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Agenda

" DisplayPort Protocols Review + Please Check out our other “Essentials of”
= Display Stream Compression (DSC) Webinars:
Overview Essentials of DisplayPort Protocols
" Visually Lossless Compression Essentials of HDCP 2.2 Protocols
Princip'es Essentials of HDMI Fixed Rate Link (FRL)
" How does DSC work? Protocols

j : Essentials of DisplayPort Display Stream
" DisplayPort DSC Protocol Operation (DSC) Sroracoie Y play

Please feel free to contact me, Neal Kendall at:
neal.kendall@teledyne.com
If you have any questions.
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DisplayPort Anatomy

= Main Link: Unidirectional, high-bandwidth
channel used to transport video, audio
and metadata and protocol control
elements.

" Main Link 1, 2 or 4 Lane Configurations.

= Main Link 4 link rates:

Main Link (Video/Audio/Control/Framing -
Isochronous Streams — 4 lanes)

Aux Channel — Link/Device Management

Hot Plug Detect — Interrupt Request 1.62Gbps (Reduced Bit Rate)
N J 2.7Gbps (High Bit Rate)
DisplayPort Source DisplayPort Sink (Monitor/TV) 5.4Gbps (High Bit Rate 2)

8.1Gbps (High Bit Rate 3)
® No clock channel. Sink recovers clock
using link transitions.

" Aux Channel: Bidirectional, half duplex
channel with a data rate of 1Mbps. Link
Training, DSC Configuration, DPCD
Register status, HDCP authentication &
EDID.

"  Hot plug:

Connection Detection.

Interrupt mechanism in cases where there is
a failure in the link.

DisplayPort Cable
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DisplayPort DSC Protocol Review
Aux Channel Link Training
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DisplayPort — Link Training Sequence

ACA Data Viewer T ol 0

DisplayPort Source DisplayPort Sink

DNAT |DP > W:600 SINK SET POWER L-1 02 0 Source Function Transaction Sink
pEAT |DP < ACK Hot Plu .
DNAT |DP > W:600 SINK SET POWER L=1 01 . 9 Function
S S : Send EDID over Aux Chan
DNAT |DP > R:200 SINK COUNT L~2
DRAT |DP < ACK 41 00
DPLT P > R:202 LANED 1 STATUS: L=3 WValue Description )
DPLT | DE <ACR 02 00 80 | Read Request for Sink DPCD
| DHAT D > R:0 DBCD REV L-12 —
|:_ DHAT < ACK 14 1E C4 81 01 00 01 80... Capabllltles over Aux Chan

DHAT b > W:10A =DP CONFIGURATION SET L=1 00 00001: MAX LINK RATE
DNAT \p < ACK Bit Name Value Description

DNAT |DP > R:201 DEVICE SERVICE IRQ) VECTOR L—1 - S — N o 51 o oo Tane - Da Returns DPCD Capablllty Registers <:|
DNAT |DP < ACK 00 - I—;>

DNAT P > R:E TRAINING AUX RD_INTERVAL L=1 00002: MAX LANE COUNT ilter over AUX Ch an
DNAT P < ACK 01 Hame Value Description

b P B ~1 12 S S D N
DPLT | D > W:100 LINK BW SET L=1 1E MAX LANE COUNT 4 4 lanes

DELT |DP < ACK POST_LT_ADJ REQ_SUP N(D) Writes Link Configuration Parameters
DPLT )P > W:101 ]..ANE_COUNT_SET L=1 84 TE’SS_SUPPORTED Y(1)

peLT | DR < ncx ENHANCED_FRAME_CAP v (1) - over Aux Chan

DPLT P > W:107 DOWNSPREAD CTRL L=1 00

00003 : MAX DOWNSFREAD
DPLT P < ACK Walne Description Jpen

DRAT |DP > R:E TRAINING AUX RD_INTERVAL L=1 | SSSS NS Source selects VOItage

MAX DOWNSPREAD Up to 0.5%

Reserved - - Swing and Pre-
Remorvod Emphasis for TPS1

Reserved
Reserved
Reserved

Transmit Training Pattern 1 symbols
over Main Link

DNAT )4 < ACK 01

DPLT P > W:102 TRAINING PATTERN SET: 1=1 21

DPLT P < ACK

DPLT P > W:103 TRAINING LANEO SET L—=4 0% 09 0% 09
DPLT 1) < ACK

DPLT )4 > R:202 LANEO 1 STATUS: L=2

DPLT P < ACK 11 11

peLT | DP > W:102 TRATNING PATTERN SET: L—1 07 00004: NORP over Aux Chan
DPLT P < ACK Value Description

PR N -]

WO _AUX HANDSHARE LINK TRAINING N(O)

TPS4_SUPPORTED ¥(1) Write current drive settings to Rx DPCD

DPLT P > W:103 TRAINING LANEO SET L=4 0% 09 0% 0% W r of receive ports 2 ports > 100US

DPLT )4 < ACK Reserved

DELT |DP > R:202 LANED 1 STATUS: L=3 Reserved Read Request on DPCD - CR Done \l/
b} P Reserved
o S Reserved over Aux Chan Checks if CR

DELT |DP > R:204 LANE ALIGN STATUS UPDATED L—2 v DP PUR
i - = AGK 01 00 " 10: < ACK 14 1E C¢ 81 01 00 01 80... is achieved

\__—_l k Returns CR Status from DPCD

over Aux Chan

If CR not Done, then

Source Reading Sink DPCD adjust Voltage Swing | Transmit Training Pattern 1 symbols J| checks if CR

e . and Pre-Emphasis | over Main Link is achieved
Capability Registers Repeat if CR if not done; S AETEY

Otherwise: Channel EOQ.
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Connection Sequence — Link Training Channel EQ, Symbol Lock, Interlane Alignment

DNAT
DNAT
DNAT
DNAT
DNAT
DNAT
DNAT
DHAT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DNAT
DNAT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT
DPLT

1] Events: 56 (112)
> R:202 LANED 1 STATUS: L—3
< ACK 02 00 80
> R:0 DPCD REV L=12
< ACK 14 1E C4 81 01 00 01 8O...
> W:10A eDP CONFIGURATION SET L=1 00
< ACK
> R:201 DEVICE SERVICE IRQ) VECTOR L=1
< ACK 00
> R:E TRAINING AUX RD_INTERVAL L=1
< ACK 01
> W:100 LINE BW SET L-1 1E
< ACEK
> W:101 LANE COUNT SET L-=1 &4
< ACEK
> W:107 DOWNSPREAD CTRL L=1 00
< ACEK
> R:E TRAINING AUX RD INTERVAL L=1
< ACK 01
> W:102 TRAINING PATTERN SET: L-1 21
< ACK
> W:103 TRAINING LANED SET L—4 09 09 09 09
< ACK
> R:202 LANED 1 STATUS: L=2
< ACK 11 11
> W:102 TRAINING PATTERN SET: L=1 07
< ACK
> W:103 TRAINING LANED_ SET L=4 09 09 09 09
< ACK
> R:202 LANED 1_STATUS: L=3
< ACE 77 77 81
> R:204 LANE ALIGN STATUS UFPDATED L-=2
< ACK 01 00
> W:102 TRAINING PATTERN SET: L-=1 00
< ACEK
> R:202 LANED 1 STATUS: L=3
< ACEK 77 77 01
> R:100 LINE BW SET L=8
< ACK 1E 84 00 08 0S8 09 0% 00

Reply to Read Reqmest.

00202: LANED 1 STATUS:
Name

LANEO_CR_DONE
LANEO_CHANNEL EQ DONE
LANEO_SYMBOL_LOCRED

LANE1_CR_DONE
LANE1 CHANNEL EQ DONE
LANE1_SYMBOL_LOCKED

EE I N R S N =]

0D203: LANE2 3 STATUS
Name

LANE2 CR_DONE
LANE2 CHANNEL_EQ DONE
LANE2_SYMBOL_LOCKED

LANE3_CR_DONE

LANE3_CHANNEL E(Q DONE
LANE3 SYMBOL LOCKED

INTERLANE ALIGN DONE
POST_LT_ADJ REQ IN PROGRESS

¥(1)

¥ (1)
0 Reserved

Y (1)

Y (1)

¥ (1)
Reserved

Description

Reserved

Description

DOWNSTREAM PORT STATUS CHANGED N(0O)

LINK STATUS UPDATED
Raw Data:

[ooooj[oo 77 77 81 — — —— —-1[.ww.

¥ (1)

Source Reads Status of Channel Equalization,
Symbol Lock and Inter-Lane Alignment
Link Training All Done!

DisplayPort Source

Source Function

Source selects Voltage
Swing and Pre-
Emphasis for TPS2/3/4

If CE, SL, LA not Done,
then adjust Voltage
Swing and Pre-
Emphasis

Transaction

Transmit Training Pattern 2/3/4

symbols over Main Link

Write current drive settings to Rx DPCD

over Aux Chan

Read Request on DPCD - CE, SL,

LA Done over Aux Chan

k Returns CE, SL, LA Status from

DPCD over Aux Chan

Transmit Training Pattern 2/3/4 symbols

over Main Link

Repeat if CE, SL, LA not done;
Otherwise: Link Training done.

DisplayPort Sink

Sink
Function

Checks if CE,
SL, LA are
achieved

Checks if CE,
SL, LA are
achieved
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DisplayPort Protocol Review
Main Stream
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DisplayPort Main Link Stream Generation in Source (Transmitter)

VERVEVEV.
VIRVIEVAY.

Pack Encrypt 8b/10b FEC Add  Parallel to Seri

DSC Pixel to Pixel FEC HDCP Encoding Sl;?;ig)él Ilnafr?(;- Conversion
i Lanes Data i :
Compression Parity Encoder Skewing
Symbol
Insertion & .
Muxing DisplayPort Dlsgl:?g:i’\t/)é:

Source

DisplayPort
Cable
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DisplayPort Main Link Stream Generation in Sink (Receiver)

Serial to Parallel Remove FEC 8b/10b Decrypt  Recon- Assembling I =

Conversion Inter-  Parity Decoding FEC HDCP  struct

Pixels Decom-
lane  Symbol Parity Pixel from pression
Skewing Decoder De-Muxing Data Lanes
DisplayPort DisplayPort
Source Receiver

DisplayPort
Cable
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DisplayPort Main Link Protocol — One Video Frame

" Video packets occur during
the active video period.

" Metadata: Main Stream
Attributes (MSA) and
Secondary Data Packets
(SDP) occur during the
vertical blanking period
and are identified with
Framing control characters.

.| ® Fill characters are zeros for

; filling up (stuffing) the
unused link symbols.

VERTICAL BLANKING

D Metadata I Control Symbols

\ l i Control VBID w/
Audio Compression

Flag Set
l PPS l EoC
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DisplayPort Main Link Protocols — Protocol Capture

DP Capture Viewer =NAEN X

= Zoomed out view.

| @ Rows | B Events ||r Find | | HH:MM: 5 S.ms.us.ns{.ps) i i
looms 35283 (@) @) [Ewirt (). 3] [z Showing multiple

9356409 frames (VerUCaI
blanking in blue).

5620810 9356362 13091914
Link Clock #

# Link Clock#  TimeStamp Type

593563594 0:0:0.017.326.655.556 BS

59356385 0:0:0.017.326.657.407 BF

59356396 0:0:0.017.326.655.2589 BF

59356387 0:0:0.017.326.661.111 BS

9356398 0:0:0.017.326.662.963 BS Data
593563986 0:0:0.017.326.662.963 Start of Frame
5356403 0:0:0.017.326.672.222 55

5356404 0:0:0.017.326.674.074 55

5356405 0:0:0.017.326.675.926 MSA

9356414 0:0:0.017.326.692.593 SE

5361412 0:0:0.017.335.948.148 BS

59361413 0:0:0.017.335.950.000 BF

5361414 0:0:0.017.335.951.852 BF

59361415 0:0:0.017.335.953.704 BS

59361416 0:0:0.017.335.955.556 BS Data
9361437 0:0:0.017.335.994.444 55

9361438 0:0:0.017.335.996.296 Extension
5361445 0:0:0.017.336.005.259 SE

01 c2 0 oo oo oo oo
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DisplayPort Main Link Protocols — Protocol Capture

DP Capture Viewer

Events |F® Find | | HH:MM: $5.ms.us.

™ 3 153 (@) Q)

(> J(5 J( v ]

Data
Errors
Markers
8889413
# Link Clock #

593563594
59356385
59356396
89356397
9356398
593563986
5356403
5356404
5356405
9356414
59361412
59361413
5361414
59361415
9361416
5361437
9361438
5361445

TimeStamp

0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017
0:0:0.017

Type
.326.655.556 BS
.326.657.407 BF
.326.659.259 BF
.326.661.111 BS
.326.662.963 BS Data

.326.662.963
.326.672.222 55

Start of Frame

.326.674.074 55
.326.675.5926 MSA
.326.692.593 SE
.335.548.148 BS

.335.550.000 BF
.335.551.852 BF

.335.953.704 BS
.335.955.556 BS Data
.335.994.444 55
.335.5996.296 Extension

.336.009. SE

9356362
Link Clock #

9823306

21
el
23 80 02

[1]=]

5356409

B3

B3

B

B3

= Zoomed in view.

Showing one video
blanking frame.
Showing multiple
lines of video data.

"“ TELEDYNE LECROY

Everywhereyoulook™




DisplayPort Main Link Protocols — Protocol Capture

DP Capture Viewer

| @ Rows | Ed Events

B, Find | | HH:MM:SS.ms.us.ns(.ps)

0142 @@ Marker 1 \I/

Marker 2

Markers

9341770

Link Clock#  TimeStamp

593563594
59356385
59356396
89356397
9356398
593563986
5356403
5356404
9356405
9356414
59361412
59361413
5361414
59361415
9361416
59361437
9361438
5361445

o 0000000000 o0o0o0ooao

o 0000000000 o0o0o0oooo
o0 000000000000 o00Qao0

:0.

017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.
.017.

326.
326.
326.
326.
326.
326.
326.
326.
326.
326.
335.
335.
335.
335.
335.
335.
335.

655.
657.
659.
661.
662 .
662.
672.
674.
675.
692,
548.
550.
551.
8953.
955.
594.
5996.

556
407
259
111
963
963
222
074
926
5893
148
ooo
852
T04
556
444
296

Type

BS

BF

BF

BS

BS Data

Start of Frame
55

55

MSA

SE

BS

BF

BF

BS

BS Data

55

Extension

SE

9356362
Link Clock #

00 01

02

9370954

“»"n\"
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= Zoomed in view.

Showing three
video lines of data.

Showing two
horizontal blanking
periods.

Shows part of one
vertical blanking
period with
secondary data
packets (slivers in
blue).




DisplayPort Main Link Protocols — Protocol Capture

DP Capture Viewer =ap= X

= Zoomed in view.

(S Vown [ Ereoe [ Pt | (RS | Showing vertical
CEYEY blanking period with

secondary data

. wox ow packets (MSA).

Data s = s s 1 1
- Showing three video
3 o ;2
S transfer units (video
Errors o0 o0 o0 H
e and blanking).
55 s = =
55 ss = =
Markers LT T
oo o o0
B oz oz oz |
9356248 9356305 9356362 9356419 9356476
Link Clock # womomom
# Link Clock# TimeStamp Type 2i == Ei |
9356394  0:0:0.017.326.655.556 BS : : Z ::
9356395 0:0:0.017.326.657.407 BF - a0 00 o0
9356396  0:0:0.017.326.659.259 BF o o o oo
9356397 0:0:0.017.326.661.111 BS pg gy ey e
9356398  0:0:0.017.326.662.963 BS Data w o o o
9356398  0:0:0.017.326.662.963 Start of Prame w o o
9356403  0:0:0.017.326.672.222 ss w o o o
9356404  0:0:0.017.326.674.074 ss w o o o
9356405 0:0:0.017.326.675.926 MSA w o o o
9356414  0:0:0.017.326.692.593 SE w o o o i
9361412  0:0:0.017.335.948.148 BS w o o o
9361413  0:0:0.017.335.950.000 BF y , w o o o
9361414 0:0:0.017.335.951.852 BF
9361415 0:0:0.017.335.953.704 BS I
9361416 0:0:0.017.335.955.556 BS Data
9361437 0:0:0.017.335.994.444 55
9361438 0:0:0.017.335.996.296 Extension
9361445 0:0:0.017. SE
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DisplayPort Main Link Protocols — Protocol Capture

DP Capture Viewer

| @ Rows ||ﬂ Events ||r Find | | HH:MM:S5S.ms.us.ns{.ps) -

0.000138 @@

Markers
9356383
# Link Clock# TimeStamp
9356394 0:0:0.017.
9356395 0:0:0.017.
9356396 0:0:0.017.
9356397 0:0:0.017.
9356398 0:0:0.017.
9356398 0:0:0.017.
9356403 0:0:0.017.
9356404 0:0:0.017.
9356405 0:0:0.017.
9356414 0:0:0.017.
9361412 0:0:0.017.
9361413 0:0:0.017.
9361414 0:0:0.017.
9361415 0:0:0.017.
5361416 0:0:0.017.
9361437 0:0:0.017.
9361438 0:0:0.017.
9361445 0:0:0.017.

326.
326.
326.
326.
326.
326.
326.
326.
326.
326.
335.
335.
335.
335.
335.
335.
335.

655

657.
659.
661.

662
662

672.
674.

675

692,
5948 .
950.
551.
8953.
955.
594 .
996.

9356390

.556
407
259
111
.963
963
222
074
. 926
593
148
ooo
852
T04
256
444
296

Type

BS

BF

BF

BS

BS Data

9356397
Link Clock #

Start of Frame

55
55
MSA

SE

BS

BF

BF

BS

BS Data
55
Extension
SE

9356404

9356412

Everywhereyoulook™

= Zoomed in view.
Showing beginning
of one vertical
blanking period.

Shows some DSC
elements (end of
chunk).

Shows vertical
blanking secondary
data packets (VB-ID)
with compression
flag set.
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DisplayPort DSC Overview

Webinar — February — 2018
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Origins of Display Stream Compression (DSC)

" How did DSC come about?

Higher resolution content sources and displays led to a need for greater bandwidth over the display
link.

Display links carry multiple high resolution streams, e.g. DisplayPort Multi-Stream Transport.

Cable transmission limitations at high resolutions for video formats.

Need for reduced power consumption in mobiles.

" An industry standard was needed to address this issue; proprietary solutions result in
Interoperability problems.

In 2012 VESA formed the Display Stream Compression (DSC) task group.

VESA in association with MIPI Alliance developed the Display Stream Compression (DSC) standard.
" VESA Display Stream Compression (DSC) requirements:

Visually lossless light compression with 2:1 to 3:1 compression ratios.

Real time encoding and decoding with very low latency for gaming and interactive use cases.

Support for RGB and YCDbCr at 4:4:4, 4:2:2 & 4:2:0 chroma subsampling.

Bit depths of 8, 10, 12, & 16 needed to be supported.

Support partitioning of the compressed frame to limit extent of compression artifacts in the case of
bit errors over the link.

" Existing video compression standards such as MPEG-2, H.264, JPEG-2000 do not meet
these requirements.

"“ TELEDYNE LECROY
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Why Display Stream Compression (DSC)?

" Why is DSC used in DisplayPort?
The new compression standard needed to be visually lossless as the content itself is often
encoded with a lossy compression such as MPEG.
DisplayPort features require very high bandwidth over the display link interface.

= Very high resolutions (4K@60/120Hz and 8K@60Hz) and corresponding data rates 8.1Gb/s over a pair
(lane). DSC allows lower link rates to transmit a high video resolution.

= Multi-stream transport (MST) requires more bandwidth.
Support for DisplayPort over USB-C interface.
= USB-C DP Alt mode often uses only two (2) DisplayPort lanes for transmission.

Notes:

Note 1: Forward Error Correction (FEC) is required to be used with DSC in DisplayPort.
However this webinar will not be discussing FEC.

Note 2: DSC is supported in the Multi-Stream Transport (MST) mode.

However, this webinar will not be discussing DSC with MST.

I“‘ TELEDYNE LECROY
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Visually Lossless Compression Principles

Webinar — February — 2018
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Video Compression Principles — Video Compression Taxonomy

Video
Compression

Lossy
£.0. MBES
Visually

Lossless

Removing
L Redundancy
Lossless |

Statistical

Psycho-Visuau
E Spectral J

Inter-Pixel Coding

(entropy)

Spatial Temporal

Predictive ransformativﬂ
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Video Compression Principles — Categories of Compression

“»\"

TELEDYNE LECROY
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Categories of Compression — Quick Facts.

Video compression is about removing

redundancy in video transmission.

There are three (3) broad categories of

compression in terms of the visual

effectiveness:
Lossy compression such as MPEG and
H.264 — Standard lossy image
compression algorithms strive for “good
enough.” They are irreversible. They
exploit the fact that human visual system
IS unable to detect some spectral
components.
Visually lossless compression —
Redundancy is removed but subjective
tests show no appreciable loss.
Lossless compression — The image after
decompression is identical to the original.
The process is reversible.




Video Compression Principles — Types of Redundancy

" Types of Redundancy — Quick Facts
" Video compression is about removing redundancy in video transmission.
" Redundancy occurs when there is more data than is necessary to carry a certain
amount of information.
" There are two (2) broad categories of redundancy in images:
Psycho visual redundancy.
Statistical Redundancy which can be classified into:
= Inter-pixel redundancy.
= Coding redundancy.
" Inter-pixel redundancy can be classified into:
Spatial redundancy (used in DSC).

= Redundancy within video frames. A pixel position within a frame is same (or similar) as its
neighboring pixels.

Temporal redundancy.
= Redundancy between video frames. A pixel position in two frames has the same (or similar)
value.
" There is also Spectral redundancy involving color. It is a form of psychovisual
redundancy. It relates to the limitations of the acuity of the human visual.

= RGB vs YCbCr with 4:2:2 chroma subsampling is a way of removing spectral redundancy.
This exploits the fact that human visual system is much more sensitive to luminance than
chrominance.

DEPARTMENT
OF

% REDUNDANCY %
DEPARTMENT

I“‘ TELEDYNE LECROY
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Video Compression Principles — Prediction to Remove Redundancy

" Prediction Methods — Quick Facts.

" Temporal vs Spatial prediction.

Temporal prediction works between frames. It is better than spatial
prediction in static areas where little motion has occurred between
frames.

Spatial prediction works within a frame. It is better than
temporal prediction with high motion areas because they have less
pixel correlation with corresponding areas in previous frames.
Spatial redundancy is what is reduced in Display Stream
Compression (DSC).

" Image compression algorithms that work by removing spatial
redundancy can be divided in two main categories according
to the method that is used:

Prediction-based technigues use a simple assumption that
adjacent pixels are highly correlated. A current pixel value can
be predicted reasonably well based on neighboring pixel values.
Transformation-based techniques transform data in such way that
allows better exploitation of spectral components that are present
on image.

DSC uses Prediction-based techniques.

I“‘ TELEDYNE LECROY
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How Does DSC Work?

Webinar — February — 2018
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Display Stream Compression — How Does DSC Compression Work?

" Display Stream Compression — How it Works:

1. Color Space Conversion — RGB inputs are converted to
YCoCg-R.

2. Prediction — One of three (3) models: 1) Median-
Adaptive, 2) Block, 3) Midpoint.

Prediction §._ 3. Indexed Color History — An alternative to Prediction
where recently used pixel values are stored and
available to be referenced.

Color Space
Conversion

Index Color
Histor

Quantization 4. Quantization — Assigns bit values to a residual sample
produces some level of error, i.e. lossy component.

5. Pixel Reconstruction — Recreating the pixels in the

Pixel encoder using the same method used in the decoder.

Reconstruction 6. Entropy Encoding — A way of encoding values such that
the more frequently occurring values are encoded with
fewer bits than less frequently occurring values.

7. Rate Control — Process to ensure proper bitstream flow.
Manages buffer fullness to ensure that it is not
underflowed or overflowed. Controls quantization in

Entropy
Encodin

Rate Control association to flatness.
With Flatness 8. Flatness determination — Flatness is the constancy of
Determination pixel values or “smoothness” in an area of the video.

I“‘ TELEDYNE LECROY
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Display Stream Compression — Terminology

" |mportant DSC Terminology
Pixel — A single controllable distinct visual
3 Consecutive Pixels element on a video frame.

114 n L- ; -
a GT’“P Chunk x. Sample — One component of one pixel. A
[ Slice 2 distinct component value within a pixel Unit,
Pixels
. . b e.g. Y, Co, Cg.
} y = Group — A logical element set composed of
e e & three (3) consecutive pixels (in raster scan
@ = 2 o “py: ”
Delta Size Units - o order) in a line on a video “Picture”.
3 Consecutive “Samples”of “Rel.:,irgﬂgitEE:jmr” Uarl?:tggihgngthﬂhk:zﬁ :: = |MuxWords Unit “Delta-sized Units” — A Varlable_
one “Group” l | slice1,/]§ £ o length encoded element of the prediction
f 1 S'm| Y Units B based residual representing a single
(v rv rv :> 2D :> RS H b = Sample’s (component) within a group.
- _ 52 | dubstream = E Substream — A stream of component bits
S S @ M| Co Units g for one component, i.e. from one Unit.
O@ :> B :> 838 :> = Substream Mux — Multiplexes multiple
® & 2o | Substream = [MuxWords component substreams in to “Mux Words.”
§ = " o3 | Cg Units g Slice — A rectangular partition of a video
:> R :> o g t> “Picture” that's encoded/decoded independ-
S | Substream Cg ently of other slices within the Picture. All

slices within a Picture are the same size.
Slice Mux — Used when there are multiple
slices per line (which is most of the time).
Chunks for each line are muxed together.
Chunk — Portion of encoded bitstream that
comprises a line of compressed video.

TELEDYNE LECROY
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Display Stream Compression — Slices

" DSC Slices — Quick Facts.

A slice is a rectangular partition of a video frame.
Each slice is encoded independently of other
slices within the frame.

There can be one or multiple slices per line.

When there are multiple slices per line, the “Slice
Multiplexing” function is used to multiplex the slice
data into the bit stream.

All slices within a frame are the same size.
Taller slices offer better compression.

Slice configuration is transmitted from a source
encoder to a sink decoder in metadata (Picture
Parameter Set [PPS]).

" Why use slices...why partition the video
frame?

Partitioning the video into slices to ensure
transmission errors aren’t propagated across
the slices.

Slice partitioning allows or facilitates parallel
processing of slices.

I“‘ TELEDYNE LECROY
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Display Stream Compression — Slice Configurations
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Display Stream Compression — Color Space Conversion

"\

Index Color
Histo

Color Space
onversi

Quantization

Pixel

Entropy

£l

Rate Control
with Flatness

TELEDYNE LECROY
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Determination

" Color Space conversion — Quick Facts

DSC uses only component color encoding of
Y (luminance), Co (Chrominance Orange),
Cg Chrominance Green).

If the video is RGB then the first step in the
DSC encoding is color space conversion.
Color Space Conversion — RGB inputs are
converted to YCoCg-R.

Removes some spectral redundancy.

YCoCg can be losslessly converted to and
from RGB.

No conversion is required for YCbCr color

space but the values are mapped.

= The Cb component is mapped to the Co
component label.

= The Cr component is mapped to the Cg
component label.




Display Stream Compression — Prediction Methods

" Prediction Methods — Compare and Contrast

" DSC is a “prediction-based” visually lossless compression method.
Prediction uses an algorithm to remove spatial redundancy (intra-frame).
Prediction is based on the assumption that pixel values can be inferred by
knowing the neighboring (adjacent) pixel values in a frame.
DSC uses the true pixel values, then subtracts the predicted pixel value to
arrive at a “Residual.” It is the quantized residual that is transmitted
across the link.

" There are three (3) prediction methods used in DSC:

Modified Median-Adaptive Prediction (MMAP):

= The default prediction method.

= Predicts the current pixel sample from the coded samples to the left and above the
current sample.

Block Prediction (optionally supported by the sink):

= Predicts the current pixel sample from the coded samples to the left of the current
sample.

= Uses a vector obtained from analysis of the previous scan line to point to a pixel
group within the current pixel's scan line.

Prediction <

Index Color
Histo

Quantization

L

Pixel

Jeritropy Midpoint Prediction (MPP) — Uses midpoint of a pixel’s valid range to predict
the sample. Used when the number of bits required to encode the largest
Rate Control guantized residual for a component is greater than the bit depth.
- ®= The encoder and decoder automatically select prediction method

using the same algorithm.

"“ TELEDYNE LECROY
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Display Stream Compression — Choosing Prediction Methods

Prediction Method Selection I " Choosing the Prediction methods — Quick Facts
Encoder first selects between Prediction and Index
Color History (ICH).

Encoder then selects between Modified Median-
Adaptive and Block Prediction (if Block Prediction is
supported in the decoder).
= Selection is made on a DSC Group basis.
= Selection is not signaled over the bit stream from DSC
encoder to DSC decoder.
The algorithm followed is the same between the
encoder and decoder and therefore the selection is
made based on the image content, specifically previous
pixel values that are in close proximity to the pixel group
being encoded/decoded.
Selection between MMAP/Block and Midpoint
MMAP or Prediction.

Block = Selection is made based on the size of the quantized
residuals that would be generated if MMAP or BP were
selected.

= Selection is not signaled over the bit stream from DSC
encoder to DSC decoder.

ICH Prediction

Block

MAP

(L
¢ ¢ 9
B

Chosen Prediction Method

I“‘ TELEDYNE LECROY
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Display Stream Compression — MMAP Prediction Method

" Modified Median-Adaptive (MMAP) method —
master Sean Quick Facts:

Order Median adaptive prediction (MAP) is a well-known
prediction method that is used in the Joint
Photographic Experts Group-Lossless Standard
Previous 132,103,27  120,133.33 (lTU-T Rec. T.87 | ISO/IEC 14495-1)

Hine Prediction is done on one component (sample) in
each group at atime (e.g. Y or Co or Cg).

Prediction uses adjacent but prior pixels (previous line
or previous pixel in the same line.)

If one of the adjacent pixels is outside the slice, pixel
replication is used to fill those inputs.

In the case of the first line of a slice, the previous
line’s pixels are not available so extra bits are
allocated to the first line to reduce video artifacts on
the top boarder of a slice.

In Native 4:2:0 mode, the previous line’s chroma
samples are not available for both the first and
second line of a slice.

139,100,26  124,134,38

Pixel to be
Predicted

I“‘ TELEDYNE LECROY
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Display Stream Compression — MMAP Prediction Method

Slice
Boundar

eaJe je|)
reymawos

154,93,9 158,95,9 158,95,7 128,101,27 132,103,27 120,133,33

SSESeEE 160,97,11 139,100,26 124.134.38
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Display Stream Compression — Encoder Prediction Operation

Color Space
Conversion

YCoCg pixel
values
“Residual”
N (pixel values — prediction)
‘l‘ Quantizer N Entropy
“Error” Encodin
Reconstructed
Pixels
Prediction (Prediction + “Error”)
SR Memory Reconstructed
Predictor reconstructed Pixels
T pixel values
Predicted
Signal

I“‘ TELEDYNE LECROY
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DSC compression is based on
Differential Pulse Code Modulation
(DPCM) methods to predict the current
pixel from adjacent pixels and encodes
the difference between the original pixel
values and predicted pixel values to
produce a “Residual.”

A quantizer converts the Residual into a
quantized (an “Error”). It is the prediction
residual with the quantized error (not the
original pixel values) that is transmitted
to the decoder over the display link.

However, the predictor must use

“reconstructed pixels” in the prediction,

not the actual pixel values. Why?:
Use of the reconstructed (decoded)
pixels ensures that the prediction signal
is identical in the encoder and decoder.
Because the original pixels are not
available in the decoder side, the use of.
If the encoder used the original pixels for

prediction, there would be an
accumulation of error “Error Drift.”




Display Stream Compression — Encoder Flatness Indication & QP Adjustment

Color Space

Conversion
YCoCg pixel
values
Flatness Indication
Buffer Rate Control >
“Residual” . l
(pixel values — prediction) QP Adjust
Quantizer .| [Entropy
“Error” Encodin
Reconstructed
— Pixels
Prediction (Prediction + “Error”)
; Memory Reconstructed
Predictor reconstructed Byl
T pixel values
Predicted
Signal

I“‘ TELEDYNE LECROY
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“Flatness” is a measure of smoothness
or similarity in pixel values throughout a
region in the picture.

Flatness is used by the Rate Controller
to adjust the “Quantization Parameter”
(QP) which allows the quantization to
introduce more or less error depending
on the flatness.

There two (2) levels of flatness: 1) Very
Flat and 2) Somewhat Flat.

The flatter the region the less errors
that can be tolerated they are far more
noticeable then “busy” areas.

Flatness determination uses a “Super
Group” which is four consecutive
groups.

The indication of flatness can occur
every four groups and is transmitted
using a code sequence in the first luma
substream in the Super Group.

The original uncompressed pixels are
used in the flathess determination.




Display Stream Compression — Rate Control

" Rate Control — Quick

Color Space Facts.
AEEET The Rate Controller does
YCoCg pixel two (2) things:
values = Sets the Qu(ant)izfation )
P Parameter (QP) for eac
Buffer RAFConitdl Flatness Indlcatlon) Srae:
— ; = Converts a varying
Residual QP Adjust number of bits for each

(pixel values — prediction)

group into a specified
Quantizer .| [Entropy Rate constant bit rate to ensure
“Error” Encodin Buffer that the Rate Buffer does

not overflow or underflow.

Reconstructed
— Pixels

Prediction (Prediction + “Error”)
Memory Reconstructed

< Predictor rec_:onstructed Pixels
pixel values

Predicted

Signal
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Display Stream Compression — Encoder Flatness Indication & QP Adjustment

" Flathness / QP — Quick Facts.
Flat .
= Flatness is detected and used by

» the Rate Controller to adjust the
“Quantization Parameter” (QP)
which allows the quantization to
introduce more or less error
depending on the flatness.

= The more flat an area of the image,
the lower the QP.

= Image to right has pixel errors
introduced in both the “Flat” region
and the “Not Flat” region.

Note: The pixel errors are only
noticeable in the Flat region.

"“ TELEDYNE LECROY
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Display Stream Compression — Quantization

Quantization Example " Quantization — Quick Facts
— Quanticad Sigra " The predicted value is subtracted from the original
e pixel value to produce a “Residual.”

" The residual is quantized, i.e. assigned a value; the
result is referred to as an “Residual Error.”

Quantization maps a range of inputs to a more limited set
of assigned integers.

Quantization is involved in all digital signal processing.
Digital signal processing can only work with integers.
There is always a loss of information (introduction of
Prediction Ie errors) in quantization.
e Typically, quantization is used to map a continuously
Quantization I varying time signal to an integer.
In a DSC encoder, quantization involves taking a
el F prediction residual value (difference between the actual
pixel and the prediction for that pixel) and using division
Entropy with truncation and rounding to produce a quantized
value, a “Residual Error”.
Rate Control Quantization Parameter is set by the Rate Control
L mechanism based on “Flatness” of a “Super Group” (4
Groups).

TELEDYNE LECROY
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Display Stream Compression — Entropy Encoding

Set of " Entropy Encoding — Quick Facts.
Possible | gy oS I LA I " R I Entropy in Information Theory is the measure of
Events randomness or degree of disorder. The extent to
which all possible outcomes are equally likely.

Probabilit . . N .
Distributioz 25% When entropy is high (e.g. dice throws), it is infeasible

to predict an output better than pure random chance.
E”gggé’ @ = Entropy Encoding.
Assignment - Entropy encoding is a way of encoding values such
Color Spgce

that the more frequently occurring values are
onv

.I \
N

encoded with fewer bits than the less frequently
occurring values (Left).
Morse code uses entropy encoding:

Prediction < ‘B"=" vs 2 =———
e Encodes the “Residual Error” to further compress the
Quantization signal by removing statistical redundancy. It
_PI reduces the number of bits used to encode a signal.
Pixel When the Prediction mode is used, the prediction

“Residual Error” is entropy encoded and is packaged
in Delta Sized Unit — Variable Length Coding (DSU-

£l

Entropy VLC)
DSU-VLC organizes the samples into “Units (the
R_aLchl:ontrol coded set of predicted residuals of three (3)
wit atne :
S consecutive samples (Y, Co, Cg)).
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Display Stream Compression — Indexed Color History (ICH) Operation

Next Group New Group

ICH Table

ldx #1Most Recently Used Pixel Values

ICH

Predictionl

ldx #20 Pixel Value = Y=100, Cb=235, Cr=75

Note: ICH mode
indicated in luma Y

Old values component

shifted out

Idx #32 Least Recently Used Pixel Values

I“‘ TELEDYNE LECROY
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Index
Value : :
DisplayPort Link

" DSC Indexed Color History - Quick Facts:
ICH mode is an alternative DSC compression
mechanism to Prediction.
The DSC encoder determines whether to use
the ICH mode on a pixel group by pixel
group basis.
ICH is useful on computer graphics where
certain pixel values occur very commonly.
ICH uses a “Storage Unit”, i.e. a dynamic table
with the recent history of reconstructed pixel
values.
There are 32 values in the Index Color History
storage unit.
The ICH process assigns a 5 bit “Index Value”
that points to a location in the table.
It is these Index Values that are transmitted
over the display link to the decoder.
The encoder and decoder have the same
ICH table of values.
The encoder signals over the bitstream to
the decoder that it will use ICH by a special bit
sequence in the luma (Y) substream.




DisplayPort DSC Protocol Operation

Webinar — February — 2018
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DisplayPort DSC Protocols
Configuration, Discovery, Enabling/Disabling
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Display Stream Compression — Configuration, Discovery, Enabling

" Hot Plug. Indication to the Source that there is a
Display device connect to it.

= EDID read. EDID is a data structure provided by a
, DisplayPort display that describe its capabilities to a
oo Sl S | DisplayPort video source.
= "= DPCD read. DPCD is a data structure provided by a
DisplayPort Source Event(s)  DisplayPort Sink (Monitor/TV) DisplayPort device that describe its link & DSC
capabilities to a DisplayPort source.
" Link Training. Link training establishes the physical
S 2015 Carmslaites o Sk e link parameters (number of lanes, link rate, voltage
swing, pre-emphasis, equalization) used for
transmission of video and audio over the main link.
® Link Training has two phases:
Clock Recovery and
Channel Equalization which includes Symbol Lock

DisplayPort Cable

Hot Plug

Read DPCD Link & DSC/FEC Capabilities of Sink

Link Training — Clock Recovery

Link Training — Channel Equalization, and Inter-Lane alignment.
Symbol Lock, Lane Alignment = |If the video/audio content is flagged for content
protection, the High-bandwidth Digital Content
HDCP Authentication - For content protection Protection (HDCP) authentication protocol is used.
" Compressed, encrypted video transmission is
Transmission of DSC Stream — Picture initiated. Picture Parameter (PPS) metadata is
Parameter Set (PPS), Compression Flag. transmitted, VB-ID compressed flag is set.

I“‘ TELEDYNE LECROY
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DSC Configuration, Discovery, Enabling — Reading Sink DPCD Registers

[ AcA Data Viewer (= [ [ .
[DPD 3] Events: 178 (535) = Source reads sink DPCD

DHAT 0 : : . 471: R:0 DPCD REV L=1

= b |G | registers to determine

DHAT ) 0 = =) R:5 DOWNSTREAMPORT FPRESENT L=1

owar oz o = : , DSC capabilities of sink.
S e . fig0 mszRvED iete i " Example showing the
following registers:
DSC Support. Indicates if

DNAT OP-T :01: ACK 00 00 OO0 00 0D 00 OO0 00 OD 00 00 OO0 DD D0 |50 s N
DNAT | DE-T ;01 R:30 GUID L=16 DSC Suppert
DHAT ) T ACK 00 01 02 03 04 05 Reserved
DNAT ) R:54 RX GTC VALUE L-8 Reserved
DHAT ) : ACK 00 00 0O 00 00 0O Reserved

DNAT guloee e : R:60 DSC SUPPORT L=16 Reserved ot 5 .
Reserved
DNAT :01:52. 662040 ACK 01 21 03 7F FB 07 01 00 00 Reserved |S S u p por e In e
o
DNAT P EETe : R:80 DWN STRM PORTX CAP L—16 | = Data .
DNAT |D ACK 00 00 0D 00 00 00 00 00 0O 00061: DSC ALGORITHM REVISION DP Slnk
; ipti .
DNAT |DE R:90 FEC CAPABILITY L~1 Bit Name Value Description . [Filter
| - - : DSC Algorithm Revision
[ DELT R:100 LINK BW SET L-15 7-4 Version Minor 2 (UFind (| .
pPLT |DP ACK 06 81 00 08 08 08 08 00 01 V . f DSC d
orat |D R:10F RESERVED L~7 00062: DSC RC EUFFER BLOCK SIZE - ersion o SUppOfte .
Bit Name Value Description
DNAT > ACK 00 00 00 00 00 00 00 | K lea
r
| DNAT > 4 R:118 UPSTREAM DEVICE DP PWR NEED 1-0 Block Size 3 64RB DS‘ Rate ‘ OntrOI BUffer
DHAT ) :01: ACK 00 00 2 0  Reserved =0
{ n g g
DNAT |DP ;01 R:120 FEC CONFIGURATION L=6 3 0 Reserved B
— 4 o Reserved 0
| DNAT :01: ACK 00 00 00 00 00 00 5 0  Reserved E :
| o e s a0 ot e e o ; et e the memory blocks in the
| E DNAT ) :01:54 } ACK 00 00 00 00 00 0D 00 0O 7 0  Reserved y

P - ] ) : L H .
ol b oy e o0063: bsc R surTER STz Rate Control Buffer
| E DNAT T :01: ACK 00 Bit Name Value b

Description
| E DHAT )P-T = 154, R:1A0 ADAPTER CTRL L=2 |

DNAT |DE-T :01:54. ACK 00 00 Buffer Size 128 Blocks DSC Rate ContrOI BUffer

DNAT JP—T = 154 R:1C0 PAYLOAD ALLOCATE SET L=3

00064: DSC SLICE CAPABTILITIES 1 o
il o pex o1 01 3 S Size — Number of RC

DHAT DP-T E ' R:200 SINKE COUNT L=16 | et

DNAT |D 1 ACK 41 04 07 00 01 03 88 83 00 00 00 DO 00 OO0 0O 0O 0 1 Slice memor bIOCkS
Il - DNAT ) 1 5 9 R:210 SYMBOL ERROR COUNT LANEO L=8 1 2 Slices (1) "
= = — 2 1] Reserved
i DNAT |DP : 5 ACK 00 80 00 00 00 00 00 00 3 4 Slices Y1) = oMBnE
I | ooe | ; e Pl DSC Slice Capabillities —
| DNAT |D ACK 00 00 00 5 8 Slices Y .
B 10 S1i Y1
DNAT |D 55. 4 R:2C0 PAYLOAD TABLE UPDATE STATUS L=16 1ees n In d | Cates th e n u l I Iber Of
= = — 7 12 Slices

DHAT P 5t Z ACK 00D 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01

DHAT R:2D0 VC PAYLOAD ID SLOT(15) L-16 p :. ’ 14: « 2 . 01 0 OF OF EE i S | I CeS Su pported .

AN\ TELEDYNE LECROY
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DSC Configuration, Discovery, Enabling — Reading Sink DPCD Registers

[T ACA Data Viewer - o [ .
= Example showing the

. :
owar | or ' aoris | oooss: psc o soremn s oenn ) following registers:
DNAT DP = - 5 ACK 14 E Bit HName WValue Description .

DHAT |DE-T 01:51.66813 R:5 DOWNSTREAMPORT PRESENT L—1 R T . .
Py ack oo ;o Bt pep 7 s bits DSC Line Buffer Bit Depth —
DHAT | DE : : R:0 DECD REV L=16 5 0 Reserved = =
DHAT |DE : : ACK 14 14 C4 81 01 00 6 0 Reserved The b|t depth used N the
DNAT |DE : R:20 RESERVED L~14 7 0 Reserved 0 y
DHAT | DE 101: ’ ACK 00 0000 00 00 00 00066: DSC BLOCK PREDICTION SUPPORT Slnk S deCOder to Store the
DHAT DP = R:30 GUID L=16 Bit HName Value Description =
puar o : ACK 00 01 02 03 04 05 06 07 03 03 0A 0B 0C 0D ogEEEEEECINEE e LT reconstructed pixels.
DHAT DP - - 48 R:54 BX GTC VALUE L-8 o Elock Prediction Support Y(1) MOption . .
' DNAT |DP : ACK 00 0O 0D 00 00 00 0O 0O ; g 2::2:3 DSC BIOCk Predlctlon
3 | pwar |oe R:60 DSC SUPPORT L~16 3 0 Reserved < Data .
DNAT  DE-T&0 : ] ACK 01 21 03 7F FB 07 01 00 00 4 0 Reserved r S t — I d t
i DNAT |DE R:80 DWN STRM PORTX CAP L~16 : g Eese“ez | Filter uppor n Ica eS
6 | DNAT |DP : ACK 00 0D 00 00 00 00 0O OO 00 eserve h th th Bl k
l 7 DNAT DP :01:5 6 R:90 FEC CAPABILITY L-1 ! ° Reserved ! Find W e er e OC
8 | DHAT |DE ; ACK 01 00067: DSC MAX Bits per pixel (L) P d t th d
I peLT | DE : 4 R:100 LINK BW _SET L=15 Bit Name Value Description | rediction me 0 IS
I DELT |DE-T 101 307 ACK 06 81 0D 08 08 08 08 00 01 o b . P B t d
I : DNAT |DE : 4 R:10F BESERVED L=7 770 Bats per pixedlio ° _[Clear S u p p Or e -
DHAT | DE : ACK 00 00 0D 00 00 00 00 00068: DSC MAX Bits per pixel (H) 2 3
DNAT |DE :01:53. 665954 R:118 UPSTREAM DEVICE DP PWR NEED Bit Name Value Description L7 Open DSC MaXImum BItS per
DNAT |DE : ACK 00 00 _ . . A A 3 A
b 2120 FEc coneroTRATION 1od 1,0 bite per_pizels:o S eerved o Pixel — The maximum pixel
DNAT |DE :01: ACK 00 00 00 00 00 00 3 0 Reserved . . .
DNAT |DE : 1. R:154 TX GTC VALUE L=8 § g gese“’eg depth Of the |n00m|ng VldeO
eserve
DHAT |DE : 56884 ACK 00 00 00 00 00 00 0O 00 .
S P Risn psc mwRLE 1ot : e —— signal that can be
DHAT |DE : q. ACK 00
:jum I:l.: : 1.45 R:1A0 ADAPTER CTRL L-2 00069: DSC COLOR FORMAT CAPABILITIES Compressed .
S S . i ST T T - Bit HName WValue Description
— . R:1CO PAYLOAD ALLOCATE_SET L3 — v DSC Color Format
DHAT |DE 4. ACK 01 01 3D 1 VCbCr 4:4:4 ¥(1) .
DHAT |DE 4. R:200 SINK COUNT L~16 3-2 YCbCr 4:2:2 3 Reserved Capabllltles — The
DHAT | DE 4. ACK 41 04 07 00 01 03 88 88 00 00 00 00 OO 0O 00 0O é Yeber 4:2:0 N{g} Reserved .
DNAT |DE 5. R:210 SYMBOL ERROR COUNT LANEQ L—8 6 0 Reserved CcO I orrm et ry ty p es

DNHAT DF ACK 00 80 00O OD 00 DO OO OO 7 o Reserved

R:200 rmc Stams 1o | TR O ¢ < ncr ot 2t o5 77 £ 07 ot 00 ¢o o oe 2= 02 07 02 g supported in DSC mode.

I This includes which chroma
subsampling methods are

supported.

o
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DSC Configuration, Discovery, Enabling — Reading Sink DPCD Registers

[ ACA Data Viewer [E=R S .
T ey 10 | ® Example showing the

1 DNAT DP—T :51. 4 R:0 DPCD_REV L=1 - . . .

BT e s T 0 0006A: DSC COLOR DEPTH CAPABTLITIES f0| IOWI n re ISte rS
Bit Name WValue Description o

DNAT P . R:5 DOWNSTREAMPORT PRESENT L=1
DNAT P 21:01:51. ACE 00
DNAT ) 21 .87 R:0 DPCD_REV L=16
DNAT ) . ACK 14 14 C4 81 D1 00 80
DNAT ) R:20 RESERVED L-14

poy e DSC Color Depth

10 bpe (1)

12 e Capabilities — The color bit

o Reserved

LI S R P Gy

DNAT ACR 00 00 00 00 00 00 00 16 bpe N (D) =
DNAT R:30 GUID L=16 0  Reserved depths Supported In DSC
DNAT |DP ACK 00 01 02 03 04 05 07 0 Reserved
DNAT 2 18 R:54 RX GTC VALUE L-8 00D06B: Peak DSC Throughput mOde .
DNAT > 485088 ACK 00 00 00 00 00 00 00 00 Bit Name Value Description

| DNAT > : 31968 R:60 DSC SUPPORT L=16 | ] Peak DSC Throughput —
DNAT . ) - ACE 01 21 03 7F FB 07 01 00 00 3-0 Throughput Mode O 14 1000ME/s = Option

T7-4 Throughput Mode 1 14 1000MP/s

ol e e Peak data rate expressed

0ODD6C: DSC Maximom Slice Width

Bael i ' Foh S SR e in MP/s from 340MP/s to

Max Slice Width 2560 pixels
DELT |DP-T 4 R:100 LINK BW SET L=15 /
DPLT | DE-T : ACK 06 81 00D 08 08 08 0 0006D: DSC SLICE CAPABTLITIES 2 . Find 1000'\/' P S.
DNAT P 2 - 4 R:10F RESERVED L=7 Bit HName WValue Description . . .
puar | o= 21:01:33. sxoooonmoonoo | - T DSC Maximum Slice Width
i ] 0 16 Slices (1)
DNAT |D 21: R:118 UESTREAM DEVICE DP PWR NEED 1 20 Slices Y1)  Mlear . i .
o> Ack oo o0 2 24 svices — Maximum slice width
DHAT | DP R:120 FEC CONFIGURATION L=6 3 0 Reserved L7 Open
DNAT |D ACK 00 00 00 00 0O 00 4 0 Reserved 1
. : o Rocoes supported by the sin
DNAT a. R:154 TX GTC VALUE L-8 e 0 Reserved
DNAT |DP . 4 ACK 00 00 00 00 00 00 00 00 7 0 Reserved | d d
DNAT > . R:160 DSC ENABLE L-1 eCO er.
DHAT - 1. ACE 00 ODD6E: DSC MIN Bits per pixel (L) . cre .

Bit Name WValue Description
DNAT :54. 4 R:1A0 ADAPTER CTRL L=2 | |Ce apa | | |eS —_
DNAT :54. 4 ACRK 00 00 7-0 bits_per pixel7:0 0 .

DNAT :54. 648 R:1C0 PAYLOAD ALLOCATE SET L-3 N u m b er Of S | I C e S
DHAT T . 645 ACE 01 01 3D 0D06F: DSC MIN Bits per pixel (H)

Bit HName Value Description .
kS s o smeom s o m o [ supported by the DSC sink
DNAT |DE-T .84 ACK 41 04 07 00 01 03 88 88 00 00 0O 00 00 0O 00 0O 1-0 bits_per pixeld:8 0 i
DNAT |DE-T R:210 SYMBOL ERROR COUNT LANEO L8 2 1 Reserved de C O der C O ntlnue d

I DNAT |DP-T : 4 ACK 00 80 00 00 0O 00 00 0O 3 0 Reserved .
6-4 Increment 1] 1/16bpp
DNAT |DP-T R:280 FEC STATUS L=3 7 0  Reserved DSC M . Bt
I DNAT |D ACK 00 00 0D Raw Data: In“ I |UI I I I S per
DNAT |D 21: . R:2C0 PAYLOAD TABLE UPDATE STATUS L~16 0 o g -
DNAT |D 21: . ACK 00 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 [0000] [00 D1 21 03 7F FB 07 01]1[..!.....] Plxel — Mlnl”lunl blt de th
[DO08] [00 00 OF OE EE 08 07 001 [...v.u.. 1

DHAT DP = -4 R:2D0 VC FPAYLOAD ID SLOT(15) L=16&

[0010] [04 -- —— —— —
DNAT |DP 3. 4 ACK 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 E

-- 1L

supported by the sink DSC
decoder

AN\ TELEDYNE LECROY

Everywhereyoulook™



[:[:] ACA Data Viewer

B [DP_DSC_3] Events: 178 (535)
14 DNAT T - ACK D1 21 03 7F FB 07 01 00 00 OF DE EE 07 00 D4 E
DNAT ) T R:80 DWN_STRM PORTX CAP L=16
DNAT ) 2 ACK 00 OO0 OO OO OO OO OO OO OO OO OO OO OO OO OO OO
R:90 FEC_CAPABILI'['Y L=1
ACK 01
R:100 LINK_BW_SET L=15
I ACK D6 81 00 08B 08 08 O8 OO 01 OO OD OD OO OD OO E

00090: FEC CAPABILITY

Bit Name Value Description

DSC Configuration, Discovery, Enabling — Reading Sink DPCD Registers

| S|

D |

DHAT 4 R:10F RESERVED L=7

0  FEC_CAPABLE
DNAT ACK 00 00 00 00 00 00 00 1 UNCORRECTED BLOCK ERR CNT CAP N(0)
DNAT |D : R:118 UPSTREAM DEVICE DP_EWR NEED L=2 2  CORRECTED BLOCK ERR CNT CAP  N(0)
DNAT |D : ACK 00 00 3  BIT_ERROR_COUNT CAPABLE N (0)
1
5
6

DNAT [D : 3 R:120 FEC CONFIGURATION L=6 0 Reserved

M 0 R d
DNAT : ACK 00 00 00 00 00 00 eserve

o Reserved

DNAT T :54.0 R:154 TX GTC VALUE L—8 7 0 Reserved

DNAT T 54, : ACK 00 00 00 00 00 00 00 00 Raw Data:
DHAT JP-T - R:160 DSC ENABLE L=1

DNAT YP-T . ACE 00 . [ooooj[oo 01 —— -- -—- -—— —— —-1[.. 1
DNAT ) T R:1A0 ADAPTER CTRL L=2

DNAT ) . ACK 00 0O

DHAT ) 21: R:1C0 PAYLOAD ALLOCATE SET L=3

DHAT P 21: ACK 01 01 3D

DHAT ) 9 54.8 R:200 SINK COUNT L=16

DHAT ) : ACK 41 04 07 00 01 03 88 &8 00 00 OO OO
DNAT 1 R:210 SYMBOL ERROR COUNT LANEO L=8
DNAT )P p 2 ACK 00 80 00 00O 00 OO OO OO

DNAT D 478 R:280 FEC STATUS L=3

DHAT 3 E ACK 00 00 0O

DHAT 3 : ] R:2C0 PAYLOAD TABLE UPDATE STATUS

DHAT : - ACK 00 01 01 01 01 01 01 01 01 01

DNAT ) = R:2D0 VC PAYLOAD TD SLOT(15) L=16

DNAT ) T = ACK 01 01 01 01 01 01 01 01 01 D1

DNAT O)P-T R:2E0 VC PAYLOAD ID SLOT(31) L=16

DHAT )P-T ACK 01 01 01 01 01 01 01 01 01 01

DHAT )P-T = R:2F0 VC_PAYLOAD TID SLOT(47) L=16

DHAT JP-T ACK 01 01 01 01 01 01 01 01 01 01

DHAT P 2 R:218 TEST REQUEST L=2

DNAT ) 21: 9 ACK DO 0D

DNAT P R:220 TEST LANE COUNT L=16

DNAT ) ACK 00 00 OO0 OO 0O OO OO OO OO OO

DHAT R:230 TEST WV HEIGHT L=5

DHAT ACK 00 00 OO0 0O 0O

DNAT |DP ¢ R:240 TEST_CRC R CR L=7

DNAT ) ACK F9 1C 64 6D 17 6B 2F

DNAT ) = = R:248 PHY TEST PATTERN L—4

E AR

=9

AN\ TELEDYNE LECROY
Everywhereyoulook™

Source reads sink DPCD
registers related to
Forward Error Correction
(FEC) capabilities which is
required for DSC
transmission.




DSC Configuration, Discovery, Enabling — Reading Sink DPCD Registers

r = | " Source reads sink DPCD

DNAT : . R:10F RESERVED L=7

DNAT 3 ACK 00 00 OO0 OO OO 00O OO e . I registers related to

DNAT 5 R:118 UPSTREAM DEVICE DF FPWR NEED L=2

puar | o Sl N0 ' Forward Error Correction
(FEC) Configuration.

DNAT  DP-T6D :01:53.86 ACK 00 00 00 0O 00 00 00120: FEC CONFIGURATION
| DNAT |[DP- 5 R:154 TX GTC VALUE L=8 Bit Name Value Description
DNAT |DP- ACK 00 00 00 DD 00 00 00 00 |5 i

FEC_READY
) 3 2 = ENAB ~ -
e AL D R = 3-1 FEC_ERROR COUNT SEL 0 FEC_ERROR COUNT DIS

DNAT |DP : 4 ACK 00 5.4 LANE SELECT
DNAT |DE- 21:01:54. 45 R:1A0 ADAPTER CTRL L=2 Reserved

DNAT » : 4 ACK 00 00 Reserved
DNAT : : R:1CO PAYLOAD ALLOCATE SET L-3

00121: Reserved
DNAT = € ACK 01 01 3D [0121] [00 OO0 0O 00 00 -- —— —=J[..... 1
DNAT = : R:200 SINE COUNT L-16 Raw Data:

DNAT :01: ACK 41 04 07 DO 01 03 88 88 0O 0D 0O 00 H
DNAT > : R:210 SYMBOL ERROR COUNT LANEO L=8 [0000] [00 00 00 00 00 00 00 ——][....... 1
DNAT 4 ACK 00 80 00 00 00 00 00 00

DNAT > R:280 FEC STATUS L=3

DNAT > 0 ACK 00 00 00

DNAT > .4 R:2C0 PAYLOAD TABLE UEDATE STATUS

DNAT 4 01:55.45 ACK 00 01 01 01 01 01 01 01 01 01

DNAT 4 :55 R:2D0 VC_PAYLOAD ID SLOT(15) L=16

DNAT :55. 4 ACK 01 01 01 01 01 01 01 01 01 01

DNAT 4 3 R:2E0 VC_PAYLOAD ID SLOT(31) L=16

DNAT ACK 01 01 01 01 01 01 01 01 01 01

DNAT 156188 R:2F0 VC_PAYLOAD ID SLOT(47) L=16

DNAT : .4 ACK 01 01 01 01 01 01 01 01 01 01

DNAT 21:01:55. € R:218 TEST_REQUEST L=2

DNAT > 21:01: ACK 00 00

DNAT 4 :01: R:220 TEST LANE COUNT 1=16

DNAT > :01: ACK 00 00 00 DO 00 00 00 00 DO 0O

DNAT > : R:230 TEST V_HEIGHT L-5

DNAT > : ACK 00 00 00 DO 00

DNAT 4 R:240 TEST_CRC R CR L=7

DNAT 4 ACK F9 1C 64 6D 17 6B 2F

DNAT > : R:248 PHY TEST PATTERN L=4

DNAT > 0 ACK 00 00 00 00

DNAT > 4 R:250 TEST SOBIT CUST PAT L=12

DNAT > 4 ACK 00 00 00 DO 00 00 00 00 DO 0D OO0 00
DNAT > R:260 TEST RESPONSE L=3

DNAT 4 ’ ACK 00 00 00

DNAT > : R:270 TEST SINK L=11

DNAT 4 : ACK 01 00 00 00 00 00 00 00 00 00 00

o

AN\ TELEDYNE LECROY
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DisplayPort DSC Protocols

Main Stream Protocols
VB-ID Compression Flag
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Display Stream Compression — Compression Enabling

"\
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Source Reads
Sink DPCD

Source Sets
Compression
Enable Bit

Source Transmits
Picture Parameter
Set (PPS)

Source Sets
Compression Flag
in VB-1D

Source Uses EoC
to Bound Chunks

" Seqguence of events to enable
compression.

1. Source reads sink DPCD registers related
to DSC.

2. Source sets the sink Compression Enable
bit in the DPCD register.

3. Source transmits the Picture Parameter
Set (PPS) over the main link.

4. Source sets the VB-ID (Video Blanking
|dentifier) Compression Flag.

5. Source terminates all compressed video
lines within a Slice with the End of Chunk
(EoC) packet.




DSC Configuration, Discovery, Enabling — Setting Compression Enable Bit

([ ACA Data Viewer = | B |

B) " Source writes Compression

e . T e Enable bit to sink DPCD

o T ' register then reads the
status of the

Decompression Enable bit.

DNAT

DNAT

DNAT

DNHAT

DNHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT DP
DHAT DP-
DHAT DP-
DELT DP-
DELT DP
DHAT DP
DHAT DP
DHAT DP
DNHAT DP
DNHAT DP
DNHAT DP
DNAT DP

R:20 RESERVED L-14 WValue Description
ACK 00 00 OO0 OO OO OO
R:30 GUID L=16

ACK 00 01 02 03 04 05
R:54 R¥ GTC VALUE L-=8 [0000] [00 0D —= —= == —— — —=][..
ACK 00 00 00 OO OO OO OO OO

R:60 DSC SUPPORT L=16

ACK 01 21 03 7F FB 07 01 00 0O

R:80 DWN_STRM PORTX CAP L=16

ACK 00 00 00 OO OO OO OO OO OO

R: 90 FEC CAPABILITY L=1

ACK D1

R:100 LINK BW SET L=15

ACK 06 81 00 08 08 08 D08 00 D1

R:10F RESERVED L=T7

ACK 00 00 00 OO OO OO OO

R:118 UPSTREAM DEVICE DE_PWR NEED

ACK 00 00

R:120 FEC CONFIGURATION L=6

ACK 00 00 00 OO 0O OO

R:154 TX GTC VALUE L=8

ACK OO0 00 OD OO OO OO0 DO OO

R:160 D5C ENABLE L=1

ACK 00

R:1A0 ADAPTER CTRL L=2

ACK 00 0O

R:1C0 PAYLOAD ALLOCATE SET L=3

ACK 01 01 3D

R:200 SINK COUNT L=16

ACK 41 04 07 00 01 03 88 88 00 OO OO OO OO OO OO OO

R:210 SYMBOL ERROR COUNT LANEOD L-8

ACK 00 80 00 OO OO OO OO OO

R:280 FEC STATUS L=3

ACK 00 00 0O

R:2C0 PAYLOAD TABLE UPDATE STATUS L=16

ACK 00 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01

R:2D0 VC_PAYLOAD ID SLOT(15) L=16

ACK 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01 01

Decompression Enable
Raw Data:

DNAT DF

DNAT DP
DHAT DP-T&0
DNAT

DNAT

DNHAT

DNHAT

DNHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

DHAT

AY A Y A Y A Y A Y AY AY AY AY AY AY ANV AY AY ANV AY AY AY AV AY AY AY

AN\ TELEDYNE LECROY
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DisplayPort Main Link Protocol — One Video Frame

VERTICAL BLANKING

\ : % &

. g )
- 1t " 3 ) 3
) ’ P g A
VA "1 _ R /
\ (g 1§ i \

"“ TELEDYNE LECROY
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A compression flag is set in
the VB-ID packet at the
periodically through vertical
and horizontal blanking.

A single Picture Parameter
Set (PPS) occurs near the
beginning of a frame in the
vertical blanking.

An End Of Chuck (EoC)
K-character occurs at the
end of each chunk in each
compressed line of video.

" = Video B Fill Characters
: DMetadata I Control Symbols

SR lAudio

Flag Set
l PPS l EoC

Control VBID w/
Compression




Display Stream Compression — VB-ID Compression Flag

=

= DP Capture Viewer SRR

" VB-ID showing compression
flag.
VB-ID Compression Flag must

be set by the source when
transmitting compressed video.

The Compression Flag is set one
scan line prior to the active video

(> ][5> J{ o]

Errors
region.
Compression Flag setting is not
[ changed during the active region.
Link Clock #
# Link Clock #  TimeStamp Type
EEl 14951 0:0:0.000.027.742.593 Video Data
14982 0:0:0.000.027.744.444 Fill
15025 0:0:0.000.027.824.074 Video Data
15026 0:0:0.000.027.825.926 Fill
15069 0:0:0.000.027.905.556 EOC
15070 0:0:0.000.027.907. 407 BS
565 [EELEE 0:0:0.000.027.909.253 BF
566 15072 0:0:0.000.027.911.111 BF
15073 0:0:0.000.027.912.963 BS
15074 0:0:0.000.027.914.815 BS Data
560 [RESE 0:0:0.000.029.872.222 BE
16132 0:0:0.000.029.874.074 Video Data
5 16134 0:0:0.000.029.877.778 Fill
572 16176 0:0:0.000.029.955.556 Video Data
16178 0:0:0.000.029.959.259 Fill
16220 0:0:0.000.030.037.037 Video Data
5 16222 0:0:0.000.030.040.741 Fill
16264 0:0:0.000. Video Data

"“ TELEDYNE LECROY
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Display Stream Compression — VB-ID Compression Flag

3

DP Capture Viewer

‘_ ©® Rows "ﬂ Events ||ro Find ‘

0015 @@ Marker 1 Q[ = (B | Marker2

Markers

i 13570 15074
Link Clock #

# Link Clock#  TimeStamp
550 [REEI 0:0:0.000.027.742.593
14982 0:0:0.000.027.744.444
15025 0:0:0.000.027.824.074
15026 0:0:0.000.027.825.926
15069 0:0:0.000.027.905.556
15070 0:0:0.000.027.907.407
565 [RELNE 0:0:0.000.027.909.259
ET 15072 0:0:0.000.027.911.111
15073 0:0:0.000.027.912. 963
15074 0:0:0.000.027.914.815
B 16151 0:0:0.000.029.872.222
16132 0:0:0.000.029.874.074
16134 0:0:0.000.029.877.778
16176 0:0:0.000.029.955.556
16178 0:0:0.000.029.959.259
7 16220 0:0:0.000.030.037.037
16222 0:0:0.000.030.040.741
7¢ 16264 0:0:0.000.

G X

"“ TELEDYNE LECROY
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" VB-ID showing compression
flag.
Zoomed in view showing end of
a line of video with the VB-ID
packet with the Compression
Flag set.




Display Stream Compression — VB-ID Compression Flag

=

DP Capture Viewer = | e

" VB-ID showing compression

|_ ® Rows ||E Events |r Find | | HH:MM: S S.ms.us.ns{.ps) flag

0.000457 @@ [ Marker 1 b‘ [ Marker 2

Zoomed in further showing last
video packet in a video line with
the VB-ID packet with the
Compression Flag set.

z Link Clock# TimeStamp Type
14981 o:
14982
15025
15026
15069
15070
15071
15072
15073

0.000.027.742.593 Video Data
.000.027.744.444 Fill

.000.027.824.074 %
.000.027.825.926 Fill
.000.027.505.556 EOC
.000.027.507.407 BS
.000.027.909.259 BF
.000.027.511.111 BF
.000.027.912.963 BS

15010 15057 = |l= |=
Link Clock #

O 0000000 000000000
o0 0000000000000 o0o0o0
O 0000000 000000000

15074 .000.027.914.815 BS Data zz zz z
16131 .000.029.872,222 BE il w o0 oo
16132 .000.029.874.074 Video Data
16134 .000.029.877.778 Fill ) z z z
16176 .000.029.955.556 Video Data w o0 oo
16178 .000.029.959.259 Fill
16220 .000.030.037.037 Video Data zz zz z
16222 .000.030.040.741 Fill
- o0 00 00
.000. Video Data

"“ TELEDYNE LECROY
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Display Stream Compression — VB-ID Compression Flag

=

= DP Capture Viewer

" VB-ID showing compression
flag.

Zoomed in further showing end
of line with EOC, Blanking Start
T T N N if packets and the VB-ID packet
Tl T e | with the Compression Flag set.

; Compression flag being set
indicates to the decoder that it
- has to decode incoming
compressed video data.

Markers

Link Clock #
# Link Clock#  TimeStamp Type
EEEl 14951 0:0:0.000.027.742.593 Video Data
14982 0:0:0.000.027.744.444 Fill
EGH 15025 0:0:0.000.027.824.074 Video Data
15026 0:0:0.000.027.825.926 Fill
5 15069 0:0:0.000.027.905.556 EOC
15070 0:0:0.000.027.907.407 BS
565  [EEDks 0:0:0.000.027.909.259 BF
ET 15072 0:0:0.000.027.911.111 BF
15073 0:0:0.000.027.912.963 BS
15074 0:0:0.000.027.914.815 BS Data
560 RIS 0:0:0.000.029.872.222 BE
16132 0:0:0.000.029.874.074 Video Data
16134 0:0:0.000.029.877.778 Fill
16176 0:0:0.000.029.955.556 Video Data
16178 0:0:0.000.029.959.259 Fill
57 16220 0:0:0.000.030.037.037 Video Data
16222 0:0:0.000.030.040.741 Fill
16264 0:0:0.000. Video Data

"“ TELEDYNE LECROY
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DisplayPort DSC Protocols

Main Stream Protocols
Picture Parameter Set (PPS)
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Display Stream Compression — Picture Parameter Set

" Picture Parameter Set (PPS)

Source sends PPS after it receives an
acknowledgement from the sink that the
Decompression Enable bit has been set
in the DPCD register.

The PPS is transmitted over the main link
during the vertical blanking in a
DisplayPort Secondary Data packet.

The parameter data that is transmitted in the
PPS is necessary to inform the sink how
to decode the compressed data.

Sink uses the last PPS transmitted before
the Blanking Start (BS) symbol sequence of
the scan line prior to where the active region
starts.

Compression parameters can be changed
between compressed frames by
transmitting a new PPS. The PPS values
apply to all subsequent frames.

I“‘ TELEDYNE LECROY
Everywhereyoulook




Display Stream Compression — Picture Parameter Set

3 T —

DP Capture Viewer

| © Rows | B Events

32472 \3/@ e \L/ Marker 2

s

Markers
| -1865774 1476562
Link Clock #
# Link Clack 2 TimeStamp Type

1471537 :0:0.002.725.068.519 55
1471538 0:0:0.002.725.070.370 CTA Vendor Specific
1471550 0:0:0.002.725.092.593 SE
1476535 0:0:0.002.734.324.074 BS
1476536 0:0:0.002,734.325.926 BF

| 1476537 0:0:0.002.734.327.778 BF
1476538 0:0:0.002.734.329.630 BS
1476539 0:0:0.002.734.331.481 BS Data
1476546 0:0:0.002.734.344.444 55
1476547 0:0:0.002.734.346.256 Picture Parameter Set
1476589 0:0:0.002.734.424.074 SE
1481558 0:0:0.002.743.625.926 BS

N 1481559 0:0:0.002.743.627.778 BF
1481560 0:0:0.002.743.629.630 BF
1481561 0:0:0.002.743.631.481 BS
1481562 0:0:0.002.743.633.333 BS Data
1486580 0:0:0.002.752.925.926 BS
1486581 0:0:0.002. BF

1
00 11

0 10

=1}

89

4318393

i |wlEl

"“ TELEDYNE LECROY
Everywhereyoulook

= Zoomed out view showing
beginning of video and vertical
blanking periods visible.




Display Stream Compression — Picture Parameter Set

— S — = =

DP Capture Viewer

= Zoomed in to show end of a line
of video with packets in the
vertical blanking period shown.

| ' Open

Markers

1435444 1455063 1474683
Link Clock #

z Link Clock#  TimeStamp Type
1471537 0:0:0.002.725.066.519 55
1471538 0:0:0.002.725.070.370 CTA Vendor Specific
1471550 0:0:0.002.725.092.593 SE
1476535 0:0:0.002.734.324.074 BS
1476536 0:0:0.002.734.325.926 BF
1476537 0:0:0.002.734.327.778 BF
1476538 0:0:0.002.734.329.630 BS
1476533 0:0:0.002.734.331.481 BS Data
1476546 0:0:0.002.734.344.444 55
1476547 0:0:0.002.734.346.2596 Picture Parameter Set
1476589 0:0:0.002.734.424.074 SE
1481558 0:0:0.002.743.625.926 BS
1481559 0:0:0.002.743.627.778 BF
1481560 0:0:0.002.743.629.630 BF
1481561 0:0:0.002.743.631.481 BS
1481562 0:0:0.002.743.633.333 BS Data
1486580 0:0:0.002.752.925.926 BS
1486581 0:0:0.002. BF

"“ TELEDYNE LECROY
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DP Capture Viewer

| ©® Rows | B Events

Display Stream Compression — Picture Parameter Set

HH:MM: 55.ms.us.ns{.ps)

0.000172 \3/@ Marker 1 \L/

Marker 2

1486580 0:0:0.002.752.925.926
1486561 0:0:0.002.752.927.778

Markers
| 1476534 1476543 1476552
Link Clock #
# Link Clock#  TimeStamp Type

1471537 0:0:0.002.725.068.519 55
1471538 0:0:0.002.725.070.370 CTA Vendor Specific
1471550 0:0:0.002.725.092.593 SE
1476535 0:0:0.002.734.324.074 BS
1476536 0:0:0.002.734.325.926 BF

I 1476537 0:0:0.002.734.327.778 BF
1476538 0:0:0.002.734.329.630 BS
1476539 0:0:0.002.734.331.48] BS Data
1476546 0:0:0.002.73* =" 55
1476547 0:0:0.002.73 Picture Parameter Set
1476589 0:0:0.002.73a. 228,071 SE
1481558 0:0:0.002.743.625.926 BS
1481559 0:0:0.002.743.627.778 BF
1481560 0:0:0.002.743.629.630 BF
1481561 0:0:0.002.743.631.481 BS
1481562 0:0:0.002.743.633.333 BS Data

BS
BF

1476561

1476570

"“ TELEDYNE LECROY
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Zoomed in to show Picture
Parameter Set (PPS) packet.



= DP Capture Viewer

)isplay Stream Compression — Picture Parameter Set

1446357

Link Clock#  TimeStamp

1471537 0:0:0.002.725.068.3519
1471538 0:0:0.002.725.070.370
1471550 0:0:0.002.725.092.593
1476533 0:0:0.002.734.324.074
1476536 0:0:0.002.734.325.926
1476537 0:0:0.002.734.327.778
1476538 0:0:0.002.734.329.630
1476539 0:0:0.002.734.331.4%1
1476546 0:0:0.0

1476547 0:0:0.0

1476589 0:0:0.0

1481558 0:0:0.002.743.625.546
1481559 0:0:0.002.743.627.778
1481560 0:0:0.002.743.629.630
1481561 0:0:0.002.743.631.481
1481562 0:0:0.002.743.633.333
1486580 0:0:0.002.752.925.926
14865861 0:0:0.002.752.927.778

1446392
Link Clock #

Type

55

CTA Vendor Specific
SE

BS

BF

BF

BS

BE Data

55

Picture Parameter Set
SE

BS

BF

BF

BS

BS

BS

BF

"“ TELEDYNE LECROY
Everywhereyoulook

Picture Parameter Set showing
the following parameters:
DSC Version (major and minor).
PPS identifier — Indicates the
packet type.
Bits per component — Number of
bits per component of the video.

Line buffer depth.

Block prediction enable —
Indicates if there are any groups
in the video frame (picture) that
use the Block Prediction
method. If true this would mean
that the decoder has to select
between Block and MMAP
prediction methods. Block
prediction is an optional prediction
method of a sink.

Convert RGB - Indicates if the
DSC encoder converted the
video from RGB to YCoCg.



)isplay Stream Compression — Picture Parameter Set

[ DPCapture Viewer T - . T - - = | B || -

Picture Parameter Set showing
the following parameters:
Bits per Pixel — Specifies the
target bits per pixel the encoder
uses.

Picture Height — Number of lines
in the video frame being
encoded.

Picture Width — Number of pixels
per line of the video frame being
1446357 1446392 en COd ed -

Link Clock#  TimeStamp Type el: o e S|IC€ HEIght - Numbel’ Of |IneS |n
1471537 0:0:0.002.725.068.519 ss o . : o : R f - eaCh Sllce.

1471538 0:0:0.002.725.070.370 CTA Vendor Specific
1471550 0:0:0.002.725.092.593 SE H . H

1476535 0:0:0.002.734.324.074 BS £ ‘B : E_ S'ICe Wldth - Number Of plXGlS
1476536 0:0:0.002.734.325.926 BF ibisl =mat de - H .

tevessr [oior0 00 7ot sar ooe o : - per line of each Slice.

1476538 0:0:0.002.734.329.630 BS . i ) .

1476539 0:0:0.002.734.331.4\1 BS Data . ; o Chunk SIZG - Number Of byteS
1476546 0:0:0.0( 55 ) . N . . . .

1476547 0:0:0.00 Picture Parameter Set E - R ) (plerS) In a Chunk. ThIS IS a
1476589 0:0:0.0( SE . . . .
1481558 0:0:0.002.743.625.9/6 BS ) ‘n i fUﬂCtIOﬂ Of the Sllce Wldth
1481559 0:0:0.002.743.627.778 BF — "

1481560 0:0:0.002.743.629.630 BF
1481561 0:0:0.002.743.631.481 BS
1481562 0:0:0.002.743.633.333 BS Data
1486580 0:0:0.002.752.925.926 BS
1486581 0:0:0.002.752.927.778 BF

"“ TELEDYNE LECROY
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)isplay Stream Compression — Picture Parameter Set

[ DPCapture Viewer T - . T - - = | B || -

Picture Parameter Set showing
the following parameters:

Initial Transmitter Delay — Number
of pixel times the encoder waits
before transmitting data from its
rate buffer.

Initial Decoder Delay — Number of
pixel times the rate buffer in the
decoder waits before decoding the
compressed pixels.

First Line BPG offset — Specifies

. uom the number of extra bits
allocated to the first line of a
slice to reduce artifacts.

| 1446357 1445392 1446428
Link Clock #

# Link Clock# TimeStamp Type

1471537 0:0:0.002.725.068.519 55

14715386 0:0:0.002.725.070.370 CTA Vendor Specific
1471550 0:0:0.002.725.0592.583 SE

1476535 0:0:0.002.734.324.074 BS

1476536 0:0:0.002.734.325.926 BF

I 1476537 0:0:0.002.734.327.778 BF ; w
1476538 0:0:0.002.734.329.630 BS w e
1476539 0:0:0.002.734.331.4\1 BS Data & .
1476546 0:0:0.00 55 w o
1476547 0:0:0.00( Picture Parameter Set « .
1476589 0:0:0.00 SE . .
1481558 0:0:0.002.743.625.9/6 BS . =
N 1481559 0:0:0.002.743.627.778 BF = @
1481560 0:0:0.002.743.629.630 BF = .

1481561 0:0:0.002.743.631.481 BS
1481562 0:0:0.002.743.633.333 BS Data
1486580 0:0:0.002.752.925.926 BS
1486561 0:0:0.002.752.927.778 BF

"“ TELEDYNE LECROY
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Display Stream Compression — Picture Parameter Set

Markers

N 1446357

1471537
1471538

1476546
1476547
1476589
1481558

1446374

Link Clock #  TimeStamp

0:0:0.002.725.068.519
0:0:0.002.725.070.370
0:0:0.002.725.092.593
0:0:0.002.734.324.074
0:0:0.002.734.325.926
0:0:0.002.734.327.778
0:0:0.002.734.329.630
0:0:0.002.734.331.4873
0:0:0.002.77

0:0:0.002.7]

0:0:0.002. Tosv=a=ror
0:0:0.002.743.625.924
0:0:0.002.743.627.778
0:0:0.002.743.629.630
0:0:0.002.743.631.481
0:0:0.002.743.633.333
0:0:0.002.752.925.926
0:0:0.002.752.927.778

1445332
Link Clock #
Type
55
CTA Vendor Specific
SE
BS
BF
BF
BS
BS Data
55
Picture Parameter Set
SE
BS
BF
BF
BS
BS Data
BS
BF

1446423

TELEDYNE LECROY

Picture Parameter Set showing
the following parameters:

Final Offset.

Flatness Minimum Up — Specifies
the minimum Quantization
Parameter (QP) that flatness is
signaled and the flatness QP is
made.

Flatness Maximum Down -
Specifies the maximum
Quantization Parameter (QP) that
flatness is signaled and the flatness
QP is made.

Note: Flatness is signaled in the
Luma substream.

Second Line BPG Offset.
NSL BPG Offset.

RC Parameters — Various
parameters that control the Rate
Controller.

“»"n\"
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DisplayPort DSC Protocols

Main Stream Protocols
End of Chunk (EOC)

"“ TELEDYNE LECROY
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Display Stream Compression — End of Chunk

‘ O — ——-—-“—“—-—-‘h—- m@ﬁ

= DP Capture Viewer

" End of Chunk packet
The DSC data stream is
transported in units of Chunks.
A Chunk is the part of the
bitstream that comprises the

- RO R R compressed data bytes.

Chunks are a line of video within
a Slice.

Every Chunk is the same size.

An End of Chunk packet is
placed at the end of each Chunk.

Marker 1 \z/ Marker 2 \I/

Markers

|| 1671816 1677419 1680221 1683023
Link Clock #

Link Clock#  TimeStamp Type
1677201  0:0:0.003.105.927.778 Fill
1677243  0:0:0.003.106.005.556 Video Data
1677245 0:0:0.003.106.009.259 Fill
1677287 0:0:0.003.106.087.037 Video Data
1677289 0:0:0.003.106.090.741 Fill
1677331 0:0:0.003.106.168.519 Video Data
1677332  0:0:0.003.106.170.370 Fill
1677375 0:0:0.003.106.250.000 Video Data
1677376 0:0:0.003.106.251.852 Fill
1677419 0:0:0.003.106.331.481 EOC
1677420 0:0:0.003.106.333.333 BS

1677421  0:0:0.003.106.335.185 BF

1677422  0:0:0.003.106.337.037 BF

1677423 0:0:0.003.106.338.889 BS

1677424  0:0:0.003.106.340.741 BS Data
1678481  0:0:0.003.108.298.148 BE

1678482  0:0:0.003.108.300.000 Video Data
1678484 0:0:0.003.108.303.704 Fill

"“ TELEDYNE LECROY
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Display Stream Compression — End of Chunk

DP Capture Viewer

(M (K[ <]

Marker 1

dsc_3to1_8bpc_8bpp_fec_enabled

Marker 2

Data

Errors

Markers

14

298

L0

| 395121

Link Clock#  TimeStamp

396582
3596624
396626
396668
396669
3596712
3596713
396756
397819
397621
397863
3897865
387507
3975909
387551
387953
3879895
397997

0:

o0 000000000000 o0o0ao0

O o0 0000000000000 o0o0o0
o0 000000000 o0o0o0oo0oao

:0.

000.
.000.
.000.
.000.
.ooo.
.000.
.000.
-000.
.ooo.
.000.
.000.
.000.
.000.
.ooo.
.000.
.000.
.000.
.ooo.

T34.
734.
734.
734.
734.
734.
734.
734.
736.
736.
736.
736.
736.
T36.
736.
736.
737.
737.

111
. 889
.583
. 370
L222
. 852
.T04
.333
.852
.556
333
.037
.815
.51%
L2896
. 000
778
.481

Type
Fill
Video
Fill
Video
Fill
Video
Fill
EOC
Video
Fill
Video
Fill
Video
Fill
Video
Fill
Video
Fill

Data

Data

Data

Data

I

396561
Link Clock #

" End of Chunk packet

Zoomed in showing end of
one line of video.

Showing the video fill
characters.

Showing the horizontal
blanking and the beginning
of another line of video.

End of Chunk at the end of
the video packets in the
line.

“»"n\"
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Display Stream Compression — End of Chunk

DP Capture Viewer

| ® Rows "E Events " & Find | | HH:MM: S S.ms.us.ns(.ps)

oo (|} Q]

Markers

1 396590

Link Clock#  TimeStamp

396582
396624
396626
396668
396669
396712
396713
396756
397819
397821
397863
397865
397907
397909
397951
397953
397995
397997

0:

o 0000000000000 oo0oo0o
O 0000000000000 o0o0oao
O 0000000000 o0oooao

0.

0oo.
0.000.
.ooo.
.ooo.
000,
000,
.000.
.000.
.000.
.oDo.
.oDo.
.oDo.
.oDo.
.oDo.
.oDo.
.oDo.
.oDo.
.oDo.

T734.
T734.
T734.
T734.
T734.
T734.
734.
T34.
T736.
736.
736.
736.
736.
736.
736.
736.
737.

396652

411.
4886 .
492,
570.
572.
6351,
633.
733.
701.
T05.
783.
787.
B64.
B68.
946.
950.
0z27.

111
B89
5593
370
222
852
T04
333
852
556
333
037
815
519
296
000
778

Type
Fill

Fill

Fill

Video Data
Fill

EQC

deo Data

396715
Link Clock #

396841

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

oo

“»"n\"
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" End of Chunk packet
Zoomed in further showing
end of one line of video with
video fill characters.

End of Chunk at the end of
the video packets in the line.




Display Stream Compression — End of Chunk

DP Capture Viewer

[,
0.000117 \g/@

80350

Link Clock# TimeStamp

l“‘ TELEDYNE LECROY
Everywhereyoulook

G0141 0:0:0.000.148.
80183 0:0:0.000.148.
80185 0:0:0.000.148.
0:0:0.000.148.
G0229 0:0:0.000.148.
0271 0:0:0.000.148.
0:0:0.000.148.
80315 0:0:0.000.148.
80316 0:0:0.000.148.
&0359 D:0:0.000.148.
G0360 0:0:0.000.148.
B0361 0:0:0.000.148.
80362 0:0:0.000.148.
B0363 0:0:0.000.148.
60364 0:0:0.000.148.
G1420 0:0:0.000.150.
81421 0:0:0.000.150.
51423 0:0:0.000.

409.
487.
490.
568.
572.
650.
651.
731.
733.
812.
G14.
Bl6.
B818.
B820.
822,
T77.
T79.

259
037
T41
519
222
ooo
852
481
333
963
&15
667
513
370
222
T78
630

Type

Fill

Video Data
Fill

Video Data
Fill

Video Data
Fill

Video Data
Fill

EOC

BS

BF

BF

BS

BS Data

BE

Video Data

Fill

80352
Link Clock #

80374

FE FE
EOC  EOC
B3 B3
EF EF
EF BF
BE B

" End of Chunk packet

Zoomed in much
further showing the
end of a fill packet on
the last transfer unit
of a line.

There is an End of
Chunk packet on
each lane.

Note: This example is
not typical. Normally,
there would be more
End of Chunk packets
than there are lines of
video because there
are typically multiple
slices across the
horizontal picture
frame.



Display Stream Compression — Video Frame

= DP Capture Viewer

Data
|
§| Errors
I Markers
80350
# Link Clock #

80141
80183
80185
80227
80229
80271
80272
80315
80316
80359
80360
80361
50362
80363
50364
51420
81421
51423

Time

0:04
0:0
0:07
0:0
0:03
0:04
0:0
0:07
0:0
0:04
0:04
0:0
0:07
0:0;
0:0%

0:0:0.000.150.777.778
0:0:0.000.150.779.630

0:0:0.000.150.

783.333

"“ TELEDYNE LECROY
Everywhereyoulook

Capture: dsc_3tol_8bpc_8bpp_fec_enabled -- Frame #2

Cursor: (600,3)
r,9,b = 00000, 0:0000, 0:0000 (0, 0, 0)

640 x 480, Progressive, 8 bpc, RGB

BE

Video Data

Fill

FE FE
EOC  EOC
B3 B3
EF EF
EF BF
BE B

® Video Frame

DSC strives for
visually lossless
compression.

This is a subjective
measure.

Looking at the video
frames can reveal
DSC encoding and
decoding artifacts.
Typically these
would be more likely
to occur at the edges
of the video frame
and the slices.




Teledyne LeCroy — DisplayPort Phy & Protocol Testing

DisplayPort Phy DisplayPort Protocol Analyzer
Compliance Testing for DSC Streams at

at 8.1Gbps Link Rate HBR3 8.1Gbps Link Rate

WaveMaster 980B Platform w/
DisplayPort 1.4
Protocol Analyzer module

I“‘ TELEDYNE LECROY
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Thank you for attending = we will be announcing additional

webinars on the following topics in the
coming months.

Please take the Brief 5 = Plea_se shar(_e your thoughts on additional
guestion survey at the end. webinars of interest to you.

Note: We will provide you a link where Please contact me, Neal Kendall at:
you can obtain a recording and the neal.kendall@teledyne.com
slides in a couple days. If you have any questions.
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