2votTnuato Kot AAyopiopot
[ToAvpEcmv

[odvvne Xap. KatcaBovviong

Oudia #7: AebBvn atdvTopvt

cvumieonc ynelakov Pivteo
MPEG1/2

14 Noeuppiov 2005
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Emovainyn

* Baowkéc teyvikeg (apyec) emeCepyaoiog
TOAVUEG®V

o [Ieipapatikn HETPNOT OTOO0GTG KOl
BeATioTOMOINGT AOYIGUIKOV

— Xuumieon Kol amoocvumieon Pivteo eivarl
1010UTEPO TOAVTAOKEG OLEPYOGIEC

— Amoovumieon PBivteo MPEG2: 8*B +
66*W*H*f cycles/sec
 DVD (720x480x30x8.0): 748M cycles/sec

[Tavemot o Oeccaiiog
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Emavainyn - BeAtiotonoinon
AOYIGLUKOD (2)

o Teyvikég PelticTtomoinong
— AkyopiOuikd, m.y. n ypion FDCT avti yio tov opiopud
TOV (TOAAOTAQGLUGUOC TIVOKQL LLE OLAVUGLLQL)
— Meimon 610 eAAYIGTO OVVATO TNG ¥PNONS UVIUNG KOl

LLEYLOTOTTOINGT TNG EXOVA-YPTGLULOTOIN GG EVOLAUECHV
ATOTEAEGUATMOV GE KATAYOPNTEC

— Xpnomn eCEOIKEVUEVOV EVIOADV, OTIMC 1] OIKOYEVELN
TV evioAwv Movn-EvtoAn-Xe-IToAarid-Agooueva
(SIMD — MMX/SSE/SSE2)

— Xpnon emrpocHETOL LAIKOV, 0TS 1| KAPTA YPOUPIKOV,
Y10 TNV ETLTAYVVGT] OPIGUEVOV KOUUOTLOV TOV
aAyOoplOpov

[Tavemot o Oeccaiiog
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Emavainyn - BeAtiotonoinon
Aoyioukov (3)

e XVAALOYM otoyeiwv: “profiling”
— Windows-Linux/Intel (PC): VTune
— E&ovBevotikd (Call graph)
— Astypoatonmrika (Sampling)

* Me 1 BonBeia Tov poA0Y100 TOV GLGTHUATOC

e Me 1 PonBeta E6OTEPTKOV KATAYDOPNTOV/LETPNTOV TOV
UIKPO-EMEEEPYOAOTN

* BeAtiotomoinon emtuyydvetotr LECM
— Meimong tov ap1fuod KOKAw®V
— Meimong tov ap1Buod eKTEAECIU®V EVTOADV
— Eloyiotonoinonc tov mpocsPdcemv uvnunc (RAM)

[Tavemot o Oeccaiiog
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Aockxnon #7/

Na peTaQEPETE TO TPOYPULLLLY OVOPOPOC
arokmotkonmoinong Pivieo MPEG2 (“MPEG2DEC”) cg
nepfariov Windows/.NET 2003

Noa petatpéyete TV €000 TOL TPOYPAUUOTOS KOTA TPOTO
OV VO, ONUovpYel Eva eviaio apyeio e€ooov .YUV

No emTpéyete TNV EKTEAEGT] TOV TPOYPAULOTOC TOGO UE
onuiovpyia apyeiov €60ov (m.y. Me tn yoprynon tov
ropausTpov “-b Dantes 2 00M cut.m2v -f -g -00
Dantes 2 00M_cut.yuv”), 0G0 Kot ympig tn onuovpyio
apyelov €000V

No avagepete T0 GLVOMKO aplOud Kapé TOL
ATOKMOTKOTOMON KAV, TO YPOVO EKTEAECT|C KO TNV
TOYOTNTO AmOK®OWKoToinong (frames per sec, fps)

[Tavemot o Oeccaiiog
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Acxnon #7 (cuveyein)

Noa 00KIUAGETE TIG O1APOPES EMAOYEC BeATIoTOTTOINONG

KOTA T O1001KOG10 LETAYAMTTIGLUOV TTOV GO O1VEL TO
nepidirov NET 2003

Noa avtikataoctioete to petaylottiot) Microsoft VC7 ue
tov petayrottiotn Intel Compiler 9.0 (IC9) kot va
OOKIUAGETE TIG OLAPOPEC EMAOYES PeATioTOTOINGNC

No ava@EPETE TNV UEYUAVTEPT] TOYVTNTO EKTEAECTC TTOV
emtvyyavete oo to VC7 kou to (IC9)

Noa cuAAECeTE ocooueva pe To Tpoypauua VTune yio avtn
TV EQAPHOYN

[Tavemot o Oeccaiiog
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Aoun tov pofnuatog

* Ewcaywyn oto MPEG
— Baouéc Evvolec/ooun GLuoTHUOTOC

— 20vToén Kot onuacio Op®v Tov GTdvTop

¢ MeAETn Ko VAOTOINGT O10POP®V KOULATIDV TOV
MPEG] & 2
— Extiunon kot 010pOwon kivnong, mapeuoin
OLOLVUGLAT®V Kiviiomg
— Metaoynuaticpog DCT
— Kwotkomoinomn petafAntov unkovug

[Tavemot o Oeccaiiog
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Encoder Structure
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Decoder Structure
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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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Historical overview of MPEG1
. MPEGI: ISO/IEC 11172

— International standard since 1993

— 5 parts: Systems (with 2 Corrigenda), Video (with 2
Corrigenda), Audio (with 1 Corrigendum),
Conformance Testing and Software simulation

— Targets medium bitrate (~1Mbps, up to 1.5Mbps)
progressive video with high quality audio (stereo);

video is approximately 352 x 288 resolution, 24-30Hz
frame rate; audio at 32kHz, 44.1kHz or 48kHz
sampling frequency

— Applications: digital storage media with CBR of up to
1.5Mbps (Video CD, DAT, computer storage)

[Tavemot o Oeccaiiog
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Historical overview of MPEG?2

« MPEG2: ISO/IEC 13818

— International standard since 1996
— Systems: ITU-T H.222.0, Video: ITU-T H.262 (1995)

— 9 parts: Systems (with 4 Amendments & 1
Corrigendum), Video (with 4 Amendments), Audio,
Conformance Testing (with 1 Amendment & 1
Corrigendum), Software simulation (with 1
Amendment), Extensions for DSM and CC, AAC,
Extension for real time interface for system decoders,
Conformance testing for DSM and CC

[Tavemot o Oeccaiiog
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Historical overview of MPEG?2-
cont’d

» Targets high bitrate (~5Mbps, up to
15Mbps) progressive & interlaced video
with high quality audio (multi-channel);
video 1s SD (720x480) or HD (1920x1080);
audio at various sampling frequencies

* Applications: digital storage media VBR
(DVD), digital TV broadcasting (DVB,
DTV)

[Tavemot o Oeccaiiog
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Technology overview of
MPEG1/2

 Basic unit of processing is a picture

* Each picture 1s coded as | (intra), P (predictive), B
(bi-directionally predictive) or D (MPEGI only)

» Each picture consists of an array of pixels; for
each pixel, we associate one integer value (usually
8-bit) called luminance and for each 2x2 block of
pixels we associate two chrominance values,
called Cb/Cr or U/V —also called YUV 4:2:0
format. YUV 4:2:2 and 4:4:4 are also supported
(MPEG?2 only).

[Tavemot o Oeccaiiog
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Technology overview of
MPEG1/2 — cont’d

 Each picture is subdivided in Macroblocks
(MB), each macroblock contains16x16
(luminance) pixels.

» Each macroblock 1s subdivided in 8x8
blocks; for YUV 4:2:0 pictures, there are 6
such blocks — 4 luminance (Y) and 2
luminance (1 Cb, 1 Cr)

[Tavemot o Oeccaiiog
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Technology overview of
MPEG1/2 — cont’d

* Key MPEG ingredients:

— Motion vectors, allows for (temporally)
differential coding of pixel values

— Discrete Cosine Transform (DCT) allows for
energy compaction of residuals after motion
compensation

— Quantization of DCT coefficients of residuals

— Entropy coding of quantized DCT coefficients
through Variable Length Coding (VLC)

[Tavemot o Oeccaiiog
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MPEGI1/2 - YUV 4
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Represent luminance samples
Represent chrominance
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YUV4:2:0 Macroblock structure

EI
Cb Cr

Y (luminance) 1s 16x16 pixels
Cb/Cr (chrominance) is 8x8 pixels

[Tavemot o Oeccaiiog
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MPEG1/2 Group Of Pictures
(GOP) StruCtur%i—directional
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Motion estimation

Search range (16x16) .
/ Motion

1 \Ve“"%

Macroblocks
A// \;

Reference (decoded) Current (to be encoded)
picture picture

 SAD (sum of absolute differences) of luminance pixel values 1s used
» Half-pixel locations are. %eﬁfmgﬁy@%gﬁhear interpolation

Lo KTV




MPEG1/2 decoding process

Coded Bit Stream
(Motion)

Coded
Bit Stream

(Texture)

Motion
Motion R Compen- <
Decoding >~ sation

N

Previous

Reconstructed

\ 4

Picture

Variable
Length
Decoding

Inverse
Scan

Inverse

Quantization

Picture
Recon-

struction




MPEG]1 — MPEG2 differences

position at left

T pu

[[avemotuio Oecoaiiog
 Mny. H'Y, Tnhen. & At

KTUOV

M | Progressive YUV 8-bit Intra DC | IDCT Linear

P | Pictures 4:2:0 prediction; D- | mismatch for | Quantization

E Only: Color pictures; zigl- ;agh coseéf.; Scale only: half-

? chrominance format Zag scan only i dlt k pel motion
position at center code optional

M | Progressive YUV 10-bit Intra DC; | IDCT Linear & non-

P | & interlaced 4:2:0, no D-pictures; | mismatch for | linear

E Pictures: 4:2:2 & |alternate scan | AC[7][7] | quantization

G : 4:.4:4 only; 12-bit | scale; half-pel
chrominance )

2 ESC motion standard




