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* A growing global industry alliance with more than
340 members. Strong growth in membership.
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Mission to develop, promote and support ecosystem of vendors and
certified interoperable products for the electronics industry.

Develops OPEN standards, contribution is open to all companies at
all stages of development




WA VESA  \JESA 2023 Membership

* Leading PC/computer, display, MEMBERSHIP BY REGION
hardware, software, and e _—
o orth America
component manufacturers 24%

worldwide

* VESA membership continues to
grow the most in Asia

Asia
68%
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VESA Local Asian Support Capability

* VESA has long had a dedicated Japan Task Group with charter to promote the development of
design tools and reference guides, PlugTests, educational seminars, and other activities for the
benefit of VESA member companies, particularly those in Japan.

* NEW: VESA has added to its local support to Asia to address growing regional membership needs
* China (Mainland) and Taiwan are the fastest growing areas for VESA's membership.
*  Kellen is VESA's Representative for all Chinese speaking areas of Asia

* This partnership will provide members with a communication option in their native language. Kellen
will handle membership related activities including, new membership requests, renewals, PlugTest and
event support and translation of VESA member messaging, etc.
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VESA Standards Enable Many Market Segments...

.
R

Gaming consoles and
headsets

laptops

Digital signage / kiosks

Digital projectors

Automotive
Smartphones and tablets
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...As Well as Many Aspects of Display Technology

Display
Interfaces

Display
Metrology

DisplayPort
Embedded DisplayPort (eDP)
DisplayPort Alt Mode

DisplayPort Tunneling
(USB4 and Thunderbolt)

DP Automotive Extensions
(DP AE)

Standardized Display
Performance Measurement

VESA DisplayHDR
Certification  (High
Dynamic Range)

VESA ClearMR
VESA AdaptiveSync

Display Data
Compression

Display
Capability
Parameters

Display Stream Compression
(DSQ)

VESA Display Codec for
Mobile (VDC-M)

DisplaylD
Extended Display
Identification Data (EDID)

Multi-Display Interface
Bulk Display Protocol



DISPLAYPORT™ 2.1
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DisplayPort 2.1 Summary
« DisplayPort v2.1 was released in October 2022

» DisplayPort 2.1 brings DisplayPort into convergence with USB4 PHY
specifications to ensure the highest video performance across a
broad range of consumer products

* Added DP40 (up to UHBR10) and DP80 (up to UHBR20) cable
specifications and certification

« Enhanced DP connectors provide highest performance with full sized
DP and mDP connectors

https://vesa.org/featured-articles/vesa-releases-displayport-2-1-
specification/



https://vesa.org/featured-articles/vesa-releases-displayport-2-1-specification/
https://vesa.org/featured-articles/vesa-releases-displayport-2-1-specification/

m VESA D DisplayPort™

EVOLUTION OF DISPLAYPORT
DATA BANDWIDTH

» DisplayPort 2.1 enables up to 3X
increase in video bandwidth
performance

100

80 Gbps
o

» First standard to support 8K resolution
(7680 x 4320) at 60 Hz refresh rate with
full-color 4:4:4 resolution, including with
30 bits per pixel (bpp) for HDR-10 5°
support

75

80% 80% 80%

32.4 Gbps
a0 8

25

« Beyond 8K resolutions achieved with
maximum link rate to up to
20 Gbps/lane and more efficient
128b/132b channel coding

DP 1.1 DP 1.2 DP1.3/14 DP 2.1

Qreeenien o Max Link Bandwidth (Gbps)
——— Max Payload Bandwidth (Gbps)

Link Efficiency
(Payload Bandwidth/Link Bandwidth)
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DisplayPort 2.1 Resolution Capability
(Single Display Examples)

Port Configuration DisplayPort 1.4a DisplayPort 2.1

No Compression

4 Lanes, max link rate 5K (5120x2800)@60fps 24bpp 10K (10240x4320)@60fps 24bpp
2 Lanes, max link rate 4K (3840x2160)@60fps 24bpp 8K (7680x4320)@30fps 30bpp
With Compression (DSC)
4 Lanes, max link rate 8K (7680x4320)@60fps 30bpp 16K (15360x8460)@60fps 30bpp
2 Lanes, max link rate 5K (5120x2800)@60fps 24bpp 10K (10240x4320)@72fps 30bpp
Notes: Key:
» 2 Lane configuration is common for USB-C DP Alt Mode * DSC = Display Stream Compression
+ All above modes assume full 4:4:4 color encoding » fps = frames per second

* 30bpp is required for DisplayHDR operation * bpp = bits per pixel
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Optimization for Shared Interface Use

« Numerous specification enhancements to simplify the use of
DisplayPort as an ingredient in the following interface examples:
« The USB-C connector, using the DisplayPort Alt Mode (DP Alt Mode)
* VESA Embedded DisplayPort Standard (eDP)
* ThunderBolt
« USB4
*  Wireless interfaces

12
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DP 40/DP 80 Cable Specification and Certification

Developed as part of DP 2.1 specification update

DP40 and DP80 Certified cables provide added assurance of smooth
operation and full compliance at the UHBR data rates

Dozens of DP40 and DP80 cables have been certified since launch of

program
I 40—

I 50—

-940_
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VESA Technology
Development Areas
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VESA technology development

« VESA members are collaborating on several key technology areas

* AR/VR Task Group

»  Specification is released. Work started on CTS

*  Focused on creating solutions roadmap to meet performance, power and implementation requirements for
future AR/VR needs

« DP Automotive Extension Task Group

*  Working with automotive industry to address needs for high-resolution performance in this market segment
*  Working on DP AE specification and CTS

« Bulk Display Protocol

*  BDP specification and CTS nearing release

« Display Performance Metrics Task Group
» DisplayHDR, ClearMR, AdaptiveSync

15
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USB4 Overview

* Runs over USB Type-C® interconnect
* Tunnels USB3, PCle and DP protocols
« Signaling rates of 10 or 20 Gbps (10 to 40Gbps aggregated b/w)

* Helps converge USB Type-C connector ecosystem to minimize end-
user confusion

Tunneled Protocols USB4 Fabric Tunneled Protocols
USB3 USB3
5 L ysB4 Packets - S
Router Router

16




DP Alt Mode v 2.1 Overview and
Updates

Presented by Tim Wel, Senior
Application Engineer, Ellisys



DP Alt Mode v 2.1 Overview and Updates

Tim Wei — Senior Application Engineer, Ellisys

VESA Seoul Workshop

October 10, 2023 USB

Enabling Connections™




USB Test and Analysis Solutions

USB Explorer™ 350 Type-C Tracker”
E el e L

_-l—--.—'---'

—

Protocol and Electrical Analysis Tool
for USB Type-C® Standards

Includes DP AUX and DP ALT Support

ellisys

Better Analysis

Multi-function USB Type-C®, USB 3.2,
and Power Delivery Protocol Test Platform

VESA-Approved Tester for DisplayPort ALT Mode




Example USB Type-C Configurations

Either end can serve as USB Host, USB-PD Power Consumer, and DisplayPort Video Source (these services are
independent of each other

Device Charging

Device Charging

—_—

— USB 2.0 or 3.1 Data

— Display Data

Device Supplying Power

\

—
USB 2.0 or 3.1 Data

€< Display Data




DP Alt Mode over USB-C Ecosystem is Mainstream

-

-_—

= - :‘“ . .
. F A
USB-C Tablets USB-C Laptops USB-C Displays Multi Function Adapters

All types of certified adapters available

« Cto DP adapters, Multifunction docks

 Type C protocol converters (HDMI, VGA, DVI) using DP Alt Mode

More are certified every week

= Major PC OEMs continue to launch new products with DP Alt Mode over USB-C

= Major Display OEMs continue to add USB-C inputs to their products



DisplayPort
s>

—
USB Type-C USB Type-C
USB Type-C to Type-C Cable N o

Power Delivery

‘or

* A passive Full Feature USB Type-C to Type-C cable can carry up to four
DisplayPort lanes
* Same performance and features as a standard DisplayPort connection

* Allows DisplayPort data rates to increase in the future, since the USB Type-C
connector has very high data rate capability

* DisplayPort can be combined with USB 3.2 operation over the same USB
Type-C cable

* USB 2.0 and USB Power Delivery is available in all configurations



USB-C Device with
DisplayPort Source

usB 2.0

USB-C Device with
DisplayPort Sink

(such as phone, tablet, PC,
set-top box, game console,
or output of docking station

or AV Receiver)

SSTX =

: (USB 3.1) SSRX
P DP Lane O
Type-C DP Lane 1 Type-C
Connector — ‘ B connector
: \DisplayPort AUX+, AUX- =
< CC, HPD 1D | )
< VBUS -
GND

(such as monitor, TV, or
input into docking station,
or AV Receiver)

* Uses a standard “Full Feature” USB-C to USB-C cable which is designed to include DisplayPort

* The above configuration uses two high-speed lanes each for DisplayPort and USB 3.2
* |deal for docking stations, or for displays or TVs that include USB 3.2 functions




SSFXT DP Lane?2

DisplayPort
Source

VBUS

GND

SSRXT DP Lane3 :
SSFXZ DP Lane 1 -
SSRXZ DP LaneO -
el USB 2.0 e
Connector SBUATZ  AUX+, AUX- Connector
CC, HPD / VcoNN @:

DisplayPort
Sink

 Utilizes optional DP Alt Mode capability of USB Type-C connector

* DisplayPort can use all four high speed lanes to deliver full DisplayPort

performance

* The DisplayPort AUX Channel uses the SBU pins
* The DisplayPort HPD / IRQ is transmitted over the CC pin using the USB-PD

protocol

* USB 2.0 and USB Power Delivery always available




Typical DisplayPort Alternate Mode Flow

@ Untitled.ctrt - Ellisys Type-C Tracker Analyzer
File  View Layout Search  Record Tools  Help

T EF I |83 | b Record ~ @ Stop [ Restart 2 . % | ENavigate » ) | ) Markers » L (), @

USB PD Overview |
Grouping = | 120 items displayed

Item o7 I - BitRate w  Direct.., » 5.
¢ SOP' Discover Identity (x 4) 296,713 kbit/s ouT QK
= Source Capabiliies (1=Fixed 5V 1.54) 296.63 kbitfs, 3... OQUT K
5_'-‘_ Reguest (1 =Fixed 5V 1,54, Requested 1.5A4, Max 1.54) = Accepted 300.553 kbitfs, ... IM (0]4
= PsRdy 296.674 kbitfs, ... OUT 0K
= E_. DisplayPort Discover Modes = Ack (UFP_D Capable, CD) 296.63 kbitfs, 3... OUT ()4
= DisplayPort Discover Modes 296,63 kbitfs, 3... OUT QK
4=, DisplayPart Discover Modes Adk (UFP_D Capable, CD) 300,553 khitfs, ... IM K
=54 Apple Discover Modes > Ack (0x00000002, 0x00000001) 296.63 kbitfs, 3... OUT oK
= Apple Discover Modes 296.63 kbitfs, 3... OQUT K
4 Apple Discover Modes Ack (0x00000002, 0x00000001) 300.481kbitfs, ... 1IN oK
= E_, DisplayPort Enter Mode (Mode=1) = Ack 296.648 kbit/s, ... OQUT (]9
= DisplayPort Enter Mode (Mod==1) 296,648 khitfs, ... OUT K
4= DisplayPort Enter Mode Ack 300.598 kbit/s, ... IN oK
= E_, DisplayPort Status Update (DFP_D connected, Mot Enabled) » Ack (UFP_D connected, Enabled, HPD Low) 296,648 kbitfs, ... OUT QK
= DigplayPort Status Update (DFP_D connected, Mot Enabled) 296,648 khitfs, ... OUT K
4= DisplayPort Status Update Adk (UFP_D connected, Enabled, HPD Low) 300.553 kbitfs, ... IM (0]4
— El DisplayPort Configure (Set Config as DP Sink, D) = Adk 296.648 khitfs, ...
= DisplayPort Configure (Set Config as OP Sink, O 296,648 khitfs, ... OUT K
4=, DisplayPort Configure Adk 300,418 kbitfs, ... IM (]9



SVDM Header Update (by USB PD Spec)

Cable DP Capabilities VDO update to support UHBR20 and UHBR13.5

* Both passive and active cables

SOP’ Active Cable DisplayPort Configurations VDO update
DP Capabilities VDO Update (DPAM Version field)

SOP DisplayPort Configurations VDO Update
« Cable information

 DPAM Version
DisplayPort Status Update VDO Update



12:11 Structured VDM
Version (Minor)®

Version number (Minor) of the SVDM (not the USB PD version
number).

00b = Version 2.0 or earlier

01b = Version 2.1

All other values are RESERVED.

14:13 Structured VDM
Version (Major)®

Version number (Major) of the SVDM (not the USB PD version
number).

00b = Version 2.0 or earlier.

01b = Version 2.X. (X indicates SVDM minor version)

All other values are RESERVED.

12:11 was reserved

10




Table 4-5:

SOP' Cable DP Capabilities (VDO in the Responder USB PD Discover Modes

VDM)? Table 4-2: Active Cable DP Capabilities (VDO in the Responder USB PD Discover Modes VDM)
Bit(s) Description Values Bit(s) Description Values
1:0 RESERVED RESERVED (always 00b). 1:0 RESERVED RESERVED (always 00b).
i -i‘-il.gan;li];%tlef. XXXIb = Supports all defined DP bit rates up to HER3. XX1Xb 5:2 Signaling for Transport XXX1b = Supports DP bit rates and electrical settings (shall always be set apart
Disp]a[;'Por ¢ = Supports DP bit rate UHBR10. of DisplayPort Protocol® | from diagnostic purposes).
Protocol® X1XXb = Supports DP bit rate of UHBR20 (e.g.. 0111b XX1Xb =RESERVED.
supports all DP bit rates, including UHBR10 and UHBR20). X1XXb = RESERVED.
All other values are RESERVED for higher bit rates.® 1XXXb = RESERVED.
76 RESERVED RESERVED (always 00b).
: - 7:6 RESERVED RESERVED (always 00b).
15:8 DP Source Device 0Ch = Pin Assignments C and D are supported. _ . . .
Is’i“ AssligL;m?llﬁ 10h = USB-C and DP connector Pin Assignment E is supported. 15:8 Zifoﬁ;{;igg:w;:; d 0Ch = Pin Assignments C an(} D are supported.
upporte All other values are RESERVED. 2l Supp All other values are RESERVED.
23:16 DP Sink Device 0Ch = Pin Assignments C and D are supported (USB-C-to-USB- 23:16 DP Sink Device Pin 0Ch = Pin Assignments C and D are supported
Pin Assignments C cable). Assignments Supported (USB-C-to-USB-C cable).
Supported 10h = USB-C and DP connector Pin Assignment E is supported. All other values are RESERVED.
All other values are RESERVED. 31:24 RESERVED RESERVED (always 00h).
25:24 RESERVED RESERVED (always 00b). o vl indieates “Dom’t Core.
264 UHBR13.5 0=UHBRI13.5 is not supported.
1 =UHBRI3.5 is supported.©
27 RESERVED RESERVED (always 0).
29:28d Active Component | 00b = Passive.
01b = Active re-timer. 10b = Active re-driver.
11b = Optical.
31:30 DPAM Version 00b = Version 2.0 or earlier.
01b = Version 2.1 or higher.

11




Active Cable DisplayPort Configurations VDO
update

Table 4-3: Active Cable DisplayPort Status Update

Bit(s) Description Values
2:0 RESERVED RESERVED (always 00b).
3 Enabled 0 = Active cable DP functionality is disabled.
1 = Active cable DP functionality is enabled and operational.
31:4 RESERVED RESERVED (always 0000000h).

Table 4-7: SOP' Active Cable DisplayPort Configurations
Bit(s) | Description Values

10 Select 00b = Set configuration for I/SB.*

Configuration . . .
01b = Set configuration for active cable as a DP Source device
(UFP_U is a DP Source device).IJ
10b = Set configuration for active cable as a DP Sink device
(UFP_U is a DP Sink device).?
11b=RESERVED.

5:2 Signaling for Oh = Bit rate is unspecified (used only when the Select
Transport of Configuration field is programmed for USB Configuration).
DisplayPort 1h = Select DP bit rates and electrical settings. All other values
Protocol

are RESERVED.

7:6 RESERVED RESERVED (always 00b).

15:8 Configure Active 00h = Deselect pin assignment. 04h = Select Pin Assignment C.°
Cable Pin ) . d
Assignment 08h = Select Pin Assignment D.

10h = Select Pin Assignment E.©
All other values are RESERVED.
31:16 RESERVED RESERVED (always 0000h).

12




DP Capabilities VDO Update

Table 5-5: DP Capabilities (VDO in the Responder USB PD Discover Modes VDM)

Table 5-6: DP Capabilities (VDO in the Responder USB PD Discover Modes VDM)
Bit(s) Description Values?
1:0 Port Capability 00b=RESERVED.
01b = DP Sink Device Capable (including DP Branch device).
10b = DP Source Device Capable (including DP Branch device).
11b =Both DP Source and Sink Device Capable.
52 Signaling for Transport XXX 1b = Supports DP bit rates and electrical settings (shall always be set
of DisplayPort Protocol apart from diagnostic purposes).
XX1Xb =RESERVED.
X1XXb=RESERVED.
1XXXb = RESERVED.
6 Receptacle Indication 0 = DP interface is presented on a USB-C plug.
1= DP nterface 1s presented on a I/SB-C receptacle.
7 USB 2.0 Signaling Not Used 0= USE 2.0 may be needed on A6 — A7 —or— B6 — B7 while
in DisplayPort Configuration.
1= USB 2.01s not needed on A6 — A7 —or— B6 — B7 while
in DisplayPort Configuration.
15:8 DP Source Device Pin 00000000b = DP Source device pin assignments are not supported.
Assignments Supported XXXXXXX1b = RESERVED.
(reported by a DP Source B
device receptacle or XXXXXX1Xb=RESERVED.
DF Sink device XXXXX1XXb = Pin Assignment C is supported. b
(direct-attach) plug) . . 4
XX 1XXXb = Pin Assignment D is supported.®
XXX1XXXXb = Pin Assignment E is supported ®
XX13300{Xb = RESERVED.
X133000XXb = RESERVED.
13000000Kb = RESERVED.
2316 DP Sink Device Pin 00000000b = DP Sink device pin assignments are not supported.
Assignments Supported XXXXXXX1b = RESERVED.
(reported by _
a DP Sink device receptacle XXOOOK XD = RESERVED.
or DP Source device X30OO{133Kb = Pin Assignment C is m.lppm'ttscl.f
(direct-attach) plug) . .
XXXX1XXXb = Pin Assignment D is supported.© &
XXX1XXXXb = Pin Assignment E is supported 2
XX1XXXXXb=RESERVED.
X1XXXXXb=RESERVED.
133C0000(b = RESERVED.
29-24 RESERVED RESERVED (always 00h)
31:30 DPAM Version! 00b = Version 2.0 or earlier.

01b = Version 2.1 or higher.

Bit(s) Description Values?
1:0 Port Capability 00b=RESERVED.
01b = DP Sink device-capable (including DP Branch device).
10b = DP Source device-capable (including DP Branch device).
11b = Both DP Source and Sink device-capable.
5:2 Signaling for Transport XXX 1b = Supports DP bit rates and electrical settings (shall always be set
of DisplayPort Protocol apart from diagnostic purposes).
XX1Xb = RESERVED.
X1XXb = RESERVED.
1XXXb = RESERVED.
6 Receptacle Indication 0 = DP interface is presented on a USB-C plug
1 = DP interface is presented on a USB-C receptacle.
7 USB 2.0 Signaling Not Used 0= USB 2.0 may be needed on A6 — A7 —or— B6 — B7 while
in DisplayPort Configuration.
1 = USE 2.0 is not needed on A6 — A7 —or— B6 — B7 while
in DisplayPort Configuration.
15:8 DP Source Device Pin 00000000b = DP Source device pin assignments are not supported.
Assignments Supported XXXXXXX1b = RESERVED.
(reported by a DP Source B ’
device receptacle or XXXXXX1Xb =RESERVED.
DP Sink device XXXXX1XXb = Pin Assignment C is suppurted.b
(direct-attach) plug) 4
XXXX1XXXb = Pin Assignment D is supported.©
XXX 1XXXXDb = Pin Assignment E is supported.©
XX1XXXXXb =RESERVED.
X1XXXXXXb =RESERVED.
IXXXXXXXb =RESERVED.
23:16 DP Sink Device Pin Assignments | 00000000b = DP Sink device pin assignments are not supported.
Supported (reported by XXXXXXX1b = RESERVED.
a DP Sink device receptacle }
or DP Source device XXXXX1Xbh = RESERVED.
(direct-attach) plug) XXXXX1XXb = Pin Assignment C is suppurred.f
XXXX1XXXDb = Pin Assignment D is supported.© &
XXX1XXXXb = Pin Assignment E is supportecl.h
XX1XXXXXb = RESERVED.
XIXXXXXXb = RESERVED.
IXXXXXXXb = RESERVED.
31:24 RESERVED RESERVED (always 00h).

If SVDM Version is 2.1 or higher, DPAM Version field is applicable else this field shall be set to 00b.

13




From DisplayPort Alt Mode 2.0 Spec

Future versions of this Standard may describe other modes associated with the DP_SID. Such
modes shall be identified by having a non-zero value 1n bits 31:24 of the VDO. The DFP U shall
examine the list of modes returned until 1t finds Os 1n bits 31:24 of the VDO and a non-zero value
in bits 23:0 of the VDO (i.e., DP Capabilities). The DFP U and UFP U shall use the corresponding

offset (indexed from 1) as the Object Position in the following commands:

14



SOP DisplayPort Config

urations VDO Update

Table 5-8: DisplayPort Configurations

Bit(s) Description Values
1:0 Select Configuration 00b = Set configuration for USB.2
01b = Set configuration for UFP_U as a DP Source device®
10b = Set configuration for UFP_U as a DP Sink device.
11b = RESERVED.
5:2 Signaling for Transport Oh = Bit rate is unspecified (used only when the Select Configuration field is
of DisplayPort Protocol programmed for USB Configuration).
1h = Select DP bit rates and electrical settings.
All other values are RESERVED.
7:6 RESERVED RESERVED (always 00b).
15:8 Contigure UFP U 00h = De-select pin assignment.
Pin Assigniment 04h = Select Pin Assignment C.¢
08h = Select Pin Assignment D4
10h = Select Pin Assignment E.®
All other values are RESERVED.
31:16 RESERVED RESERVED (always 0000h).

Table 5-13: SOP DisplayPort Configurations
Bit(s) Description Values
1:0 Select Configuration 00b = Set configuration for USB.?
01b = Set configuration for UFP_U as a DP Source device
10b = Set configuration for UFP_U as a DP Sink device?
11b = RESERVED.
5:2€ Signaling for Cable XXX1b = Supports all defined DP bit rates up to HBR3 -o1-
Cermtion T | iy e o
XX1Xb = Supports DP bit rate UHBR10.
X1XXb = Supports DP bit rate of UHBR20 (e.g.. 0111b supports all DP bit rates,
including UHBR10 and UHBR20).
All other values are RESERVED for higher bit rates.?
7:6 RESERVED RESERVED (always 00b).
15:8 Configure UFP_U 00h = Deselect pin assignment.
Pin Assignment 04h = Select Pin Assignment C.©
08h = Select Pin Assignment Df
10h = Select Pin Assignment E.2
All other values are RESERVED.
25:16 RESERVED RESERVED (always 0000000000b).
260 Cable UHBR13.5 0 = Not supported.' -er—eapability-is unknewn
Support 1 = Supported.
27 RESERVED RESERVED (always 0).
29:28h Cable Active 00b = Passive -or- cable type is unknown
Component 01b = Active re-timer.
10b = Active re-driver.
11b = Optical.
31:30 DPAM Version 00b = Version 2.0 or earlier.
01b = Version 2.1 or higher.

* This is the most challenging part for DPAM 2.1 DFP_U

15
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Table 5-7:

DisplayPort Status Update

Table 5-6: DisplayPort Status Update

Bit(s) Description Values
1:0 DP Source/Sink 00b = Neither a DP Source device nor DP Sink device is connected, —or— the
Device Connected adapter is disabled.
01b = DP Source device is connected.
10b = DP Sink device is connected.?
11b = Both a DP Source and Sink device are connected.
ob Power Low 0 = Adapter is functioning normally or is disabled.
1 = Adapter has detected low power and disabled DP support.
3b Enabled 0 = Adapter DP functionality is disabled.
1 = Adapter DP functionality is enabled and operational.
4b Multi-function Preferred | 0 =No preference for multi-function.
1 = Multi-function is preferred.
50 DisplayPort/ 0 = Request change to DisplayPort Configuration (if currently
USB Configuration in USB Configuration).
Request 1 =Request change to USB Configuration (if currently
in DisplayPort Configuration).
&° Exit DisplayPort Alt 0 = Maintain the cwrrent mode.
Mode Request 1 = Request exit from DisplayPort Alt Mode (if currently in DisplayPort Alt Mode).
7€ HPD State 0=HPD_Low.
1=HPD High?
g¢ IRQ _HPD 0=IRQ_HPD has not been issued since the last status Message.
1=TRQ HPD.®
31:9 RESERVED RESERVED (always 0000000h).

Bit(s) Description Values
1:0 DP Source/Sink 00b = Neither a DP Source device nor DP Sink device is connected,
Device Connected —or— the adapter is disabled.
01b = DP Source device is connected. 10b = DP Sink device is
connected.?
11b=Both a DP Source and Sink device are connected.
2b Power Low 0 = Adapter is not in low power state is-f =
1 = Adapter has detected low power and-disabled DR suppesrt.
3b Enabled 0 = Adapter DP functionality is disabled.
1 = Adapter DP functionality is enabled and operational.
44 Multifunction 0 = No preference for multifunction.
Preferred 1 = Multifunction is preferred.
5c DisplayPort/ 0 =Request change to DisplayPort Configuration (if currently in
USB USB Configuration).
Configuration 1 =Request change to USB Configuration (if currently in
Request DisplayPort Configuration).
5° Exit DisplayPort 0 = Maintain the current mode.
Alt Mode Request | | — pequest exit from DisplayPort Alt Mode (if currently in
DisplayPort Alt Mode).
7d HPD State 0=HPD Low.
1=HPD High.®
gd IRQ HPD 0=IRQ HPD has not been issued since the last status Message.
1=TRQ HPD.f
og NO DPAM SUSP | 0=UFP U/ DP Sink device has no preference for entry into low
END power state.
1=UFP_U/ DP Sink device prefers not to enter low power state.
31:10 RESERVED RESERVED (always 0000000h).

Two New timers:
* tAttentionSpacing min 10ms

* tHpdConvertPd max 5ms




Table 5-5:

DPAM Version Resolution

DFP U, Cable and
UFP U with DP SID

DFP U

Cable

UFP U

DPAM Version
Resolution

DPAM Version

2.0 or earlier

2.0 or earlier

2.0 or earlier

2.0 or earlier®

2.1 or higher

2.0 or earlier

2.0 or earlier

2.0 or earlier®

2.0 or earlier

2.1 or higher

2.0 or earlier

2.0 or earlier®

2.0 or earlier

2.0 or earlier

2.1 or higher

2.0 or earlier®

2.1 or higher

2.1 or higher

2.0 or earlier

2.0 or earlier®

2.0 or earlier

2.1 or higher

2.1 or higher

2.0 or earlier®

2.1 or higher

2.0 or earlier

2.1 or higher

DPAM 2.1 or higher®

2.1 or higher

2.1 or higher

2.1 or higher

2.1 or higher?
(Shall support
DPAM 2.1 or higher)
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a. If Initiator and Responder support SVDM Version 2.0 or earlier and if DisplayPort Alternate Mode is supported all DP

Capabilities exchange shall follow DisplayPort Alt Mode on USB Type-C specification 2.0 or earlier.

b. If Initiator and Responder both support SVDM Version 2.1 or higher and if either Initiator or Responder supports DPAM
Version 2.0 or earlier, then all DP Capabilities exchange shall follow DisplayPort Alt Mode on USB Type-C specification 2.0

or earlier.

c. When DPAM 2.1 or higher DFP U and DPAM 2.1 or higher UFP_U are connected with a legacy active DPAM 2.0 cable,
then the system shall exchange all DP Capabilities as per DisplayPort Alt Mode on USB Type-C specification 2.1 or higher
but support HBR3 rates.

d. If Initiator and Responder both support SVDM Version 2.1 or higher and DPAM Version 2.1 all DP Capabilities exchange
shall follow DisplayPort Alt Mode on USB Type-C specification 2.1 or higher.




DPAM 2.1 CTS Update (1)

[:l 10.3.2 DPAM2.1 Entry with USB-C to USB-C non-emarked cable

10.3.2 DPAMZ2.1 Entry with USB-C to USB-C Passive TBT3 cable

10.3.4 DPAMZ.1 Entry with Passive E-Marked USB-C to USB-C

10.3.5 DPAMZ2.1 Entry with USB-C to USB-C DP2.0 LRD Cable

10.3.6 DPAMZ2.1 Entry with USB-C to USB-C DP2.0 Active Retimer cable
10.3.7 DPAM2.1 Entry with USB-C to USB-C DP2.1 LRD cable

10.3.8 DPAMZ2.1 Entry with USB-C to USB-C Active Non-DP cable

b2 [ T I T R T I T I T I

10.3.9 DPAM2.1 Entry with USB-C to USB-C USB2.0 cable
ﬂ 10.3.10 DPAM2.1 Entry with USB-C to DP2.1 cable

 All these tests were added to make sure the DFP_U set correct cable information in DisplayPort
Configurations VDO

18



« DPAM Version Resolution Tests
> 10.3.23 DPAM Version 2.1 DFP_U Connected to DPAM Version 2.0 or 2.1 UFP_U
> 10.4.3 DPAM Version 2.1 Cable Connected to DPAM Version 2.0 or 2.1 DFP_U

> 10.2.8 DPAM Version 2.1 UFP_U Connected to DPAM Version 2.0 or 2.1 DFP_U



DisplayPort over USB-C w
The most advanceo
display connection now

Questions? uses the most versatile :

connector.

m VESA’ D DisplayPort’

20
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VESA AdaptiveSync Specification
Overview and Test

Presented by Do Kyun Kim, Professional

Engineer, and Seung Hyun Yoo, Senior
Research Engineer, LGE
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Do Kyun Kim (keneth.kim@Ige.com)

Seung Hyun Yoo (seunghyun.yoo@Ilge.com)
LG Electronics, Inc.

10. Oct. 2023
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Adaptive-Sync Function

WO A Frame HHP"
« 37X :Tearing/Stuttering & A|

« A9l GPUZt ELHE V-Synclt 2 L|EH 7} M2t V-SyncZt XtO] B

« Ol Z :GPUZI 1173 Frame Rate2 &, 2 L|E{ 0] A Variable Frame Rate X|2|i AdaptiveSync
AdaptiveSync O| H

«  AdaptiveSync &
. GPU(Source)._ eje L0 2l Vsync 20| A 5H0] HE El F=AFE (Frame Rate) TS
«  Monitor(Sink) Ol Al = =21 =l H|C| 2 Frame Rate0| %A X 2|50 Display
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Adaptive-Sync Operation
* Adaptive-Sync OFF

Sink(Display) _ Display B .

Adaptive-Sync OFF

Display D

Tearing

.
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Adaptive-Sync Operation
* Adaptive-Sync On : V-Sync 23 £ Tearing/f{

Adaptive-Sync On

V-Sync
ZH(B7hHE TearingZiid




W2 VEsa

History

Adaptive-Sync

s UE

K Target : eDP(embedded DP) /

\_

Adaptive-Sync

Interface &%t

Target : DP 1.2~1.4a

/

(

\_

VESA AdaptiveSync CTS
g
M 7ls, FAFE F7F
Target : DP 2.0~2.1

\

J
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Adaptive-Sync Mode

« Adaptive V-Total(AVT)
*  Gaming Mode
«  CVT2.0"EZFEO|AM 2| Reduced Blanking Timing version 3(RB3) A&

» Sourcee SinkOf| ‘82| =l Frame Rate % LH 0| A Adaptive Sync SDP 44-d3}0] F=It==
7+H

 Fixed Average V-Total(FAVT)
-+ MediaOl 2] Media playbackS X|&35}7| 2|8l At
«  CVT2.0EZF0| M| Reduced Blanking Timing version 3(RB3) AI-&
* SourceOf| A= 178 &l V-Total £ Video DataE &5

1) CVT(Coordinated Video Timings)
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DP2.1 VESA AdaptiveSync =7} &l 2 A2

« Adaptive-Sync Data Block pisplayipz-
+ CVT"2.08| Reduce Blanking Version3 Timing ~y12 ¢

« Adaptive-Sync SDP? data structure Version1 pisplayport21

VSync

BE Active Video Image N

1) CVT(Coordinated Video Timings)
2) SDP(Secondary Data Packet)
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EDID/DisplaylD QFALS
» 7|Z(Base EDID 1.4 + CTA Extension)

Base CTA

EDID1.4 Extension DID 1.3
Display Vendor

Range Limits specific block (Optional)

« HZF(Base EDID 1.4 + CTA Extension + Display ID 2.1)

Base CTA

EDID1.4 Extension DID 1.3 DID 2.x
Display Vendor ) Adaptive-Sync
Range Limits specific block (Optional) Data Block

Multi DisplayID Block(1.3/2.0 A& 7t5)
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Adaptive-Sync Data

Block

DisplaylD2.1
Bytes Bit Description/Format/Priority
) Adaptive-Sync Data Block Format
it 7.0 Value 2Bh
20 Block Revision
’ 000b = Revision O.
3 RESERVED
01h
64 Number of Payload Bytes (M)
' 000b = 5+0 bytes per descriptor
7 RESERVED
02h 7.0 Number of Payload Bytes in Block(N)
03h - *a_ 1\ . . .
03h+M-1 (M*8-1):0 | First Adaptive-Sync Operation Mode
03h ~ (M*8-1):0 | Second Adaptive-Sync Operation Mode
03h+2M-1 ' y
03h+(N-
P = (M*8-1):0 | Nth Adaptive-Sync Operation Mode
03h+(N*M) '
-1

Byte= | Bit Description/Format/Priority
Adaptive-Sync Range
0 | Ob = Non-Native Panel Range.
1b = Native Panel Range.
Successive Frame Duration Increase Tolerance(SFDIT)
1 Ob = O|X|1¢¥
1b = X|2
00b = Fixed Average V-Total Mode X|¥
0 3:2 | 01b = Fixed Average V-Total Mode 2t Adaptive V-Total
Mode x|
4 Ob =Adaptive-Sync Mode 7 A| Seamless Transition X|¥
1b =Adaptive-Sync Mode 17 A| Seamless Transition O] x|
Successive Frame Duration Decrease Tolerance(SFDDT)
5 | Ob=0/X¥
1b=X¥
7:6 | RESERVED
1 70 Max Single Frame Duration Increase
: (Max 63.75ms)
7:0 | Minimum Refresh Rate
3 7:0 | Maximum Refresh Rate Low Bits 7:0
4 1:0 | Maximum Refresh Rate High Bits 9:8
7:2 | RESERVED
5 70 Max Single Frame Duration Decrease

(Max 63.75ms)
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CVT2.0 Generator

« Reduce Blanking Version3 Timing M 7t&

1) Enter Desired Horizontal Pixels Here (I_H_PIXELS) => 3840
2) Enter Desired Vertical Lines Here (I_V_LINES) => 2160
3) Enter Vertical Scan Frame Rate Here (I_IP_FREQ_RDQ) => potE: f;f;”fs';;?;‘;fgﬁ‘gv‘“g':)gﬁ]_‘""hi" 0tz due to pixel clock rounding to 0.001MHz. Actual 60
4) Enter (Y or N) If You Want Reduced Blanking Here => y
5) Use Reduced Blank (RB) Timing version (2, 3) rules (_RED_BLANK_VER) => 3
6) Apply (1000/1001) factor to Frame Rate for video optimized variant (I_VIDEQO_OPT) (Y or N) => n
7a) Additional Horizontal Blank Pixels (I_ADDITIONAL_HBLANK) (default blank is 80 pixels, additional horizontal blank pixels between 0 and 120 0
may be added) =>

7b) Apply Early Vertical Sync Location Required (I_EARLY_VSYNC_RQD) (Y or N) => n
7c) Additional Vertical Blank Time (I_VBLANK - 460us) => horsontl in may b added. Dy Type X decriptor addonal equres | 0-00

DownLoad URL : https://vesa.app.box.com/s/o5m4tqtyt1b1gx0138ridi6lb4gg5ch6



https://vesa.app.box.com/s/o5m4tqtyt1b1qx0138ridi6lb4gq5ch6
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Ada ptive-Sync SDP Adaptive-Sync SDP SCR Payload Bytes(2/2)

. Bytes Bit = Description/Format/Priority
Adaptive-Sync SDP SCR Header Block

Remote F Buffer (RFB) Update in PR_Active Stat
Byte# Bit # Description/Format/Priority 3 OejlgoeRFrgrEEdalieer( ) Update in PR_Active State
. Secondary Data Packet ID DBO T = Update the RFB
HBO 70 00h
74 Reserved
S dary Data Packet T
HB1 70| Sohendmtvesyne DB1 70 | Minimum Vertical Total [7:0]
Revision Number DB2 70 Minimum Vertical Total [15:8]
4.0 OOh=lnitial revision ] -
HB2 01h=VESA AdaptiveSync, Version 1 is required — 7.0 Target Refresh Rate[7:0]
75 Reserved Target Refresh Rate[9:8]
1:0 - AVT mode : DB4[1:0] = 00b and DB3 = 00h.
Number of Valid Data Bytes - FAVT mode : Match the Target Refresh rate
4.0 00h=No Payload Data
HB3 01h=9712| Payload Data 42 Reserved
75 Reserved DB4 5 Target Refresh Rate Divider(FAVT only)
0=1.000 1=1.001
Ada ptlve—Sync S DP SC R Payload ByteS(1 /2) 6 Successive Frame Duration Increase Configuration
Bytes Bit # Description/Format/Priority 0=0JAtg 1= DB5XY 2f A&
VARIABLE_FRAME_RATE_DISABLE 7 Successive Frame Duration Increase Configuration
00 = AVT Mode_ Frame Duration $7 0= 0/Ar2 1= DB6X|H 2f At
0:1 01 = AVT Mode_ Frame Duration 1%
10 = FAVT Mode_ Target refresh rate & 9IS = DB5 7:0 Successive Frame Duration Increase Value(O to 63.75ms)
DBO FAVT Mode_ Target refresh rate & g - -
DB6 7.0 Successive Frame Duration Decrease Value(0 to 63.75ms)
Adaptive Sync SDP Transmission Disable in
5 PR_Active State(Panel Replay 7|5 X|¥A|) DB7 7:0 PR_Active State o
0 = Adaptive-Sync SDP2} Efo|% 5|3} Enable - Adaptive-Sync 50| H|Z’det=| %2 1 WY ES /XI5t
1 = Adaptive-Sync SDP2} E}o| 57|38} Disable DB8 7.0 = VTotal LSB(Least Significant Byte) 2f
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Successive Frame Duration Increase/Decrease Tolerance

gjo

« HiZ& : 2AStA Frame Duration 37t A| FlickerLt Judder 244 g 4= Q!

« 7|5 : #7]E Max Successive Frame Duration Tolerance % Video Rendering

* e.g. Max Successive Frame Duration Increase/Decrease Tolerance = 8ms

B

2|1E 240Hz(4.1ms) 60Hz(16.7ms)

4.1lms — > 16.7ms
12.6ms increase

_ 240Hz
240Hz(4.1ms) - 60Hz(16.7ms) 60Hz < 53 >
Successive Frame 4.1ms —» Max 12.1ms —» 16.7ms
Duration - 8ms Increase

=8ms
60Hz(16.7ms) - 240Hz(4.1ms)

16.7ms —— » Max 8.7ms —» 4.1ms
8ms Decrease

115Hz

DisplaylD2.1 37}
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Adaptive-Sync Display
CTS ver 1.1
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Program Objectives & Requirements
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Adaptive-Sync Display Logo
« Z=A : Flicker, G2G, Jitter, Frame Drop0l Ci$t Display & E7}

v

VESA CERTIFIED

MediaSync

For Film

"” VESA CERTIFIED

L/ AdaptiveSync A\

For Gaming

" VESA CEHII-IZ0 DlSFl.M"
' AdaptiveSync 1
Max Frame Rate 7| 75
Ex: 165Hz, 240Hz &
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Test &=

Flicker

Grey to
Grey
(G2G)

Frame Drop

Jitter




WA VESA

XXX ©
-1 O O

Flicker

Frame Drop, Jitter

Device : Device : Device :
Color Meter (CA:410) Photo Sensor DSLR 2|2}
DAQ(AD converter) Photo Shop

PC(Generation Tool)
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Adaptive-Sync Display CTS1.1 Requirements(1/2)

Tier
AdaptiveSync MediaSync
Maximum Refresh Rate >144Hz >60Hz
Minimum Refresh Rate <60Hz <48Hz
Response Time(Avg) <5ms -
G2G Overshoot(Max) < Delta-PQ Tolerance < Delta-PQ Tolerance
(Max Frame Rate) of each section of each section
e (CH2HoIX] &) (ChSm[o|X] &%)
Flicker Low variability refresh <-50dB <-50dB
High variability refresh <-50dB N/A
Frame-to-frame jitter duration
for 23.976- to 610-Hz video *0.5ms *0.5ms
Frame Drop 0

The 10 Static frequency video frame rates X|

23.976, 24, 25, 29.9
30,47.952, 48, 50, 59.94, 60Hz

If Successive Frame Duration Increase Tolerance

is present ,minimum duration for variable

. . . . . 8.5 ms T ms
is present, minimum duration for variable 240Hz(4.1ms) 5 79Hz(12.6ms) > 60Hz(16.7ms)
If Successive Frame Duration Decrease Tolerance

975 ms T ms
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Adaptive-Sync Display CTS1.1 Requirements(2/2)
. DeIta—FQJoIgrane Table

To/End 127 159 191 223 255
18 ‘ 18 18 18 18 18 15

15 18 18 18 18 10

15 15 15 18 10
10 15 | 15 15 10

10 |

From/Start

‘ 10
e Luminance= PQZ4r2 2 X|2t5 Over/undershootd} Saturation = 222
KtO| & Al Ak
PQ Measured Level : : .
* Luminance : 8.56cd/m2=> PQ 294 —— | | mers;“‘”‘l v

¢ Undershoot Delta : 5.56cd/m2 = PQ 261 -

* Undershoot= PQ294 -PQ261=33 | 10% """‘---..._k

— i Level A
! Undershooti \_/_ ove

-

G2G
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Testing Procedure
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Test Sequence Ambient temperature 72.5F(22.5°C) ~76F(24.4°C)

e <1000nit M| =

N o vk W=

Warm-up phase(40nit) -Thour
Static Flicker tests

Variable Flicker tests

G2G tests

Frame Drop tests

Jitter tests

If the display supports HDR,
then also the HDR tests

e >1000nit M| =

© N o bk W=

Warm-up phase(40nit) -Thour
Static Flicker tests

Variable Flicker tests

Frame Drop tests

Jitter tests

Warm-up phase(185nit)- 20 minutes

High-luminance G2G Tests

If the display supports HDR, then
also the HDR tests

DC Offset Y X|E |6 HtEA| =ACHE Test 21
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Flicker tests(1/2)

« =M :Frame Rate H20] [[}= Zie] =tOl
X

*  Zf Frame Rate OFC Pixel 2XF2| &/ A|ZHO] CHE 2 2 Bf7{(Luminance) Xt0| &}

Luminance
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Flicker tests(2/2)

« Test 24 : SDR mode 40cd/m2 by +5%Center

«  Center >-60dB S8 &|= A< > Cornerd| A (4 Point) Test =7t 578

* Test Refresh Rates

e Static: 23.976, 24, 25, 29.9, 30, 47.952, 48, 50, 59.94, 60Hz
* Variable

Low variability refresh : Zigzag Sweep, Sine Wave Sweep

High variability refresh : Square Wave, Random Frame rate W
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G2G tests(1/2) 90% surround Grey

e =X -Codevalue & Lt &

o Test 24 : SDR 8-bit Gamma 2.2 Code Values

e 9x9 Matrix AIE

Table 7-1: SDR G2G Test Levels — 8-bit Gamma 2.2 Code Values, Table 7-2: SDR High-Luminance G2G Test Levels — 8-bit Gamma 2.2 Code Values,
Displays with MaxLuminance < 1,000 cdim? Displays with MaxLuminance Z 1,000 cdim?
9 x 9 Matrix SDR 10% SDR 90% 9 x 9 Matrix SDR 10% SDR 0%
Test Patch Values Test Patch Gray Surround Test Patch Values Test Patch White Surround
Test 1 (Black) 0 127 Test 1 (Black) 0 255
Test 2 (Very Dark Gray) 31 127 Test 2 (Very Dark Gray) 31 255
Test 3 (Dark Gray) 63 127 Test 3 (Dark Gray) 63 255
Test 4 (Dark-Mid Gray) 91 127 Test 4 (Dark-Mid Gray) 91 255
Test 5 (Mid Gray) 127 127 Test 5 (Mid Gray) 127 255
Test 6 (Light Mid Gray) 159 127 Test 6 (Light Mid Gray) 159 255
Test 7 (Light Gray) 191 127 Test 7 (Light Gray) 191 255
Test 8 (Bright Gray) 223 127 Test 8 (Bright Gray) 223 255
Test 0 (White) 255 127 Test O (White) 253 255
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G2G tests(2/4)
« Test Pattern: CTS1.0 5x5 H|O|&= > CTS1.1 9x9 H|O| =

8bit G 2.2
s 0 63 127 191 255

0 X

AS1.0 2

Elo| & 127
S5X5 '” IE o

_ 255

oIt G 77 '
pa 0 31 63 95 127 159 191 223 255

0 X
31
63

AS1.1 9o

127
9x9 H|o|5 159
191
223

RS

X

Tests that end at code value 31 are excluded because at the 1.79 cd'm; luminance level, festing tools

are typically not both sufficiently fast and sufficiently accurate to obtain reliable results.

XXX XXX XX
X
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G2G tests(2/2)

» Tool Setting : MCC USB-1608FS-Plus(DAQ) + Photo Sensor + ‘== E = 2CH

Photo Sensor

Adaptive-Sync Tool &%}

I
- - ’, G2G Automation Tool S%F
- 4 . L — ==

T ol 5§
of " g
\ a1 |
A ( gﬂ'
. = ~ N : :

-
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Frame drop tests

- =X :Frame Drop 29l

e Test 2t : 1702 WhiteE & 0| Frame™ QLEZCZ 0|

« Testing frequency : Max refresh rate/ Random refresh rate

Max refresh rate Random refresh rate
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Jitter tests
« =% :Video XM= =¥ errorz?l

e Test 2t4 : Frame Drop Testing If B 1} &
« Testing frequency : 23.976, 24, 25, 29.97, 30, 47.952, 48, 50, 59.94, 60Hz
« SE YH: 220|= Blocks 1= 5¢F 2 HASH0] 2} Block2
Luminance H2}7} A =X|
- ZEMNITZTHO|AM Code Value Deltagt 291 7ts (XHAIBH QAL

ot

2 CTS & X)

0

It
R
—
ik
08
N
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HDR tests

=M : HDR On%Y|A| Frame Rate B2} O 5 2FOI (i xai 41 rest 8171 20ts =

Test 24 : Flicker testingOl| M 2| Square Wave AtE

A

M HFH - Frame RateO]| [LF= Luminance B3} PatternO| ™

Pass
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ClearMR Specifications and Compliance
Testing Overview

Presented by Dr. Yongwoo Yi, Principal
Engineer, Samsung Display



VESA Seoul Workshop 2023

ClearMR

: Specifications and Compliance Testing Overview

October 10, 2023

Yongwoo Yi
Samsung Display Co. Ltd.

SANMISUNG SAMSUNG DISPLAY




Problem statement

Clear Motion Ratio design

Setup for testing: Hardware and Software

Seeing is believing

SAMSUNG DISPLAY



01 Problem statement
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Blur beyond recognition
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100px >

still frame of the actual pattern motion composite showing blur similar to
what humans might see
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Blur beyond recognition

Actually, vertical lines 2 pixels wide, 2 pixels apart

Horizontal lines?

L

SAMSUNG DISPLAY



Product A

LEE X -4.#&:.1
L

Product B

Y
-

* 1 frame Captured by High-Speed Camera(10,000 fps)

SAMSUNG DISPLAY




The problem statement

 How blurry is the picture

Imlmllll
Ly

L

 |s blur by Product A the same as blur
by Product B?

...lllll!

lﬂli

 \What metric/method is best for

quantifying blur?

- Hertz (Hz) "~ Product A [240Hz]

- milliseconds (ms)

- G2G? MPRT?

Product B [175Hz]

SAMSUNG DISPLAY



Blur vs. MPRT(Moving Picture Response Time)

.+ MPRT [ms]
« only analyzes 80% of light
 Incorrectly assumes linearity outside of 10% and 90%

Linear blur profile

Non-linear blur profile

blur profile ~ kgcqie X MPRT blur profile # kgcqie X MPRT

SAMSUNG DISPLAY




Blur vs. MPRT(Moving Picture Response Time)

Blur Edge Width vs. MPRT

30

S

)
3]
X
2
<
v
=
®
=)
S
w
S
=
m

QO 1080p240
0O 1440p144

O 2160p060 LCD
O  2160p060 Kdeal

15 20
MPRT [ms]
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A new metric : Clear Motion Ratio (CMR)

* No objective blur description
» Gray-to-gray is a step response, do not explain the full picture
 MPRT only analyzes 80% of light
* A new metric must:
« Capture all the display light output
» Be suitable for high density displays > 300 ppi
» Be repeatable
» Make fair points of comparison (eg. Limit overdrive to eliminate ghosts)

V ClearMR uses the new Clear Motion Ratio (CMR)
for a better and fairer measure of display blur.

SAMSUNG DISPLAY




02 Clear Motion Ratio design

SAMSUNG DISPLAY



ClearMR : Theory of Operation

Concept Test pattern and capture

Blur profile Blur image composition

Frame stack

PPF

SAMSUNG DISPLAY




Concept

2° - 10° Observer * Determine pixels viewed when eye tracking
 Use a focus area similar to the CIE Standard Observer

* 10 ° field of view good for motion

« 2 ° model would apply to fixed objects

Ve \  Viewing distance at 1.5H(height)
N » Fast motion but does not exceed human tracking
capability

* 15°/s angular velocity (v,)

« ~4sto cross a 16:9 screen (61.3 °)

SAMSUNG DISPLAY




Test pattern

SAMSUNG DISPLAY




Test pattern

100:00:07(95%)

ASUS Zenbook

SAMSUNG DISPLAY



PPF

Patten speed

Calculator and table to determine an applicable PPF. The DUT may only use integral PPF values

Please edit only green values

04-02
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« Calculated PPF is Real number - flooring & ceiling

« 15° /s - PPF (pixel per frame)

« Logarithmic Interpolation

SAMSUNG DISPLAY



Image captured by high-speed camera

High-speed Camera 1 frame captured by high-speed camera
ex) 240Hz monitor with 10,000fps camera - N = 10000/240 = 41.67

SAMSUNG DISPLAY



Blur image composition

SAMSUNG DISPLAY




Blur image composition

SAMSUNG DISPLAY




Blur profile

blur profile
= Vertically averaged blur image

SAMSUNG DISPLAY




Profile identifies the Blur Edge Width (BEW)

» Accounts for non-linearity

» Accounts for light outside of BEW,,

« Challenge: calculation should
include all luminance change

« BEW,_ is between the knees (<) of
the profile

« BEW, corrects for non-linearity of

the profile locus outside of BEW,

*BEW,, : measured BEW
* BEW, : effective BEW

* C,, : contrast modulation

Normalized luminance

* r2 : coefficient of determination
300

Camera pixels

SAMSUNG DISPLAY




CMR(Clear Motion Ratio)

Clear Motion Ratio : Ratio of Blurry pixels and Clear pixels in a 70 °FOV with Viewing distance at 7.5H

Viewed pixels

<
<

»
»
=l

Clear pixels l
\(/

O

CMR =

SAMSUNG DISPLAY




CMR(Clear Motion Ratio)

Viewed Pixels CMR =

<
<

Clear Pixels I
\po/

, , arc
Viewed pixels|= 2d,v,,s tan (T)
d, = 1.5H
Vres = Display Vertical Resolution
arc = 10°
Blurry Pixels = BEW,

display pixels =

Camera pixels

display pixel density

camera pixels X . .
camera pixel density

SAMSUNG DISPLAY




Rising and Falling (Leading and Trailing)

trailing edge

leading edge

0% 33% 25% 67% 75% 100%
o | A I N N
25 [ I I I R
33 [ A N I
7% [ I I R N
75 [ A I N
o0 | I N I

SAMSUNG DISPLAY




Rising and Falling (Leading and Trailing)

0% 33% 67% 100%

0% NN
33% N

25% 75%

67% 25%
100% | N N 75% [
0% < 33% 33% & 67% 25% © 75%

I 0% 33% 25% 67% 75% 100%
gy [
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Ghosts and coronas

* Ghosts » Coronas
— Uneven transitions —Inverse of ghosts
— Trailing artifact — Over-shooting the final pixel value
— Usually, a dark trail —Atrailing glow
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Working definitions by Mark Rejhon (2021)1...

1. Accessed July 26, 2021. hitps://blurbusters.com/fag/lcd-motion-artifacts
2. Test patterns © 2021, Samsung Display Co., Ltd. right reserved.
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Over/undershoot creates ghosts and coronas

Black line White line
Undershoot Overshoot

—
t

Undershoot__}_____\,/
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Moving bar subjective test

75% gray (224d) . ) Test

image

Travel direction of light gray bar

Default

Increased
overdrive

Excessive
overdrive

Overshoot < 20%, Undershoot < 10%
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03 Setup for testing: Hardware and Software

SAMSUNG DISPLAY



High Speed Camera & Lens

« High Speed Camera
* 10,000 fps
 Monochrome 12-bit+ precision
« atleast 768px wide
« Example: Photron FASTCAM Mini AX100 or better
Vision Research Phantom VEO 1010 or better

 Macro Lens
« Macro with 1:1 magnification (avoid ultra macro with over 1:1 magnification)
* Prime, /2.8, fixed focal length, typically 70 to 105 mm
« Match lens size with camera sensor (ie: full frame lens with full frame camera sensor)
» Match lens mount type with camera (ie: Nikon F / Canon / C)
» Check back focus length (Photron appnote)
« Example: Sigma 105mm /2.8
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Macro Lens Setup

* Focal Distance
* Get close ~0.3m screen-to-sensor
« The camera’s ideal 1:1 magnification occurs at the minimum focus distance
« Target between 85% and 100% of the ideal magnification
« CTS Calculator helps find the ideal magnification.

This table calculates the user's camera magnification in use

A ) Camera model FASTCAM Mini AX series 500.00 ppcm
<2 1'; ~.-|;!;5_ '.'I’ Display parameters Camera
Tog? 1 i horizental rtical anel pixel sensor pixel 1:1 Sensor pixels Minimum
03 . orizonta vertica
b — Type Diagonal . ) pane’p P ensor pixels / T
| & z . resolution resolution density density display pixel magnification
i SIGMA | pixels pixels ppcm ppecm ratio 85.0%
105am1:2.8 D G MACRO HSM Manitor #1 example 1920 1080 32122 15.566 13.23
f e Monitor #2 example 34 3840 1440 47.483 10.529 8.95
- Small laptop 13.3 1600 89.363 500 5.595 4.76
Larger laptop 15.6 3840 2160 111.191 500 4,457 3.82

« Note the following attributes for later:
« Capture Frame Rate
« Sensor density
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High Speed Camera : Align

o
Q
S
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Align monitor
Align camera

 Fast Ethernet connection to the camera and...
« Use a good tripod with gear controls for easy alignment
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High Speed Camera : Focus
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High Speed Camera : Camera Magnification

* Measuring the calibrated cross

« Measure a known pattern

 this cross has 10 px/div markers

A — . Sensor = 1024 x 1024 (informative)

Head 1

Wi vode | g b4 CRRCLEELE STECERTRD : : « X cursors = 888, 46

7 R 2 e A R (888 — 46)
: : mag = 60 -

lllllllllllllllllllll

. =
B L E it e

enneditis FEEEEI 5 i « Put a screenshot in the test report

LLLLLLLLLLLLLLLLLLLLL

44— 60 display pixels —>

17 Snapshet

y - | -

Live §lop

SAMSUNG DISPLAY




High Speed Camera : Calibration

Calibrated

Uncalibrated Uncalibrated

600 800 1000 1200 C 20 4 600 800 1000 1200

« Calibrate and set the black level of the camera after setup
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Pattern Generator

» Generates test pattern at various PPF rates and luminance
« Still images used for camera alignment and magnification calculation
* Download from VESA (CMR Tools)

Pattern 01. 0 to 155 PPF: 8
q:Quit p:Pause $:PPF «:pattern

« Pattern displayed with levels,
PPF rate, Hot keys

e (Center of screen markers

o Actual frame rate,
e must be stable
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Frame stacking using “digital pursuit”

Record an image stack sequence S/W combines into a blur image
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CMR Analysis : overview

« Abatch program with several functions C:\demo>cnr_84.15.2022.exe —help

Usage: cmr_84.15.2022.exe [OPTIONS] COMMAND [ARGS]...

» [profile] creates a look-up table of image stack
directories with all data required to find the clear motion

| (c) 2028-2022 Samsung Display Co., Ltd. ALl Rights Reserved. CMR Analysis

Optiens:
: —wersion Show the version and exit.
FEBtI() | -v, ——verbose
. . . . -p, —ppf INTEGER pf override
« [blur] transforms multiple image stacks into blur profiles | Zi. rioar monitor frame rate override
. . . -5, ——scale FLOAT camera magnifciation scale override

* [cmr] build an analysis table of all blur profiles and | —-vres INTEGER vertical resolution override

—hres INTEGER horiz resolution override

StatIStICS —¢, —camera_fps INTEGER camera frame rate override

——sensor_density FLOAT Sensor density (px/cm)

* Usage IS cmr [OPTIONS] COMMMAND g g;:z:‘:azhiiﬂc::i}scale within 85% of ideal

——ignore_mag

magnification

-r, —root_prefix PATH [default: (C:\demo)]

—i, —indir PATH [default: ($ROOT/profiles/)]

-0, ——outdir PATH [default: ($ROOT/plots/])]

—-h, —help Show this message and exit.
Commands :

blur - calculate blur profile from images

cmr - calculate cmr from profile

profile - generate profiles/blur_params.csv
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CMR Analysis : read in parameters [profile]

name ppf hz scale vres hres camera_fps denSen diagonal
gamemnt_239Hz_2ppf_0_212_C001H00150001 2 23976 135 1080 1920 10000 500 27
gamemnt_239Hz_2ppf_0_255_C001H00150004 2 23976 135 1080 1920 10000 500 27
gamemnt_239Hz_2ppf_155_212_C001H001S0001 2  239.76 135 1080 1920 10000 500 27
gamemnt_239Hz_2ppf_212_255_C001H001S0002 2  239.76 135 1080 1920 10000 500 27
name Directory name of captured images
ppf PPF (from pattern generator)
Hz Display’s refresh rate
scale Camera magnification (from capture and measure)
vres Display’s vertical resolution (pixels)
hres Display’s horizontal resolution (pixels)
camera_fps Camera’s capture frame rate
denSen Camera’s sensor density (ppcm)
diagonal Display’s diagonal (inches)
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CMR Analysis : [blur]

D:\mb\mb_data\game_monitor_24@>cmr -r day_©1 blur

name ppf hz scale wres ... denSen diagonal 1lpf 1vll 1vlz
@ gamemnt_239Hz_2ppf_8_ 212 Cee1He81566e1 2 239.76 13.5 1688 ... 5@ 27 @ e 212
1 gamemnt_239Hz_2ppf_8_255_Cee1He8156664 2 239.76 13.5 1688 ... 588 27 @ @ 255 ) i
2 gamemnt_230Hz_2ppf_155_212_ C@81HE8156601 2 239.76 13.5 1688 ... s60 27 @ 155 212 » game_monitor 240 > day 01 » profiles
3 gamemnt_230Hz_2ppf_212_255_C@O1HB8156082 2 239.76 13.5 1888 ... 588 27 1 212 255
[4 rows x 12 columns] x] blur_params
gamemnt 239Hz Zppf & 212 C@81HBE158881: using 41 / 58 files
100%| | 41/41 [66:06<00:80, 59.76it/s] x] blur_params-20210830_110411

gamemnt 239Hz Zppf © 255 COB1HBE1S0884: using 41 / 58 files

S oc-: | I | 41/41 [00:00<06:60, 58.22it/s] B gamemnt_230Hz_2ppf_0_212_C0O01HO0150001

gamemnt 239Hz Zppf 155 212 CEO1HB815e881: using 41 / 58 files

o0y I | <1/41 [00:00<00:00, 62.27it/s] B gamemnt_239Hz_2ppf_0_255_CO0THOD1S0004
gamemnt 239Hz Zppf 212 255 CO@A1HB81S0882: using 41 / 58 files !

100%] | 41/41 [@e:0@<e@:e@, 61.33it/s] B gamemnt_239Hz_2ppf_155_212_C001HO0150001

I gamemnt_239Hz_2ppf 212_255_CO0THO0150002

» game_monitor_240 » day 01 » plots

e B O T L

E gamemnt_239Hz_2ppf 0_212_CO0THO01S0001

E gamemnt_239Hz_2ppf 0_212_CO0THO0130001_blur
ﬁ gamemnt_239Hz_2ppf 0_255_CO0THO01 30004

E gamemnt_239Hz 2ppf 0 255 COOTHOO1S0004_blur
E gamemnt_239Hz_2ppf 155_212_CO001HO0150001

E gamemnt_239Hz_2ppf 155_212_CO0THO01S0007_blur
E gamemnt_239Hz_2ppf 212_255_CO0THO0150002

E gamemnt_239Hz_2ppf 212_255_CO0THO0150002_blur

100 200 300 400 500 600 700
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CMR Analysis : [cmr]

trying profiles\blur_params.csv

name ppf hz scale vres
] gamemnt_239Hz_2ppf @ 212 COe1HEB150881 2 239.76 13.5 1088
1 gamemnt_230Hz_2ppf_©_255 CE01HEA156884 2 239.76 12.5 1888
2 gamemnt_239Hz_2ppf 155 212 Cee1Hes156e01 2 239.76 13.5 1088
3 gamemnt_230Hz_2ppf 212 255 CBO1HEE156002 2 239.76 12.5 1888

[4 rows x 12 columns]
Individual CMR Details

] gamemnt_239Hz_2ppf 8 212 CO81HB81S8681 Leading_212_8
1 gamemnt_239Hz_2ppf 8_255 CeelHee1seeed Trailing @ 255
2 gamemnt_239Hz_2ppf 155 212 CA@1HPB1S8001 Leading 212 155
3 gamemnt_239Hz_2ppf 212 255 CE@1HEA156002 Leading 255 212

rows X 12 columns
label
e Leading_212_ @ 1
1 Leading_212_ 155 1
2 Leading_255_212 1
E] Trailing @& 255 1
0S/US Summary
05

Leading_212 @ 1.8580
Leading_212 155 ©.8660
Leading_255_212 NaN
Trailing_@&_ 255 Nahl
avg 6.9250
max 1.8580
Cmr Summary

edge cmr
label
iGeo-mean CMR Both 7712.7699
average CMR Leading ©754.8718
average CMR  Trailing 8867.5582
CMR Score:

| monitor_24@\day_@1>..\..\batch_processing\cmr_11.19.2621_1.23\cmr -r .

denSen
Sea
See
Sea
See

name label total_distance denDis

44 32.1217
48 32.1217
66 32.1217
81 32.1217

diagonal 1pf 1vll

] ]
e =]
] 155
1 212

cm 0s

.. 8.9915 1.8580
.. ©.9925 @.2760
.. B8.9783 @.e0e0
. ©8.9479 ©.e0060

us cmr

.Beee 9375.689@
.Beee 8867.5582
.6eee 6165.0168
.18@8 4781.5871

» game_monitor_240 > day_01 » profiles

. blur_params

il blur_params-20210830_110411

H detail

' gamemnt_239Hz_2ppf 0_212_CO0THO01S0001
' gamemnt_239Hz_2ppf_0_255_CO0THO01 50004
Bl gamemnt_239Hz_2ppf_155_212_CO01HOD1S0001
' gamemnt_239Hz_2ppf_212_255_CO01HO0150002

.summar_l,r

1 » game_monitor_240 » day_01 » plots

ﬁ gamemnt_239Hz_2ppf 0_212_CO01HD0150001

E gamermnt_239Hz_2ppf_0_212_CO0THO0150001_blur

ﬂ gamemnt_239Hz_2ppf 0_212_CO0THO01S0001_0OS5_US

ﬁ gamemnt_239Hz_2ppf_0_212_CO01HO01S0001_profile

E gamemnt_239Hz_2ppf_0_255 CO0THO0150004

ﬁ gamemnt_239Hz_2ppf 0_255_CO0THO01S0004_blur

E gamemnt_239Hz_2ppf 0_255_CO0THO0NS0004_05_US

ﬂ gamemnt_239Hz_2ppf 0_255_CO0THO01S0004_profile

ﬁ gamemnt_239Hz_2ppf_155_212_CODTHO01S0001

E gamemnt_239Hz_2ppf_135_212_CO0THO01S0001 _blur

ﬁ gamemnt_239Hz_2ppf_155_212_CODTHO01S00071_05_US

E gamemnt_239Hz_2ppf_155_212_CO0THOD1S0001_profile

IP_E gamemnt_239Hz_2ppf 212 255_CO0THOD1S0002(LPF)_OS_US |
ﬁ gamemnt_239Hz_2ppf_212_255_CO0THOD1S0002(LPF)_profile
E gamermnt_239Hz_2ppf_212_255 CODTHO01S0002

ﬁ gamemnt_239Hz_2ppf 212_255_CO0THO0150002_blur
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04 Seeing is believing
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ClearMR Tiers

v

VESA CERTIFIED

ClearMR

ClearMR™ TIER CMR RANGE
ClearMR 3000 2500 < CMR < 3500
ClearMR 4000 3500 < CMR <4500
ClearMR 5000 4500 < CMR <5500
ClearMR 6000 5500 < CMR < 6500
ClearMR 7000 6500 < CMR < 7500

Viewed Pixels

\ 4

<
<

Clear Pixels

ClearMR 8000 7500 < CMR < 8500
ClearMR 9000 8500 < CMR < 9500
ClearMR 10000 9500 < CMR < 10500
ClearMR 11000 10500 < CMR < 11500 CMR =
ClearMR 12000 11500 < CMR < 12500

ClearMR 13000 12500 < CMR

*These tables may be extended in the future to certify faster products
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Simulated results : Seeing is believing

Ideal edges, Cyy=1,r2=1
Show on 2560 x 1440 display

* ambientCG images are 400 x 400 from York University, licensed under a Creative Commons BY 4.0 license)
* Grayscale test pattern 300 x 70 © 2022 Samsung Display Co., Ltd. rights reserved.
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Animated tire

SAMSUNG DISPLAY



Grayscale cartoons and diagonal bars

CI0 @k

learMR 7000

@ )C)NSN

ClearMR 8000

1 I
L F & - - V
=
|
» 1 b |
31 :
' 4 % "E 4

ClearM R 5o ClearMR 9000

CIO@has  [LIOI®kic

ClearMR 6000 Still image
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Summary

* Press release announcing the Clear Motion Ratio certification program and
specification, www.vesa.org, Aug 22, 2022.

» Clear Motion Ratio captures all blur not 80% like other metrics
* Visually verified
« Sets a fair basis for comparison

 Limits overdrive to eliminate ghosts
« Eliminates strobing unless an intrinsic part of the panel design

« Backed by VESA, the key industry organization for IT Display Panel Quality
and major OEMs who are certifying their displays today
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' AR AL CERTIFIED PRODUCT PERFOR E TER F IN THE B
CERTIFIED PRODUCTS 'ERFORMANCE CRI A AQ V| NEWS
A ‘ ClearMR

o M"“

Razor S 3 rp

Visit for the latest certifications and test details.
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http://www.clearmr.org/

Thank you

Yongwoo Yi




VESA Compliance Program

Presented by Jim Choate and Sergey
Grushin (Unigraf)



W2 VEsa
VESA PlugTest Events

Provide significant value to member companies, particularly as new
capabilities and products are deployed.

Demonstrate and improve Traditional Interoperability

Test Native DP and DP Alt Mode over USB Type-C products
« UHBR20/13.5/10, DSC, FEC and other new capabilities
* Verify Test Equipment Correlation (DP 2.1 LL CTS and PHY CTS)

VESA hosted two successful PlugTests in 2022 (Taiwan and US)

VESA will host two PlugTests in 2023

Taipei, Taiwan: October 2023 (Next week)
Burlingame, CA: May 2023 (done)
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W24 vEsa

Product certifications 2022/2023

2022 2023

DP Sources

DP Sinks 339 2177
DP Cables 42 59
DisplayHDR 388 397
ClearMR 14 45

AdaptiveSync 25 80
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W24 vEsa
DP 2.1 Link Layer CTS

 Link Layer CTS is ready for release. Under final technical editor review.

« Sergey will cover details of new CTS and certification/test tools
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DP 2.1 Link Layer CTS
Update

Sergey Grushin
Unigraf
9.10.2023



W24 vEsa

DP 2.1vs DP 1.4a

 Sink and Source test procedures updated to comply with

DP 2.1 requirements (Sections 4.2-4.4, 5.2-5.5)
« UHBR link rates
« AUX read interval
« Take into account presence of LTTPRs
* Video timings list revised
« DSC timings list updated including 10K resolution timings
« FEC aggregated error counters




W2 VEsa

DP 2.1 vs DP 1.4a (continued)

DisplaylD/EDID validation is now part of the DP 2.1 LL
CTS (Sections 4.7, 5.7)

Covers Adaptive-Sync validation (Sections 4.8, 5.8)

Introduced tests to validate how Source device handles
presence of LTTPRs on the link (Section 4.9)

Introduced tests to validate Sink devices with embedded
LTTPR (Section 5.9)



W2 VEsa

DP 2.1 vs DP 1.4a (continued)

* |ntroduced tests to validate LTTPR devices (Section 7)

Test Equipment
Reference || Reference P
Source Sink
RD Board

» LTTPR




W2 VEsa

DP 2.1 vs DP 1.4a (continued)

« Deprecated number of tests (EDID, AUX, Lane Count

Reduction/Increase)
« EDID tests (Sections 4.2, 5.2). Redundant with addition of DisplaylD/EDID
test sets (Section 4.7, 5.7)
« AUX tests (Section 5.2). Implicitly tested by almost every Sink device test.

* Lane Count Reduction/Increase (5.3.1.6, 5.3.1.7). Lane count change
without Link Training is not required by DP 2.1 specification.




W24 vEsa

Planned Updates to DP 2.1 LL CTS

 Introduce MST test procedures

« Update Audio tests to DP 2.1 requirements including HBR
audio testing (Sections 4.4.4, 5.4.4)

« Update Branch device tests to DP 2.1 requirements
(Section 6)




Summary



W2 VEsa

Summary

Product shipments and certifications on DP 2.1 based products continue to
grow

DisplayPort over USB-C is now the defacto standard for laptops, tablets and
handheld devices

Momentum continues to grow for DisplayHDR, ClearMR and VESA
AdaptiveSync product certification

Development and adoption of new technologies continues to drive increases
in VESA membership growth

25



W2 vesa

THANK YOU
DisplayPort.org
DisplayHDR.org
VESA.org



W2 VEsa

Questions?
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