéu co dai dong rat
rong, PSNR thuong dugc biéu thi dudi dang
dai Iugng logarithmic trén thang do decibel.
PSNR thuong duoc st dung dé dinh luong
chét lugng tai tao cho hinh anh va video chiu
nén mét dir liéu (lossy).

Phép do chi s6 twong dong vé cdu tric
(SSIM - Structural Similarity Index Measure)
13 mot phuong phap dé du doan chat luong
cam nhén cta truyén hinh k¥ thuat sé va dién
anh, cling nhu cac loai hinh anh va video k¥
thuat s6 khac. SSIM duoc sit dung dé do muc
d6 gidng nhau giira hai hinh anh. SSIM 1a mot
mo hinh dya trén nhén thirc coi sy suy giam
hinh anh 1a sy thay dbi théng tin cau trac
dugc nhan thirc, dong thoi két hop cac hién
tuong cam nhan quan trong, bao gom cé che
d6 sang va che do twong phan. Sy khac biét
voi cac ky thuat khac nhu MSE hodac PSNR
1a cac phuong phap nay udc tinh sai 5O tuyét
d6i. Thong tin ciu trac 1a ¥ tuong cho rang
cac pixel co6 sy phy thude lan nhau manh mg,
dic biét khi ching gan nhau vé mat khong
gian. Nhiing phu thudc nay mang thong tin
quan trong vé ciu truc cua cac ddi tuong
trong canh tryc quan. Che d§ sang
(luminance masking) 1a hién tugng ma cac
bién dang hinh anh (trong bdi canh nay) c6 xu
huéng it nhin thiy hon khi & cac ving sang,
trong khi che d6 tuong phan (constrast
masking) 13 hién twong ma cac bién dang tro
nén it nhin thay hon ¢ nhimng ving c6 bién
dong dang ké hodc “két cau” trong hinh anh.

Module QoE Monior st dung hai 16p
PsnrMetric va SsimMetric dé tinh toan hai
chi s6 PSNR va SSIM noi trén.

Lép PsnrMetric tinh gid tri PSNR giira
video tham chiéu va video nhén, sau d6 véi
video dugc tai dung. Gia tri ndy c6 thé thay
d6i tir 0 dén v cung (& day coi 99 1a gia tri
16n nhét): gia tri cang 16n trong tng voi chat
lwgng cang cao. Vi mdi khung hinh cia timg
video, thanh phan nay so sanh bang cach tinh
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ti 1& tin hiéu — nhiéu tir d6 rat ra sy khac biét
giita hai khung hinh. Piéu nay ngu y rang chi
s6 PSNR phan tich tit ca cac ving cua video
theo cing mot cach ma khéng tinh dén viéc
mdi ving c6 tam quan trong truc quan khac
nhau. C6 thé két luan rang PSNR chi don gian
1a phat hién 16i giita hai hinh anh (phan tich
bang nhau céc pixel tong thé) ma khong woc
tinh tat ca cac dic diém nhén thuc thuc cia
con ngudi: gia tri PSNR thap c6 thé cha quan
tuong tmg v6i mot hinh anh chét luong cao.

Lép SsimMetric di dugc trién khai
nham khic phuc cac nhuoc diém cta PSNR
dugc mo ta & trén. Thudc do SSIM xem xét
dén cac dic diém cua hé théng thi giac con
ngudi (Human Visual System — HVS) dé
trich xuét thong tin cau trac hinh anh (vi cac
pixel gin nhau vé mat khong gian s& co
tuong quan chit ché va cé sy phu thudc 1an
nhau manh m¢) va dac biét tai tao tinh nang
nay dé dy doan t6t hon chat luong video theo
mat ngudi cam nhén duge. Gid tri SSIM ¢
dai tir 0 dén 1: gia tri cang 16n twong tmg voi
chat lugng cang cao, véi gia tri 1n hon 0.9
dai dién cho sy khac biét mat nguoi gﬁn nhu
khéng thiy dugc.

Panh gia QoE thong qua chi s SSIM
duoc dac trung boi dd phice tap tinh toan 16n
hon PSNR, béi vi can st dung ctra sO truot
kich thuéc N X N (thuong la N = 8), dugc
dich timg pixel mot tir goc trén trai dén goc
du6i phai v6i mdi khung hinh. Do d6, lay
ting khung hinh cua hai video, dbi véi mdi
khdi N x N, SsimMetric tinh gia tri trung
binh, phuong sai va hiép phuong sai cua hai
khdi. Cudi cung, chi s6 SSIM duoc tinh toan.

Nhu vy, v6i chi sé SSIM, ta c6 thé dinh
lwgng dugc sy mat mat ctia thong tin cau
trac hinh anh, ttr d6 cung cap mot wéc lugng
gan dung v€ dd bieén dang cam nhan dugc
cua video.

3.3. Cac kich bian mo phong
3.3.1. Kich ban 1: Phdt video trwc tuyén qua
lién ket lossy

Kich ban nay gdm mot mang don gian véi
2 nut két ndéi voi nhau bang lién két diém —
diém (point-to-point) c6 toc dd 2 Mbit/s, do
tré 2 ms dugc thé hién nhu Hinh 2.
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Video
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@
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Video
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@

Node 2

2 Mbit/s, 2 ms

Hinh 2. Phat video truc tuyén qua lién két lossy

Muc tiéu ctia thiét 1ap nay 13 hién thi, trudc
hét trong mot topology don gian, danh gia
QOE khach quan bang s6 liéu PSNR va SSIM
ciia mot ludng video dwoc mi hoa H.264
thong qua mot lién két lossy. Gia tri
PacketLossRate cta lién két c6 thé thay doi
tuy y phu thudc vao video va thoi gian mo
phong. O day chon PLR 1an luot 1a 102 va 107
dé cung cip cac két qua thdng ké c6 ¥ nghia.
Trong ns-3, cac md hinh Error Model sau
thuong dugc lién két v6i cac mod hinh
NetDevice, dugc duy tri nhu mot phan cua
module network: RateErrorModel, ListErrorModel,
ReceiveListErrorModel, BurstErrorModel.

Céc mé hinh 15i dugc sir dung dé danh dau
rr?mg mot goi nén dugce coi 1a bi 161, theo md
hinh 16i ngiu nhién théng ké hodc thuc
nghiém. Co6 hai loai m6 hinh 16i dugc cung
cép la:

— M6 hinh ngiu nhién théng ké
(stochastic model): Trong truong hop nay,
cac goi bi 16i theo mot bién phan phdi ngiu
nhién. Vi du: RateErrorModel.

— M6 hinh thuc nghiém (empirical
model): Cac géi bi 16i theo mot mé hinh quy
dinh cu thé. Vi du: ListErrorModel cho phép
ngudi dung chi dinh danh sach cac géi bi 16i
bang cach liét ké UID cuy thé.

Lép ns3::RateErrorModel 1am 16i cac
g6i theo mot bién phan phdi ngau nhién, theo
mic dinh 1a mot bién UniformRandomVariable
c6 gia tri phan phdi gitta 0.0 va 1.0. Téc do
16i va don vi 16i (bit, byte hodc goi) dugc
nguoi dung dat. Chéng han, béng cach dat
ErrorRate = 0.1 va ErrorUnit = "EU_PKT"
thi trung binh khoang 10% cac gbi tin s& bi mat.
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Hinh 3. Két qua SSIM véi PLR khac nhau

Nhin két qua mé phong 6 trén, c6 thé thay,
50 liéu PSNR va SSIM khac nhau dbi voi hai
truong hop, diéu nay cho thdy rd rang ring
truong hop dau tién khi PLR = 0.001 s& c6
trai nghiém QoE t6t hon nhiéu so véi truong
hop thtr hai PLR = 0.01.

3.3.2. Kich bdn 2: Phat video truc tuyén VoI
sw hién dién cua luu luwong truy cdp chéo
(cross-traffic)

Kich ban nay gdm mot mang phirc tap

\deo
serder

2 Movs 2ms

Node 0

2M2iue, 2me

hon v&i 6 nat két ndi voi nhau bang lién két
diém — diém (point-to-point) co téc do 2
Mbit/s, dd tré 2 ms duge thé hién nhu trong
Hinh 4. Trong d6: Node 0 1a nat gui video
va Node 4 la nat nhan; Node 1 chira mot
ngudn cross-traffic don gian va Node 5 1a
nit nhan tuong ung.

V6i thiét 1ap trén co thé danh gia chat
lugng duong truyén voi sy hién dién cta luu
lugng truy cép chéo.

Yidao
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2 Mbil's, 2 s
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Hinh 4. Phit video truc tuyén véi sy hién dién cia cross-traffic
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Hinh 5. PSNR va SSIM véi kich ban luu lwgng UDP chéo

Két qua md phong kich ban 2 dugc thé
hién trong Hinh 5. Trong do6, anh huéng cua
ngudn luu lugng chéo UDP d6i voi QoE ma
nguoi dung cdm nhén. Co thé théy, su hién
dién cua luu lugng truy cap chéo (cross-
traffic) rat 16n lam ting dot ngot ty 1é mét goi,
tuong quan véi viéc QoE giam dot ngdt.

Nhu vay, qua cac két qua trinh bay & trén,
c¢6 thé thiy QoE Monitor (Saladino va cs.,
2013) 1a mot céng cu linh hoat, c6 thé khai
thac dé thuc hién danh gia chat luong trai
nghiém (QoE) da dang trén cac mang khac
nhau. Céc két qua thu dugc bang cach mo
phong céc tinh hudng don gian duoc xem xét
da ching minh tinh hop 1€ ciia module QoE
nay, dé du doan chinh xac chét lugng ma
ngudi xem cam nhan dugc, bién né thanh mot
cong cu hiru ich dé gitp thiét ké cac mang
truyén théng video hiéu qua.

4. KET LUAN

Trong khudn kho bai béo, ching t6i da tim
hiéu vé van dé chét lugng trai nghiém (QoE)
d6i voi truyén dir liéu da phuong tién trén
mang khong day. Nghién ctru ciing trién khai
danh gia hai kich ban mo6 phong theo module
QOE cua Saladino va cs. (2013). Két qua cho
thdy su hop 1¢ cia module nay khi dénh gia
tép video dugc ma hoa va truyén trong cac
tinh hudng khac nhau, c¢6 thé tvong tng véi
nhan thic thyc cia mét nguoi, rit phu hop
cho viéc danh gia QoE.
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LOI CAM ON

Nghién ctru dugc thyc hién moét phan
trong khuon khd d& tai VAST01.09 22-23
cua Vién Cong ngh¢ thong tin (Vién Han 1am
Khoa hoc va Cong nghé Viét Nam).
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