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MOTIVATION

What's the impact of higher resolution displays |
with larger screen sizes on the user experience?

Assess the perceptibility of 4K vs 8K resolution
on 8K consumer displays at typical viewing
distances for various types of content.
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CONTENT SELECTION
/ clips (10 seconds each) of native 8K HDR content

4K HDR version derived from native 8K HDR version

Brave

Dunkirk Tick ABug’s Life

8K Film Scans 8K RED Digital 8K Animation
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Nature
(Stacey Spears)

8K RED Digital



HDR CONTENT STATISTICS

CLIP DESCRIPTION CLIP NUMBER m MaxCLL

™  1@h DUNKIRK CLOSE

BRAVE

NATURE
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226

1.5

94

42

18

372

445

103

375

1,016

1,000

3,000



TEST EQUIPMENT

Warner

LG 88” 8K OLED display

Uncompressed 8K playback system

. PC with Intel 18-code i9 CPU & SSD RAID & Nvidia Geforce 1080Ti GPU

. BlackMagic 8K Pro video interface (Quad SDI)

. 4x AJA SDI to HDMI & Astrodesign HDMI 2.0 to HDMI 2.1 converters

([ 12G SDI to HOMI2.0

Converter

\_

12G SDI to HDMI2.0

12G SDI
12G SDI |
PC Playback |

Converter

12G SDI to HDMI2.0

12G SDI

Converter

12G SDI to HDMI2.0

Playback used 10bit BT.2100 PQ 7680x4320/24p format DPX files

Converter

HDMI2.0

HDMI2.0

) HDMI2.0
—

< HDMI2.0

—

4xHDMI2.0
to HDMI2.1
Converter

HDMI2.1

. Needs at least 3,000 MB/sec sustained file read rate
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8K LG OLED
Display




TEST PROCEDURE

In total 139 individuals participated
5 participants per session
e 2seatsin front row (5 feet from screen)
e 3 seatsin back row (9 feet from screen)
e 7 feet from screen = 2 screen heights
Procedure performed as a “Double Blind” test
 Each sequence consisting of two versions of the
same clip, presented twice (A/B /A /B / Scoring)
« Each sequence presented 3 times with different
order (8K vs 4K / 4K vs 8K / 4K vs 4K)

Much Slightly ~ The  Slightly Much
o better Better Better

AO0———F—TF+—+—{+—+—{1B
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VISION SCIENCE REVIEW -20/20 VISION

— Letter “F” on 20/20 line has maximum spatial
frequency 60/2 = 30 cycles per degree
D F 20/100 /,’/

, M/\
H Z P 20/70 /,’/ @
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PNTUHX 2080 _--~
. / -
UAZNFDT 20/25
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20/20 vision means a viewer can

v e T A" 20020 clearly see 30 cycles per degree
XDFHI"TZAN 20/15
;;;;; NHuPZ 20/10
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VISION SCIENCE REVIEW - PIXEL DENSITY

8K Resolution on 8K Screen - 1 Cycle in 2 Pixels
—>

* Geometry of viewing test and vision performance

.:-:-:-: determines whether details above 4K resolution are visible.

* Front row seats were 5-feet from screen
* 4K Resolution Visual Frequency = 25 cycles/degree

-: - e Back row seats were 9-feet from screen

* 4K Resolution Visual Frequency = 47.5 cycles/degree

4K Resolution on 8K Screen - 1 Cycle in 4 Pixels

»
»

Vision Visual Frequency Visual Frequency Threshold / 4k Resolution Visual Frequency
Performance Threshold [
(cycles/degree) Front Row

20/20 30 1.2

20/15 45 1.8

20/10 60
Compare Vision Threshold to 4K Resolution Visual Frequency to Viewers with 20/10 vision in the front row can see
determine if visual frequencies beyond 4K resolution are visible. 8K resolution; in the back row can see 4K resolution.
In table above, 1.0 means only 4K resolution is visible; 2.0 means Viewers with 20/20 or better vision in the front row
8K resolution is visible. can see higher than 4K resolution.
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Number of participants

VISUAL ACUITY OF PARTICIPANTS

40

w
o

N
o
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Histogram of vision amongst participants

33.8%
24.5%
17.3%
11.5%

9.4%
0.7%

20/10 20/15 20/20 20/25 20/30 20/40
Vision
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1.4%

20/50

20/70

27% with better than 20/20 vision

34% with 20/20 vision

39% with worse than 20/20 vision
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AVERAGE OF ALL RESULTS

95% confidence interval of the expected score value

4K | 8K
RIpT Clip Mean ek
o | om Across all participants, on average, 8K
Clip 6 Clip6 0.104 ——

s | we was rated marginally “Slightly Better”
o R than 4K

Clip5 Clip3 ‘ 0173 !
é‘ —_— Clip1 0.068 i
(&)
Gins - Confidence intervals overlap,
therefore no conclusion about
Cip 2 1o differences between clips
Clip 1 et
3 2 -1 0 1 2 3
Much Better Better Slightly Better Same Slightly Better Better Much Better
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S8K DETAILS MATTER ... with better vision

95% confidence interval of the expected score value

4K | 8K
Clip7 —c—
Clip Mean
clip7 0.252
Clip6 Clip6 0.104 —.—
dips 0.083
Clip4 0173
Clip 5 clip3 0173 !
dip2 0.090
0 dip1 0.068
£ Clip4 ——
o
Clip3 —_—
Clip 2 ——
Clip 1 ——
-3 -2 -1 0 1 2
Much Better Better Slightly Better Same Slightly Better Better

Average across all participants
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95% confidence interval of the expected score value

4K | 8K
Clip7 —_——
Cip Mean
aip7 0363
Clip6 Cip6 0.095 ——t
aips 0.036
aipa 0.297
Clip5 aip3 0112 o =)
lip 2 0.101
g_ aip1 0.095
L Cip4 —_—
o
Clip3 —_—
Clip 2 —_——
Clip 1 ——
3 -3 -2 -1 0 1 2 3
Much Better Much Better Better Slightly Better Same Slightly Better Better Much Better

Average across participants with
20/20 or better vision
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S8K DETAILS MATTER ... with better vision

95% confidence interval of the expected score value for 20|10 front row

4K | 8K
C“p7 Clip Mean *
i | For Clip 4 and Clip 7, viewers
Clip 6 dies 0090 —_— . o o
’ v | with excellent 20/10 vision
o o , sitting close to the“sqreen
W | rated 8K versions “Slightly
& cips . I —— Better” than 4K version
Clip 3 —_——
Clip 2 (—
Clip 1 -
i -2 -1 0 1 2 3
Much Better Better Slightly Better Same Slightly Better Better Much Better
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EQUALLY WEIGHTED SCORES

Quantized Score Distribution
. 4k>8k
o -__- 4k=8k
mmm 8k>4k
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Shows Clip 7 had different distribution of scores
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95% confidence interval for equally-weighted expected score value

Cip?7
Clip6
Clips
Cip4
Cip3
Clip2
Clip1

0.180
0.100
0079
0112
0.119
0.054

0.025

4K | 8K

——

Better
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CONCLUSIONS

- Testresults show thatincreasing resolution from 4K to 8K under typical viewing
conditions did not result in a significantly improved visual difference.

- Perceptual difference is highly content dependent.

- Perceptual difference is tied to vision science.

Viewers with 20/10 vision in the front row confidently rated two of 8K clips as “Slightly Better”

27% of participants had better than 20/20 vision

ITU may want to consider revising its recommendations about viewing distance to include
viewers with 20/10 or 20/15 vision

Warner Bros. is a trademark of Warner Bros. Entertainment Inc. 15 @



THANK YOU
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