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Standard Main Applications Year
JPEG, JPEG2000 Image 1992-1999, 2000
JBIG Fax 1995-2000
H.261 Video Conferencing 1990
H.262, H.262+ DTV, SDTV 1995, 2000
H.263, H.263++ Videophone 1998, 2000
MPEG-1 Video CD 1992
MPEG-2 DTV, SDTV, HDTV, DVD 1995
MPEG-4 Interactive video 2000
MPEG-7 Multimedia Content description 2001
Interface
MPEG-21 Multimedia Framework 2002
AVC/H.264 Advanced Video Coding 2003
Fidelity Range Extensions
Jlalidess g 1L (High p:‘(,)file),g Studio editing, 2004 August
Post processing, Digital cinema
HEVC / H.265 High Efficiency Video 202221;:’";"“'; ot
Coding
2020 July
VVC / H.266

Versatile Video Coding

2022 April
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and wireless communications

Baseline —

(I Slice/P Slice) Inter coding ¢ Intra coding e

context-adaptive variable-length codes (CAVLC). e
Main —

inter-coding using B-slices e

television
broadcasting and video storage interlaced video e
context-based arithmetic coding (CABAC) e
Extended -

35,0 (,S0a3w 1y interlaced video
235,83 (33 1y CABAC o

SP- and Sl-slices e

improved error resilience e

streaming media applications

S)bwos)nd




s)lwosyné

o Laldgp pls bLI) ~—

Extended profile

-y
.'_-l"'- =

l'._.ll" h.“

L
%
SP and .\
Sl slices
B slicas
Dt _

Partitioning Weightad
Pradiction

| slicas

P slicas

[ cavc ]

Slica Groups

1 and ASO
1
| Radundant
‘1 Slicas

Baseline profile

Main profile

Irita Hace

v [ CABAC |




ror
‘esilience
upport ﬂ' Main Profile High Profile
——— —— Adaptive transform
[Extended Profile | e CABAC thxd) o (Br8)
.f -"“-_
/."' . ~ HY'S weighting matrices
g Data Partitionin B slice e )
f J . residual color transform

4 a1 <li Weighted prediction™,
f- slice pn————————— by predictive lossless coding
' 7 ) slice h"\ *
| SP slice . \
1 P slice
v / CAVLC e

% [ ~Zrbitra ry slice order P

\ -
"~ "\Flexihla macroblock order CHCIESE RS SIOR S
o~ Redundant slice P
. ! 4
~ - P
s | Baseline Profile | -
S, -
o TP -

S)bwos)nd .



Gas polias =

W 8 (5035 (sloeu)d j) H.264 1355 Ay @

A5 olps sle)sp grads Sl (bas ploic
A3ladg0 osldiw)

Solig)Sls () S)lwe,s )38 1y HIa5sS Alws O\ —
Salad AN (s)3a3)ImS (sabua ) )

@ 30380 (5 e slas)aibuwl yy ORI o) @
A8 B (Sosb A5 @) | A

(o=

3o 0 Ay Oy W (39 HBALw ) pgad o ©
.33)5¢,-0 33 Slice

S)bwo3)nd



(c.cas))Bos Loy =—

[T ] Mo b Gy @ s3lg3e g3 Gy @
Slice #0 saib (sabeuns slice

Slice #1 Slg)Sls (,00)3 Jalin slice yo o
Al e a5 Gl

Slice #2 _
| | | WG 4 duy  ASlg)Sls o

T T T T T T T T -0 (Saby @Bl ssns silgig, s

Macroblock #40 —

S)bwo3)nd



Slice Group

Raste
r Sca
n Oy W .
oy L(b(j‘b
9)3Le
)
gm("b U-\U()_) )

. W 395 U
A0 s iy’ Sli
(5 (sl ¢S clo31 Olg3¢, 0
n - m ﬁ .

s\igs

Figure Slce group® \\\\C‘.x‘\i:x\“-'C\.\ map i.(,}"’;w_&m'c\: e £ foup
0
1
2 [~ g, fovd qice ® goue”
" «\‘.\a\ \'\\i\\ s '
0 <o '\"\\\'} Q‘\“\‘“’\
- . t‘ﬁ (:r\\\l‘— ‘Z‘:\"\ Ay
1 \‘\“}\“\-“_ u121230
5 01 2 3 0 1 2
1 I-|12323I:|1012
: 2 23 0 1 01 2 3 2 3 0 o
2 30 1 ° 2 3
I'|12323|:|1ﬁ12 1
01 2 3 5 3 0
01
2
2
y  Shee gmx\\ﬂs'.\H‘u‘egmum\ an -:u:h;m\nd map
IA



Figure 6.9 Slice groups: Box-out, Raster and Wipe maps
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Macroblock to slice group map types

Type Name Description
0 Interleaved run_length MBs are assigned to each slice group in turn
(Figure 6.6).
1  Dispersed MBs in each slice group are dispersed throughout the picture
(Figure 6.7).

2 Foreground and  All but the last slice group are defined as rectangular regions
background within the picture. The last slice group contains all MEs not contained
in any other slice group (the “background’). In the example in
Figure 6.8, group 1 overlaps group 0 and so MBs not already allocated
to group 0 are allocated to group 1. Agv“;‘
3  Box-out A 'box’ is created starting from the centre of the frame (with NG

all other MBs are in group 1 (Figure 6.9).
4  Raster scan Group 0 contains MBs in raster scan order from the top-left and 7>,

all other MBs are in group 1 (Figure 6.9). % "b
5 Wipe Group 0 contains MBs in vertical scan order from the top-left %

and all other MBs are in group 1 (Figure 6.9). T,
6  Explicit A parameter, slice_group_id, is sent for each MB to indicate its slice |
S)uwaspusd group (i.e. the macroblock map is entirely nser-defined).
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P slice

P, | macroblock

B slice
B, macroblock

Sl slice list 0

: past reference frame buffer
SP slice e

future reference frame buffer
Descriphion

Slice type Profile(s)

[ (Intra) Contmns only [ macroblocks (each block or All
macroblock 1s predicted from previously coded
data within the same slice).

P (Predicted) Contains P macroblocks (each macroblock All
or macroblock partiion 15 predicted from one
list O reference picture) and/or I macroblocks.

B (Bi-predictive) Contains B macroblocks (each macroblock or macroblock  Extended and Main
partition 15 predicted from a list O and/or
a list | reference picture) and/or I macroblocks.

SPiSwitching Py Facilitates switching between coded streams: contains Extended
P and/or I macroblocks.

SIiSwitching [} Facilitates switching between coded streams: contains SI  Extended
macroblocks (a special type of intra coded macroblock ).
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Multiframe motion compensation. In addition to the motion vector,
also picture reference parameters (A) are transmitted. The concept is also
extended to B slices
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Motion Scale Example
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H.264 Variable Block Size Example
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silwosyha Residual (without MC) showing choice of block sizes
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Motion vectors for neighboring partitions are often highly correlated and so each
motion vector is predicted from vectors of nearby, previously coded partitions.

Current and neighboring partitions
(different partition sizes)
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A E 4%8 16X8
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Current and neighboring partitions
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Rate-Distortion Optimization

e The goal of RDO is to minimize the perceived distortion with the
number of encoded bits subject to a rate constraint

min J(€2, A) = D(R2) + AR(®),

where {2 represents the set of encoder decisions for the block,
D(€2) and R(£2) are the distortion and rate measurement us- &

ing €2 respectively. R, is the rate constraint.
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4x4 Boundary Conditions
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EFGH not available since this 4x4
block iz outside the macrablock —
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0 (vertical), SAE = 317 1 (horizontal), SAE = 401 2 (DC), SAE =317
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Mode=3

remdntrad x4_pred_mode  prediction mode for block

o [ L R SRR SR ]
[ s R SN S ]

Choice of prediction mode (most probable mode
e Flag prev_intradx4 pred _mode

— 1: most probable prediction mode is used.

— 0: Flag rem_intra4dx4 pred_mode indicates the
change of the mogg

e |frem _intradx4 pred _mode < most_probable mode,
the prediction mode = rem intradx4 pred mode

o else

1|8 &
the prediction mode = (rem_intradx4_pred_mode+ “b
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Deblocking Filter

The filtered image is used for motion-compensated prediction of future frames and
this can improve compression performance because the filtered image is often a
more faithful reproduction of the original frame than a blocky, unfiltered image
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Non Deblocked Image

SHwaspnd http://compression.ru/video/deblocking/
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Hadamard Transform
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where // = rounding to the nearest integer
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Qstep doubles in size for every increment of 6 in QP

Zij =round(Yij/Qstep)

ol opis 5,11 Cup) QP 4 & cuwlQSTEP (51 cosline Iuss OF 5, Liitwl s

QP 0 I 2 3 4 N 6 7 8 Y 10 11 12
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Dabits QOstep
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W = CX(T

Position PF

(0,0), (2,0), (0.2)or (2.2) a*
(1,1), (1,3), 3.1)or (3.3) b*/4
other ab/2
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| Zij| = (|Wi; | MF + f) == qbits
sign(Zij) = sign(Wi;)

where >> indicates a binary shift right. In the reference model software, fis 29%*$ /3 for Intra
blocks or 2975 /6 for Inter blocks.

Table 6.6 Multiplication factor MF

Positions Positions
OP (0.0),(2,0),2.2),(0.2)  (1.1).(1,3),(3,1).(3.3)  Other positions

0 13107 5243 8066

I 11916 4660 7490 1\ @2
2 10082 4194 6354 ¥ b
3 V362 3647 5825 %

4 8192 3355 5243 w Ve
5 7282 2893 4559
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2 | (ab b ab 2 ])| 1 ]
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the parameter V = (Qstep.PF.64) is defined for 0 < QP < 5 and for Scale

each coefficient position so that the scaling operation becomes:

o Toar( (1P /6]
Hr.e'_r' — Zé'_.: IIrJr-'r * Ej aorl G E /b

Table 6.7 Scaling factor V

Positions Positions
OF (0002000220020 (LDJUL3NE1LE3)  Other positions ‘ 5
() 10 16 13 é i TN
B : | X' =CTW'C,
2 13 20 16 :
3 14 23 18 ‘ ‘W&
4 16 25 20 s B o
5

E 29 23
Flnal value gq%]mmd[‘i 'Irb_“ ‘
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Encoding:
I. Input: 4 x 4 residual samples: X
2. Forward ‘core’ transform: W =C IXCE

3. Post-scaling and quantisation: 7 = W.round(PF/Qstep)
(different for Chroma DC or Intra-16 Luma DC).

Decoding:
(Inverse transform for Chroma DC or Intra-16 Luma DC coefficients)

4. Decoder scaling (incorporating inverse transform pre-scaling): W' = Z.Qstep. PF.64
(different for Chroma DC or Intra-16 Luma DC).

5. Inverse ‘core’ transform: X' = CI W'C,
6. Post-scaling: X" = round(X'/64)
7. Output: 4 x 4 residual samples: X"

T T T

| 2 (a® ab a*

1 1 _1 1 a* ab a*
) lwosyis 2 | | ab b ab

1 -1 1 —

ab
b!
ab
bz

(followed by forward transform for Chroma DC or Intra-16 Luma DC coefficients).
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Figure 7.34 Rate—distortion comparison: “Carphone’, QCIF
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http://iphome.hhi.de/suehring/tml/

Fraunhofer
Institut
Machrichtentachnik
Heinrich-Hertz-Institut

Start

MNews

Organisation
Competences
Fields of Application
Alliances & Committees
Products
Events

W starr
Jobs
Visitors
Contact

HHI Home

L A A

Karsten Slhring

H.264/AVC Software Coordination

Current software version: JM 18.6

JM Software

= Download the latest H.264/44C reference software
B Felease notes (Bug Tracken
P Fixed bugs (Bug Tracker)

KTA Software

YCEG historically developed some software known as the ETA sofhware during the period
starting in early 2005 that led up to the launch of the HEWC standardization project in
2010. There were twio versions of the KTA software that were developed during that time:
Cne hased an I 11.0 and one based on JM 14.2. These version contain different coding
tools. See the included changelog for details.



H.265/HEVC =-—

Source

bit-rate
A

MPEG-2

Destination

[
Scope of Standard

H.264/AVC
HEVC

1994 2003 2013

*»

*

http://www.rle.mit.edu/eems/wp-content/uploads/2014/06/H.265-H EVC-TutoriaI-2014-ISCA%.J/odf
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H.265/HEVC =-—

MPEG: Moving Picture Experts Group (ISO/IEC)

VCEG: Video Coding Experts Group (ITU---T)
Other standards: VC1, VP8/VP9, China AVS, RealVideo

VCEG H.261 H.263| H.263+ | H.263++
MPEG/ H.264/
VCEG MPEG-4 Part 10-AVC
MPEG MPEG-1 MPEG-4 :
7K
1!-;84 1!-;86 15;83 15;90 15;92 19-94 19.96 15;98 ZUIOO ZUIOZ 2[;04 |

>4 o

http://www.rle.mit.edu/eems/wp-content/uploads/2014/06/H.265-H EVC-TutoriaI-2014-ISCA§/. Bdf
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Variable block size Variable block size
PSNR 4 (16x16 — 4x4) + (16x16 — 8x8)
[dB] quarter-pel + (H.263, 1996) + ~ Half-pel
multi-frame quarter-pel mOFIC:'n compensation
40 F motion compensation  motion compensation (MPEG-1 1993__
(H.264/AVC, 2003) (MPE§-4, 1998) 4« MPEG-2 1994)
38 | \
36 Foreman
10 Hz, QCIF
34 } 100 frames
32T Integer-pel
motion
30 F compensation
(H.261, 1991)
Intraframe
28 DCT coding
(JPEG, 1990) Rate [kbit/s]
. ] ! >
0 100 200 300

Source: T. Wiegand, IVT-W132, 2007



High Efficiency Video Coding

How It HEVC (H.265) Works

Increasing
picture size
and/or quality
A

same

picture size
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bitrate

Increasing
bandwidth



http://en.wikipedia.org/w/index.php?title=High_Efficiency_Video_Coding&oldid=483216747

Achieves 2x higher compression compared to H.264/AVC

High throughput (Ultra---HD 8K @ 120fps) & low power —
Implementation friendly features (e.g. built---inparallelism)

Easier streaming of HD video to mobile devices

(2013)
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Kimonol, 1920x1040, 24H: Subjective Evaluation
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[ Larger and Flexible Coding ]

Decoded
Block Size pixels
Larger |} | "M PTTTTS { """

Interpolation

Sample
64x64 [
A Filter Adaptive
Offset
Deblocking
Encoded __,] Entropy Filter
bitstream Decoder | |Predictionf% = | ',
In-loop Filter
(High Throughput
CABAC &
Advanced Motion , r’“;‘_:’c':
e rediction
Qfectnr Prediction Larger Transforms Modes
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HEVC Demystified: A Primer on the H.265 Video Codec

S)bwos)nd

General ‘ Motion compensated | Same basics as MPEG-2 | Same basics as MPEG-2
| predictive, residual, \
transformed, entropy ] ) )
| coded | (High profiles only)
Intra prediction DC Only | Multi-direction, multi- 35 modes for intra
| pattern, 9 intra modes prediction, 32x32,
‘ for 4x4, 9 for 8x8, 4 for | 16x16, 8x8 a
| ; | 16 on size
Coded Image Types '1,B,P | I{B,P,SI, ‘
Transform | 8x8 DCT | 8xBarmd-4%4 DCT-like 32x32, 16x16, 8x8 and
| Integer Transform 4x4 DCT-like Integer
| ‘ » Transform
Motion Estimation | 16x16 | 16x16, 16x8, 8x16, 8x8, | 64x64 and hierarchical
Blocks 8x4, 4x8, 4x4 quad-tree partitioning
down to 32x32, 16x16,
8x8
Each size can be
partitioned once more
| - —_— in up to 8 ways
Entropy Coding | Multiple VLC tables Context adaptive binary | Context adaptive binary
arithmetic coding arithmetic coding
(CABAC) and context (CABAC)
adaptive VLC tables
1 | (CAVLC)
Frame Distance for i 1 past and 1 future | Up to 16 past and/or Up to 15 past and/or
Prediction reference frame future reference future reference

' Fractional Motion

Estimation interpolation | pixel linear
[ ; | interpolation . 3 &
In-Loop Filter None | Adaptive deblocking | Adaptive deblocking b &
filter filter and sample
adaptive offset filter %
*h *
AY

1% ;ﬂeﬁ)iﬁnear

term references

frames, including long-

% ;ﬁkel 6-taprﬂlrter, %

frames, including long-

term references

Y% pixel 8-tap filter




— G. J. Sullivan, et al. "Overview of the High Efficiency
Video Coding (HEVC) standard,” IEEE Transactions
on Circuits and Systems for Video Technology, 2012

— V. Sze, M. Budagavi, G. J. Sullivan (Editors), “High
Efficiency Video Coding (HEVC): Algorithms and
Architectures,” Springer, 2014
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