Advanced IT Programming '17 I VICL

Visual Information Computing Lab

Advanced Multimedia Signal Processing
(#11 Intro. Of High Efficiency Video Coding (HEVC))

High Effeciency Video Coding

2017. Spring

Prof. Byung-Gyu Kim
Visual Information Computing Lab. (VICL)
http://vicl.sookmyung.ac.kr

Dept. of IT Engineering, Sookmyung Women'’s University



cContents

« UHD TV & Contents — Realistic media

« HEVC Technology (encoder)
« JSVM Software

*  Summary

HEVC

High Effeciency Video Coding




« UHD TV & Contents — Realistic media
« HEVC Technology (encoder)
 JSVM Software

*  Summary

H.265
HEVC

High Effeciency Video Coding




UHD TV & Contents — Realistic media (1)

“ Why ultra high quality media is needed?
® 3D / UHD media / realistic media

® Support HD media in mobile device

Visual Information Computing Lab



UHD TV & Contents — Realistic media (2)

% Realistic Media
= |mmersive
= Reality
= Movement (feel)

© VICL :



UHD TV & Contents — Realistic media (3)

»» Data Size of UHD
7 2

1,920x1,080, YUV4:2:0, 8bits, 30fps 746Mbps
3,840x2,160, YUV4:2:0, 8bits, 30fps  3Gbps(HDx4H)

) : , 3,840%2,160, YUV4:4:4, 12bits, 60fps 18Gbps(HDx24HY)
(2'k:"1','!|¢)%¥1080) " e T V0 S 7,680x4,320, YUV4:2:0, 8bits, 30fps 12Gbps(HDx168})
- S oA 7,680x4,320, YUV4:4:4, 12bits, 60fps  72Gbps(HDx96H)
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UHD TV & Contents — Realistic media (4)
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UHD TV & Contents — Realistic media (5)

% 4K vs. Full HD (HD)




UHD TV & Contents — Realistic media (7)

% 4K vs. Full HD (HD)

Wf VICL 9



UHD TV & Contents — Realistic media (8)

% 4K vs. 8K

S VICL 10



UHD TV & Contents — Realistic media (9)

Need for new video coding scheme (UHD):

MPEG-2 Video (ISO/IEC 13818-2) (ITU-T Rec. H.262)

= 1.5Mbps ~ 50Mbps range of video quality ETRI
= Being used in DTV/HDTYV broadcasting, DVD SONY @ LG
. . NOKIA
= Compression gain = 50:1 Priinsunce QUALCOMW
#i3 TEXAS INSTRUMENTS

MPEG-4 AVC (ISO/IEC 14496-10) ITU-T Rec. H.264 %Framﬂgmﬂiw-=' Microsoft
BEAME veoiartex

= About 10kbps ~ 240Mbps, general high efficiency coding
= Compression gain = 100:1

= |mprove 2 times than H.264/AVC coding standard
= Ultra high efficiency in 128kbps~240Mbps of video

= Compression gain = 200:1
orx = HD video 4K-UHD Video
=== (1920x1080,60i,4:2:0) (3840x2160,30p,4:2:0)

19944 1/40~1/50 15~18 Mbps 60~72Mbps 84~100Mbps
H.264/AVC 20044 1/80~1/100 7.5~9Mbps 30~36Mbps 42~50Mbps
H.265/HEVC [wloikls| 1/160~1/200 4~45Mbps 15~18Mbps 21~25Mbps

3 VICL 11
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UHD TV & Contents — Realistic media (10)

= FOV: Field of View

A

allty i arge FOV

QuALCcOMVW

o
harmonic, i3 TEXAS INSTRUMENTS

ERICSSON = @ LG

e = ALLEGRO Multi View L

ONLINE

1st Generation (~1980) 2" Generation (~2000) 3 Generation (~2010) 4% Generation (~2020)
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UHD TV & Contents — Realistic media (11)

% Achieves 2x higher compression compared to H.264/AVC
< High throughput (Ultra-HD 8K @ 120fps) & low power

* Implementation friendly features (e.g. built-in parallelism)
“* Benefits include

= Reduce the burden on global networks

= Easier streaming of HD video to mobile devices

= Account for advancing screen resolutions (e.g. Ultra-HD)

Samsung

HEVC will provide a flexible, Galaxy S4 |

reliable and robust solution,
future-proofed to support the
next decade of video”

Live delivery of

- ITU-T Press Release (2013) French Open

Samsung TV
Ultra-HD 4K

S VICL 13
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HEVC Technology (0)

B Attendees E Contributions
1200

% Activity in JCT-VC Committee

1000

=

= Chairs 800
e G. J. Sullivan (Microsoft) 600
* J.R. Ohm (Aachen University) 400
= Meet Quarterly 200 Lk ' i
A B c D E F G H | J

* 15t meeting (A) [January 2010]

* 12st meeting (L) [January 2013]

= ~250 attendees per meeting
representing ~70 companies

= Several hundred contributions per meeting ,
= Each meeting is around 9-10 days (14+ hours/day) g’é @ L samnemey

= Multiple parallel tracks NOKIA (PP Panasoni 0

MOTOROLA

(;( 1 ”lmlhsmcssoué

. BROADCOM —
7 Ao~ CISCO Z Fraunhofer

Heinrich Hertz Institute

g Microsoft

TOSHIBA QUALCOAMA

SONY ‘ﬁ Q’

S VICL 15



HEVC Technology (1)

HEVC (High Efficiency Video Coding)

Input
Video
Signal

Splitinto CTUs

© VICL

. General Coder » General
Cont'rol Control
i 1 I Data
1 1
Transform, >
i Scal[ng & 1 Quantized
Quantization Scaling & Transform
SSissiisiss A Inverse Coefficients
! == Transform
| : !
| . : : . Coded
: , ! Header Bitstream
! I R | Formatting & e
! - ntra Predlctlon/' CABAG
I Intra-Picture Data
: Estimation L 4
: ; Filter Control
! - Analysis Filter Control
| Intra-Picture t e
¥ ®  Prediction Y i
- Deblocking & .
r : SAO Filters oLon
» Gt Motion _ Data
Intra/Inter | COmpensation [*——1 ! Outout
. ; » LUlpu
Selection ;‘.——” Rl Video
Motion \ | DCOUSE Signal
Estimation Picture
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HEVC Technology (2)

Coding Tools bet. HEVC and H.264/AVC

Block Structure
(Unit Partition)

Inter Prediction

Interpolation

Intra Prediction
In-Loop Filtering

Entropy Coding

S VICL

Coding Unit (CU) (64x64~8x8)
Prediction Unit (PU)

Transform Unit (TU)
(32x32~4x4)

Advanced Motion Vector
Prediction (AMVP), MERGE
2Nx2N, Nx2N, 2NxN,AMP

DCT-based interpolation
- Half-pel:8-tap
- Quarter-pel: 7-tap

35 modes

Simplified Deblocking Filter (8x8)

Simplified CABAC

Macroblock (MB) (16x16 fixed)
Transform: 1 6x16, 8x8, 4x4

Spatial Motion Vector Prediction
(Median)
|6x16, 16x8,8x|6,P8x8

Half-pel: 6-tap FIR
Quarter-pel: bi-linear after Half-

pel interpolation L

4 modes

Deblocking Filter (4x4)

CABAC
CAVLC

17



HEVC Technology (3)

HEVC Block Structure

T | = TN TS | = s
i ud gt i 1
i NIl EENEEEE
[~ angnz
(32x32)
[
(64x64) I i |
- " E
H.264 H.265
mmmetric Motion Partitioning (SMP)
16x16
2NN 2NN NN
A
T
i
1 Asymmetric Motion Partitioning (AMP)
(8x8)
1 depth=0
2NxnU 2NxnD nLx2N IRx2N
depth= 1
depth=2

S VICL
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HEVC Technology (4): Intra Prediction

¢ Four square Types
= 32x32, 16x16, 8x8, 4x4

%+ 35 directional modes Vertical

mode

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 3#

Example: Directional mode 29
| |

| Horizontal

i &1 & i1 i1 I | i
mode

Boundary
samples
from decoded
PUs

I
Current PU

6 ot 1T ctT €T VT ST 9T LT

0 : Intra_Planar
1 :Intra_DC
35: Intra_FromLuma

I VICL : 19



HEVC Technology (4): Intra Prediction

Planar mode DC mode
I 0 I 1

Angular modes

- e e |- |-
10 1 12 13 14 15

AAAARAN T )

18
nerrrriritd
26 27 28 29 30 31 32 33 34

[J. Lainema, W.-J. Han, “Intra Prediction in HEVC," High Efficiency Video Coding (HEVC): Algorithms and Architectures, Springer, 2014.]

S VICL 20




HEVC Technology (4): Intra Prediction-

< Reference Sample Smoothing
= Smooth out neighboring pixels (i.e., reference w/o pre-filter w/ pre-filter

samples) before using them for prediction = m

= Reduce contouring artifacts caused by edges
in the reference sample arrays

= Two modes
« Three-tap smoothing filter (a)
 Strong intra smoothing with corner reference

pixel (b) Image source: M. Wien,
(C+2Y+D)/4 Linear interpolation TCSVT, July 2003
- [ s |
cly|p — B Y C
c
Block to be -(4% Block to be
predicted TB. predicted
B 8
c
(A+2X+B)I4{ X w1 X
A 2
_I __—
—{A|
(@) (b)

S VICL

[J. Lainema, W.-J. Han, “Intra Prediction in HEVC," High Efficiency Video Coding (HEVC): Algorithms and Architectures, Springer, 2014.] 21



HEVC Technology (4): Intra Prediction-

% Boundary Smoothing

= |ntra prediction may introduce discontinuities along block boundaries

= Applied to only DC prediction, horizontal prediction(26) and vertical prediction(10)
under condition of Block size<32x32.

" PLOJE1] pl2N-1)-1]
Vertical prediction pl-A1-11-+ - é\ FIGIH |
P[O]ly] = p[O]ly]+( (p[-11lyl-p[-1][-1])>>1), for y=0,....,N-1 gag?:;ge%e
Horizontal prediction e gt Lt .

PIXI[0] = pIXI[O]+( (p[X][-11-p[-11[-1])>>1), for x=0,....,N-1
DC prediction p{-1][2N-1]-=
« P[0][0] = three-tap filter [1 2 1]/4 ( (p[-1][0]+2*dcVal + p[0][-1])>>2)

« Other boundaries = two-tap filter [3 1]/4 ( (p[x][0] = p[x][-1]+3*dcVal +2)>>2 for x=1,..,N-1)

[J. Lainema, W.-J. Han, "Intra Prediction in HEVC," High Efficiency Video Coding (HEVC): Algorithms and Architectures, Springer, 2014.]
S VICL 22



HEVC Technology (5): Inter Prediction

% Flexible Coding Block Structure
= Better adaptation to different video content
» Coding tree unit (CTU) divided into Coding Units (CU) with Quad tree
= Coding units divided into prediction units (PU)
= PU have different motion data or prediction modes

/ Coding Tree Unit

EU)

Asymmetric
Motion
Partition

Coding Tree
Composed of Coding <

Units(CU)

Prediction Unit ‘
(PU) HEER

S VICL 23




HEVC Technology (6): Inter Prediction

¢ Prediction Units (PUs) (* note: no 4x4 PU)
= square PU
= non-square PU

N N N/2 N/2

—  ——

=

Eight methods of partitioning
N N N/4 3N/4 3N/4 N/4 For inter-coded CU

© VICL 2



HEVC Technology (7): Inter Prediction — Motion vector estimation

% Motion vectors
= up to ¥4 pixel accuracy (interpolation required).

ONONONONON® COC0000 OO‘O‘O‘O‘O
ON N N N NO CO0000 OO‘O‘O‘O‘O
ON N N N NO OCOC0000 OO‘O‘O‘O‘O
ON N N N NO 08/“.‘ OOO‘O‘O‘O
OC0@®@00 OF000O0 O G000
ONONORONONO) ONONONONONO) ONONONONONO
4x4 block in current Reference block in Reference block in
frame Previous frame vector (1,-1) previous frame vector (0.5,-0.5)

% Luma component uses 8/7-tap and chroma components use 4-tap
= Different coefficients for ¥ and %2 positions

Comparison: In H.264/AVC, luma uses 6-tap filter, and chroma uses bilinear filter

% Restriction: can be only uni-prediction on smallest PU sizes

S VICL 25



HEVC Technology (8): Inter Prediction — Advance Motion Vector Prediction (AMVP)

¢ Advance Motion Vector Prediction (AMVP)

= Five spatial neighboring: Spatial candidate MVPs

= Two collocated blocks: Temporal candidate MVPs when both spatial candidate MVPs are not available or they
are identical.

= Zero motion vector when the spatial, temporal, or both candidates are not available.

: Find the first B candidate available

In H.264/AVC, Motion vector prediction?

B2

B1 | BO

L
P
OQ'

6’8

Current PU Cc1 '5.},?
¢
%
Current PU Location at qééf
selected frame G%

Al N\ %,

Find the first A candidate available

AO

]
|
|
1

(a) AMVP Spatial Candidates (b) AMVP Temporal Candidates

© VICL 26



HEVC Technology (9): Inter Prediction — Advance Motion Vector Prediction (AMVP)

“ AMVP Motion Data Signaling
= Motion vector difference (Az, Ay)
= Corresponding reference picture index: At

S VICL 27



HEVC Technology (10): Inter Prediction-Merge Mode

< CTU (quad structure) is very efficient, but it causes over-segmenting image.
-> potentially leading to redundant signal bits and ineffective borders.

How to solve this problem?

-
l" BT
"IIII

ns
E
SN
B EN
S DTN N e L 0 o N —

(b)

Moving Object Without Merge With Merge
(many extra motion parameters)

-> Solution: Block merging (merge mode)

Visual Information Computing Lab



HEVC Technology (11): Inter Prediction-Merge Mode

= Merge mode: For a sub-block, allow to explicitly reuse the exact same motion
parameters contained in neighboring blocks.
A list of candidate motion parameter tuples by picking from neighboring blocks.
 Actually, an index is signaled which identifies the candidate to be used.

= Merge Candidate List Construction (like AMVP)
« Up to four spatial merge candidate from five spatial neighboring

« One temporal merge candidate from two temporal, collocated blocks
- Additional merge candidate including combined bi-predictive candidate and zero motion
vector candidates (for uni-, and bi-predictive slice)

= |In PU level,

Usually 5 merge candidate lists merge_flag = 1 |
merge_idx (refer to motion data)

29

S VICL



HEVC Technology (12): Inter Prediction-Merge Mode/

= A crucial application of block merging concept: Skip mode

(condition)
 The CU contains one PU (2Nx2N).
« The merge mode is used to derive the motion data (when merge_flag=1).
* No residual data is present in the bit stream.

= Performance Improvement
« About 6% ~ 8.0% of bit saving in the average value
« Up to 20% bit-saving in Class E (small size of resolution)

© VICL 30



HEVC Technology (13): Processing Order

% In a frame:

CTU structure

== -
-,
-
-,

© VICL 51



HEVC Technology (14): Processing Order

% In CTU partitioning:

>
ol
14& Q%\o 16x16
i - IR . -
&l ’> ____________________________________________________ ) "N 8x8
s
sl ENS
(a) (b)

Fig. 2. Example of CTU partitioning and processing order when size of
CTU is equal to 64 x 64 and minimum CU size is equal to 8 x 8. (a) CTU
partitioning. (b) Corresponding coding tree structure.

S VICL 32



HEVC Technology (15): Partitioning

% Partitioning: H.264/AVC vs. HEVC

| [0 T[T T UMUAR |
- HEENNEREN

)
1
1
1
4
i
X
n
28
a
g
7
O
I
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HEVC Technology (16): Transformation

% Transformation
= Residual (spatial domain)-> spatial frequency representation

Input block Bitstream
Intra/Inter Entropy
prediction decode
u level
C—i Forward Qstep — De-quant
transform
cooff X= coeffq
Inverse
tep — Quant ——
Gsep C transform
level
Entrogy Intra/Inter
enclo = prediction
Bitstream Reconstructed
block
Encoding Decoding

S VICL
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HEVC Technology (17): Transformation

 In HEVC,
= HEVC supports 4x4, 8x8, 16x16, 32x32 integer transforms
= Core transformation: finite precision approximation to the inverse discrete cosine

transform (IDCT) for all transform sizes (not|defined forward transforms, but inverse
transform was defined)

Integer transform

H.264/AVC integer transform Approx. of fast IDCT

= Achieves 5 to 10% increase in coding efficiency
= |ncreased complexity compared to H.264/AVC
« 8x more computations per coefficient
« 16x larger transpose memory

S VICL
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HEVC Technology (18): Quantization

“ Quantization matrix (Q-matrix) design
= Default matrices: 4x4, 8x8

Default 8x8 for Default 8x8 for
Default 4x4 for IntraLuma, IntraCb, InterLuma, InterCb,
IntraLuma, IntraCb, _ IntraCr ) InterCr
IntraCr, InterLuma, 16 16 16 16 17 18 21 24 16 16 16 16 17 18 20 24
InterCh, InterCr A
2 3 \ 1 2
(Flat matrix) 21 22 25 31 41 54 70 88 20 24 25 28 33 41 54 71
L 25 29 36 47 65 88 11 L 25 2 4 ]

= Expand to 16x16 and 32x32 from 8x8 Q-matrix

16x16

ol

32x32

W V!CIL_ 36



HEVC Technology (19): Quantization

% 20 quantization matrices as block size and type

= Luma: |nter 4x4 ~ 32x32
Intra 4x4 ~ 32x32

= Cb : |nter 4x4 ~ 16x16
Intra 4x4 ~ 16x16

= Cr ' Inter 4x4 ~ 16x16
Intra 4x4 ~ 16x16

< Quantization size for different coding tree unit sizes

diff_cu_qp_delta_depth | For 64x64 CTU For 32x32 CTU For 32x32 CTU

0 64x64 32x32 16x16
T 32x32 16x16 8x8
2 16x16 8x8 =

3 8x8 - =

© VICL a7



HEVC Technology (20): In-Loop Deblocking Filter

“ Removes blocking artifacts due to block based processing
= Computationally intensive in H.264/AVC

w/o deblocking w/ deblocking

* |n H.264/AVC, performed on every 4x4 block edge
« Each macroblock has 128 pixel edges, 32 edge calculations
« Each 4x4 depends on neighboring 4x4

» In HEVC, performed on every 8x8 block edge
« Each 16x16 CTU has 64 pixel edges, 8 edge calculations
 All 8x8 are independent (can be processed in parallel)

Visual Information Computing Lab



HEVC Technology (21): In-Loop Deblocking Filter

“ Boundary Strength (Bs)-based Filter Decision

Conditions | B ___

At least one of the blocks is Intra 2

At least one of the blocks has non-zero coded residual
coefficient and boundary is a transform boundary

Absolute differences between corresponding spatial 1
motion vector components of the two blocks are >= 1 in
units of integer pixels

Motion-compensated prediction for the two blocks refers 1
to different reference pictures or the number of motion
vectors is different for the two blocks

Otherwise 0

W V!CIL_ 39



HEVC Technology (22): In-Loop Deblocking Filter

“ Two Filtering Modes (using Bs and some conditions)
» Normal filtering modes: p1, p0, q0, q1 A4t 5 M
= Strong filtering modes: p2, p1, p0, q0, q1, q2 A4t = M4

O [ Psg Peg Pro Poo | Gop Gig U Gag) ©
© Pa1 Pz1 Pig Poi | Qo0 D 920 9
D Pz Paz Piz Poz | Qo2 Giz Gz Qs ©
O [Pag Pea Pra Pog |93 Gi3 Gy 933/0 0 O 0 |

Block P Block O pP3 p2 p1 p0

[Example of normal mode]

= Chroma boundary deblocking (only for Bs=2)

S VICL a0



HEVC Technology (23): In-Loop Deblocking Filter

= Result of adaptive delocking filtering

Sequence KristenAndSara, Low Delay, QP37: (a) deblocking turned off, (b) deblocking
turned on

Visual Information Computing Lab



HEVC Technology (24): Sample Adaptive Offset (SAO)

< Problem: ringing effect (Gibs phenomenon) in edge
»The dotted curve -original samples

»The solid curve - reconstructed samples by discarding high
frequencies of the original samples

EETIETEY  SAO in HEVC standard

Fig. 4. Gibbs phenomenon where the dotted curve is the original samples
and the solid curve is the reconstructed samples.

© VICL ”



HEVC Technology (25): Sample Adaptive Offset (SAO)

Original Image SAO=0ff

Visual Information Computing Lab



HEVC Technology (26): Entropy Coding

% HEVC uses Context Adaptive Binary Arithmetic Coding (CABACQ)
= 10 to 15% higher coding efficiency compared to CAVLC

© VICL y



HEVC Technology (27): High Level Parallel Tools (Multi-Core)

» Multi-slices

HEEEEEENEEN
" > slice O
_ [T T T T 111111
S|ICES. I slice 1
(also in H.264/AVC) TTT T T T T T T
I slice 2
slice 3

*» |In HEVC standard,

Tiles

I P 11111
L1l — L —

S VICL

thread

thread?2
thread3

Wavefront parallel processing

CTU >

45



HEVC Technology (28): Performance

Park Scene, 1920x1080, 24Hz

42 a3 Kimonol, 1920x1080, 24Hz
41
40 42
39 41
g 38 40
= 37 B 39
Z 36 [ [+
g 5 | = H.262/MPEG-2 MP & 38 ~=-H.262/MPEG-2 MP
> -+-MPEG-4 ASP Y
2 34 | ~H.263 HLP 2 37 | =~MPEG-4 ASP
. 2 N
= | —+-H.264/MPEG-4 AVC HP 36 H.263 HLP
32 | Ve M s ~+-H.264/MPEG-4 AVC HP
31 ~+HEVC MP
0 2000 4000 6000 8000 10000 12000 14000 34 : '
bit-rate [kbit/s] 0 2000 4000 6000 8000 10000
bit-rate [kbit/s]
TABLE VI
AVERAGE BIT-RATE SAVINGS FOR EQUAL PSNR FOR
ENTERTAINMENT APPLICATIONS
Bit-Rate Savings Relative to
Encoding H.264/MPEG-4 | MPEG-4 | H.263 | MPEG-2/
AVC HP ASP | HLP |H.262 MP N , N ,
HEVC MP 35.4% 63.7% 165.1%| 70.8% J. R. Ohm et al, Comparision of the Coding efficiency of Video
H.264/MPEG-4 AVC HP _ 44.5% |46.6%| 55.4% COdlng StandardS‘IndUding ngh EfflClency Video C0d|ng (HEVC),”
MPEG4 ASP — — 39% | 197% IEEE Transactions on Circuits and Systems for Video Technology,
H.263 HLP - - - 16.2% 2012

© VICL ,



HEVC Technology (29): Performance

’ V) VIUEU - VC (H.264) Video
Similar Quality (PSNR 39.72 dB)www.Bandlcam.co.kr Similar Quality (PSNR 39.65 dB)

Bit Rate 610 kbps, File Size 3.10 MB BitRate 1183 kbps, File Size 6.01 MB

© VICL a7



HEVC Technology (29): Performance

HEVC vs H.264/AVC at Same Bitrate
Original

JM 18@6.1Mbps,
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HM Reference Software(1)

“ How to get?
= SUN IR EE

TOI’tOlseS » I J the coolest interface to (Sub)version control

Donate Downloads Translations Support/Docs Other tools

TortoiseSVN

Info

About
About TortoiseSVIN

Advertisement

Features

Highiights of Tortoise SVIN

Screenshots ) ) Syncro SVN Client
Screenshots of various dialogs

Donate www.syncrosvnclient.com

How abolit a nice gift for the Multiplatform SVN front-end.

developers? .
i3 Powerful & elegant user interface.
Testimonials
What users say about TortoiseSVN -
News Archive
News archive

AdChoaices [>

Support

. Downloads

Frequently asked questions

Help files The current version is 1.7.11

The complete documentation For detailed info on what's new, read the changelog and the release notes.

Useful tips

Tips about not well known features The current version 1.7.11 is linked against the Subversion library 1.7.8.

Mailing lists

Where to find the mailing lists Please make sure that you choose the right installer for your PC, otherwise the setup will fail.

Report bugs ) i
How and where to report a bug for 32-bit OS for 64-bit OS

Translations Download Now Download Now
Help translate SOUrCefOroe - Trusted for Cpen Source SOUFCEfOrge - Trusted for Open Source

Project status ortoisesVN TortoiseSVN 1.7.11 - 64-bit
Overview of releases

I VICL 50




HM Reference Software(2)

< TortoiseSVN 2X| & MGot C|eH E 2| 4/

271(0)
0 gme=gswr
"HMzZip" © & Sr=a7|(Q)

% SVN Checkout =&l

=5 O &hH)
CWS Checkout..
WS

SWVN Checkout...
4  TortoiseSVN ¢

E 29 =g s7s b
OlF HiF 22(U)
N @ wero= AMBI|(V)
20| 2242 0§ ZT b
HLEZ|(N) 3
T
= AHC)

HE 747 2=71(5)
2HD)
0| & =71 (M)

%2(R)

5 V)
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HM Reference Software(3)

http://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/

a = [r——

Fepository

URL of repository:
evc.hhi.fraunhofer.defsvnfsvn HEVCSoftware - _J

Chedkout directary:
C:Wlsers™long-HyeokWDesktopWHM

Multiple, independent working copies

Checkout Depth

[Fulh,-I Fecursive

(| omit externals Choose items... ]

Revision
(@ HEAD revision

(") Revision

[ Show log ]
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HM Reference Software(4)

LURL: ahtn:u:,.",."heuc.hhi.fraunhofer.de,.’svn,.’svn_HE*.-'CSoft'.n.'arE A . Revision: HEAD

-~
File Extension Rewision Author Size Date Lock

branches 3360  sony-uk 2013-02-11 7= 11:48:47
| tags 3353 suehring 2013-02-05 M 2:20:30
J trunk 3352  suehring 2013-02-05 £ H 2:04:41
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HM Reference Software(5)

= Select version...

o= URL: |€ ip://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.0 ~ | | T Revision: HEAD
~| | File a Extension Revision Author Size Date Lock Lock »
HM-14,0+RExt-7.0 3932 suehring 2014-04-15 2% 9:24:54
HM-14.0+RExt-7.0+5CM-1.0 3965 rapaka 2014-04-26 27 4:28:40
HM-14.0+RExt-7.1 3975 sony-uk 2014-04-29 2% §:57:25
HM-14.0+RExt-7.1+5CM-1.1 4003 rapaka 2014-06-26 2% 9:44:13
HM-14.0+RExt-7.2 3976 sony-uk 2014-04-29 23 9:02:43
HM-14.0+RExt-7.2+5CM-1.1 4005 rapaka 2014-06-27 27 12:32:25
HM-14.0+RExt-7.3 4022  sony-uk 2014-07-04 2% 5:47:06
HM-14.0+RExt-7.3+5CM-1.1 4030  binli 2014-07-10 2% 2:15:58
HM-14.0+RExt-7.3+5CM-1.2 4041 rapaka 2014-07-15 2% §:17:00
HM-15.0 4027 suehring 2014-07-08 27 10:46:43
HM-15.0+RExt-7.3 4033 sony-uk 2014-07-15 27 12:58:31
HM-15.0+RExt-8.0 4046 sony-uk 2014-07-18 2= 5:56:19
HM-15.0+RExt-8.0+5CM-2.0 4060 rapaka 2014-08-02 27 9:14:31
HM-15.0+RExt-8.1 4072  sony-uk 2014-08-13 2= 5:04:28
HM-16.0 4088 suehring 2014-08-20 27 12:14:29
HM-16.1 4106 suehring 2014-09-19 2= 10:30:25
HM-16.1.1 4111  suehring 2014-09-24 2= 7:04:40
HM-16.2 4166 suehring 2014-10-22 27 2:30:50
HM-16.24+5CM-2.1 4190 rapaka 2014-10-29 2= 3:03:04 “
43| € . B >
HM-16.0
oK Cancel Help

Revision 4088, Author suehring, Date 2014-08-20 2% 12:14:29
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HM Reference Software(6)

S VICL

Repository
URL of repository:

http://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.0  ~

Checkout directory:

G:¥WResearch¥sSimulation¥HM

Multiple, independent working copies

Checkout Depth

Fully recursive

[ ] omit externals

Revision

@HEAD revision

O Revision

oK

Choose items...

Cancel

Show log

Help
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HM Reference Software(7)

e Press "OK" button.....!

Repository
URL of repository: »
4" Checkout Finished! - ([l X
http://hevc.hhi.fraunhofer.de/svn/svn_HEVCSoftware/tags/HM-16.0  ~
Checkout directory: Action Path ~
Added G: ¥Research¥Simulation WHM16.0%source WLib #¥libmds#libmds.h
G:¥Research¥Simulation ¥HM Added G: ¥Research W Simulation ¥WHM16. 0% project
Added G:¥ResearchSimulation YWHM16.0%¥ dock software-manual. pdf
|"._-]|_||tin|er independent 1'-\.'|:|rking cenieg Added G:¥Research#Simulation WHM16.0%WREADME
Added G:¥Research¥Simulation%HM16.0%doc WREADME_data-structure.ppt
Checkout Depth Added G:¥#Research ¥ Simulation ¥WHM16. 0% doc¥¥README_software-manual.bd
P Updated G: ¥¥ResearchWSimulation'WHM16.0
]
. . < >
[ ] omit externals Choose items...
1.60 MBytes transferred in 0 minute(s) and 10 second(s)
Revision Added:390, Updated:1 Cancel
@ HEAD revision

() Revision Show log

oK Cancel Help
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HM Reference Software(8)

ohe = 3R B

«— = ~ 1 > L§ PC > KimBG-SSD1 (G) > Research * Simulation * HM * trunk

B B S O 28 37
s HEZ 717]
T settings 2017-05-26 2= 5. It =G
s ORZE build 2017-05-26 2= 5., fr%' %H
cfg 2017-05-26 2= 5. It G
H2M HM xcodepro] 2017-05-26 @= 5. ot 204
= AR source 2017-05-26 2= 5. ItY £G
1-st Manuscript ] COPYING 2017-05-26 2= 5.. ProCore Class 2KB
HPSCANS | | README 2017-05-26 2= 5.. ProCore Class 1KB
UHD Transmission
el Rtz
7@ OneDrive
| W LY PC
s HHE2E
ES2%
5 O 14

Go to “build” folder..I!!
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HM Reference Software(8-1)

= |In "build” folder, open project as your VS version.

S VICL

Y%

TLel
=

—

v #H

= | build

ofot

al o
=]

g7

v > W PC » KimBG-55D1 (G) > Research > Simulation * HM > trunk > build

2 747
HHE =rE
Ch2EE

24

1-st Manuscript
HPSCANS
UHD Transmission

Ze|Atg

#& OneDrive

0|2

=

linux
vc2010
vc2012
w2013
ve2015
on HM_vc2010ssin
RS HM_vc2012.sln
&5 HM_vc2013.sln
R HM_vc2015.5In

o

e =
=K

i

FIR}

2017-05-26 2=
2017-05-26 2=
2017-05-26 2=
2017-05-26 2=
2017-05-26 2=
2017-05-26 2=
2017-05-26 2=
2017-05-26 2=

2017-05-26 2=

oA A LA LA [Wa] (W) oA (W]

(W)

2%
mY B
mY B
nY B
mY B
i B

Visual Studio Solution
Visual Studio Solution
Visual Studio Solution

Visual Studio Solution
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HM Reference Software(8-2)

Eﬂ HM_ve2015 - Microsoft Visual Studio
o EHEE BV ZEEREEER) | gE(
B-a@d|2-C -

(2=}
—t

CHID " =M H2EEG 24N #3#WwW)  E2EH)
() Ctrl+Shift+B
4 CHAl 2E(R)

A

=
=
=
=
24 FHel©
_?_
=
=

deol HH =203 Ho[He|o]A ot EE

<M

1T T 3

A0l ZE 24 HMy) Alt+F11

L% TAppCommon

I> %] TAppDecoder

dl

TAppCommon ZE(U)

:H3

I %] TAppDecoderAnalyser TAppCommon CHA] EE(E)
I % TAppEncoder TAppCommon 7 2|(N)
> % TLibCommon =2 EOk) »

> % TLibDecoder
I> % TLibDecoderAnalyser
> [ TLibEncoder
> [ TLibVideolO

[ &
=
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HM Reference Software(8-3)

» "HF HEli(select all)” = “CHA| 2 E(build again)”

Yz 2c 7 X
WEY TRHE N2 HOISHIAIR(K)
ZEHE T4 Ll sF8 74 1= ~ 2LE(B)
TAppCommon Debug Win32 Debug|Win32 &
TAppCommon Debug x64 Debug|x64 Tl %E{R}
TAppCommon  Release Win32 Release|Win32 ’SEII(C)
TAppCommon Release x64 Release|x64 !
TAppDecoder Debug Win32 Debug|Win32 :
TAppDecoder Debug x64 Debug|x64 !
TAppDecoder Release Win32 Release|Win32 25 JE(S)
TAppDecoder Release x64 Release|x64
TAppDecoderAn.. Debug Win32 Debug|Win32 = Sl
TAppDecoderAn.. Debug x64 Debug|x64
TAppDecoderAn.. Release Win32 Release|Win32
TAppDecoderAn.. Release x64 Release|x64
TAnnFnrader Nehiin Win22 NehiinWAfin22 [ b
e
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HM Reference Software(8-4)

SV

= Successful to build....!!!

o® HM_vc10 - Microsoft Visual Studio
oegE BEE 27w ZRHEE) Z2EE CHIAD =) Msight HOER EFM EHAEES Hw) ESUH)
- | Win32 - |

SRR BT

j'J‘L}&‘J‘ﬁ e ] ;H|"‘ L ';J‘:;‘,‘ 4 ‘Debug

Ca|le = |H-
BEEE - =
2 TAppCommon

TAppDecoder

A TAppDecaderAnalyser

A TAppEncoder

TLibCommon

Z TLibDecoder

ZA TLibDecoderAnalyser

TLibEncoder

A TLibVideolO

> L PC » KimBG-5SD1 (G) » Research * Simulation > HM16.0 > bin > vc10 > Win32 > Debug

oIS S LR 28
v 3 HIZ 717
N TAppEncoder 2017-05-26 2= 7:20 22 ==

= HHE 3t P N -

hezc TAppDecoderAnalyser 2017-05-26 2= 7:20 28 =20
§ e TippDecoder 2017.05.26 05 701 == =2
S - _
1 2M & TAppEncoder.pdb 2017-05-26 2= 7:20 Program Debug ...
= AT

2017-05-26 2= 7:20
2017-05-26 2= 7:21
2017-05-26 2% 7:20
2017-05-26 2% 7:20
2017-05-26 2= 7:21

& TAppDecoderAnalyserpdb Program Debug ..
& TAppDecoder.pdb

L3 TAppEncoder.ilk

1-st Manuscript
HPSCANS

Program Debug ..
Incremental Linke...
L3 TAppDecoderAnalyserilk Incremental Linke...

I TAppDecoder.ilk

UHD Transmission

Zoitz Incremental Linke...

=3 27| =) | 2E

1IR3 =x|=

"G: WResear chiSinul at i on#Hi1 5. Dtfbu | difthvc] 0HW i n32HDebugT AppDecoder #TAppDecader . lastbul ldstate™sl 2 (touching) 3t

k.

23 AlZb: 00:00:03 47

semeeem—- B2 OHA WE:

oH
o
[
=)
=
I3
o
=
i
i
i
i
i
i
i
i
i

| JERSEshiESg =] =3

. B, me-

61



HM Reference Software(8-5)

= HEVC Encoder test....!!!l: TAppEncoder.exe

SR =1
E

43,936,096 Hf

20 Cl=E 2] 37,375,074,304 Hf
G:#ResearchSimulat lonttH16 . Ofb | nitve TOMW i n32W0ebug>TAppEncoder exe

Hv software: Encoder Version [16

—help
— | nputFile
., —DBitstreanFile
-0, ——HeconFile
—wdt, —SourceWidth
-hgt, —SourceHeight
— | nputBitDepth
—OutputBitlepth

—MSBExtendedBitDepth
—|nternalBitDepth
— | nputBitlepthC

—OutputBitlepthl
—MSBExtendedBi tDepth

0] Cincluding RExt) [Windows] [¥S 1600] [32 bit]

this help text

configuration file name

Original YUV input file name

Bitstream output file name

Beconstructed YUY output Tile name

cource picture width

cource picture height

Bit—depth of input file

Bit—depth of output file
(default:InternalBitDepth)

bit depth of luma component after addition of
M=Bs of walue O (used for synthesising High
Dynamic Range source material).

(default: InputBitDepth)

Bit—depth the codec operates at.

(default MSBExtendedBitDepth). |f different to
M-BExtendedBitDepth, source data will be
converted

fs per InputBitlepth but for chroma component .
(default: InputBitDepth)

fz per QutputBitDepth but for chroma component.
(default:InternalBitDepthC)

Az per M-BExtendedBitDepth but for chroma




cContents

« UHD TV & Contents — Realistic media
« HEVC Technology (encoder)

« HM Reference Software

* Summary

HEVC

High Effeciency Video Coding




% Realistic media and contents
= Ultra Hi-definition (UHD) Video
% HEVC Video standard
= Block type
= Mode selection
* Transform and so on.
% HEVC reference SW
= How to get?
= Starting to compille.
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Thank you for your attention.!!!
QnA

http://vicl.sookmyung.ac.kr



