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Multimedia Quality Estimation Model for Video Streaming Services

Toshiko TOMINAGAt?) | Kazuhisa YAMAGISHI', Takanori HAYASHI',
and Akira TAKAHASHIf

goo0o IpoO0O0O0O0OO0OOOOO0OO0O0ODOOOOODOOO0OOO0OOOO0OOO0O0ODOOOOODOOOO0OOn
000000000000 000o0o0o00O00O0o00O00000O0o0O00O0O00O0D00D (QoED
Quality of Experience) 00 0000000000000 00OO0O0O0O0O0O0O0ODOOHDTVOOOOODOO
00000000 QEO0O0O0ODO0O0OOODOODOOOOOOO0O0000000000ooooOoOoO0O0o0BO
gooooobooooooooooooobooooooooobbo0oobobooobooooOoOoobDoDbDbboOoDDOD
000000o0oo0oooooooooooooooooodooooooooooooooooooooooo
gooooooooooooOoOoooooOooooooooOoOOoOOoO0oO0bOOOoOO0DOooOoOoOOOoOoOooooo
goooooobooooboooooooobooooOooOoOoOoOoOoOoOoOooDbOoOoOobOobObOoOoOoOboOoobOboOoOoDo
gooooooboooobooooooobobooobooooooooo0ooooOooooboooobbooDbbooDo

0000000000000000000000000000000000
ooooo ooooooooooOooooooboooooboOoCooooooooooOosDTvV

1. 0D OO0

IpOOOCOO0OO0OOCOOOOOCOOOOOOO
gooooooboobooooooooboooooobooo
goooooooooooboOoooOoooobooooo
gooooooooooooobooOoooooobooo
000000000000000 (QoED Quality of
Experience) [1]00000000000000000O
ooo

ooooooooooOooooobooooooono
gooooooooooooobooooooobood
goooooooooooooboooooooobooo
gooooooooooooobooOooooobooo
gooooooooooooboobooboobooooooo
gooooooooooooobooooooooboboo
ooo0oooooooooooooIpOOOOOO
000000 QeEOOOOOOOOOOOOOOGO

0000000000000 D0O000O00OO0O000O00DOOD
oooo
NTT Service Integration Laboratories, NTT Corporation,
3-9-11 Midori-cho, Musashino-shi, 180-8585 Japan
a) E-mail: toshiko.tominaga@lab.ntt.co.jp

0ooooooo

00000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000@000
0000000@0O0000000000@0000
0000000@O00000000000@000
000000000000 [2,[8000000@O00
0000000000000/00000000000
0000000@EO00000000@0O00000
0000@UID0O0O00O00000D000000
00000M@E0I000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000D000000000000000000
0000D0D0000IPO0O0OOOOD QEDDODO
00 E-model [4] 000000 0E-model 00000
000000000000000000000000
000D000000ROODO0OD0O0D00E-model
000000000000000000000000
000000000000000000000000

000o0o0oDoooO0 B Vol. J94-B No.1 pp.49-60 ©OOOO00O0ODODOOO 2011 49



00000000000 2011/1 Vol. J94-B No. 1

0000000 ooOO0O0o0ooooOoOBoUoooo
goooooobooboboooooooobooood
O0ooooooooobooooooooooood
00000 PESQ (Perceptual Evaluation of Speech
Quality) [6]0000000000000O0O0OOOCOO
Wideband-PESQ [7]00 000000000000
00000 PEAQ (Perceptual Evaluation of Audio
Quality) 8]0 0000000000 DOOOOOOO
Jo0o0o0oooooooosSpTVvooooood
000000Doo0 ITU-TOO J.144 9)000D0O
Jo0oooooooo PCOODOOOQCIFOVGAO
JoooDoOoOo IPO0O0O0OOODOOOODOOOOO
JooooooooOoOoooooooo ITU-TOO
J.246 [10]0J.247 [11] 0000000 [12)0[16] OO
ooogooooo
goooboooboboooboobobobobooo
gobooobobooobooboobobboobooo
goboo0oboOobooobOooboobooboobooo
go0oOoDo00oOoooOoOoOOoOoOooooooboDboOo
Jooo0ooOooooooooooooon ITu-TO
0J.148 (1700000000000 000DOOO0O

gobobooobooobooboooooboooooo

gbooobooooobooobooooboobobooon

obooooooboobooooooboooboooood

000000000000000000000000
O0Hands 0000000000000000000
00000000000 (1800000000000
0000D0D00000000000D0000000
000000D000000000000000000
000000000000000000000000
00000000000000000000 [19)00
000000000000000000000000
000000000000000000000000
000000000000 [18],]20],[21]000000
0000000000D00000000000000
0000000 [22)000000000000000
000000D0000D00000000000000
000000D000000000000000000
000000000 ([23),[24J00000000000
0000000000000000000ITU-TO0
G.1070 25| 000000000000000000
000000000000000000000000
000000000000000000000000
000000D0000000000000000

50

Ooo0ooooHDTVOOOOOO0O0OO0OO0O0O000
goooooooooooooboooooooboobo
gooooooooooooobooooooDbobo
gooooooooooooooooooooboobooo
goooooooOooooooooOooooDboDbo
goooooooooooooboooooooobood
oooo()oooooooooooooooooo/
gooooooooooooobooOooooooobo
gooooooooooooobooOooooobooo
gboooooooobooooobooobooboooboo
(2000000000000 OO0DO0O0ODODOO
gooooooooooooobooboooooooboo
goooooooooooooooOoooooboobooo
00oO0o0oo0oOooo0oooo@ooooooo
gooooooooooooooooooooood
goooobooocoooooooboooooooooboo
oooooo

oooooz2.000000000000000AO0
gboooooooooooooooooooos.ooo
goooooooOooooooooboobobOOoonoo
gooooooooooooooooooooobonoo
goooooobOooOoOooooooooooooboo
gooooooo0ooooooooOoooooDoooo
gooooooooooooobooooooobood
goooobooocooooooobooOoooooobooo
goboooooobc4.00000COOOCODOO
goooooooooooooboooooooboo
gooooooooooooooboooooooDoooboo
s5.00o0ooooOOoOooooboobooOoOobobobbbobooo
gooooooooooooooboooooooobooo
goooooooooooooooOooooDboDbo
goooboobobe.00DOO0OOODODOOOD
oooooo

2, 00O0O0O0ObOOoOoOoDbOOoOoooDbDOoo
go

Ooo00oo0ooo0ooooooooogIrTu-Ttoo
J.148 000000000 100000000000
goooooooo

J4sDoOoOooooooooooooooooo
00000 AqOO0O0OO0O VqUooooooooo
goooooooooooOoOoOOOOOODOOOOO0d
goooboooooooooobooOoooooobooo
gboooboooooooooooocooooboooooo



gobooooooooooooooooobooooboooboooon

Auditory —>Aq

o — quali
Auditory Al ppyitimedia [ Ad (Va)

SOUEE M Differential || _quality
delay integration
function

Ly Multimedia
quality
Visual [ >Va(Aq)
quality +’Vq

Task

01 Ji1480000000000O0OOO
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Fig.2 Multimedia quality estimation model.
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Table 1 Subjective assessment test environment.

32-inch CRT monitor
SONY BVM-D32E1WJ
3H (HOpicture height)
about 110 cm

Video monitor

Viewing distance

Illumination intensity | About 30 1x

Stereo loud speakers
ONKYO GX-77TM
Hoth noise at 35dB (A)

Listening equipment

Ambient noise

at receiving side

02 0oooog
Table 2 Codec conditions.

Video codec H.264 High profile level 4.0
Group of picture (GOP) | M =3, N =15

Frame rate 30 fps

1440 x 1080

MPEG-2 audio AAC-LC

Video resolution

Audio codec

03 00O0oooo
Table 3 Contents conditions.

Video Audio

1 | European market (No.7 [27]) BGM (No.7 [27])

2 | Harbor scene (No.12 [27]) BGM (No.30 [27])

3 | Crowded crosswalk (No.30 [27]) | Pop [28]

4 | Green Leaves (No.23 [27]) Piano [28]

5 | Weather report (No.39 [27]) Instrumental [28]

6 | Street car (No.10 [27]) BGM (No.10 [27])

7 | Woman’s speech Woman'’s voice

8 | Woman with toy block ‘Woman'’s voice
ooo
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MPEG-2 TS (Transport Stream) 0 0000000
00000 IPO00O0ODOODOO MPEG-2TSOOO
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Table 4 Quality parameter conditions.

Video |Video bitrate |14, 10, 6 Mbit/s

Quality |Audio bitrate |192kbit/s

Random packet |14 Mbit/s: 0, 0.010, 0.030, 0.070
loss ratio (%) |10 Mbit/s: 0, 0.015, 0.040, 0.100
6 Mbit/s: 0, 0.020, 0.080, 0.160
Audio |Video bitrate |14 Mbit/s

Quality |Audio bitrate |192kbit/s

Random packet|0, 0.100, 0.200, 0.600

loss ratio (%)

00000000000000000000000IP
00000000 1356Byte 00000000000
000000000000000000000 400
0000000000000000000000000
0000000000000000100000000
000000D000000000000000000
0 [29],[30)00000000000000000000
000000000000000000000000
0000000000000100000000000
000 4000000000001002050060
800000000000000000000000
000000000000000000000000
0000000000000000000 192kbit/s
000000000000000 14Mbit/s0000
000000000000000000000000
000000000000000000000000
000000 7000000000 1000 POOO
0000 7000 TSOODOODO0OO0O0O0O00OO0OOO
0TSOO0D0DO00IPOOOOOOOOOOOO
000000000000000000000000
000000000 14Mbit/s0000000000
00000000 10000000000000000
000000D000000000000000000
000000000000000000000000
0000000000000000000000000
000000000D00000000000000
000000000D000000000 IPOOOO
0000000000000000000000 IP
00000000000000000/0000000
000000/00000000000000000
00000000000000000000000
0 4000000000000000000000
000000 VIROODOOOOO0OO0O0O0O00000
000000000000000000000000



gobooooooooooooooooobooooboooboooon

05 5000000
Table 5 Five-grade impairment scale.
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Fig.3 DMOS relationships between methods A and
B.
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Fig.4 Distribution of DMOSsand DMOSy .
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Table 6 Multiple regression analysis results for pa-
rameters.

0000000 0000 000 |RMSE
(r) |O0D00D0
DMOS4 0.508 NA | 0.846
DMOSy 0.752 NA | 0.647
DMOS4DMOSy 0.951 NA | 0.302
DMOS A, DMOSy 0.915 NG | 0.392

DMOSs, DMOSADMOSy | 0.963 NG 0.262
DMOSy, DMOSA,DMOSy | 0.963 OK 0.261
DMOS4s, DMOSv, 0.964 NG 0.257
DMOSADMOSy

000 (H)oooooooooo

DMOSyym = aDMOS 4 + ﬁDMOSV
+YDMOSADMOSy +6 (1)
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Fig.5 Accuracy of multimedia quality estimation
model.
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Fig.6 Boundary of each category by psychological
scale.
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Fig.7 Psychological scale versus DMOS.

07 OD0000OD0OOOOOOO0OODOOOOOO
Table 7 Multiple regression analysis results using
psychological scale.

ooooooo 0000|0000 | RMSE
(ry |ODOO
PSa 0.506 NA 1.176
PSy 0.750 NA | 0.902
PSAPSy 0.882 NA | 0.643
PS4, PSy 0.922 OK | 0.529
PS4, PSAPSy 0.882 NG | 0.643
PSy, PSaPSy 0.939 OK | 0.469
PSa, PSy, PSAPSy | 0.961 OK | 0.377

gboobooooboobooobooooboboobooon
gboooboooooboooboooobobooobooon
gboooo
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Correlation Coefficient(r):0.961
RMSE:0.38
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Fig.8 Accuracy of multimedia quality estimation for
psychological scale data.
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Table 8 Quality parameter conditions for model
qualification.

Video | Codec H.264
Resolution | 1440 x 1080
Bitrate 14, 10, 6 Mbit/s
Frame rate | 30 fps
Audio | Codec MPEG-4 AAC-LC
Bitrate 192 kbit/s
Random packet loss | 14 Mbit/s: 0, 0.015, 0.035, 0.070
ratio (%) 10 Mbit/s: 0, 0.020, 0.050, 0.100
6 Mbit/s: 0, 0.030, 0.070, 0.160

o o0 00&

o°

%, o g %0

Qo © g9 oo

3 4 5
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Fig.9 Distribution of DMOSs and DMOSy for
qualification condition.
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Table 9 Contents detail.
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correlation coefficient (r ):0.98:
RMSE:0.271
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Fig.12 Accuracy of multimedia quality estimation
for unknown contents.
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