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FEC & DSC

Forward Error Correction & Display Stream Compression
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FEC Characteristics

FEC (Forward Error Correction) was introduced in DisplayPort v1.4

Based on Reed-Solomon RS(254,250) Forward Error Correction code

« FEC block 250 symbols >> 4 RS parity symbols >>
5 FEC parity code + 1 CD_ADJ (disparity) code

5FEC
Parity Code coe

Creates 2.4% overhead

Is able to correct 2 errors
« Works as SST or MST
« Uncompressed or DSC bitstream (use of FEC is normative with DSC)
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FEC Applied Just Before Serializer

FEC_PARITY_MARKER
Insertion 9 bits/lane
FEC_DECODE_EN/FEC_DECODE_DIS
Sequence Insertion 9 bits/lana §
o
FEC_PARITY_PH g
Insertion obitshane | = @
i =
8 OGP 8b/10b FEC Encoder Inter-lane Seriali
o
I i . — (Includes 8b/10b e > erializer I
. Q 9 bits/lane Encrypter 9 bitsflane Scrambler 9bits/lane| ENCOAEr  |1p pits/iane encoder for . SkEW ] /TX Driver . .
Stream Link Layer i . 10bits|  Insertion |10 bits Serial bitstream to DPRX
y w parity symbols) | fiane
Source(s) r flans
—> (Stream data to M——— L ~
(May include DSC LL link symbol 9 bitsllane Neither HDCP cipher nor scrambler LFSR \ "‘ Two-way interleaved, 8b/10b-encoded
compressor(s)) mapping) (including DP MST Control Link Symbol FEC_PARITY_PH removed . %, FEC parity symbols + CD_ADJ inserted
Index scrambler) advances in a link symbol before 8b/10b encoded into vacancy created by removal of
clock cycle carrying FEC_PARITY_PH and FEC_PARITY_PH link symbol clock cycles
’ FEC_DECODE_EN/FEC_DECODE_DIS '
L] 1
: :
Stream Clock Link Symbol Clock Domain ‘ Serial Bit
Domain ' (1/10x of serial bit clock rate) ' Clock Domain
[ ] [ ] [ ] - [ ] []
: : ! : : :
v DSC/Stream | Link Layer Block HDCP Layer Block ' . . . : Main-Li H
' ] ‘ ' ' in-Link '
! LayerBlocks | (SST/MST) : (SST/MST) ; Main-Link PHY Layer Logical Sub-block : PHY Layer |
Electrical
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250 LL Codes

Main 8b/10b Encoder
of Lane 0 (or Lane 2)

FEC_PM

(Parity
Marker, \
K28.1)

Gap generated with
FEC_PARITY_PH
link symbols removal

(8b/10b-coded
LL Link Symbols)

Optionally HDCP-encrypted

and scrambled LL link symbols,

FEC_PM link symbol, and to-be-removed
FEC_PARITY_PH link symbols

Main 8b/10b Encoder
of Lane 1 (or Lane 3)

Inserting FEC Parity Bits
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‘QEQE ““o -“o‘ E Ema‘tpﬁﬁM ED_ADJ
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ol ®|N|o 5] R /Insertion
o Extra 4 F’antyM'
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41
FEC_PM
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Marker,
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Multiplexer

Multiplexer

2-way interleaved FEC Block for 2-/4-lane configurations

FEC_PM CD_ADJ0
- - 5 Interleaved FEC

Parity Codes 250 LL Codes
I3 3el=zl=
FPQPﬂqgg ﬂ
e @ ||~
Lane 0
(or Lane 2)
Lane 1
FEC_LPM  CD_ADJ1
S22 &l zTzlz]=
O10|01O| O/ R3] | R -mrmme HEEE
FlERF P o= N

2-way interleaved FEC Block for 2-/4-lane configurations

CAPTURING THE WORLD
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FEC DPCD Registers
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DPCD Address Register
00090h FEC_CAPABILITY
00120h FEC_CONFIGURATION
00280h FEC_STATUS
00281h and 00282h FEC_ERROR_COUNT




DSC Characteristics

DSC (Display Stream Compression) was introduced in DisplayPort v1.4

"=

Real time, frame-by-frame
* Image can be split to slices

3 pixels per clock (4:4:4)

Typically 1:2 or 1:3 compression ratio, Visually Lossless

DSC vl1.2a supports:
o 4:4:4, 4:2:2, 4:2:0, either RGB or YCbCr color format
» 8 to 16 bits per color component

Works as SST or MST
VESA provides C-source code as example implementation
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Compression Has Advantages

* The initial application for DSC compression is in portable, battery
powered systems with an embedded display.

« Advantages of Compression
« Save system power and extend battery life
* Reduce weight and cost by decreasing the number of interconnect wires
« Decrease frame buffer size and decrease cost.

* E.g. DisplayPort 1.4a supports 8K video at 60 Hz and 24-bit color
using a low 2:1 compression ratio
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VESA Selected DSC Compression

« Appreciated features of DSC:
 Visually lossless
* Independently decodable regions
« Many color formats and bit depths
« Easy and inexpensive implementation in realtime

* Disadvantage of MPEG-2, H.264, JPEG-2000 and VC-2
« Requirement to store many pixel rows makes it expensive

* Disadvantage of JPEG-LS:
« Cannot guarantee constant bit rate
« Quality not good enough in lossy modes
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@) Features DSC1.1 DSCl.2a VDC-M1.1
(dp) Visually lossless compression performance
— verified by subjective testing
GJ 30 bit color, compression ratio (bits/pixel)  3.75:1 (8 bpp) 3.75:1 (8 bpp) 5:1 (6 bpp)
> 24 bit color, compression ratio (bits/pixel) 3:1 (8 bpp) 3:1 (8 bpp) 4:1 (6 bpp)
IC complexity Low Low Medium
O Backwards compatibility DSC 1.x DSC 1.x N/A
CD Both encoder and decoder are specified v ¥ v
D Normative C language code v v v
Frame-by-frame compression v v v
O‘) Bits per color support 8/10/12 8/10/12/14/16 8/10/12
cC High Dynamic Range-ready v v v
o RGB and YCbCr 4:4:4 native encoding v v v
o YCbCr 4:2:0 or 4:2:2 native encoding No v v
O Image test data base available from VESA v v v
— Compliance test guideline and test scripts 4 In development
!: Publicly known adopting standards MIPI DSI 1.2 HDMI 2.1 MIPI DSI-21.1
O DSI-2 1.0 VESA DP 1.4a
O VESA eDP 1.4b
v’ Available now
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DSC Source Bitrates

Color Depth Used Minimum Bit Rate for Maximum Bit Rate for
8,10 or 12 bpc (bpp) 8,10 or 12 bpc (bpp)
4:4:4 or Simple 4:2:2 8 3 x bpc
Native 4:2:2 7 2 % bpc
Native 4:2:0 6 1.5 x bpc
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Image Split Into Slices

Horizontal slices processed simultaneously > need more resources
Slice height does not affect resources usage

More vertical slices improves compression effectiveness

Sliced structure supports regional update scheme

Slice Slice Slice Slice
Slice Slice Slice Slice \

~Slice with
Slice Slice Slice Slice geied errors |-
Slice Slice Slice Slice
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Declared Sink Capabilities
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 Version: 1.1 or 1.2
Rate Control Buffer Size

Number of slices pupported: 1 to 24
Color Depth and Format: 8 to12 bpc, 4:4:4/4:2:2/ 4:2:0
Block Prediction Support (optional)

Decompressor Throughput (default 340 MP/s)
Max Slice Width: (2560 pix default)
BPP Increment
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DSC DPCD Registers
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DPCD Address Register
00060h — 0006Fh Receiver DSC Capabilities (Sink sets)
00160h DSC Enable (Source sets)
0020Fh DSC Status (Sink sets)
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Slice Calculation Examples
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« 3840 x 2160 @60 Hz = 594 MP/s
« 3840 pix > 2560* pix => 2 slices required
* 594 MP/s > 340** MP/s => 2 slices required

« 1920 x 1080 @ 60Hz = 148.5 MP/s
e 1920 pix < 2560* pix => 1 slices required
e 148.5 MP/s < 340** MP/s => 1 slices required

* ) Max Slice Width, 2560 pix default
**) Decompressor Throughput, default 340MP/s
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Bandwidth Example
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* Two Lanes, 5.4Gbps, 42 timeslots in MTP (multistream),
3% overhead:

« 2x540 MBps x 42/64 x 0.97 = 687.4875 MBps

» 3840 x 2160 (RB) 60Hz
* 4000 x 2250 x 60 = 540 MPs
« 687.4875 MBps / 540MPs = 1.273 B/pixel = 10.185 bpp

 Max DSC bitrate => 10 bpp w/ 1 bpp increment precision (overhead
absorbed in horizontal blanking)
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Lane 0 Lane 1 Lane 2 Lane 3
s BE BE BE BE
@) A | Byeo Byte 1 Byte 2 Byte3 | A
- — 4 g 3 ] 0
. l ' 1 (o]
(D g Compressed Data ] £
H i H ! =
- — FS FS FS FS *&"-_ 5
( < T3
— = Stuffed Data | Stuffed Data | Stuffed Data | Stuffed Data ‘g
L 'ch; Symbols Symbols Symbols Symbols ~
(32}
CD FE FE FE FE %
m : Coméressed :Data :
B : 1 lD .S hol :
I yte n- umimy ymbols
N ke | eoc | ec | ec | 3
8
| - A Byte 0 Byte 1 Byte 2 Byte 3 =
L) 1 [] 1 3
— : : : : FE
CU : Compressed Data ' ~3
g . H H ©
D | ' :
FS FS FS FS o
) £ Stuffed Data | Stuffed Data | Stuffed Data | Stuffed Data
CD (_-c:; Symbols Symbols Symbols Symbols
FE FE FE FE
( ) : H : : %
E Coméressed :Data E 5
N S M A S S
v Byte n-1 Dummy SymBbols E
D A
BS BS BS BS




R =

/) UNIGRAF

|
1 I ml ‘
o 1 R R
DSC Encoding
> Flatness
Determination
Flatness Indication # f QP 4 of Bits Flatness
Rate Control €————— Indication
Y Y
Image Bitstream
Input RGB to , N VLC Output
Predictors, Quantization, Substream
— YCoGgR Buffer > and Reconstruction > Entropy = \tiplexing > Rate Buffer —e
(if RGB in) Coding
Pt 4
Reconstructed
Pixel Values

Line Buffer ————

v

L o] ICH
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DSC Encoding — Main Steps

Color space conversion: Prediction:

« RGB->YCoCg-R * Modified median-adaptive prediction

» Simple with only shift and addtion * Supports 3 pixels parallel
needed * Block Prediction (optional)

* Predicts samples from previously
reconstructed pixels

* Search costly in HW => optional

\_ - * Midpoint prediction

* Perdict samples from component
midpoint

 Number of bits required bound even in
worst case

. J
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DSC Encoding — Main Steps

Indexed Color
History (ICH)

Reconstuction

* Ensures result is in
valid range

Quantization

* Power of 2, easily
implemented using a
shifter
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DSC Encoding — Main Steps

Rate Control Flatness Detection Entropy Encoder Substream
e Ensures maximum e Reduces quantization * Codes prediction multiplexing
quality without artifacts residuals e Allows 3 entropy
buffer decoders to run
over/underflow parallel
- J \_ ), L ) J
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DP DSC DP DSC
Source Device Sink Device

Shall check for DSC-capable Sink devica(s) by
reading DPCD Addresses 00080h through 0006Fh [ —

T Shall reply with the DPCD Address 000600 through
TTe— N D00EFh values, which indicate DS capability

If a DSC Sink device is found and DSC bitstream ______———'___ for a DP DEC Sink device and returns all 0s for

I-l'al'lEFUl't is nee dﬂd. "Sha“ sei the Dﬂmﬂwﬂaﬂlﬂﬂ ____:__ I - a DP Sink device that does not have DSC mﬂ'ﬂm"ﬁ'
Enable bit in the DSC ENABLE register —

(DFCD Address 001680h, bit 0) to 1 —
T Shall return ALX response from the AUX

e callto set the Decompression Enable bit
e to 1 and be ready to receive PPS

Shall send first PPS ——— =
T Shall read PPS values and be ready
s toapply the values when the
When ready to send a compressed siream, _______-——-""_ compressed frame is received
shall set the CompressedStream_Flag bit ————&—

in the VB-ID (bit 6) to 1

T Shall enable decompression

Enabling DSC

Shall sand a new PPS, as needed 4
T— _— If a new PPS is receivad, shall apply
Shall set to 1 or clear to 0 the e the new PPS on the upcoming frame
CompressedSiream_Flag to reflect an _
upcoming compressed o 4 -
uncomprassed stream e Shall enable/disable
e decompression according to the
T CompressedStream_Flag value;
1 0 = Disable decompression
PPS = Picture Parameter Set. Sent as SDP. Set of parameters that provide information necessary to decode the picture 1 = Enable decompression
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VB-ID Bit Definition

] VerticalBlanking_Flag

Shall be set 1o 1 an the end of the last active line of a video frame and remain set during the
vertical blanking period.

A Source device may clear this bit in the VB-1D either immediately prior 1w the first active
line of a video frame (i.e., the first BE of a video frame) or immediately after the first active
line (i.e., the first BS ending the first active line of a video frame). A Sink device shall be
able to handle either case.

This bit 15 also set to 1 when there is no video stream (as indicated by bit 3 being set 1o 1)
1 FieldID_Flag

Latest point at which the CompressedStream_Flag This bit shall be eleared or set, as follows:
/ in the VB-ID (bit 6) can change = Clearcd 1o 0 after the last active line in the top ficld

________________ = Setto | after the last active line of the botom field
See Section 2,2.4.2 for definitions of the top and bottom fields.

~ First scan line prjor For progressive (non-interlaced) video, there is ne bottom video and this bit remains cleared
to the active region to 0.

3 Interlace_Flag

Shall be set to 1 when the main stream is an interlaced video. For non-interlaced video or no
video, this bit shall remain cleared to 0.

3 NoVideoStream_Flag

Shall be set 1o | when preceding BS is inserted while no video stream is transported. When
this bit is set to 1, the Mvid7:0 value shall be “don’t care,”

Nate:  An audio stream may pe transported even when no main video stream is being
tramsported.

4 AudioMute_Flag

Shall be set to 1 when the audio is to be muted.

5 HDCP SYNC DETECT

Used by HDXCP-capable DPRXs to detect CP lock status,

See HDOP Specification 1.3 — Amendment for DisplayPort and HDCP on DisplayPort
Specification 2.2

Itis illegal to change the CompressedStream_Flag & CompressedStream_Flag

in the VB-ID (bit 6) during the active region New to DF vl 4 to support Display Stream Compression (DSC). (See Section 2.7.3.3 and
Section 2,7.3.4 for details.)

7 RESERVED
Read 0.

*Vertic:al blanking region >|

Active region

Location of VB-ID Signal
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DSF File Header

0 |44 53 43 4&|12|00 00858 20 50 04|38 07 8002 1c/|D/5 C F|] ~ogd e e s
10/ |oz|coloz|co|oz o003 |58 00|20 32 ac|o0|on|oo|oF|| LA LA S| |Lx - |z I
20 |oo|ss|oo|1c/18 00 10|Fo|os | oc|20 00 08 OB|0OB|33| |8 T [+a/to -2 2=z
s0||cE|1c|2a|38 46|54 62 |63|70|77|79|78|7D|7E |01 |02 ||A |* &8 F|T b|iplw ¥ {|} ~
40 |o1|o0|0% 40 0% BE 13 |FC|15 | FR|13 F8 1R 38 1&|78 @ (3| Faltbalbe~|s~ =
so||1z|Bs|2a|Be 28 Fe 22 |F4|4B |34 65|74 00|00 |00 |00||+ T/ * (T *|a * & E b|c

&0 |oo|oo|oo oo oo oo oo|oo|oo|oo|o0| 00|00 00 00|00

70||oo|oo|oo|oo|oooo oo|oo|oo|oo|oo o0 o000 o000

80 |:u:|Dunnuuﬂcu-m-mnnazannnunnnnnnu li@@ ., £

50 |80 00|00 00 00 0O 02 20|82 0B Z0 82 00 00 00 00| gl (.13 |,

20 |oo ooloo|oo|oo|oo oo oo 08 20/ &82|os|/z0 82 00 00 gl (.3l 1.
BO |00 00 00|00/ 00|00 00 00 00 00 08|20/ 82 08 20 82 gl (.13l 1.
co |os 20 8z|08 20 82 00 00 00|oo|oo/oo oo oo oolool(@ |, B .

Do |oo|oo|os | zo a2 o8 20|82|00| 00|00 00 00 00 00|00 al .l .

E0 |00 00 00|00 0B 20 82 08 20 82 00|00 00 00 00 0O B .0

FO |00 00|00 00 00 00 08|20 82 08|20 82 00 00 00 08 g 1,18 1, o}
100 |00 00 00 00|oo|os| oo oo/o8 20 82|01l FD FD 00 00 g B ., ¥l
110 |FF FE FF FF 00|00 FF FF FF FF FC 04 10(41 04 10 |§ % 7 & 77 %7 ald |+ a4
120 |3D CO 00 8F C3|00 FF FF FF FF FF FF FF FF FF FF |= i Al |5 9|5 75| 75| 5| 5|5
130 |FF FF 11 F8 60|02 3F 0C 00 47 Eo|DC|oo 8F c3 o0 |# %4 =720 |6ai i
140 |11 F& &0 02 |3F|0C|00 47 E0 DC FF|FF| FF|FF FF FF (4= >+ 20 &a0F 7§77
150 |FF FF FF FF FF|FF 00 8F C3 00 11|F& &0 02 3F OC |§ # ¥ # ¥ & i s ~|1|2|O

CAPTURING THE WORLD
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DSC Testing with Unigraf Tools

« UCD-400 can be used as a DSC capable DP Source and
a DSC capable DP Sink.

« DSC encoding and decoding will be done in a PC application.

* DSC compressed file will be uploaded to
UCD-400 for transmit.

« DSC compressed stream will be
downloaded to PC for decoding.

CAPTURING THE WORLD
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Sending DSC Compressed Streams

* AVSource application used for sending the stream to UCD-400
« Use either compressed dscf image files or

« Compress a bitmap with AVSource.
B . i FifaV._s o 1920x108

» Set vertical and horizontal slice amount | _

- Set required compression ratio. e et )

i in DSC format (in the same folder as original file)

(7l Unigraf Audio Video Source (= [ [ |

File Help

Enable DSC
Enable FEC
1 Sink DPCD capabilities (hex):

211100 38 08 0100 00 F 16 1108 00 00 04

l Upload J
Info log:
Nauiess_nax_yp: 1z

i _INax_yp:
rc_parameter_set....
native_420: 0

native_422: 0

second_line_bpg_offset: 0

nsl_bpg_offset: 0

second_line_offset_adj: 0

Loaded DSC 2073732

Address start 132733072

Address end 134812804

Sink FEC cabapility: Oxbf =

Sink FEC Status: Decode Enable Detected: 0x1
11100 3808010000 1F 16 1108 00 00 04
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Receiving DSC Compressed Streams

* App TSI application for capturing DSC compressed streams.

* AppTSI reads one captured video frame e e
from UCD-400 for decompression | i

* AppTSI enables preview and saving of
decompressed frames

Processing shice 3/ 4 L

[¥] Enable DSC V] Enable FEC [ capture and Decode | [saveimageas | [ Close |






