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Immersive Media Group
Context

Mission: Quality assessment of immersive media, including virtual reality, augmented
reality, plenoptic, stereoscopic 3DTV, multiview...

Goals: Baseline quality assessment of immersive systems

» Datasets of immersive media content

* Subjective test methods, QoE guidelines, presentation requirements, etc.
Technologies:

» 360-degree content / Virtual Reality

* Augmented/Mixed reality

« 3D, FVV, multiview technologies, including full parallax
» Light field processing also called plenoptic

Email reflector: imao@vgeq.org
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Immersive Media Group
Context

« Discussions, contributions, and presentations in the f2f meetings are more than welcome
covering any immersive media technology.

* In March 2018 (meeting in Madrid) it was decided to:
* Push joint work.
* Focus on some more specific uses cases for the joint work

* Monthly audio calls

 |dentified uses cases of interest for the participant labs:
https://docs.google.com/spreadsheets/d/1FgnRXjiU4td_KwkeKwGvy652nCDBvrAvkSug6HZivZ4/edit#gid=0

« Decided in July 2018 to consider the use case of subjective quality evaluation of
360-degree video for joint work.


https://docs.google.com/spreadsheets/d/1FgnRXjiU4td_KwkeKwGvy652nCDBvrAvkSug6HZivZ4/edit

Immersive Media Group
Quality assessment for 360° content

« Working on a test plan:
https://docs.google.com/document/d/18L Q7vyzEssoAzbRsTKBTtMrwfilSMfOHUGofPgOQOJl/edit?usp=sharing

« Specific proposals for the test plan on evaluating quality for:

* Short sequences: Length of sequences, ACR vs DCR, Influence of HW, typical artifact (coding,
projections, stitching, etc.)...
* Long sequences: immersiveness, presence, simulator sickness, etc.

» Collaboration VQEG-IMG and ITU-T SG12 Q13:
+ Recommendation P.360-VR: Subjective test methodologies for 360 degree video on HMD
* Collaboration aligned with the joint work on the VQEG-IMG test plan.

In the last meeting in Shenzhen (Oct. 2019) it was decided to kick-off Phase 1 (short
sequences)


https://docs.google.com/document/d/18L_Q7vyzEssoAzbRsTKBTtMrwfjISMf0HUGofPqOOJI/edit?usp=sharing

Phase 1. Short Sequences
Contribution to P.360-VR

« Global target of the test plan

* Design and execute a cross-lab test where we can assess and validate subjective evaluation
methodology for 360-VR video

+ Contribute to the standardization of such methodology under ITU-T P.360-VR (Q13/12)
* Generate a dataset of subjectively assessed content for future research

 What Phase 1 covers
» Assessment of short sequences (<=30s), in the spirit of ITU-R BT.500, ITU-T P.910, etc.
* Assessment of video quality and simulator sickness.

« What is not covered in Phase 1 (will be in Phase 2)
» Assessment of long sequences (several minutes).
» Assessment of presence.



Phase 1. Short Sequences
Main objectives - Contribution to P.360-VR

Methodology:

1. Recommend:
a. Implementation of ACR and DCR methodologies for 360 videos
b. Sequence duration
2. Study of influence factors:
a. HMD
b. Source content characteristics
c. Uniform vs non-uniform artifacts

SSQ:
1. Recommend:
a. One multi-item questionnaire (SSQ or derivation from it), and/or one single-question item
2. Write some guidelines about:
a. When/how to assess simulator sickness
b. When can you use a single-question vs. full questionnaire
C. How to process the results / what to do with them



Test Setup
Research Questions - Test conditions

* Video Quality e Simulator sickness
* Test methodology *  When/how to assess simulator sickness
ACR vs DCR (Degradacion Category Rating - « Short vs long questionnaire

Double Stimul
ouble Stimulus) »  Short-SSQ (Tran 2017) vs Vertigo

* Sequence duration questionnaire (Pérez 2018)

e 10svs 20s
e 20svs 30s
10s vs 30s

+ Test setup
HTC Vive vs Samsung Gear VR vs HTC Vive Pro
+ Scoring app vs “Saying out lout”
Tethered vs Untethered



Test Setup
Distribution of test conditions and participant labs
ID | Test condition Lab HMD1 HMD2 Comment Status
A [ACR: 10s vs 20s Wuhan | Vive
B | ACR: 20s vs 30s AGH O. Rift
C | DCR: 10s vs 20s Roma3 | Vive
D | DCR: 20s vs 30s CWI O. Rift
E | HMD vs HMD (ACR 20s) Nokia GearVR Vive Pro | Mobile vs desktop
F | HMD vs HMD (ACR 20s) UPM Vive Vive Pro | Low res vs. High res
G | HMD vs HMD (ACR 20s) Ghent Vive Pro Vive Pro | Tethered vs Untethered
H | With vs without audio (ACR 20s) RISE Vive
I Scoring interface vs voice (ACR 20s) | TUI Vive Pro
J ACR: 10s vs 30s Surrey Vive

Finished / 31 observers




Test Setup
SRCs

» 8 Raw sources

« 4K (some available in 8K), equirectangular, monoscopic (some available in stereo), static
camera.

* 10, 20 and 30 second cuts

* Dojo Zentrum, Flamenco*, Cheer Leading, Brazil Music*, Vaude*, Luther*, OculusMotion*,
OculusBeach.

 From Nokia, TU llmenau, VSense, Oculus
« *Reduced sub-set for long test session (DCR, 30 seconds sequences...)
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Test Setup

HRCs

8 HRCs (including Hidden Reference), HEVC, fixed QP
4 homogeneous QPs: 15 (HR), 22, 32, 42
4 non-homogeneous QPs (tiles)

Reduced test set for time-limiting conditions (DCR, 20s, 30s, etc.): **Removed for 6 HRC test

#Tiles

Transition

Smooth
6x3 Smooth 120°
8x5** Abrupt 180°
6x3 Abrupt 120°

10



Test Setup
Session structure and Measuring methodology

» Each subject tests the same PVSs under two different conditions
* Use within-subject statistics for better statistical power

« Each condition is tested in one active period

* After each active session, we should have a rest period of 15 min.

 Red arrows: score simulator sickness

* App Miro360: Developed, tested and validated subjective assessment software
* For desktop (HTC and Oculus) and mobile (GearVR and Daydream)

b s 2 s
Intro Test Condition A Rest (5 min) Test Condition B Wrap-up

L L

Instructions in written form Visual acuity & color tests Doubts/Questions

1



Test Setup
Sesion structure and duration

Total session duration around 1h

Duration With HMD What

5 min Presentation of the test. Instructions must be provided on a written form to subjects.
5 min Visual screening of the subject.

1 min Short + SSQ + Pre-test questionnaire
4 min X Training session (+ questions)

30 sec Short + SSQ

~20 min X Active period 1

30 sec Short + SSQ

15 min Rest period

30 sec Short + SSQ

~20 min X Active period 2

1 min Short + SSQ + Post-test questionnaire

12




Test Setup

Simulator Sickness

* In each SS measurement, subjects score both:

» First, a single question (1-5 scale): always the same (A or B), randomly assigned
+ Second, SSQ [Kennedy 1993]

A. Are you feeling any sickness or discomfort
now? Check the appropriate sentence

B. How is your level of
dizziness or nausea?

Very dizzy

Dizzy

Slightly dizzy

Not dizzy

No problem No perceptible effect, natural feeling
Light effects Slight discomfort, but no sickness
Uncomfortable Moderate discomfort, but tolerable for a while
Strong discomfort or sickness, but can continue the
Unpleasant
test
Unbearable Strong discomfort or sickness, and want to stop test

Absolutely not dizzy

13



Test Setup
SSQ: Kennedy 1993

DN =

Circle how much each symptom below is
affecting you right now

None
Slight
Moderate
Severe

VREG

General discomfort
Fatigue

Headache

Eye strain

Difficulty focusing
Increased salivation
Sweating

Nausea

Difficulty concentrating
Fullness of head
Blurred vision

Dizzy (eyes open)
Dizzy (eyes closed)
Vertigo

Stomach awareness
Burping

14



Test Setup
Observers

« At least 28 participants per lab
« Visual screening: Visual acuity and color vision

T Age Experience
D T est conditi Lab Total | F I Mal
i 2 ol | remate | VA€ Tafin | Max | Avg |First time|Less than 5 times | 5 to 20 times|More than 20 times |Every day

A ACR: 10s vs 20s Wuhan 30 15 15 20 30 245 8 15 7 0 0
B ACR: 20s vs 30s AGH
C DCR: 10s vs 20s Roma3 30 8 22 21 57 30.6 7 10 2 8 2
D DCR: 20s vs 30s CWI 28 14 14 21 60 27.6 2 12 5 6 3
E HMD vs HMD (ACR 20s) Nokia - - o N
F HMD vs HMD (ACR 20s) uem | 0 2 33 20 3 232 18 & ? 1
G HMD vs HMD (ACR 20s) Ghent 30 4 26 23 45 316 3 14 7 5 1
H With vs without audio (ACR 20s) RISE

Scoring interface vs voice (ACR 20s) TUI 20 14 15 20 37 25.9
J ACR: 10s vs 30s Surrey 31 10 21 19 44 25.9 13 12 3 2 1

Total 238 90 148 19 60 27.04286 51 95 33 22 7§
37.82 62.18 24.40 45.45 15.79 10.53 3.35

15



Wuhan - ACR: 10s vs 20s - Vive
MOS

VREG

BrazilMusic . : :
5.0 &6 NokiaFLAMENCO 6 Oculusmotion 55 NokiaDOJOZENTRUMmono
SRC, conditi g - -
451 mm (Bmci::;us;:r;mm SRC,condition SRC,condition SRC,condition
- (BraziIMusic' acr20) 451 mmm (NokiaFLAMENCO, acrl0) 451 mmm (Oculusmotion, acrl0} 45 mmm (NokiaDOJOZENTRUMmono, acrl0)
40 ¢ i s (NokiaFLAMENCO, acr20) i mm (Oculusmotion, acr20) i mm (NokiaDOJOZENTRUMmono, acr20)
35 35 3s 3s
30
30 30 30
25
25 25 25
20 24 20 20
15
15 15 15
a " a ® o) o o~ o 2) s ) =G . Tl
E § E é ;‘ ;‘ ;I ;c' % El é El 2| m| g| g| % E g E} ﬂ| ml Hl :I % E % 3 2| z| 'T'l ?I
5 ® s ® & & & & a8 ® 5 ® & & & & 5 ® s ® & & & &
VSENSEluther i
50 - 50 YSENSEVaUde 50 Cheerleading Oculusbeach
a5 SRC,condition SRC,condition SRC,condition 50 SRC.condition
= ;ﬁs"““":ﬂ' a";g; 45 mmm (VSENSEVaude, acrl0) 45 mm (CheerLeading, acr10) PO | R s
er, acr. = 3 £
40 P s (VSENSEVaude, acr20) i mm (CheerLeading, acr20) T mmm (Oculusbeach, acr20)
35 35 35
31
30 30 30
25
25 25 25
20
20 20 20
15
15 15 15
10 10

»_42
».15
».22
».32
».42
brupt
adual
brupt
adual
»15
».22
».32
¥42

& 3 &8 8
2 2
5 ® 5 ®

¥_15
w22
¥32

2 % & \3
2 2
§ % 5 W

New scene (different shots) in
20s vs 10s (outdoors, with rain)

‘s
2
5

®_15
»22
».32
».42

adual
brupt
adual
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Wuhan - ACR: 10s vs 20s - Vive
Main points

e Preliminary results from 3-way anova = = - TR
] . C(condition) 4.887760 1.0 €.540743 1.058253e-02
° S|gn|f|cant effects: C(SRC) 211.616406 7.0  40.454651 3.351953e-55
HRC C(HRC) 2319.641406 7.0 443.445222 0.000000e+00
- C(condition) :C (SRC) 19.539323 7.0 3.735327 4.887297e-04
- SRC C(condition) :C(HRC) 8.789323 7.0 1.680252 1.090477e-01
en . C(SRC) :C (HRC) 164.781510 49.0 4.500177 9.167298e-23
- Condition: to verlfy (SRC Luther) C(condition) :C (SRC) :C (HRC) 28.000260 49.0 0.764686 8.842599e-01
Residual 2773.900000 3712.0 NaN NaN

* |nteractions:

eta_sq omega_sq

- Condition vs. SRC: S|gn|f|cant C(condition) 0.000884 0.000748
H'H . H H H C(SRC) 0.038259 0.037308

- Condition vs. HRC: Non significant i S iias Bidasit
- SRC vs. HRC: Significant C(condition) :C (SRC) 0.003533 0.002587
C(condition) :C(HRC) 0.001589 0.000643

C(SRC) :C (HRC) 0.029792 0.023168

0.005062 -0.001558

e Further analysis reqluired: . o s ose Sl
o  Check normality — Non-parametric
o Post-hoc tests

e Similar trend in all labs:
o Acceptable distribution of uniform QPs
o Almost no differences among the 4 non-uniform patterns

17



Wuhan - ACR: 10s vs 20s - Vive
Exploration

» Histogram of the number (ratio) of visited bins in horizontal (latitude)

== [ BrazilMusic

0 ) acrl0 250 - :
1 acr20 1 Cheerleading
[ NokiaDOJOZENTRUMmono
800 1 200 1 NokiaFLAMENCO
[ Oculusbeach
) ) 1 Oculusmotion
g g B0 7 VSENSEVaude
% @ = ] VSENSEluther
& 400 A £ 100
200 - 50 A
[,_

ﬁ—% 0 T T T 'V T T T
0 B ] B : _ i Y 005 010 015 020 025 030 035 040
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Roma3 - DCR: 10s vs 20s - Vive
MOS

& BrazilMusic
- SRC.condition 5 NokiaFLAMENCO &6 Oculusmotion
451 mmm (BrazilMusic, dcrl0) SRC,condition SRC,condition
mmm (BrazilMusic, dcr20) 451 mmm (NokiaFLAMENCO, dcrl0) 454 mmm (Oculusmotion, dcrl0)
40 mmm (NokiaFLAMENCO, dcr20) i mmm  (Oculusmotion, dcr20)
40 .
35
35 35
30
30 30
25
25 25
20
20 20
15
15 15
= E s E N " g
E ¥ 5 % & & & & 3 & 3 R’ 8 % &8 3 % 3 ] B 5§
a5 ® & & ~ = = ” & &
&6 VSENSEluther . VSENSEVaude
condition B =
SRC,condition
) e :z:g::g:”::‘" :";g: 45{ mmm (VSENSEVaude, dcrl0)
4o btk 4o | ™= (VSENSEVaude, dcr20)
35 3s
30
25 g
= 20
15 i
New scene in 20s vs 10s10

1
] ® 5 ® Y

(outdoors, with rain)

»_32

».42
»22
».32
¥.42

& T & =
2 2
5 ® 5 3
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Roma3 - DCR: 10s vs 20s - Vive
Main points

e Preliminary results from 3-way anova

iyAifi . " sum_sq 4 F PR(>F) \
° =
Slgnlﬂcant effects: C(condition) 27.200476 1.0 30.577000  3.622839e-08
- HRC C(SRC) 84.398095 4.0 23.718708  3.395379e-19
C (HRC) 1119.378095 6.0 209.721969 1.813062e-208
- SRC C(condition) :C(SRC) 52.525714 4.0 14.761495  6.821003e-12
.o . C(condition) :C (HRC) 7.536190 6.0  1.411949  2.061458e-01
- Condition: to verlfy (SRC Luther) C (SRC) :C (HRC) 56.688571  24.0  2.655233  2.314275e-05
C(condition) :C(SRC) :C(HRC)  43.587619  24.0  2.041598  2.078639e-03
i . Residual 1805.833333 2030.0 NaN NaN
* Interactions: s ’ : :
_ H . H H eta_sg omega_sq
COﬂdIFI.On vs. SRC: Slgnlflca_nt o C(condition) 0.008508 0.008227
- Condition vs. HRC: Non significant C(SRC) 0.026398 0.025278
i C (HRC) 0.350118 0.348351
- SRC vs. HRC: Slgnlflcant C(condition) :C (SRC) 0.016429 0.015312
C(condition) :C (HRC) 0.002357 0.000688
C(SRC) : C (HRC) 0.017731 0.011050
; ; . C(condition) :C(SRC) :C(HRC) 0.013633 0.006954
e Further analysis required: s R e e B

o  Check normality — Non-parametric
o Post-hoc tests

20



Roma3 - DCR: 10s vs 20s - Vive
Exploration

[ dcrl0 175 [ BrazilMusic
350+ 7 der20 1 NokiaFLAMENCO
150 - [ Oculusmotion
300 A [ VSENSEVaude
125 - [ VSENSEluther
a250- g
: -
© 200 §100
g 3
& 150 T — s 75
(S
100 A 50 -
50 - 25 |
0 . : : l —_— 0 . 4 oy

0.1 0.2 0.3 04 01 0.2 03 04
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CWI - DCR: 20s vs 30s - Oculus Rift

MOS

5.0

45

40

35

30

25

20

15

brupt

adual

BrazilMusic NokiaFLAMENCO .
50 Oculusmotion
SRC,condition SRC,condition 5.0
mmm (BrazilMusic, 20s) 45 mmm (NokiaFLAMENCO, 20s) SRC,condition
= (BrazilMusic, 30s) s (NokiaFLAMENCO, 30s) 45 = (Oculusmotion, 20s)
40 s (Oculusmotion, 30s)
40
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30
30
25
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20
20
15
15
~ ~N ~ <t © ~ ~N ~
~ m -, S- E ~ m -, e X N = iy
& & & S ® & & & s- [ N ™ <
S ® & & &
&g VSENSEluther &6 VSENSEVaude
‘ SRC,condition - SRC,condition
45 mmm (VSENSEluther, 20s) 45 = (VSENSEVaude, 20s)
id W (VSENSEluther, 30s) mmm (VSENSEVaude, 30s)
35 35
30 30
25 25
20 20 \
15 15
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a o
2 3
Qo o

¥_22
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2
5

adual

¥_22
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New scene features
after 20s (motion)
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CWI - DCR: 20s vs 30s - Oculus Rift

Main points

Preliminary results from 3-way anova

Significant effects:

- HRC

- SRC

- Condition: to verify (SRC Vaude)
Interactions:

- Condition vs. SRC: Significant
- Condition vs. HRC: Non significant
- SRC vs. HRC: Significant

Further analysis required:

@)
@)

Check normality — Non-parametric
Post-hoc tests

C(condition)

C(SRC)

C(HRC)

C(condition):C(SRC)
C(condition):C(HRC)
C(SRC):C(HRC)
C(condition):C(SRC):C(HRC)
Residual

C(condition)

C(SRC)

C(HRC)

C(condition):C(SRC)
C(condition):C(HRC)

C(SRC) :C(HRC)
C(condition):C(SRC):C(HRC)
Residual

1526.

732.

D000 000

sum_

5q

3.017857
58.602857

660000

11.042857
1.385714
92.718571
7.464286

eta_sq

.8@124e
.824080
.627296
.004537
. 000569
.9380698

083067
NaN

821429 1350.

omega_sq

a.
Q.
0.
a.
-e.
a.
-8.

081017
923182
626265
0063644
086323
934521
006502

NaN

OO0 00D -h

F

5.559481
26.980473
703.1081369
5.985774
08.638189
16.675356
©.859417
NaN

WA ® e

PR(>F) \

.852285e-082
.428393e-21
.00000ee+00
.546827e-04
.353076e-01
.852751e-26
.171898e-01

NaN
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CWI - DCR: 20s vs 30s - Oculus Rift
Exploration

250 4
N .70 = [ BrazilMusic
=3 175 - 1 NokiaFLAMENCO
200 4 [ Oculusmotion
150 1 VSENSEVaude
[ VSENSEluther
S 150 o 15
5 g
g L
b 3 100
& 100 4 g —
L
50 50 e
= —
e . .
0 . : P e W
' ‘ 0.2

o

01 0.2 03 04 05 0.'1 03 0.-4 0..5
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UPM/Nokia - ACR20s - Gear vs. Vive vs. VivePro VREG
MOS

BrazilMusic CheerlLeading » .
5.0 5.0 NokiaDOJOZENTRUMmono NokiaFLAMENCO
SRC,condition SRC,condition 5.0 - 5.0 -
45 mmm (BrazilMusic, gearvr) 45 mmm (CheerLeading, gearvr) SRC,condition SRC,condition
mem (BrazilMusic, vive) = (CheerLeading, vive) 451 mmm (NokiaDOJOZENTRUMmono, gearvr) 45 1 mmm (NokiaFLAMENCO, gearvr)
40 m (BrazilMusic, vive_pro) 40 mm |, (Cheerteading, vive. pro) m= (NokiaDOJOZENTRUMmMoNO, vive) mm (NokiaFLAMENCO, vive)
= 401 mmm (NokiaDOJOZENTRUMmOono, vive_pro) 401 mmm (NokiaFLAMENCO, vive_pro)
35
30
25
20
15
s i a N B g = = 0 o~ 2 s n o
g ® &' &' &' &' s 5 = o4 r':l g| s é ] ] ﬁ| :I
8 B & & & & 5 ® & & & &
Oculusbeach
50 = Qeylusmotion VSENSEluther 50 VSENSEVaude
SRC,condition 5.0 5.0 SRC,condition
45 mmm (Oculusbeach, gearvr) SRC,condition, SRC,condition 45 - (VSENS’EVaude earvr)
msm (Oculusbeach, vive) 45+ mmm (Oculusmotion, 45 mmm (VSENSEluther, gearvr) : = (VSENSEVau de' 3ive)
40 mm (Oculusbeach, vive_pro) mmm (Oculusmotion, [vive) mwm (VSENSEluther, vive) 40 - (VSENSEVaude. vive_pro)
35 401 mum (Oculusmotion/vive_pro) 40 mmm (VSENSEluther, vive_pro) A P
35 35 35
30
30 30 30
25
25 25 25
20
20 20 20
15
15 15 15
= E] 2 N B g 10 .y = = n o~ o~ ~
g 2 & &' & & g, =, g, g g 2 S, i g, £ H a N ~ N
& & 5 kS & & & & ®

&
Problems with QP15 - OculusMotion
Not playing smoothly
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UPM/Nokia - ACR20s - Gear vs. Vive vs. VivePro

Main points

e Preliminary results from 3-way anova

« Significant effects:
-  HRC
- SRC
- Condition: to verify (Problem with
OculusMotion?)

* Interactions:
- Condition vs. SRC: Significant
- Condition vs. HRC: Significant (Problem
with OculusMotion?)
- SRC vs. HRC: Significant

e Further analysis required:
o Check normality — Non-parametric
o Post-hoc tests

"

C(condition)

C(SRC)

C (HRC)

C(condition) :C(SRC)
C(condition) :C(HRC)

C(SRC) :C(HRC)
C(condition) :C(SRC) :C(HRC)
Residual

C(condition)

C(SRC)

C(HRC)

C(condition) :C(SRC)
C(condition) :C (HRC)
C(SRC) :C (HRC)
C(condition) :C(SRC) :C (HRC)
Residual

sum_sq

.604514
194.
4491.
19.
27
288.
34.
3711.

077983
466554
005227
789980
987292
830533
617308

eta_sg om
.000980 0.
.022114 0.
.511768 0.

0.003166 O.

.032928

0
0
0
0.002165 O.
o
0
o

0.0039€9 -0.

NaN

ega_sq
000830
021585
511353
001111
002413

0.030290

001303
NaN

.509689
.950983
1359.
.054040
.204866
2.493226
.752880

195956

NaN

=

W om

PR (>F)

.500202e-03
.927692e-58
.000000e+00
.142204e-02
.742648e-06
.703951e-68
.380403e-01

NaN
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UPM/Nokia - ACR20s - Gear vs. Vive vs. VivePro
Exploration

e Almost no differences in exploration (to further analyze)

o We have to correct coordinates extracted from Gear!!!

22 o L gearvr 300 [ BrazilMusic
1 vive [ Cheerleading
700 A [ vive_pro 250 - [ NokiaDOJOZENTRUMmono
1 NokiaFLAMENCO
600 200 [ Oculusbeach
Lr:>;~ 500 4 E [ Oculusmotion
v o [ VSENSEVaude
g 400 - & 150 7 VSENSEluther
firad i
300 100 - 1
200 — L
| r—\:r\:\l 50 j1
100 H} t
0 , : ' ' 0 ' ' T‘—%—
00 01 0.2 03 04 05 0.0 0.1 02 03 04 05
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Ghent - ACR20s - Tethered vs. Untethered - VivePro
MOS

VREG

BrazilMusic CheerLeadin P 2
5.0 5.0 9 NokiaDOJOZENTRUMmono NokiaFLAMENCO
SRC,condition SRC,condition 50 Y it 50 R it
45 = (BrazilMusic, tethered) 45 mmm (CheerLeading, tethered) 45 Noki DOOZ(E::.?;Umon thered 45 Ki FC.;?;N(';I:H hered
mmm (BrazilMusic, untethered) mmm (CheerLeading, untethered) v == (Nol il )| Mmono, tethered) 3 mmm (Nol i3l LA , tethered)
40 40 s (NokiaDOJOZENTRUMmono, untethered) W (NokiaFLAMENCO, untethered)
40
35 35
35
30 30
30
25 25
25
20 20
20
15 15
15
M M wn o~ o~ o M = i o o~ o 10
2 2 a o & a 2 3 o o il N 2 T ia o & b} g E ia o S b}
] & \ | | ' \ | | '
® ° g 2 & & & S g 2 & & & &
Oculusbeach Oculusmotion VSENSEluther VSENSEVaude
50 50 50 50
SRC,condition SRC,condition SRC,condition SRC,condition
45 mmm (Oculusbeach, tethered) 45 = (Oculusmotion, tethered) 45 mmm (VSENSEluther, tethered) 45 mmm (VSENSEVaude, tethered)
i mm (Oculusbeach, untethered) i s (Oculusmotion, untethered) i mmm  (VSENSEluther, untethered) i mm (VSENSEVaude, untethered)
35 35 35 35
30 30 30 30
25 25 25 25
20 20 20 20
15 15 15 15
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5
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Ghent - ACR20s - Tethered vs. Untethered - VivePro

Main points

e Preliminary results from 3-way anova

« Significant effects:

HRC
SRC
Condition: Non significant

* |nteractions:

Condition vs. SRC: Non significant
Condition vs. HRC: Non significant!
SRC vs. HRC: Significant

e Further analysis required:
o  Check normality — Non-parametric
o Post-hoc tests

'
"

C(condition)

C(SRC)

C(HRC)

C(condition) :C(SRC)
C(condition) :C(HRC)

C(SRC) :C(HRC)

C(condition) :C (SRC) :C (HRC)
Residual

C(condition)

C(SRC)

C(HRC)

C(condition) :C(SRC)
C(condition) :C(HRC)

C(SRC) :C(HRC)
C(condition) :C(SRC) :C (HRC)
Residual

sum_sq
0.552806
100.632046
2908.805133
5.931054
1.220945
145.518820
11.757978
1496.813978

eta_sq om
0.000118 O.
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NaN
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Ghent - ACR20s - Tethered vs. Untethered - VivePro
Exploration

e Almost no differences in exploration with and without cables (to further analyze)
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TUI - ACR20s - Controller vs. Verbal voting - Vive

MOS
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TUI - ACR20s - Controller vs. Verbal voting - Vive
Main points

Preliminary results from 3-way anova

Significant effects:
-  HRC
- SRC
- Condition: Significant (to verify)

Interactions:
- Condition vs. SRC: Non significant
- Condition vs. HRC: Significant (to verify)
- SRC vs. HRC: Significant

Further analysis required:

@)
@)

Check normality — Non-parametric
Post-hoc tests

n

C(condition)

C(SRC)

C (HRC)

C(condition) :C (SRC)
C(condition) :C (HRC)
C(SRC) :C (HRC)
C(condition) :C(SRC) :C(HRC)
Residual

C(condition)

C(SRC)

C(HRC)

C(condition) :C(SRC)
C(condition) :C(HRC)
C(SRC) :C (HRC)
C(condition) :C(SRC) :C (HRC)
Residual

sum_sqg
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TUI - ACR20s - Controller vs. Verbal voting - Vive

Exploration
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$SQ

When to measure?

e Average scores for short SSQ questions
and global scores for long SSQ (Nausea, All labs - 55Q
Oculomotor, Disorientation, Total score) ;|
for all labs.

10 -
e Normalized values between 0 and 4 ol
06

e Positive effect of the break 04
0.2 4
e No big differences between before and M

after the training. "

o o o
i m <
TimesAnswered

<
i

mmm Are you feeling any sickness or discomfort now? mEmm How is your level of dizziness or nausea? mmm O
= D N mm TS
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SSQ
What to measure?

e Correlation among the different questions (average for all observers in each lab).
e (Good correlation of short question “Are you feeling any sickness or discomfort now?”

with global scores

from the long SSQ.

Are you feeling any sickness or discomfort

How is your level of dizziness or

Question How? D RaUsaaT N (o] TS
Question
Are you feeling any sickness OrdiSCOr:’;f\?vf,t 1.000000 0.880287 0729281 0928642 0918340 0.944810
D 0.880287 1.000000 0.906602 0.812625 0.944481 0.965659
How is your level of dizziness or nausea? 0.729281 0.906602 1.000000 0.613290 0.790261 0.814928
0.928642 0.812625 0.613290 1.000000 0.876518 0.924910
0 0.918340 0.944481 0.790261 0.876518 1.000000 0.983559
TS 0.944810 0.965659 0.814928 0.924910 0.983559 1.000000
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VREG

SSQ

What to measure?

Average increase
(from 1st to last measure)

Most relevant factors seem to be: Eye strain, General discomfort, Fullness of head,

Are all the factors from Kennedy’s SSQ relevant for 360° video? Can we remove
@)
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Comments reported from labs
Main points
e Slight lip sync issues (Flamenco, Vaude)

e Issues with the app:
o  Some difficulties voting with the interface (RISE). Maybe a button to confirm the vote can help (AGH)
o UPM and Ghent: Due to some issues, the test session with one subject was interrupted. They had to redo the
whole session again. It would be nice to allow to re-start where the session was interrupted.

e DCR: people complain that position should not be reset between reference and PVS.

e \oting time was set to 5 seconds.
o  Some labs reported that it was too short.
o Deicssion to disable timeout
o  Some labs used timeout to avoid using the controller to vote (Ghent).
e HW problems to play OculusMotion QP15 (AGH, UPM): bad MOS results due to them.
e Tests with long videos (30s): people complain of the test duration and the length of the sequences.

More to add...
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Conclusions
Main objectives - Contribution to P.360-VR

Methodology:

1.  Recommend:
a. ACR DCR for 360° videos: \We have validated the methodologies used in the test. We can propose them as
recommendation to ITU-T.
b. Sequence duration: We haven’t found any significant difference between the sequences that we have tested.
We can recommend 10 seconds for visual artifacts (uniform or non-uniform)
2. Study of influence factors:
a. HMD: Any commercial HMD (tethered or untethered) can be used, provided that it has enough resolution /
frame rate to represent the content that is going to be tested.
b.  Source content characteristics: To further explore and confirm.
c. Uniform vs non-uniform artifacts: To further explore and confirm.

SsQ:

1.  Recommend:
a. One multi-item questionnaire (SSQ or derivation from it), and/or one single-question item
i.  Short questionnaire A (vertigo scale) correlates better with Kennedy’s SSQ — Proposal?
i. Reduce number of items from Kennedy’s SSQ
2.  Write some guidelines about: More analyses are needed
a. When/how to assess simulator sickness
b.  When can you use a single-question vs. full questionnaire
c. How to process the results / what to do with them 38



Ongoing steps
Deeper analysis of the obtained results

1.

3.

N o O

Post-hoc tests (+ non-parametric analyses?)
Observers’ analysis: Outlier rejection, MLE?

Inter-lab analysis
- ACRvs DCR

Content factors
- Camera motion
- With vs. without audio

Deeper exploration/navigation analysis
Deeper SSQ analysis
Background questionnaires

39



Exploitation of results
Proposal

1. Contribution for ITU-T P.360-VR

2. One journal paper
«  With the conclusions of the study and dataset
» Authors: people from each participant lab which have contributed significantly to the work
» Editors/writers (first authors): Jesus Gutiérrez & Pablo Pérez

3. Public data set
* All test result files (raw data)
* All PVSs (if possible) — Where? CDVL?
* Linked to the journal paper (for citation)
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Discussion
Questions? Comments?

e Thanks to:

o All people working in the tests in all participant labs!
o Providers of the source sequences

e For example:

@)

How to proceed with the contribution for ITU-T P.360-VR

o Comments/suggestions on the analysis of the results

o How to proceed with the publication of the results and dataset

e More?

e Future steps:
Phase 2: Long sequences (presence)

2. Monoscopic vs stereo, Different resolutions, ...

—
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Other Business
Qualinet White Paper on Definitions of Immersive Media Experience

Collaborative effort of QUALINET, the European Network on Quality of Experience in
Multimedia Systems and Services.

o QUALINET is known for the "Qualinet White Paper on Definitions of Quality of Experience” [2]
and QUALINET Databases [3].

White paper on Definitions of Immersive Media Experience — ideally < 10 pages

Aim: to provide survey of definitions of immersion and presence which leads to a

definition of immersive media experience (IMEX).
o QoE for immersive media: relationship between the concepts of QoE and IMEx

o Application areas of immersive media experience.
o Influencing factors on immersive media experience
o Assessment of immersive media experience.

o Standardization activities related to IMEx are highlighted
- 42



Other Business
Qualinet White Paper on Definitions of Immersive Media Experience

e First version already finish by the Qualinet community

e Now to be shared for community review at large:

o Send itto standards/industry fora as well as research communities (MPEG, JPEG, VQEG,
ITU-T, DASH-IF, VRIF, ACM SIGs, IEEE TCs, etc.)

o Request feedback until April 1, 2020

o Produce the final version to be presented at the QUALINET2020 meeting in Athlone (26-28
May 2020)

e Should we provide inputs as VQEG-IMG?
o  Coordination from chairs: collect interest, share document, set up audiocalls, ...

o Should we leave it to individual contributions?

43



IMG Work plan Report

Phase 1 - Short Sequences

Jesus Gutiérrez Pablo Pérez
Grupo de Tratamiento de Imagenes (GTI) Nokia Bell-Labs
Universidad Politécnica de Madrid (UPM) Madrid, Spain

jesus.qutierrez@upm.es

VQEG Plenary Meeting
12 March 2020


mailto:jesus.gutierrez@upm.es

