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Abstract— Ddi vé6i linh vuc nghién ctru vé chat luong
anh video hién nay, ¢ nhiéu phuong phap danh gia chu
quan khac nhau, tiuy thudc vao muc dich. Tuy nhién, theo
khao sat chua c6 mot nghién ctru toan dién vé viéc lya chon
mdt phuong phap danh gia chu quan phu hop va chinh xac
nhat. Do d6, bai bao nay s& cung cp mot nghién ctru toan
dién, dya trén viéc so sanh cac phuong phap danh gia chu
quan phd bién nhat hién nay. Trong bai bao nay, tam
phuong phap danh gia chii quan, bao gdm phuong phap
danh gia Thang do lién tuc (Double-Stimulus Continuos
Quality-Scale (DSCQS)), phuong phap Thang do Suy giam
(Double-Stimulus Impairment Scale (DSIS)), phuong phap
Xép loai danh muc tuyét ddi voi thang diém 5 (ACRY),
phuong phap Xép loai danh muc tuyét ddi thang diém 5 véi
tham chiéu an (ACR5-HR), phuong phap Thang do 11 mirc
do ACR (ACRI11), phuong phap Thang do ACR11 véi
tham chiéu 4n (ACR11-HR), phuong phap Panh gia chu
quan chit luvong da dang cua video (Subjective Assement
of Multimedia Video Quality (SAMVIQ)), va phuong
phap SAMVIQ véi tham chiéu 4n (SAMVIQ-HR). Céac
phuong phap nay duge so sanh va kiém thir theo ting tinh
hubng, dé xac dinh kha ning 4p dung cua timg phuong
phap dbi v6i danh gia anh va video. Céac cach dénh gia bao
gbm, danh gia tong thoi gian va d6 kho/dé trong viéc danh
gia ddi v6i nguoi tham gia, ciing nhu cac dédc trung ciia cac
thang do khac nhau va d6 tin cay thdng ké cua timng phuong
phap. Két qua cho thay hé s6 twong quan va sy phan bd su
trong quan cua diém sé binh quan (MOS) gitta cac phuong
phép la cao. Pong thoi, két qua ciing thé hién rd cac tham
s6 do tin cay thong ké cua timg phuong phap danh gia nhu
DSIS, ACRS, va SAMVIQ da vuot trdi hon cac phuong
phap khac. Hon nita, két qua khao sat tir nguoi tham gia
cho thay ACRS5 1a mot phuong phap phii hop nhét dua trén
tidu chi vé tong thoi gian dénh gia va o dé dang trong viéc
danh gia.
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l. GIOI THIEU CHUNG

Dich vu Truyén hinh Internet Protocol (IPTV) dang mé
rong, dé cung cip cac dich vu nay véi chét luong phi hop,
viéc thiét ké cac dich vu IPTV dua trén chét luong trai
nghiém cua nguoi ding (QoE) rat quan trong. Panh gia
chat luvong chi quan 1a phuong phéap co ban nhit dé danh
gia QoE. Mot sé phuong phap dénh gia chii quan phi hop
cho tng dung video da dugc khuyén nghi boi ITU-T va
ITU-R. Phuong phap Double-Stimulus Continuous
Quality-Scale (DSCQS) [1] 1a mét phuong phap danh gia
chu quan dugc sir dung rong rii cho chat lugng video trong
phét séng va tryc tuyén. Phuong phap Double-Stimulus
Impairment Scale (DSIS) [1][2] (con duoc goi la phuong
phap DCR hoic EBU) va phuong phéap Xép loai Danh muc
Tuyét d6i voi thang diém 5 (ACRS) [1][2] cling dugc st
dung. Ngoai ra, ACR v6i Tham chiéu An (ACR5-HR) [2]
moéi duoc phat trién dé can bang tac dong cia su da dang
vé chit luong video gbe 1én gia tri danh gia chu quan.
Ngoai ra, phuong phép thang 11 diém ciia ACR (ACR11)
dugc liét ké nhu mot thang do bd sung c6 kha ning phan
biét cao hon véi phuong phéap [2]. Hon nita, danh gia cha
quan chat lugng da dang cta video (SAMVIQ) [3] d3 dwoc
phat trién nhu mot phuong phap danh gia chat luong phu
hop cho nhiéu dinh dang video va méi trudng da phuwong
tién khac nhau, ching han nhu phat truc tuyén video cho
may tinh c4 nhan va thiét bi di dong. Mic du tit ca cac
phuong phap nay déu duoc tiéu chuan héa trong ITU,
nhung su khac biét gitta cac phuong phap nhu vé d6 nhay
va d¢ tin cay chua dugce nghién ciru mot cach déy du. Mot
s6 nghién ctru va so sanh hiéu ning cua cac phuong phap
da duoc thuc hién nhu: phuong phap DSCQS va phuong
phap cap [4]; phuong phap ACR5-HR va DSCQS [5];
phuong phap SAMVIQ va DSCQS [6]; phuong phép
ACRS5 va SAMVIQ [7-8].

Tuy nhién, ddi voi cung mdt muc dich, cac thang do khac
nhau s& duoc str dung trong cac hoan canh khac nhau, viéc
nay lam cho viéc so sanh chat lugng trong cac thir nghiém
cht quan khac nhau tré nén khé khan, khdng chinh xac.

Dua vao théng ké trén, bai bao dua ra mot nghién ciu
tong thé vé cac phuong phap danh gia chii quan, dya trén
viéc x4c dinh hiéu ning cua tam phuong phéap, gdm c6
phuong phap DSCQS, phuong phép DSIS, phuong phap
ACRS, phuong phap ACRS5-HR, phuong phap ACRI11,
phuong phap ACRI11-HR, phuong phiap SAMVIQ, va
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Hinh 2. Thang do chat lirong ciia DSCQOS

phuong phap SAMVIQ-HR. Céc tiéu chi kiém thir dia trén
thoi gian danh gia, sy kho khan khi danh gia, va d6 chinh
xéc ctia timg phuong phap. Pong thoi, dit liéu da dang cta
video va anh s& duoc téng hop va dé xuat dé dam béo sy
khach quan cta két qua danh gia, nhu: kho anh ciia Kaggle
[9], kho anh Light Field [10], kho anh va video ctia VIS lab
[11].

Céu trac bai bao gdm c6 5 phan, v6i Phan 1 1a gi6i thidu
chung vé bai toan, cac nghién ctru lién quan vé cac phuong
phap danh gia chii quan va ngudn dit liéu dugc gidi thiéu
tai Phan 2. Phan 3 bai bao dé xuat cac tiéu chi phén tich va
kiém thir cac phuong phéap danh gia, sau d6 1a két qua kiém
thir tai Phéan 4. Cudi cung, Phan 5 s& téng Kkét lai toan b
ndi dung cua bai bao.

Il. NHO’PNG NGHIEN CUP'U LIEN QUAN

Muc nay mo ta tdm phuong phap déanh gia chu quan va
dicu kién thir nghiém danh gia chi quan dugc sir dung
trong thi nghiém.

A. Cac phwong phap danh gia chu quan

1. Phuong phiap DSCQS

*  Phwong phap danh gia: Phuong phap nay yéu ciu
danh gia hai phién ban caa mdi hinh anh thir nghiém.
Mot trong mdi cap hinh anh thir nghiém khong bi suy
giam, trong khi hinh anh con lai c6 thé ¢ hoic khong
c¢6 su suy giam. Hinh anh khéng bi suy giam duoc sir
dung dé lam tham chiéu, nhung ngudi xem khéng
dugc thong bao. Trong qué trinh thir nghiém, vi tri cua
hinh anh tham chiéu duoc thay doi theo thur tw ngau
nhién (Hinh 1).

Qu trinh dénh gii

Hinh 1. Phuong phap DSCQOS
=  Thuée do chit lwong: Nguoi xem chi can danh gia
chat lugng tong thé cia mi cap thir nghiém bang cach
danh diu trén mot thang do. Thang do duoc biéu dign
theo cap dé phu hop vai viéc trinh bay cua mdi birc
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anh thir nghiém. Céc thang do cung cap mot hé thong
xép hang lién tuc dé han ché viéc anh huong su thay
doi thi gidc cuia ngudi xem, cac cap duoc chia thanh
nam bac c6 d6 dai bang nhau twong tng véi thang
diém duoc chia theo cip chét lugng (xau, kém, trung
binh, tdt, xuat sic). CAc cap danh gia (tham chiéu va
thir nghiém) cho mdi diéu kién thir nghiém dwoc
chuyén ddi tir cac cap do chit lugng thanh cac diém sb
chuén hoa dao dong tir 0 dén 100 (Hinh 2).

Céch tinh DSCQS: chét luong duoc biéu thi bing
diém sb cua ngudi xem khac nhau (D) phan biét dya
trén diém sb cua ngudi xem (V) d6i voi chudi video
da qua xu ly (Processed Video - PV) va tham chiéu
(REF)

D(PV) = |V(PV) —V (REF)| (1)

Phuong phap DSIS

Phwong phap danh gia: Phuong phap DSIS mo ta
cac chudi thr nghiém dugc trinh bay theo cip: mau
danh gia dau tién dugc trinh bay trong mdi cap luén 1a
tham chiéu gdc, trong khi mau danh gia thi hai la cac
mau video/anh cting mot ngudn duoc trinh bay théng
qua cong cu biéu dién (Hinh 3).

Méu A
10s

DPua rakét qua

Qua trinh danh gia

Hinh 3. Phuong phap DSIS

Thang do chét hrgng: Mbi ngudi xem dugc chon mot
loai trong nam loai cam xdc (1: rat gay khé chiu, 2:
gay kho chiu, 3: hoi gay kho chiu, 4: nhan biét duoc
nhung khong gay kho chiu, 5: khong nhan biét dugc).
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Céch tinh DSIS: Chit luong dwoc biéu thi bang diém
s6 ciia ngudi xem véi doan video/anh da dugc xir ly
V(PYV).

Phuong phap ACR5/ACR5-HR

Phwong phap danh gia: Phuong phap ACR la mot
dang phan doan theo danh muc, trong dé cac chudi
kiém tra dugc trinh bay lan luot (Hinh 4).

nra ra két qua
‘4— Qua trinh danh gia ————»

Hinh 4. Phuong phdp ACR5 va ACR11

Thang do chit lwgng: M&i ngudi xem chon mot danh
muc tir thang diém roi rac gdm nam danh muc (1: xau,
2: kém, 3: trung binh, 4: tét, 5: tuyét voi).

Céch tinh ACR5: Chit luong duoc biéu thi bang diém
s6 cia ngudi xem véi doan video/anh da duoc xu ly
v(PV).

Céch tinh ACR5-HR: Chét luong duoc biéu dién
bang diém ciia ngudi xem khac nhau (D) nhu sau, sir
dung chudi video da xu ly (PV) va tham chiéu an
(HREF).

D(PV) = V(PV)—V (HREF) +5 2)

Phuong phap ACR11/ACR11-HR

Phwong phap danh gia: Phuong phap ACR11 1a mot
danh gia theo hang muc, trong d6 cac chudi kiém tra
duoc trinh bay ting mau.

Thang do chét lwgng: Mdi ngudi xem chon mot diém
tir thang diém roi rac gom 11 diém trong 5 hang muc
(Hinh 5).

M A (1.3)

0 1 2 3 4 5

MauB (4.5)

Céch tinh ACR11: Chat lwong dwoc biéu thi bing
diém sb cua ngudi xem véi doan video/anh da duoc
xirly V(PV).

Céch tinh ACR11-HR: Chat lugng duoc biéu dién
bang diém cua nguoi xem khéc nhau (D) nhu sau, st
dung chudi video da xu ly (PV) va tham chiéu an
(HREF).

D(PV) = V(PV) — V (HREF) + 10 ©)

Phuong phip SAMVIQ/SAMVIQ-HR

Phwong phap danh gia: Trong phuong phap nay,
ngudi xem dugc truy cap vao nhiéu phién ban cua mot
chudi video kiém ther. Khi tit ca cac mau da duoc
nguoi xem danh gia, noi dung cua chudi tiép theo méi
duoc biéu didn. Cac phién ban khac nhau dugc nguoi
xem lya chon ngau nhién théng qua cng cu biéu dién.
Ngudi xem c6 thé ding, xem lai, va chinh sira diém s6
ciia mai phién ban theo y mubn. Viéc danh gia chét
lugng dugc thyc hién tieng canh (xem Hinh 6), bao
gdm mot tham chiéu gdc va mot tham chiéu an.

u Miu A Miu B

Video Tham chiéu

Miu C Miu D

100
Thang diem chat lugng

@

Diém: 65

Hinh 6. Phurong phdp thé hién SAMVIQ

Thang do chit lwong: Phuong phap nay st dung
thang do chét lugng lién tuc dé cung cap mot két qua
vé chat luong téng quan cua cac chudi video. MJi
ngudi xem di chuyén thanh truot trén thang do lién tuc
tir 0 dén 100 dwoc cha thich boi 5 muc chat lwong sip

Miu C (7.5)

6 7 8 9 10

MiuD (9.3)

Kém Yéu Trung binh

Tt Rit tét Xuét sac

Chét lrong ting dén
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Ghi chii: Thang diém 0-10, danh =14 chi tiét dén 0.5 diém | A (1.5): Gdn kém | B (4.5): Trung binh kha | C (7.5): Tét | D (9.3): Gdn hoan hio

Ung dung: Banh gia chit lngng &m thanh, video. tril nghiém ngwin ding, va cac linh vue khac cin danh gia chi tiét.

Hinh 5. Thang diém ciia ACRI1
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xép theo thir tu tuyén tinh (xau, kém, trung binh, tét,
XUAt Sic).
= Céch tinh SAMVIQ: Chét lugng dugc biéu thi bang
diém sé ciia ngudi xem véi doan video/anh dd dugc
xu ly V(PV).
= Céch tinh SAMVIQ-HR: Chét lugng duoc biéu dién
bang diém cua ngudi xem khéc nhau (D) nhu sau, sir
dung chudi video da xir ly (PV) va tham chiéu an
(HREF).
D(PV) = V(PV) — V (HREF) + 100 (4)
B. Cdc thé loai dir liéu
pé phuc vu cac kiém th, df{ li¢u dong vai tro vo cung
quan trong, boi nhom dit li¢u can phai du rong, linh hoat,
céc tiéu chi cta dir liéu can dam bao tinh khach quan nhét.
Trong bai bdo nay, 3 nhom dir li¢u dugc sir dung khac nhau
va ldy tir cac t6 chic uy tin, cu thé 1a nhém dir liéu tir
Kaggle, nhém dir liéu Light Field, va nhom di li¢u tur
phong nghién ctru VIS lab.

1. Dit liéu tur Kaggle

Kaggle 1a mot nén tang truc tuyén hang dau trong linh
vuc khoa hoc dit liéu va hoc may, cung ca?ip mdt moi trudng
nghién ctru cho cac nha khoa hoc dir li€u, k¥ su hoc may
va cac chuyén gia trong linh vuc nay. Trong [12] dé xuét
mot phuong phap dao tao k¥ nang khoa hoc dit li¢u dua
trén cac cudc thi co sir dung bo dir liéu cua Kaggle. Bai bao
[13] nhan manh vai trd ciia Kaggle trong viéc tao ra cac
cudc thi hoc may hoc thuat, noi mot phan di liéu duoc giit
lai dé kiém tra. Phuong phap nay dam bao viéc xép hang
khéach quan céc thi sinh va tao ra mot moéi truong hoc tap
trai nghiém trong khoa hoc dir liéu. Dit liéu trén Kaggle rat
linh hoat, va diéu nay thé hién qua mét sb khia canh chinh:

*  Pa dang vé chu dé: Kaggle cung cap dit liéu tir
nhiéu linh vuc khac nhau nhu y té, tai chinh,
thuong mai dién tir, khoa hoc xa héi, va nhiéu linh
vuc khac. Diéu nay cho phép cac nha khoa hoc dir
lidu va k§ su may hoc thir nghiém va phat trién
mo hinh trong nhiéu bdi canh khéc nhau.

*  Dinh dang dir liéu phong phu: Cac bo dit li¢u trén
Kaggle co thé ¢ nhiéu dinh dang khac nhau, bao
gdbm CSV, JSON, hinh anh, vin ban, va 4m thanh.
Diéu nay gitip ngudi ding c6 thé 1am viéc voi cac
loai dit liéu khac nhau ma khong can phai chuyén
d6i dinh dang.

=  Quy mbd dir liéu: Kaggle c6 cac b dit li€u vaoi quy
md tir nho dén rat 16n, gitip ngudi ding c6 thé lya
chon dir li¢u phu hop véi kha nang tinh toan va
nhu cau phén tich ciia minh. Diéu nay dac biét hiru
ich cho viéc thtr nghiém cac mo hinh hoc may trén
cac tap dir liéu co kich thudc khac nhau.

= Cong dong hd trg: Kaggle c6 mot cong dong 16n
cac nha khoa hoc dit liéu sin sang chia sé¢ ma
ngudn, phuong phap va két qua. Diéu nay giup
nguoi dung hoc hoi tir nhitng ngudi khac va nhanh
chong ap dung cac k¥ thuat mai vao cac bo dir lidu
khéac nhau.

»  Tinh kha dung va truy cap dé dang: Cac bo dit liéu
trén Kaggle thuong mién phi va co thé dugc truy
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cap d& dang, diéu nay tao diéu kién thuén loi cho
viéc hoc tap va nghién cuu.
Nhiing yéu t6 trén 1am cho dir liéu trén Kaggle tré thanh
mot cong cu hiru ich cho ca nguoi méi bit dau va cac
chuyén gia trong linh vuc khoa hoc dir li¢u va hoc may.

2. Dit liéu Light Field

Light Field 1a mgt khai niém quan trong trong linh vuc
thi giac may tinh va xtr Iy anh, cung cip thong tin phong
phu vé cdu trac 3D cua canh va cac dic tinh quang hoc.
Light Field 1a mot cach biéu dién day dii thong tin vé dnh
sang trong khong gian, bao gdm ca cudng do va hudng cua
cac tia sang. Khai niém nay duoc gidi thigu lan dau boi
Levoy va Hanrahan vao nam 1996, mé ra mot huéng méi
trong viéc thu thdp va xtr 1y thong tin hinh anh. Di¥ li¢u
Light Field cung cap mot cach tiép can méi dé hiéu va phan
tich canh 3D, vuot qua nhitng han ché ctia phuwong phap
chup anh truyén thong. Dir liéu Light Field dai dién cho
mot budce tién quan trong trong linh vyc thi giac may tinh
va xir ly anh. Véi kha nang cung cép thong tin phong phu
vé cAu trac 3D va dic tinh quang hoc cua canh, dir li¢u
Light Field mé ra nhiéu co hdi méi trong cac ting dung nhu
tai tao 3D, tai léy nét sau chyp, va udc tinh do sau.

Phuong phép thu thap: Dit liu light field c6 thé dugc
thu thép bang nhiéu phuong phap khac nhau, moi phuong
phép tao ra dir liéu véi dac diém riéng:

= Mang camera: Cung cap dix liéu tir nhiéu goc nhin
roi rac, thuong c6 do phéan giai cao. b) Camera
plenoptic: Tao ra dix liéu véi thong tin hudng anh
séng chi tiét trong mot l1an chup. ¢) Quét véi
camera don: Tao ra dir liéu tir nhiéu vi tri khéc
nhau theo thoi gian. d) Tong hop may tinh: Tao ra
dir liéu light field tir mé hinh 3D, cho phép kiém
soat hoan toan cac tham sd.

= Cau trGc dit liéu: Dix liéu light field c6 thé dugc
biéu dién dudi nhiéu dang cau truc: a) 4D Light
Field (4D LF): Biéu dién phé bién nhét, s dung
hai mit phiang song song. b) Lumigraph: Bién thé
cua 4D LF, thém théng tin vé hinh dang dbi
tuong. ¢) Surface Light Field: Biéu dién 4nh sang
phat ra tir bé mat dbi twong. d) Unstructured Light
Field: Dt liéu tir cac vi tri camera khong theo quy
tac.

= Do phan giai va mat do: Dit liéu light field c6 thé
c6 do6 phén giai va mat do gdc nhin khac nhau: a)
Do phan giai khéng gian: Tir thap (vai tram pixel)
dén cao (hang chuc megapixel). b) Mat do gac:
Tir thua (vai goc nhin) dén day dic (hang tram goc
nhin). ¢) D6 phan giai goc: Lién quan dén kha
ning phén biét cac hudng anh sang.

= Pham vi canh: Dit liéu light field c6 thé bao gom
nhiéu loai canh khac nhau: a) Canh trong nha:
Van phong, phong khach, v.v. b) Canh ngoai troi:
Phong canh, d6 thi, v.v. ¢) Dbi tugng don 1é: San
pham, tac pham nghé thuat, v.v. d) Canh dong:
Bao gdom chuyén dong cua ddi tuong hoic
camera.
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»  Ung dung chuyén biét: Dir liéu light field dugc
thu thap va st dung cho nhiéu tng dung khéc
nhau: a) Y té: Light field noi soi, chup cat 16p
quang hoc. b) Cong nghiép: Kiém tra chat lugng,
do luwong 3D. ¢) Giai tri: Dién anh, thuc té a0 va
thuc té tang cuong. d) Khoa hoc: Hién vi light
field, thién van hoc.

Su da dang nay cua dit liéu light field khong chi thé hién
qua phuong phép thu thap va cdu tric dit liéu, ma con qua
ndi dung, chat luong va muc dich st dung. Djéu nay tao ra
mdt linh vuc nghién ctru phong phu véi nhicu thach thac
va co hoi trong viéc phét trién cac thuat toan va ing dung
méi
3. Dit liéu VIS lab

Video and Image Sense Lab (VIS Lab) thuong tap trung
vao nghién ctru va phat trién cac cong nghé lién quan dén
xu 1y hinh anh va video. Dt liéu cua VIS Lab c6 thé bao
gom:
= Hinh anh tinh:

o Phan loai hinh anh: D@ liéu hinh anh duoc s
dung dé huan luyén cac mé hinh phan loai, gidp
may tinh nhan dién va phan loai cac déi tugng
trong anh.

o Phan doan anh: Dit liéu ndy gidp chia nhé hinh
anh thanh cac phan khac nhau, thuong dé xac dinh
ranh gidi cua cac doi tuong cu thé.

o Nhan dién khudn mat: Sir dung dir liéu hinh anh
khuon mat dé phat trién cac hé thong nhan dién va
xac thuc danh tinh.

Video:

o Theo dai ddi tugng: Céac bo dir liéu video gilp
phét trién cac thuat toan theo doi ddi tuong qua
nhiéu khung hinh.

o Phan tich hanh vi: Di li¢u video duoc st dung dé
nhan dién va phan tich cic hanh dong hoac su kién
dién ra trong video.

o Nhan dién hoat dong: Phat trién cac mé hinh dé
nhan dién va phan loai cac hoat dong cua con
ngudi trong video.

Dix liéu gin nhan:

o Céac bo dit liéu nay thuong bao géom hinh anh hoic
video d3 dugc gin nhan tha cong, cung cap thong
tin chinh xac vé noi dung cua ting khung hinh
hoac hinh anh, chang han nhu loai déi twong, vi
tri, va hanh dong.

Dt liéu 3D:

o Pammay diém (Point Cloud): Dit liéu nay thuong
dugc thu thap tir cac cam bién nhu LiDAR, giup
nghién cuu cac tng dung nhu ty dong lai xe va
md phong méi truong 3D.
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Hinh 7. Phdn bé thang diém dwa trén két qua danh gid ciia timg phwong phdp, theo thir tw: a) DSCQS, b) DSIS, ¢) ACRS, d)
ACR5-HR, e) ACR11, f) ACR11-HR, g) SAMVIQ, h) SAMVIQ-HR
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oMb hinh 3D: Sir dung trong cac ng dung nhu
thuc té a0 hodc ting cuong, noi can téi tao lai cac
dbi tugng hodc moi trudng mot cach chinh xac.

= Dit liéu tir cam bién phu tro:

o Két hop dit liéu tir cac cam bién khac nhu am
thanh, nhiét do, hodc chuyén dong dé cung cap
thém théng tin ngl canh cho cac phéan tich da
phuong tién.

= D liéu tir nguoi dung:

o Dit liéu nay c6 thé bao gém tuong tic ciia ngudi
dung véi cac hé théng thi gidc may tinh, dugc st
dung dé cai thién giao dién nguoi dung va téi vu
héa hiéu suat cua cac thuat toan.

Céc phong thi nghiém nhu VIS Lab thuong sir dung cac
b dit liéu cong khai ndi tiéng nhu ImageNet, COCO, hodc
KITTI, va ciing c6 thé tu phat trién cac bo dit liéu riéng cho
cac nghién cuu dac thu.

. DE XUAT PHWONG PHAP VA HINH THU'C
DANH GIA CAC PHPONG PHAP
A. Diéu kién kiém thir

Thir nghiém danh gia chét lugng chi quan dugc thuc
hién cho cac loai video va hinh anh dya trén dataset tai Muc
B Phan 2. Cac ngudn video/anh dugc chuyén doi va xur Iy
kich thudc dong bo thanh QVGA (320 x 240 pixel) va ma
héa bang chuan ma hoa video H.266. Trong bai bao da lya
chon str dung 42 PV véi da dang thé loai, bao gom 5 video
ngudn va 50 video d ma hoa bao gdm cac video da xur 1y.
Tir cac video ngudn s& duoc mi héa dé dam bao cé chat
luong khac nhau vé d6 méo, tiép theo, cac video da duoc
xtr 1y s& sdp xép ngiu nhlen de lya chon ra 42 PV phu hop
thyc hién danh gia. Cac yéu td xir 1y trong video gom giam
chét lwong tdc do bit, téc do khung hinh, nhiéu bod sung, va
d6 dai tung khung hinh tinh. Chi tiét V& didu kién chat
lugng video dugc liét ké trong Bang 1. Video duogc biéu
dién véi man hinh 24-inch do phan giai FHD (1280 x 1024
pixel). Cac diéu kién hién thi dugc liét ké trong Bang 2.

Bdng 1. Cdc théng sé vé chat hrong video

S6 lwong video thyc hién
(Kaggle, Light Field, VIS

Kaggle: 10 video
Light Field: 20 video

lab) VIS lab: 10 video
Do dai 15 gidy
Ma hoa H.266/VVC
binh dang QVGA (320 x 240)
Bitrate 22, 32,40, 44
Frame rate 30 fps
Nhiéu b sung Nhiéu hat tiéu
Khung hinh tinh S6 lugng khung hinh tinh
1 khung hinh, cho cac
frame 1, 5, 15.
Bdng 2. Cdc diéu kién hé tro nguoi xem
Thiét bi Man hinh 27 cuaa Dell
Do phén giai Full HD (1920 x 1080)
Do sang 400 Nits cd/m2
Tan sb quét 60 Hz
Khoang cach nhin t&i | 50 cm

man

Moi truong

Phong kin, anh sang
khdng phan chiéu

Bdng 3. Hé s6 twong quan r giita cdc phirong phdp

DSCQS DSIS ACR5 ACR5-HR ACR11 ACR11-HR SAMVIQ SAMVIQ-HR
DSCQS - -0.98 -0.98 -0.98 -0.98 -0.98 -0.98 -0.97
DSIS -0.98 - 0.98 0.96 0.98 0.97 0.98 0.97
ACRS5 -0.98 0.98 - 0.97 0.98 0.97 0.98 0.97
ACR5-HR -0.98 0.96 0.97 - 0.97 0.98 0.97 0.98
ACR11 -0.98 0.98 0.97 0.97 - 1.00 0.98 0.97
ACR11-HR -0.98 0.97 0.98 0.98 1.00 - 0.97 0.97
SAMVIQ -0.98 0.98 0.98 0.97 0.98 0.97 - 0.99
SAMVIQ-HR -0.97 0.97 0.97 0.98 0.97 0.97 0.99 -
TRUNG BINH -0.98 0.98 0.98 0.97 0.98 0.98 0.98 0.98
Bdng 4. Hé s6 twong quan spearman giita cac phirong phdp
DSCQS DSIS ACR5 ACR5-HR ACR11 ACR11-HR SAMVIQ SAMVIQ-HR
DSCQS - 0.98 0.97 0.98 0.97 0.97 0.98 0.97
DSIS 0.98 - 0.97 0.97 0.97 0.97 0.98 0.97
ACRS5 0.97 0.97 - 0.97 0.98 0.97 0.99 0.97
ACR5-HR 0.98 0.97 0.97 - 0.99 0.98 0.96 0.98
ACR11 0.97 0.97 0.98 0.99 - 0.99 0.97 0.96
ACR11-HR 0.97 0.97 0.97 0.98 0.99 - 0.96 0.97
SAMVIQ 0.98 0.98 0.99 0.96 0.97 0.96 - 0.98
SAMVIQ-HR 0.97 0.97 0.97 0.98 0.96 0.97 0.98 -
TRUNG BINH 0.98 0.97 0.97 0.97 0.98 0.97 0.98 0.97
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Bdng 5. méi twong quan giita MOS, qnge V& MCly oy cho titng phwong phap

DSCQS DSIS ACR5  ACR5-HR ACR11 ACRI11-HR SAMVIQ SAMVIQ-HR
MClI | 458 0.25 0.23 0.28 0.47 0.56 4.26 4.87
MOS,4nge | 5354 3.56 3.04 3.08 5.77 5.56 59.21 58.13
MCl,,p, | 0.09 0.07 0.07 0.09 0.08 0.10 0.07 0.08
Bang 6. thoi gian danh gia (phut) cho ting phwong phdp
DSCQS DSIS ACR5  ACR5-HR ACR11 ACR11-HR SAMVIQ SAMVIQ-HR
MAX | 45 25 18 18 20 20 38 38
MIN .37 16 11 11 11 11 23 23
AVERAGE | 41 20 12 12 14 14 29 29
STD. | 2 2 1 1 3 3 5 5

Ngudi tham gia kiém thtr gdm c6 40 nguoi tir 19 dén
39 tudi. Nguoi tham gia duge chia thanh 2 nhém 16n, mdi
nhom 20 nguoi (Nhém A va Nhém B). Sau d6, mbi nhom
nay tiép tuc duoc chia thanh 5 nhom nho véi s luong 4
ngudi/nhom. Trong khoang thoi gian danh gid, theo tirng
budi (sang va chiéu), mot nhoém tir Nhom A va mot nhom
tir Nhom B dugc két hop tham gia cing nhau, tuong tu
nhu vy cac nhom con lai thay doi cho téi cudi qué trinh
danh gia.

Niam phuong phép duoc thay di thir ty ngéu nhién, dam
bao khong co sy trung 1dp. Ca hai nhom sir dung cuing mot
phuong phap trong ngay nhung xem céc video xtr Iy ngau
nhién. Thoi gian thi nghiém ctia mdi phuong phap duge do
va ghi diém theo danh gi4 ctia nguoi tham gia sau khi két
thiic mdi budi thir nghiém.

B. Phdn tich cic yéu 16 lién quan

Phin nay mo ta Kkét qua so sanh hi¢u suét dua trén cac
gi4 tri danh gia chii quan. Ba chi s hiéu suét, hé sb twong
quan, h¢ $6 twong quan thr ty, va khoang tin cay trung
binh, da dugc sir dung.

1. Mdi quan hé giira diém trung binh ciia DSCQS va
cac phuong phap khac

Phan phdi diém sb cho timg phuong phap duoc thé hién
0 Hinh 7. Trong thir nghiém nay, c6 nhiéu video di xur ly
¢b chat luong video gan nhu gidng voi video tham chiéu
(tic 1a c6 diém chét luong video gan nhu giéng nhau). Do
do, ty 1& phan tram cua cac diém cao nhét dwoc gén theo
thur tu sau 5, 5, 10 va 100 twong tng cho DSIS, ACR5-HR,
ACR11-HR vd SAMVIQ-HR. Dua trén cac két qua nay,
bai bao di so sanh két qua dua trén diém s6 ¥ kién trung
binh (MOS) cho 42 PV. Cac mdi quan hé giira DSCQS va
Ccéc phuong phap khac dugce thé hién dya trén tlnh toén cac
h¢ s6 twong quan (R) va h¢ sO twong quan xep hang cua
Spearman, dé lam rd cic mdi quan hé va dic diém ciia tu’ng
loai danh gia. Bang 3 va 4 liét ké R va Spearman giira c4c
phuong phap. Tat ca cac R cho DSCQS déu am. Diéu nay
thé hién DSCQS cho gi4 tri nho hon khi chat lwong cao
hon, trai ngugc véi bay phuong phap khéc, gia tri nhdé hon
khi chat lugng thdp hon. Gia tri trung binh tuyét d6i cia R
va Spearman cho ting phuong phap dugc liét ké 6 dong
cubi ciing cua Bang 3 va 4. Khong c6 su khéac biét dang ké
v6i mirc y nghia 5% trong cac gia tri trung binh cua R va
Spearman cho tirmg phuong phap. Diéu nay c6 nghia 1a mdi
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phuong phap cho thiy kha ning danh gia gidng nhau trong
R va Spearman.

2. Phén tich db tin cay théng ké cta didm trung binh

Pé 1am 1o su 6n dinh va su khéc biét cua viéc danh gia
chat lugng, gia tri trung binh cua khoang tin ciy 95%
(MCI) cho 42 MOS da dugc so sanh. Véi quy dinh MCI
cang nhd, thi do on dinh va sy khac biét cang cao. Mbi
phuong phép c6 thang do chat lugng khac nhau. Do d6, can
phai chuan hoa MCI dé so sanh timg phuong phap. Bang 5
liét k& MCI va pham vi MOS cho tirng phuong phap. Vi
du, cac phuong phap DSCQS va SAMVIQ st dyng cung
thang do chét lugng 100 cap, nhung pham vi diém trung
binh khac nhau. Vi vy, Kkét qua can dugc chuén hoa MCI
bang cach st dung pham vi MOS cho céc thang do khac
nhau. Céch tinh cua MCI,,,,, nhu sau:

MClyypm = ©)

MclI
/MOS, ange

Bang 5 ciing liét ké MCI,,,, cho tung phu’o’ng phap.
DSIS, ACRS5, va SAMVIQ ¢6 MCI,,,,., nhé nhat trong sd
8 phuong phap. MCI,,,,m cia ACR5-HR, ACR11-HR, va
SAMVIQ-HR 16n hon so vdi ACRS, ACRII1, va
SAMVIQ, tuong tmg.

IV. KET QUA VA KIEM THU

Phén nay mo ta két qua so sanh thoi gian danh gia tong
cong va d¢ de dang danh gia tir quan diém hiéu qua thi
nghiém va y kién cua ngudi xem.

A. Téng thoi gian thir nghiém

Danh gia chét lugng chi quan doi hoi nhiéu thoi gian
va chi phi. Thoi gian danh gia ngan hon la mong mubn néu
d6 chinh xac danh gia van nhu cii. Danh gia chat lugng chu
quan dugc thuc hién béi mdi nhém con gdm bén ngudi
xem cung mot lic. V& tong thoi gian danh gia, thoi gian
trinh chiéu video 1a c¢6 dinh nhung thoi gian binh chon bi
gi¢i han tbi da 11 gidy. Trong trudng hop cac phuong phép
DSCQS, DSIS, ACRS5, va ACR11, néu cac nhém nho hoan
thanh viéc chdm diém, PV tiép theo s& dugc cung cap. Do
d6, cac phuong phap nay c6 su khac biét vé thoi gian binh
chon cua tirng nhém. Do phuong phap SAMVIQ cho phép
nguoi xem kiém soat viéc phat lai cia mdi PV, nhung trong
nghién ciru nay han ché thoi gian danh gia ti da 1a 4 phit
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cho tt ca 8 PV. Mdi nhém nhé duoc do téng thoi gian danh
gia cho tat ca 42 PV bang timg phuong phap, két qua dugc
tom tit trong Bang 6. Do dai tong thoi gian danh gia cho
timg phuong phap tir ngan nhat dén dai nhat 1a; ACRS,
ACRI11, DSIS, SAMVIQ, va DSCQS. Péi véi ACRII,
phuong phap trinh chiéu video giéng nhu ACRS, nhung
tong thoi gian danh gia lai dai hon ACRS5. Nguoi tham gia
cho ring ACRI11 t6n thoi gian nhiéu hon cho viéc danh gia
Vi phuong phap nay c6 nhiéu cip d6 hon ACR5. Tong thoi
gian danh gia cia SAMVIQ nhiéu hon DSIS, diéu nay do
SAMVIQ cho phép xem va binh chon 1dp lai cia mot PVS.

B. Bdnh gid sw don gian va chinh xac

Sau khi hoan thanh thi nghiém, mdi nguoi tham gia
dugc dua mot bang cau hoi khao sat vé mirc do dé dang
clia viéc danh gia cho mdi phuong phép d4nh gia bang cach
st dung thang do nam mirc do (1: kho, 2: hoi kho, 3: trung
binh, 4: hoi d&, 5: d&). Piém trung binh vé d6 d& dang cua
viéc danh gia cho mdi phuong phap duoc hién thi dudi tén
cua timg phwong phép trén truc ngang. Diém trung binh vé
mirc d6 dé dang cua danh gia déu trén 3, nghia 1a "trung
binh" cho bat ky phuong phéap nao. Két qua cho thay, do
dé dang cua viéc danh gia bang ACR11 thp hon rét nhiéu
so vOi ACR5. ACR11 ¢6 nhiéu mirc do chat luong video
hon ACRS. Vi du, trong ACRS5, tbt 1a mtc 4, nhung trong
ACRI11, muc 6 va 8 dugc lya chon, vay co thé xac dinh
mirc 7, 1a mire bt dau dat tét. Do d6, DSCQS va SAMVIQ,
¢6 nhiéu mirc do chat luong video, thép hon so vdi ACRS
va DSIS vé d6 d& dang cua danh gi4, gidng nhu ACR11.

V. KETLUAN

Pic diém danh gia chat lugng cua DSCQS, DSIS,
ACR5, ACR5-HR, ACR11, ACR11-HR, SAMVIQ va
SAMVIQHR cho céc thé loai anh video da dugc so sanh.
Bai bao dd dua ra dwoc nhan dinh rang hé sé twong quan
va xép hang hé sb tuong quan cua diém sb gitra cac cip
phuong phép trong 8 phuwong phap nay déu cao, cho thiy
rang viéc lya chon thang do danh gia s& khong anh hudng
t6i két qua danh gia chit lugng anh video ciia ting phuong
phap. Vé thong ké vé do tin cay, DSIS, ACR5 va SAMVIQ
cO gia tri trung binh chuan héa cia khoang tin cay 95% cua
MOS nhé hon cic phuong phap khac. Hon nira, két qua
khao sat ctia ngudi tham gia cho thdy ACRS 1a phwong
phap phu hop tir goc d6 téng thoi gian danh gia va sy dé
dang trong viéc danh gia. Qua do, ACR5 duogc coi la
phuong phap phu hop nhét dé danh gia cht lugng céac thé
loai anh video tai thoi diém hién nay.
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SUBJECTIVE QUALITY ASSESSMENT
METHODS: A COMPREHENSIVE
PERFORMANCE STUDY

Abstract: For the current research area on video image
quality, there are various subjective evaluation methods
depending on the purpose. Subjective evaluation methods
are recommended by ITU-T and ITU-R. However, surveys
indicate a lack of comprehensive studies on selecting the
most appropriate and accurate subjective evaluation
method. Therefore, this paper provides a comprehensive
study based on a comparison of the most common current
subjective evaluation methods. In this paper, eight
subjective evaluation methods are examined, including the
Double-Stimulus Continuous Quality-Scale (DSCQS), the
Double-Stimulus Impairment Scale (DSIS), Absolute
Category Rating with a 5-point scale (ACR5), Absolute
Category Rating with a 5-point scale with hidden reference
(ACR5-HR), ACR with an 11-level scale (ACR11),
ACR11 with hidden reference (ACR11-HR), Subjective
Assessment of Multimedia Video Quality (SAMVIQ), and
SAMVIQ with hidden reference (SAMVIQ-HR). These
methods are compared and tested in various scenarios to
determine each method's applicability for image and video
evaluation. Assessment aspects include the total time and
difficulty/ease of evaluation for participants, as well as the
characteristics of different scales and the statistical
reliability of each method. The results indicate the
correlation coefficient and distribution of correlation in
mean opinion scores (MOS) are high among the methods.
Furthermore, the results clearly demonstrate that the
statistical reliability parameters of evaluation methods like
DSIS, ACR5, and SAMVIQ outperform others.
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Additionally, participant feedback shows that ACRS5 is the
most suitable method based on criteria of total evaluation
time and ease of assessment.

Keywords: Subjective evaluation method, MOS, image
and video quality, user experience quality (QOE).
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