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General Introduction of
HEVC (High Efficiency Video Coding)



What is HEVC?

e Video compression standard and successor to H.
264/AVC

e Jointly developed by ‘ISO/IEC Moving Pictures Expert
Group (MPEG)’ & ‘ITU-T Video Coding Expert Group
(VCEG)

e MPEG & VCEG established ‘Joint Collaborative Team
on Video Coding (JCT-VC)’ to develop HEVC

e Also known as ISO/IEC 23008-2 (MPEG-H Part-2) and
ITU-T H.265



Prominent Features

e Double compression rate for same video
quality®

e Substantially better video quality for same bit
rate”

e Support for 8K UHD resolution

*Compared to H.264/AVC



The Standard Draft

e 1st Version of Standard draft published Early
2013

O Download URL : http://www.itu.int/rec/T-REC-H.265-201304-1/en
e Extensions still under development (Early
2014)

o Scalable Coding Extension
o 3D Video Extensions
o Screen Content Extension

http://www.itu.int/en/ITU-T/studygroups/2013-2016/16/Pages/video/jctvc.aspx



http://www.itu.int/rec/T-REC-H.265-201304-I/en
http://www.itu.int/en/ITU-T/studygroups/2013-2016/16/Pages/video/jctvc.aspx
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HEVC — What are CTU, CU, CTB, CB, PB, and TB?

Reference : http://codesequoia.wordpress.com/2012/10/28/hevc-ctu-cu-ctb-cb-pb-and-tb/



http://codesequoia.wordpress.com/2012/10/28/hevc-ctu-cu-ctb-cb-pb-and-tb/

HEVC divides picture into CTUs*

Coding Tree Unit

CTU |CTU

CTu| ...

CTU is an acronym for Coding Tree Unit



CTU (Coding Tree Unit) - Things to Remember

e Dimensions of CTU is fixed for the entire
video sequence

64x64
32x32
16x16 >

A

CTU




xxxUnit Vs. xxxBlock

xxxUnit = Luma block, Chroma block, Syntax elements together

Luma CTB

CTU

Cb CTB | CrCTB

Syntax Element




Coding Tree Unit (CTU) Coding Tree Block CTB)
Coding Unit (CU) Coding Block (CB)
Prediction Unit (PU) Prediction Block (PB)
Transform Unit (TU) Transform Block (TB)



CTB is split to form CB (Coding Block)

CTB too big to decide

CTB (64x64)

whether to perform Inter or Intra prediction

CB

64x64

(and select their prediction directions)
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*Inter prediction only for P & B-frames
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CU&CB

e Size of CU is good enough to switch between Intra- & Inter-

prediction (P & B-frames only)
e Too large to store

motion vectors (inter prediction)

or intra prediction mode.

Cu

Inter/Intra prediction can be switched at CU boundary

Luma CB

Cb CB CrCB

Syntax Element




Prediction Block (PB)

PB (Prediction Block)

CB >

*Non square division of CB only for inter-prediction.
**Prediction direction is decided on per CU basis



Transform Block (TB)

e Once prediction is made, the residue™ need to be
transformed with DCT-like transform
e CB may be too big, thus option to subdivide

TB (Transform Block)

CB | ——

*Difference between predicted block and actual block



Quad-tree based block partitioning

e CTB = Bold lines
e CB = Solid lines
e [B = Dashed lines
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Reference : http://www.hhi.fraunhofer.de/fields-of-competence/image-processing/research-groups/image-video-coding/hevc-
high-efficiency-video-coding/generic-quadtree-based-approach-for-block-partitioning.html
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Elecard HEVC Analyzer Demo

About Elecard HEVC Analyser B
=Tlzcard
l N HEVC e
\
. Analyzer

Elecard HEVC Analyser application
Version 1.12 (build 42010)
Evaluation

Copyright © 2013 Elecard.
All rights reserved

http://www.elecard.com

Technical support: tsup@elecard.com

ok |

http://www.elecard.com/en/index.html



http://www.elecard.com/en/index.html
http://www.elecard.com/en/index.html

g] - Oracle alBo
") Elecard HEVCAnalyzer v.1.12 - C:\Users\Manohar\Desktop\HEVC_bin_files\mobile_intra.hevc
(3 Jll FLE REFERENCE VIEW OVERLAYS NAVIGATION HELP

Elecard HEVC Analyzer Demo

Q- XM @1 CEBE-E- K4 > PP steam - clecsrd
. lischart bar| Dhthumbnails | metrics | area chart |
[ bin files\mobile intra heve 27
00 1n 0 3 a 5/5 /6 n 88
|| IR »
piels ~ @ X || decoded | predicted | unfiltered | residual | reference | difference(none/decoded) ctu presenter v x
H decoded - @~ FF|#|6 )
] - :
\ w vax
© L L‘t T name value
b al || location 2404128
slice idx 0
1T i tile iox 0
- cu 3768
RO =
T prediction 137
= L] T transform 3154
o : = coded unit
type PART_2Ni2N
1 ] dimensions &8
1 T[T depth 3
206 221 20 198 208 221 as| I ] £33 2]
i i prediction 8
L | Ee——— e -
210 209 208 213 213 209 20 213 214 2 ST i/
il transform unit
210 210 210 210 210 210 210 20 210 2 4 dimensions &8
] v &
210 210 210 20 20 20 20 20 210 2 = prediction unit
- © dimensions £
‘ u " type intra
stream | picture [ vps [ sps | pps [ siice | pixets [ prediction = intra type luma 10 Angular
hex viewer v x
Display: hexadecimal ~ | Text: ANSI  ~ | Columns: Auto ~
0x00000001 00 00 01 40 01 OC 01 FF FF 01 60 00 00 03 00 00 -
0x00000011 03 00 00 03 00 00 03 00 00 FO 24 00 00 00 01 42 -
0x00000021 01 01 01 60 00 00 03 00 00 03 00 00 03 00 00 03
0x00000031 00 00 A0 OB 08 04 87 F9 7E 49 1B 67 B6 40 00 00
0x00000041 00 01 44 01 C1 90 95 81 12 00 00 01 26 01 AF 19 <
hex viewer | stream viewer | dpb | buffer
index complite Stm 0 Disp 0 Typel Size 17002 Offset 0x00000001
CERCRGNH (W} 20 o
i = g - ) ()
; C = O 4/5/2014 |

Qeseal @




Intra Prediction




General Motivation for Intra-prediction

e Neighbouring Pixel intensities are highly correlated
e Function of distance between the pixels

(a) Image (b) (k. 1) = (1,0) (c) (k. 1) = (5,0) (d) (k. 1) = (10,0)

Figure 5: Scatter plots (;j, Tiyk j+1)

(a) Image (b) (k1) =(0,1) (c) (k1) =(0,5) (d) (k. 1) =(0,10)

Figure 6: Scatter plots (i, Titn,j+1)

Horizontal & Vertical Correlation



Why difference coding result in better compression ?

1. Predict the unknown pixel intensities

a. from it's neighbours (this is justified due to
correlation amongst the neighbours)

2. Code the difference



Motivation for having directional prediction

In presence of a dominant edge in a block,

3
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Highest correlation would be along the direction of the edge



Intra-Prediction Modes in H.264

8 Angular Modes, 1 DC mode

0 (verscal) 1 (horizontal) 2(DC)
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Not flexible enough

H.264 Macroblocks, 8 angular prediction modes

*With bigger CTB sizes in HEVC, having more prediction directions is imperative



Intra Prediction in HEVC
&
It's Efficient Computation




HEVC Intra-prediction

Introduces :

e 33 Angular modes
e 1 Planar mode

o (was added later in 2012)
e 1DC mode

with 1/32 pixel accuracy

*Figure above represents 1 pixel

Problem :
How to efficiently compute the predicted values?



Computing Predicted Samples

Predicted Sample : ny

Reference Sample : ny a3 10 1 o I
“Predicted sample is obtained by DB
backward projecting its

location to the reference row

using selected prediction mode” e BT GRS 2 Sen o s

Note: For efficiency purpose, HEVC uses only the reference row (for all vertical angular modes).
Also, HEVC uses only reference column (for all horizontal modes)



Efficient Computation

Pry=( (32— wy) R + wyRjsy +16) >>5

Roo | Rio | Ra Ruo |Rue R,
¢y =(y-d)>>5

Wy = (y-d) & 31 S

1 =X+ Cy

Fig. 1. Reference samples Ry, used in prediction to obtain predicted
samples Py y for a block of size N x N samples.

*These equations valid only for all vertical predictions (mode 19-34)
Note-1: >> &’ left shift by 5 is divide by 32 operation
Note-2 : ‘&31’ is for modulo division operation
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Fig. 1. Reference samples R, , used in prediction to obtain predicted
samples Py, for a block of size N x N samples.




Deriving the equations

ny = (32_Wy)/32 ] Rroor(L) T Wy ] Rroor(L+1)



Why the weighted average?

-1- ‘L’ thus obtained may not be an integer. However, the
available intensity values are only for integer values of ‘L.

-2- Thus, a solution could be to have a weighted average of
floor(L) and floor(L+1).

-3- Weights may be taken as the distance of L from floor(L)
and floor(L+1) respectively.

-4- (3) can be realized with a modulo division operation.
This justifies the equations show in HEVC standard
document for intra-prediction.



Dealing with values outside reference rows

In this case, row is extended by projecting left reference

lLLlLAAAAAAA

column.
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For performance reasons A
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<

Figure 3. An example of angular prediction when operating on the sixth row
of an 8x8 block with vertical prediction that utilizes a positive displacement
lue. Triangles indicate the reference pixels and circles indicate the projected

fractional pixels at 1/32 pixel accuracy.

*Negligible effect for compression performance JCTVC-C046. [12]



Experimental Results



Experiment

Use H.264 modes (9) in HEVC Intra-main profile

VS
Use 33 Angular & 1 DC mode in HEVC Intra-main profile



Terminal

I iva

'-’""

Lo

® | Terminal Terminal

Termina ® | Terminal ®  Terminal
Frames Bitrate Y-PSNR U-PSNR V-PSNR

CEERICLER) - sRlalEz  dalemzzs AAlorChE encoded 600 frames, 16.53 fps, 15482.41 kb/s

[eeuser@roadrunner x264-snapshot-20140406-2245]$ file ../x264_out

../x264_out: JIVT NAL sequence, H.264 video @ L 40

[eeuser@roadrunner x264-snapshot-20140406-2245]$ ./x264 --keyint 1 ../hd_vid.yuv
--output ../x264_out.264 --dump-yuv ../x264_recon.yuv --input-res 1920x1080 -

-fps 25 ../hd_vid.yuv

yuv [info]: 1920x1080p 0:0 @ 25/1 fps (cfr)

x264 [info]: using cpu capabilities: none!

x264 [info]: profile High, level 4.0

x264 [info]: frame I:600 Avg QP:29.09 size: 77412

x264 [info]: mb I 1I16..4: 13.1% 66.6% 20.3%

Ix264 [info]: 8x8 transform intra:66.6%

x264 [info]: coded y,uvDC,uvAC intra: 62.4% 65.6% 31.7%

x264 [info]: 116 v,h,dc,p: 58% 28% 6% 9%

x264 [info]: 18 v,h,dc,ddl,ddr,vr,hd,vl,hu: 31% 24% 12% 4% 5% 6% 7% 5%

x264 [info]: 14 v,h,dc,ddl,ddr,vr,hd,vl,hu: 32% 29% 7% 4% 6% 6% 7% 4%

x264 [info]: i8c dc,h,v,p: 49% 25% 21% 5%

x264 [info]: kb/s:15482.41

Frames Bitrate Y-PSNR U-PSNR V-PSNR
i 8559.8099 39.4652 41.5223 41.7081

Frames Bitrate Y-PSNR U-PSNR V-PSNR
[¢] -nan -nan -nan -nan

B Slices-
Total Frames Bitrate Y-PSNR U-PSNR V-PSNR
0 -nan -nan -nan -nan

RVM: 0.000
Bytes written to file: 13375914 (8560.585 kbps)

encoded 600 frames, 14.73 fps, JELLrIEl kb/s

Total Time: A 2 e [eeuser@roadrunner x264-snapshot-20140406-2245]$ I

[eeuser@roadrunner bin]$

Subjective measure - demo




Resolution | Sequence Configuration

HE LC

) .. 2560x1600 | Traffic -4.1 -5.2
HE (ngh EfflClency MOde) PeopleOnStreet 45 |-55
Uses CABAC Efbmi ; ig’ ;g

. . eamLocomotive | -1. 2.

Uses ALF (Adaptive loop filters) 1080p Kimono 24 | 27
Bit depth is 10bits ParkScene -1.0 | -1.6
Cactus -5.9 -6.9

BasketballDrive -7.6 9.0

LC (Low Complexity mode) BQTerrace -59 |-73
832x480 BasketballDrill -8.6 -9.6

Uses CAVLC BQMall -4.0 -5.6
no ALF PartyScene -1.4 -1.8
: : RaceHorses -3.3 -3.6
Bit depth of 8bits 416x240 BasketballPass -4.5 -5.5
BQSquare -3.1 -3.4

BlowingBubbles -2.3 -2.8

RaceHorses -3.6 -4.0
720p Vidyol -8.7 -10.5

Vidyo3 -5.6 -7.5

Vidyo4 -5.8 -7.2

Min/Max Smallest gain -1.0 -1.5
Largest gain -8.7 -10.5

Averages 4Kx2K -2.9 -3.6

1080p -4.6 -5.5

832x480 -4.3 -5.1

416x240 -3.4 -3.9

720p -6.7 -8.4

> Average (all) -4.3 -5.2

*All frames were intra coded Improvement in coding efficiency in percentage (%).

Calculated using Bjontegaard-delta measure (BD-bit rate)
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Fig. 4. Rate-distortion performance of the proposed method for the sequence
Basketball Drill in low complexity configuration

1. For a fixed rate HEVC gives lesser distortion
2. For a fixed distortion HEVC gives smaller rate
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