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Emovainyn

e AvOektikotnto oto 00pvPo Katd
uetaooon ynerakov Pivieo MPEG4
— Tloxetomoinon ocooucvawv (RM)
— Emavainyn emrepotioos (HEC)
— Xwpiouog ogoouévav (DP)
— Avaotpéyiuol kworkol UeTafintod unKovg
(RVLC)
— Kvkdikn evoo-avavéwan (CIR)

— Ilpooapuoauévn evoo-avavewan (AIR)
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Ernavainyn (2)

o APYITEKTOVIKY] WIKPOETECEPYOOTN Xtensa
(Tensilica)

— IMupnvog UIKpOETECEPYUGTY] TOV UTOPEL VU
TPOCOPUOCTEL 1] VO ETEKTADEL AvALOYQL LE TIC
EPUPLOYES

— TIE: xotvoOpyleg EVIOAEC YAMGGAC UNYOVIC
mov kabopilovton amd TO0 GYEOIUGTN

— O\ec 01 TOpAUETPOL TOV WKPOETECEPYOUTTN
UTOPOVV VA KAOOP1GTOVV KUl GUVETMS VOl
BeAtictomomBovv avaroya Le TNV EQOPLOYT).
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Aocknon #10

e Noa vAomomaceTe TOV aAYOPIOUO EVPEGTC
OLOVOGLOTOG KIvNGNC ¥PNOILOTOIMVTUC TO
KPLTNPL0 TNG EAAYIGTOTOINGONS TOV 00pOoiGLATOG
TOV ATOAVTOV TILOV TOV OpopaVv (minSAD)

* No eQapUOGETE TOV AAYOPIOLO EVPECTC
OLVOGUOTOG Kivniong o€ umhok 16x16
POTEVOTNTAC TOL Pivteo srcl9 kot va 6YEOIACETE
TO 1IGTOYPOLLA TOV OLOLVUGUATOV KIVI|OTG
op1LovTim¢ Ko KaOETMC Yo KAbe KapE
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Acxknon #10 (cuveyeln)

 No LETOPEPETE TO TPOYPULLUOL UTTO
apyrtektovikn) PC (Windows/Intel/AMD)
o€ apyrtektovikn Tensilica-Xtensa.
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MPEG1
VCD

TTowtnta Pivieo
Aedpaong
(352x288), Nxog CD
(2 xavita,44.1KHz)
puOUOG petadoong
1,5Mbps

1993

Xpovootaypauuo MPEG

i MPEG2 > MPEG4 e H.264
DVD Kuwntd 3ng yevidg Kuwntd 3ng yevidg
[Mowmta Pivieo KoAng modtntog KoAng modtntog
YNOLoKNG TAEOpaONG Bivteo (176x144), pe Bivteo (176x144), pe
(720x480), NAEPOVIKNG TNAEPOVIKNG
TOAVKAVAAOG T1X0G notdmrog o (1 nowtntag Nyo (1
owepd (6 Kavil, 8KHz) oe kavait, 8KHz) og
kovaie,48KHz) XopnAovg pvopovg ¥aprnAovg puopove
pLOuOG petddoong petadoong 128Kbps petddoons 128Kbps
8Mbps
1996 1999 2003
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MPEG4 part 10: H.264

* Orniginally called H.26L (“Long term”™), H.264 1s
an effort within ITU-T to establish a high
efficiency video compression standard

* Core experiments demonstrate 40-50% bit-rate
savings over H.263

 H.26L & MPEG4 groups joined to form JVT
(Joint Video Team) in order to contribute part 10
to MPEG4 version 2: Advanced Video Coding;
H.264 standard drafted May 2003
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MPEG4 part 10: H.264

* H.264 unique technology:
— Only one regular VLC 1s used for symbol coding

— Alternatively, context-adaptive arithmetic or Huffman
entropy coding 1s used

— 1/4 pixel positions are used for motion prediction, with
6x6 separable interpolation filter.

— A number of different block-sizes are used for motion
prediction: 4x4, 4x8, 8x4, 8x8, 8x16, 16x8, 16x16

— In-loop de-blocking filter is normative for the decoder
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MPEG4 part 10: H.264

* More H.264 unique technology:

— Residual coding 1s based on 4x4 blocks and an exact
integer transform (DCT-like) 1s used

— Non-linear quantization scale 1s used, different for luma
and chroma

— Multiple reference frames may be used for prediction
and this 1s considered to replace any use of B-frames

— Multiple intra coding modes that allow for prediction

from blocks from the same frame (almost same coding
efficiency as JPEG2000)
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H.264 technology

« Variable macroblock partitions

Macroblock
partitions

1 macroblock partition of
16*16 luma samples and
associated chroma samples

2 macroblock partitions of
16*8 luma samples and
associated chroma samples

2 macroblock partitions of
8*16 luma samples and
associated chroma samples

4 sub-macroblocks of
8*8 luma samples and
associated chroma samples

Sub-macroblock
partitions

1 sub-macroblock partition
of 8*8 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 8*4 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 4*8 luma samples and
associated chroma samples
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4 sub-macroblock partitions
of 4*4 luma samples and
associated chroma samples




H.264 technology

* Intra prediction modes




H.264 technology

» 2 and Y-pixel motion compensation
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* Integer inverse transform
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H.264 technology
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H.264 technology

 In-loop de-blocking filter

____________________________________



H.264 technology

« UVLC

Bit string form

001x X
000 1x,x; X
0000 1x; X, X; Xg

00000 1x, X5 X, X; X

Range of codeNum

1-2

3-6

15-30

31-62

[Tavemot o Oeccaiiog
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syntax element
value

(~1)*1 Ceil(k+2)



H.264 technology

« CAVLC

— Total number of non-zero coetficients 1s coded

— Both trailing zeroes (“run”) and trailing ones
are coded, context-adaptive

— Level 1s coded, context-adaptive
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H.264 technology

« CABAC
Value of syntax element

Bin string

OP(O) (|).3 P(1) ];

0 0112 0.3

o/ o.3l

binldx
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H.264 Technology

 Amendments to the 05/2003 standard led to the
current 03/2005 version that introduced new tools
and profiles
— Fidelity Range Extensions (FRE), including

« 8x8 integer transform (Hadamard-like)

8x8 intra-prediction mode

RGB-like color representation
More than 8-bit video
YUV400 (monochrome), YUV422 and YUV444 color formats

Loseless Region Coding
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A10YPOLLLO, GUCTLOTOG

K®otkomotn Pivreo H.264
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[source: G. Sullivan, VCEG]

[Tavemot o Oeccaiiog
Tuiua Mny. H'Y, Tnien. & Awctdov



MPEG4 part 10: H.264

« More work 1s needed to make successful
products out of H.264:

— Encoding complexity 1s ~100x that of MPEG2

Decoding complexity 1s ~3x that of MPEG?2

Interlaced tools, error resilience

Rate control
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MPEG 1/2/4 comparison

 How much better 1s MPEG4 over MPEG2 ?
— Depends highly on the encoder

— MPEG (1/2/4) only define the decoder, not the encoder;
there 1s no “standard” MPEG encoder

— MPEG2 encoders 1in 1993 were using 50% more bit-
rate than MPEG2 encoders 1n 2000; the same decoder
can be used to decode all such streams

— Under the same level of sophistication for the encoder,
MPEG4 has 10-15% better efficiency due to additional
coding tools over MPEG?2 for high bit-rate content
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MPEG efficiency comparison
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MPEG4 vs. H.264 comparison

 Same caveats as for MPEG2 vs. MPEG4

comparison apply

* H.264 requires significantly higher complexity
and any error resilience tools reduce its coding

efficiency
* Under same level of so;

phistication, H.264 has 15-

20% better efficiency due to additional coding

tools over MPEG4 for |

ow bit-rate content
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MPEG1/2 summary

« MPEGI and MPEG?2 are well established
and widely used standards for medium and
high bit-rate compression of video signals
for digital storage media (DVD) and digital
TV broadcasting
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MPEG4 summary

« MPEG4 1s an emerging standard that
extends video compression to a variety of
multimedia content, addresses the whole
range of bit-rates and gives the flexibility to

offer mu

timedia content through every

communication channel
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H.264 summary

 H.264 is a new video compression standard
that can potentially improve over
MPEG1/2/4 by a significant factor and
further enhance the capabilities of MPEG4
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