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Abstra
tMoving Pi
ture Experts Group (MPEG) has developed two generi
 audio-videostandards till date, namely MPEG-1 and MPEG-2. While MPEG-1 was developedfor storage and retrieval of moving pi
tures and audio on storage media, MPEG-2targeted at higher quality and bandwidth appli
ations like digital television. Withthe number of appli
ations of MPEG-2 standard in
reasing everyday, there arises thene
essity of a stable and eÆ
ient de
oder for MPEG-2 
ompatible bit-streams that
an over
ome the bottlene
k of speed in real-time appli
ations.In the 
urrent work, we have developed a real-time video de
oder for MPEG-2bit-streams with an emphasis on stability, eÆ
ien
y and pi
ture quality. We have ex-perimented with several approa
hes to 
ompute the inverse dis
rete 
osine transform,and 
hosen the most eÆ
ient one whi
h takes O(N2log2N) time for a blo
k size ofN�N . As the de
oder should be able to display frames at the 
oded frame-rate, itmay intermittently dis
ard some of the frames when otherwise the required frame-rate
an not be met.
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Chapter 1
Introdu
tion
1.1 MotivationThe te
hniques of 
apturing images by 
ameras date long ba
k. Traditional 
ine-matography use te
hniques by whi
h individual pi
tures 
alled frames are displayedat a rate that human being 
annot distinguish separately due to persisten
e of vision,thus giving an illusion of 
ontinuous motion pi
ture. Therefore, the motion pi
turesare basi
ally a 
olle
tion of frames displayed typi
ally at a rate ex
eeding about 20frames per se
ond. With the advent of digital 
omputers, it be
ame inevitable to e-volve te
hniques to store images and more importantly video in a non-volatile media.A digital image is essentially an array of pixel values represented by a �nite numberof bits. The term digital image pro
essing generally refers to pro
essing of a digitalimage by a digital 
omputer. Digital Signal Pro
essing (DSP) te
hniques are themost 
ommonly used te
hniques for digital image pro
essing. A digital video is a
olle
tion of digital images stored in an eÆ
ient format so that it 
an be pro
essedin real-time and requires small spa
e for storage. With in
reasing interest in multi-media appli
ations, audio is also added alongwith the video to get the 
avor of realmovies in digital 
omputers.Several e�orts have been undertaken in order to standardize the digital audio-and-video 
oding te
hnology. The Moving Pi
ture Experts Group (MPEG) [11℄ hasdeveloped two important standards, namely MPEG-1 and MPEG-2, whi
h are the1



most widely a

epted ones in this dire
tion. MPEG-2 is a logi
al extension of MPEG-1 standard, in
orporating further re�nements and more fun
tionalities. The standardhas 
ertain inherent 
apabilities that have made it an automati
 
hoi
e of the industry.In this thesis we have developed a real-time video de
oder for MPEG-2 
oded motionpi
tures.1.2 Digital CompressionCompression is a te
hnique to represent digital information in a 
ompa
t form inorder to save pre
ious storage spa
e. For images and digital audio appli
ations, the
ompression also yields the minimization of the bit-rate. The 
ompression in su
happli
ations 
an even be lossy under the 
onstraints of signal quality, implementation
omplexity and 
ompression/de
ompression speed. A 
onsiderable amount of statis-ti
al redundan
y exists in su
h data due to spatial and temporal 
orrelation amongthe di�erent samples and therefore a large 
ompression 
an be a
hieved.1.2.1 Importan
e of 
ompressionUsually an enormous amount of data is asso
iated with audio-visual information, thestorage for whi
h is not always a�ordable. Although the 
apa
ities of many digitalstorage media are substantial, their a

ess speeds usually vary inversely in relation totheir 
apa
ity. Therefore storage and transmission of image data require huge 
apa
ityand bandwidth, whi
h is often very expensive. The image 
ompression te
hniqueshave been of great signi�
an
e by whi
h the number of bits required to store ortransmit images 
an be redu
ed by orders of magnitude without any per
eivable lossof information.A reasonable quality motion pi
ture has spatial resolution of approximately 512�512 pixels per frame. At 8 bits per 
olor 
omponent (i.e., 24 bits per pixel value)and 30 frames per se
ond, this translates into a rate of nearly 23 MBytes/se
 ofun
ompressed data. Therefore, an half hour (1800 se
onds) movie will require astorage spa
e of about 40 GB. Further enhan
ements in the pi
ture quality result ineven higher data rates.
2



1.2.2 Lossless versus Lossy 
ompressionCompression methods may be either lossy or lossless. In lossless 
ompression, there
onstru
ted data is identi
al to the original data. But a majority of appli
ationsin image pro
essing do not require the re
onstru
ted data to be identi
al to theoriginal data as long as the pi
ture quality is within the a

eptable limit. MPEG-2video standard re
ommends the evaluation of the Dis
rete Cosine Transform (DCT)for the 
ompression [11℄. Though inherently, the DCT itself is a lossless transform,the re
onstru
ted video is not ne
essarily identi
al to the original data due to thequantization of the resultant values.1.3 Dis
rete Cosine TransformDis
rete Cosine Transform (DCT) is a fundamental 
omputation in many digitalsignal pro
essing appli
ations, su
h as image data 
ompression. For image data itresults in a 
ompression in the range of about 10 to 100.1.3.1 De�nition of DCTThe N�N 
osine transform matrix C = 
(k; n), 
alled dis
rete 
osine transform, isde�ned as 
(k; n) = 8<: 1pN ; k = 0; 0 � n � N � 12pN 
os (2n+1)k2N �; 1 � k � N � 1; 0 � n � N � 1For a given 2-d data sequen
e fxij : 0 � i; j � N�1g, the 2-d DCT sequen
efYmn : 0 � m;n � N � 1g is given by the following [1℄.Ymn = 4N2u(m)u(n) N�1Xi=0 N�1Xj=0 xij 
os(2i+ 1)m2N � 
os(2j + 1)n2N � (1.1)and the inverse DCT (IDCT) is given byxij = N�1Xm=0 N�1Xn=0 u(m)u(n)Ymn 
os(2i+ 1)m2N � 
os(2j + 1)n2N � (1.2)3



where u(m) = 8<: 1p2 ; if m = 00; otherwiseIn order to use DCT, the image is subdivided into 8�8 blo
k of samples. Ea
h ofthese 8�8 blo
ks of the original image is then mapped to the frequen
y domain, i.e., itis represented as a 
ompositions of DCT basis fun
tions with 64 appropriately 
hosen
oeÆ
ients, representing di�erent horizontal and verti
al intensities. The �gure 1.1illustrates the 
orresponding spatial frequen
y1 patterns. Ea
h of these spatial fre-quen
y patterns has a 
orresponding 
oeÆ
ient, the amplitude needed to representthe 
ontribution of that spatial frequen
y in the blo
k of data being analyzed.

Figure 1.1: Basis fun
tion patterns of an 8X8 
osine transformsSeveral fast implementations of DCT and IDCT - both software and hardware- have been proposed in the literature [2, 4, 6, 18℄. We have used the row-
olumnapproa
h proposed by [1℄ to transform the 2-d IDCT 
omputation into 16 1-d ID-CTs and then used the algorithm proposed by B.G.Lee [8℄ to 
ompute 1-d IDCTin O(N log2N) time. The overall 
omplexity of the 2-d IDCT 
omputation is thenO(N2log2N).1luminan
e 
hanges w.r.t. spatial 
oordinates
4



1.3.2 Merits of DCTDCT is so useful be
ause of its following properties :� The 
osine transform requires only real number arithmeti
 and sans handlingof 
omplex numbers.� The 
osine transform is an orthogonal transform, i.e.,C�1 = CT� The 
omputation of 
osine transform is fast. The 
osine transform of a ve
torof N elements 
an be 
al
ulated using O(N log2N) operations.� The 
osine transform has ex
ellent energy 
ompa
tion for highly 
orrelated data,i.e., if there is 
onsiderable amount of 
orrelation between di�erent data-points,the most of the information in the transformed data will be stored in smallnumber of data-points and so we 
an represent the original data with fewerdata-points.� The 
osine transform is very 
lose to the statisti
ally optimal Kerhunen-Lo�evetransform (KLT) for highly 
orrelated images [1℄. This property of the 
osinetransform together with the fa
t that it is a fast transform based on real opera-tions has made it a useful substitute for the KL transform for highly 
orrelatedimage data.
1.4 MPEG Standards for Motion Pi
turesMPEG is a working group of ISO2/IEC3 
onsisting individuals operating in resear
h,a
ademia and industry. The group is responsible for the development of internationalstandards for 
ompression, de
ompression, pro
essing, and 
oded representation ofmoving pi
tures, audio and their 
ombination. Established in January 1988, MPEGhas already developed two evolutionary standards MPEG-1 (Nov. 92) (formally,\Information te
hnology - Coding of moving pi
tures and asso
iated audio for digital2International Standard Organization3International Ele
trote
hni
al Commission 5



storage media at up to about 1,5 Mbits/s"), and MPEG-2 (Nov. 94) (formally,\Information te
hnology - Generi
 
oding of moving pi
tures and asso
iated audioinformation"). Two more standards, namely MPEG-4, the standard for multimediaappli
ations and MPEG-7, the 
ontent representation standard for information sear
hare 
urrently being developed.Worldwide, the MPEG-1 and MPEG-2 audio/video 
oding standards have at-tra
ted mu
h attention over the past few years, with an in
reasing number of VLSIand software implementations of these standards be
oming 
ommer
ially available.While MPEG-1 has made a remarkable impa
t in audio/visual CD-ROM appli
ation-s, with various implementations in both software and hardware, MPEG-2 standardhas 
hanged the 
on
epts of digital television with appli
ations like DVD (DigitalVersatile Disk), HDTV (High-De�nition Television) et
.1.4.1 MPEG-2 StandardMPEG-2 standard was developed with many video-
oding algorithms integrated intoa single syntax to meet diverse appli
ations requirements. As a rule, every MPEG-2de
oder should be able to de
ode a valid MPEG-1 bit-stream. New 
oding featureswere added in MPEG-2 to a
hieve suÆ
ient fun
tionality and quality. However,implementation of the whole syntax is not required for every appli
ation. Therefore,MPEG-2 has de�ned subsets of the standard to address spe
i�
 
lasses of appli
ationswith similar fun
tional requirements. This is a

omplished by introdu
ing the 
on
eptof Pro�les. A pro�le is thus a de�ned subset of the entire syntax of MPEG-2. MPEG-2de�nes �ve di�erent pro�les, namely Simple pro�le (SP), Main pro�le (MP), SNR-s
alable pro�le (SNR), spatially-s
alable pro�le (Spt) and High pro�le (HP) with therelation SP � MP � SNR � Spt � HP. In general, ea
h pro�le de�nes a new set ofalgorithms added as a superset of the pro�le below.Even with pro�les to de�ne spe
i�
 subsets of the entire syntax and fun
tionality,the parameter ranges are quite large to a
hieve 
omplian
e over the whole range.Therefore, Levels are introdu
ed to put 
onstraints on some of the parameters. ALevel spe
i�es the ranges of parameters like frame-size, frame-rate, and bit-rate thatare to be supported by a parti
ular appli
ation to 
onform to a spe
i�
 pro�le. Fourlevels are de�ned in MPEG-2 : low (LL), main (ML), high-1440 (H-14), and high(HL). It is expe
ted that most MPEG-2 implementations will at least 
onform to the6



Main Pro�le at Main Level (MP�ML).MPEG-2 SystemsMPEG-2 standard evolved from MPEG-1 standard. MPEG-1 was designed to workwith digital storage media that have minimum errors. On the other hand, MPEG-2is designed to work through the 
ommuni
ation networks also and therefore it need-ed improved error resilien
e. MPEG-2 systems solved these diverse requirementsby de�ning two di�erent data stream types : the program stream (PS) , optimizedfor storage devi
es and personal 
omputer implementations, resulting in long variablelength pa
kets 4 and the transport stream (TS), whi
h uses short, �xed length pa
kets(188 bytes) in order to fa
ilitate transmission over noisy 
hannels. Both data-streamtypes use the same pa
ket stru
ture 
alled pa
ketized elementary stream (PES) stru
-ture. Ea
h PES 
ontains exa
tly one video or audio elementary stream. A model forMPEG-2 systems is shown in the �gure 1.2.

Figure 1.2: Model for MPEG-2 Systems en
oding4long pa
kets 
an be supported be
ause of a presumed low media error rate. Resultant lowoverheads allow pro
essing of pa
ket headers in software by a general purpose pro
essor7



The data streams are syn
hronized between the en
oder and the de
oder. Forthis, MPEG standards provide a me
hanism of timestamping ea
h PES with respe
tto a 
ommon referen
e point. The 
ommon referen
e point is �rst 
ommuni
atedbetween the en
oder and the de
oder.MPEG-2 VideoMPEG-2 video standard was originally intended for 
oding interla
ed video at tele-vision resolution in the bit-rate range of 4-9 Mbits/s. However, MPEG-2 video alsosupports higher resolution su
h as those needed for HDTV, at higher bit-rates. InMPEG-2, image frames are en
oded into one of the four frame types I-frame (intra-
oded), P-frame (predi
tive-
oded), B-frame (bi-dire
tionally predi
tive-
oded) andD-frames (DC-
oded). I-frames are are 
oded independently, i.e., without any refer-en
e to the other pi
tures. P- and B-frames are 
ompressed by 
oding the di�eren
esbetween the 
urrent frame and the referen
e5 I-frame or P-frame, thereby exploitingthe temporal 
orrelation between su

essive frames. P-frames 
al
ulate predi
tionsfrom a previous I-frame or P-frame, whereas B-frames obtain predi
tions from thenearest and up
oming I-frame or P-frames. D-frames are allowed in the MPEG-1
ompatibility mode only. They are 
oded using only the DC 
oeÆ
ients of the DCTblo
k.MPEG-2 AudioThe MPEG audio 
ompression standard de�nes a family of algorithms appropriatefor a wide range of audio material, like spee
h, musi
, and the range of spe
ial ef-fe
ts that might be expe
ted on a movie soundtra
k. MPEG-2 audio extends thetwo-
hannel stereo 
apability of MPEG-1 audio (ISO/IEC 11172-3) to �ve-
hannelsurround sound, with the option of a sixth low-frequen
y enhan
ement (LFE) 
hannelwhi
h 
an be used to produ
e loud sound e�e
ts.5a pre
eding and up
oming an
hor (I-frame and P frame) frame w.r.t. whi
h the di�eren
e are
al
ulated
8



1.4.2 Emergen
e of MPEG-4 for multimedia appli
ationsAnti
ipating the rapid 
onvergen
e of tele
ommuni
ations, 
omputer, and television,the MPEG group has oÆ
ially initiated a new standardization e�ort in 1994 withan eye to standardize algorithms and tools for 
oding and to provide a 
exible rep-resentation of audio-visual information to meet the 
hallenges of future multimediaappli
ations. This e�ort is formally known as MPEG-4.MPEG-4 Video1. MPEG-4 video standard is intended to support various formats, bit-rates andresolution.2. MPEG-4 video is expe
ted to a
hieve 
ompression ratio higher than the existingstandards.3. MPEG-4 video is expe
ted to provide 
ontent-based fun
tionalities like random-a

ess s
alability of texture, images and video.MPEG-4 AudioThe new features that will be supported by MPEG-4 audio are features like synthe-sized spee
h, tri
k-mode fun
tionalities like pause, resume, forward and ba
kward.1.5 Related workBefore the oÆ
ial release of MPEG-1 and MPEG-2, MPEG Software SimulationGroup (MSSG) developed de
oders for them and tested the standards thoroughly to
he
k for any hidden 
aws. After the a
tual release of the standard, many hardwareand software vendors and resear
h groups have implemented these standards. TheBerkeley Plateau Multimedia Resear
h [13℄ developed the �rst widely-distributedsoftware de
oder for MPEG-1 video in November 1992. Neil Gray of Universityof Wollongong, Australia, has implemented an MPEG-1 motion pi
ture de
oder inC++ [14℄. Resear
hers in the Vision and Neural Networks Lab. of Wayne StateUniversity has developed MPEG Developing Classes (MDC) to help people implement9



their own MPEG related softwares without a
tually going into minute details ofMPEG [15℄.1.6 Current WorkIn the 
urrent work, we have implemented an MPEG-2 video de
oder. The videode
oder de
odes video frames and then displays them at a speed reasonable enoughfor real-time video. However, if it 
annot meet the frame-rate requirement for aparti
ular bit-stream, the de
oder dis
ards some of the frames to adaptively 
at
h upwith the required speed. In this 
urrent work, the audio data is not de
oded. Insteadthe audio information is read and sent to an MP3 [16℄ audio de
oder in a formunderstandable by it. Thus audio and video are played by two di�erent pro
esses.However, if no audio player is available it dis
ards the audio and displays the videoonly. In the de
oder, the image de
ompression algorithms are developed in su
h a waythat we get the best quality of video at a reasonable speed. The de
oder 
an also playfrom a VideoCD [19℄ instead of a �le on the hard disk. The de
oder 
an also displaythe video frames at any size, in
luding the Full-S
reen size. Tri
k-mode fun
tionalitieslike Rewind, Fast/Slow Reverse, Fast/Slow Forward and Pause/Resume are providedwith the video player. A user-friendly graphi
al user-interfa
e is also provided withthe video de
oder.1.7 Organization of this reportThe rest of this report is organized as follows. In 
hapter 2, we des
ribe the designof the video de
oder and dis
uss the related issues. In 
hapter 3, we present theimplementation details of the de
oder and provide the outlines of the algorithms. In
hapter 4, we 
on
lude this thesis and provide test setup, results and 
on
lusions.
10



Chapter 2
Design of the Video De
oder
2.1 OverviewThe design of de
oder has been kept as simple as possible. We have followed the data
ow as des
ribed in the MPEG-2 standard. Any valid MPEG-2 bit-stream 
ontainsat least one PES that 
onsists of either a video or an audio stream. Sin
e an MPEG-2de
oder should be able to de
ode an MPEG-1 bit-stream also, the video bit-streamstru
ture shown in the �gure 2.1 is valid for MPEG-2 standard also.

sequence header            ISO/IEC 11172-2 video syntax                       sequence_end_code

VIDEO SEQUENCE

(MPEG-1 constrained parameters)Figure 2.1: MPEG-1 video syntaxMPEG-2 syntax for a typi
al 
oded video sequen
e is de�ned in a hierar
hi
alrepresentation with six layers as shown in the �gure 2.2.Every valid MPEG-2 video bit-stream starts with a sequen
e header. A sequen
eheader may optionally be followed by sequen
e extension For true MPEG-2 video bit-streams the sequen
e extension is ne
essary part of the sequen
e layer. For MPEG-111
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header

slice
   macroblock macroblock macroblock macroblock

differential DC coeff run-level VLC run-level VLC end_of_block

 (if block coded)

.........

  GOP
  
  

 picture picture  picture  ......
  user

header *
data *

GOP header *

........

sequence layer

group of pictures layer

..... picture layer

block layer

macroblock layer

slice layer

(if intra macroblock)

.......

(GOP header and user 
data are optional)

Figure 2.2: MPEG-2 video syntax
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video bit-streams, it is never needed. Thus the de
oder 
an identify the type of bitstream (MPEG-1 or MPEG-2) and de
ompress it a

ordingly. In essen
e, the possibleroutes in the MPEG-2 video bit-stream syntax 
an be one of the two shown in the�gure 2.3.
   Sequence  Header

MPEG-1

ISO/IEC 11172-2

       Extended

    Sequence

Bit stream

Figure 2.3: Possible routes in MPEG-2 video syntaxSin
e the syntax of the MPEG-1 video standard already supported very large sizepi
tures and wide range of bit-rates, it be
ame ne
essary to de�ne a minimum setof universal parameters, whi
h 
ould be de
oded by any de
oder. Those parametersare 
alled \
onstrained parameters" and the bit-stream satisfying them are 
alled\
onstrained bit-streams". The MPEG-1 
onstrained parameter set is shown in thetable 2.1. Parameter Upper BoundHorizontal resolution 720 pixels/lineVerti
al resolution 576 lines/frameNo. of ma
roblo
ks per frame 396No. of ma
roblo
ks per se
ond 396� 25Frame rate 30 HzMotion ve
tor range �64Bit rate 1.856 MbpsTable 2.1: MPEG-1 Constrained Parameter Bounds13



Though MPEG-2 video de
oder should be able to de
ode any MPEG-1 video bit-stream, the standard expe
ts that it should be able to de
ode at least the 
onstrainedbit-streams.2.2 Di�erent Syntax LayersThe layered stru
ture of the MPEG-2 data stream fa
ilitates 
exibility and eÆ
ien
yin the de
oder. Coding pro
ess 
an be logi
ally distin
t and the layers 
an be de
odedsystemati
ally. Ea
h layer supports a spe
i�
 fun
tion as des
ribed in the table 2.2.Layers Fun
tionsSequen
e layer One or more groups of pi
turesGroup of pi
tures layer Random a

ess into the sequen
ePi
ture layer Primary 
oding unitSli
e layer Resyn
hronization unitMa
roblo
k layer Motion 
ompensation unitBlo
k layer DCT unitTable 2.2: Fun
tional 
omparison of six layersThe top 
oding layer is 
alled Sequen
e Layer be
ause the video bit-stream isreferred to as a sequen
e in MPEG-2 terminology. It 
onsists of a sequen
e header,one or more groups of pi
tures (GOP), and an end-of-sequen
e 
ode. Any valid videosequen
e must end with the sequen
e-end-
ode.The GOP Layer is a set of pi
tures in the 
ontiguous display order. A GOP
ontains at least one I-frame. In MPEG-2, GOP headers are optional. The �gure2.4 shows the stru
ture of a typi
al GOP, along with the predi
tion dependen
iesbetween di�erent types of frames.The Pi
ture Layer is a primary 
oding unit that 
onsists of the luminan
e and
hrominan
e 
omponents of a frame. It de�nes the 
oding information for ea
h pi
-ture. Pi
ture header 
ontains a temporal referen
e number that de�nes the displayorder of the pi
ture. In addition to that, it 
ontains information about the pi
turetype (I,P,B or P). Ea
h pi
ture is divided into sli
es. A sli
e is a string of 
onse
utive14



Figure 2.4: MPEG-2 GOP stru
turema
roblo
ks of arbitrary length from left to right a
ross the whole pi
ture. MPEG-2requires that the sli
es begin and end in the same ma
roblo
k row. The sli
e header
ontains information about its position in the pi
ture and the quantizer s
ale fa
tor.The Sli
e Layer is important in handling errors. The de
oder 
an skip the 
orrupt-ed sli
es and go to the start of the next sli
e, if the bit-stream is 
orrupted somehow.It 
ontains a number (� 1) of ma
roblo
ks (MB). A ma
roblo
k is a 16pixel�16pixelmotion 
ompensation unit. Ea
h ma
roblo
k begins with a Header whi
h de�nes thema
roblo
k type, motion ve
tor type, quantizer s
ale 
ode and a 
oded blo
k pattern(CBP) indi
ating whi
h blo
ks in the ma
roblo
k are a
tually 
oded. Ma
roblo
k
oding is a 
omplex operation, but all the overhead is in the en
oder. It is the re-sponsibility of the en
oder to de
ide where a pi
ture should be 
oded as I-frame,P-frame or B-frame. In fa
t even within an individual I-frame, P-frame or B-frame,ma
roblo
ks 
an be 
oded di�erently. The job of the de
oder is to follow the 
odingof the en
oder and pro
ess the ma
roblo
ks a

ordingly.TheMa
roblo
k Layer de�nes a number of blo
ks depending on the 
hroma format(maximum is 6 for 4:2:0, 8 for 4:2:2 and 12 for 4:4:4) used. Some of the blo
ks maynot be 
oded as indi
ated in CBP. 15



The Blo
k Layer 
ontains the a
tual data for the quantized DCT 
oeÆ
ients of an8�8 blo
k in the ma
roblo
k. The blo
ks are 
oded using variable length 
ode (VLC)tables. The overhead of 
hoosing whi
h blo
ks are to be 
oded in bestowed upon theen
oder. The de
oder only needs to de
ode the CBP and use the VLC tables to �ndout the DCT data and then perform inverse quantization and 8�8 IDCT operationrespe
tively on it.2.3 Inverse DCTThe IDCT 
oeÆ
ients are not always the a
tual pixel1 values as many of the MPEG-2frames (P-frames and B-frames) are inter-
oded to take the advantages of temporalredundan
ies between su

essive frames in a normal video sequen
e. However, if theframe is intra-
oded, then the IDCT values are dire
tly sent for pro
essing requiredfor display.

Figure 2.5: A typi
al MPEG-2 de
oder stru
tureAs shown in the �gure 2.5, the IDCT 
oeÆ
ients for inter-
oded frames are thenadded to the predi
tions generated by the form predi
tor to generate the a
tual frameif the frame is inter-
oded. The form predi
tor takes the the motion-ve
tors 
odedin the bit-stream and referen
e frames to generate the predi
tions for the next framein the 
oding order. If this de
oded frame is not a B-frame, then it is stored in thebu�er be
ause it will be the next referen
e frame.1pel in MPEG terminology 16



The frame is then displayed on the VDU if it is the next frame in the displayorder, i.e. a frame rearrangement is done prior to the �nal display. Some additionalpro
essing is required for the frame in 
ase the user wants to see it in zoom mode.2.4 Design IssuesThe design de
isions of the video de
oder were largely a�e
ted by the following issues.� Speed - The speed (rather frame-rate) is a big issue for any real-time appli
ation.We tried to meet the deadline of the 
oded frame-rate. We have used integer-arithmeti
 wherever possible be
ause it is mu
h faster 
ompared to the 
oating-point arithmeti
. For a slow pro
essor or system, the de
oder may dis
ard someof the frames and meet the frame-rate requirement of the parti
ular video-sequen
e in order to a
hieve the 
oded frame-rate. The 
urrent implementationdis
ards only the B-frames. If the number of skipped frames be
ome very large,there may be some kind of jerkiness in the display.� Pi
ture quality - Due 
are has been taken to preserve the required pi
turequality. The overall quality of the re
onstru
ted frames should be as similar aspossible to the original ones. Many implementations do not take into a

ountall the IDCT basis fun
tions during the IDCT 
omputations in order to a
hievegreater frame-rate. But that may a�e
t the overall video quality. In the 
urrentimplementation, we take all the IDCT basis fun
tions for 
omputations.� Pre
ision - In MPEG-2, pixel values of one pi
ture are often used in the re-
onstru
tion of the subsequent pi
tures. So 
areful attention should be paidto the a

ura
y of the all arithmeti
 
omputations, su
h that the noise due toarithmeti
 pre
ision does not in
uen
e the overall pi
ture quality.� Compatibility - The de
oder should be forward (a new generation de
oder's
apability to de
ode bit-streams 
reated by an existing en
oder) and upward (ahigher-resolution de
oder's 
apability to de
ode bit-streams 
reated by a low-resolution en
oder) 
ompatible with the exiting MPEG-1 en
oders, meaning itshould be able to de
ode the bit-streams 
reated by the MPEG-1 en
oders.� Error resilien
e - The de
oder should be able to understand and if possible,re
over any kind of eventual errors.17



Chapter 3
Implementation Details
In the 
urrent implementation, the MPEG-2 de
oder de
odes the video data by itselfand sends the audio data to an audio de
oder in its expe
ted format for playing. It ishowever the responsibility of the video de
oder to ensure real-time operation of theplayer. In this 
hapter the outlines of the various algorithms have been presented.3.1 Inverse Dis
rete Cosine TransformInverse Dis
rete Cosine Transform 
omputation is one of the most important partof MPEG-2 de
oding. As IDCT operation on the whole image at a time is highly
ompute-intensive, MPEG-2 re
ommends IDCT on the basis of 8�8 blo
k size. Thusthe pixel values are 
omputed by :xij = 14 7Xm=0 7Xn=0 u(m)u(n)Ymn 
os(2i+ 1)m16 � 
os(2j + 1)n16 � (3.1)where 0 � i; j � 7.It may be noted that for most of the blo
ks, the DCT 
oeÆ
ients Ymn exhibithigh energy 
ompa
tion, i.e., the most signi�
ant values are 
ontained in just a few
oeÆ
ients and the rest of them are insigni�
ant as shown in the �gure 3.1.As shown in the �gure 3.1, on an average only a small number of DCT 
oeÆ
ientsneed to be transmitted to the re
eiver to obtain a valuable approximate re
onstru
tion18



Figure 3.1: Typi
al energy distribution of DCTof the image blo
ks. Moreover, the most signi�
ant DCT 
oeÆ
ients are 
on
entrat-ed around the upper left 
orner (low DCT 
oeÆ
ients) and the signi�
an
e of the
oeÆ
ients de
ays with in
reased distan
e. This implies that higher DCT 
oeÆ
ientsare less important for re
onstru
tion than lower 
oeÆ
ients. Keeping this in mind, itwas possible to optimize the IDCT 
omputations signi�
antly.We have observed that in many 
ases, the entire 8�8 blo
k 
ontains only onenon-zero DCT 
oeÆ
ient Y00. Therefore, the pixel values of all the 64 elements in theblo
k is same (= 18Y00). However if the 8�8 blo
k 
ontains more than one non-zero
oeÆ
ients then we need to transform the 2-d IDCT 
omputation into into 16 1-DIDCTs using row-
olumn approa
h. For 1-d IDCT we used the algorithm proposedby B.G.Lee [8℄ whose 
omplexity is O(N log2N) for one N -point IDCT. And so thetime 
omplexity of 2-d IDCT 
omputation for a single blo
k in our implementation isO(N2log2N) whi
h is fairly good as 
ompared to the O(N4) 
omplexity of the originalIDCT formula given by the equation 3.1. Therefore the overall time 
omplexity ofevaluating one frame 
omes out to be O(M2log2N) where the frame size is M�Mand blo
k size is N�N .
19



3.1.1 Lee's Algorithm to evaluate 1-d IDCTIf we denote the DCT of the data sequen
e x(k); k = 0; 1; :::; N � 1; by X(n); n =0; 1; : : : ; N � 1; then we have [1℄x(k) = N�1Xn=0 e(n)X(n) 
os(2k + 1)n2N �; (3.2)k = 0; 1; 2; : : : ; N � 1where e(n) = 8<: 1p2 ; if n = 00; otherwiseWe 
onsider the equation 3.2, whi
h is the inverse DCT (IDCT), and de�ne Csu
h that C(2k+1)n2N = 
os(2k + 1)n2N �:Then N -point IDCT be
omesx(k) = N�1Xn=0 X̂(n) C(2k+1)n2N ; (3.3)k = 0; 1; 2; : : : ; N � 1where X̂(n) = e(n)X(n)Now if we de�ne, g(k) = N=2�1Xn=0 X̂(2n) C(2k+1)n2(N=2) ; (3.4)and h(k) = N=2�1Xn=0 [X̂(2n� 1) + X̂(2n+ 1)℄ C(2k+1)n2(N=2) ; (3.5)k = 0; 1; 2; : : : ; N � 1then it has been shown [8℄ that the N-point IDCT in the equation 3.3 
an be rewrittenas x(k) = g(k) + (1=(2C2k+12N ))h(k)x(N � 1� k) = g(k)� (1=(2C2k+12N ))h(k);k = 0; 1; 2; : : : ; N � 120



Therefore, the N -point IDCT in the equation 3.3 
an be de
omposed into sum oftwo N=2-point IDCT's in the equations 3.4 and 3.5. By repeating this pro
ess, we
an de
ompose the IDCT further.The �gure 3.2 shows the 
ow graph for an eight-point IDCT using Lee's algorithm.
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Figure 3.2: Flow graph for 8-point IDCTIt is evident that the stru
ture shown is re
ursive and simple. In the 
urrent imple-mentation, table-lookup approa
h is used wherever possible to avoid CPU-intensive
osine 
omputations and multipli
ations.The number of real multipli
ation is (N=2) log2(N) for an N -point IDCT whereN = 2m, whi
h is about half the number required by existing eÆ
ient algorithms.The number of additions, however, is (3N=2) log2(N)�N + 1.Sin
e only a dis
rete number of 
osine fun
tion values are needed, these are pre-
omputed and kept in a table. Later this table is used instead of re-
omputing the
osine fun
tions. This save enormous amount of 
omputation.
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3.1.2 Pseudo
ode to 
al
ulate IDCTThe pseudo
ode given below 
al
ulates IDCT for an 8�8 blo
k. The DCT 
oeÆ
ientsare stored in an one-dimensional array blo
k and the output IDCT 
oeÆ
ients arealso returned in blo
k.id
t(blo
k){ if(eob_pos == 0) /* if only DC 
oeffi
ient */{ for(ii=0; ii<64; ii++)blo
k[ii℄ = blo
k[0℄/8;}else{ for(row=0; row<8; row++)id
trow(row);for(
ol=0; 
ol<8; 
ol++)id
t
ol(
ol);}}3.2 Bit-stream de
oding3.2.1 Start 
odesIn MPEG-2 data stream, the system and video layers 
ontain unique byte-aligned32-bit patterns 
alled start 
odes. There are 256 start 
odes provided in MPEG-2,some of whi
h are not used. Some of these start 
odes are given in the table 3.1.The video start 
odes (0x00000100 through 0x000001B8) are found only in the videosyntax layers while the system start 
odes (0x000001B9 through 0x000001FF) arefound only in the system syntax.In the MPEG-2 bit-stream, start 
odes are aligned at the byte boundaries by22



Start 
ode Value(in Hexade
imal representation)video start 
odesPICTURE START CODE 0x00000100SLICE START CODE 1 0x00000101...SLICE START CODE 175 0x000001AFRESERVED 0x000001B0RESERVED 0x000001B1USER DATA START CODE 0x000001B2SEQUENCE HEADER CODE 0x000001B3SEQUENCE ERROR CODE 0x000001B4EXTENSION START CODE 0x000001B5RESERVED 0x000001B6SEQUENCE END CODE 0x000001B7GROUP START CODE 0x000001B8system start 
odesISO END CODE 0x000001B9PACK START CODE 0x000001BASYSTEM HDR START CODE 0x000001BBpa
ket start 
odesRESERVED 0x000001BCPRIVATE STREAM 1 0x000001BDPADDING STREAM 0x000001BEPRIVATE STREAM 2 0x000001BFAUDIO STREAM 0 0x000001C0AUDIO STREAM 31 0x000001DFVIDEO STREAM 0 0x000001E0VIDEO STREAM 15 0x000001EFRESERVED 0 0x000001F0RESERVED 05 0x000001FFTable 3.1: Start Codes used in MPEG-2
23



inserting ne
essary number of bits as 0. The de
oder therefore requires to align atbyte boundaries. The next start 
ode() pro
edure shown below positions the bit-stream pointer at the start of the next start 
ode.next_start_
ode(){ while(!bytealigned())zero_bit();while(Nextbits(24) != 0x000001)zero_byte();} The bytealigned() returns whether the bit-stream pointer is at a byte boundaryor not.bytealigned(){ if(bit-stream pointer % 8 == 0)return 1;else return 0;} The fun
tions Nextbits looks ahead in the bit-stream and returns the next n bitsof the bit-stream without altering the 
urrent position of the bit-stream bu�er.

24



3.2.2 System LayerThough a video bit-stream is fully de
odable, but by itself, is an in
omplete spe
i�
a-tion. The MPEG system layer 
ontains the 
ontrol information that enables parsingand pre
ise 
ontrol of the playba
k of the bit-stream. It is used to multiplex one ormore video and audio streams into a single bit-stream. From system perspe
tive, anMPEG bit-stream is made up of a system layer and 
ompression layers.The highest level in systems layer 
onsists of a sequen
e of pa
ks followed by a four-byte ISO END CODE (0x1B9). Ea
h pa
k 
onsists of a unique 32-bit byte-alignedPACK START CODE (0x1BA) and a header. Following pa
k header is a variable-length system header. A pa
k is further subdivided into a number of pa
kets. Apa
ket starts with a 32-bit PACKET START CODE (0x1BC-0x1FF), followed by apa
ket header. Part of the pa
ket header is pa
ket-length whi
h is the length of therest of the pa
ket. The video, audio, padding or private streams follow the pa
ketheader as pa
ket-data-bytes. All of the streams in a given pa
ket are of same type,as spe
i�ed by the stream-id (�nal byte of pa
ket start 
ode).The �gure 3.3 shows the layered stru
ture of MPEG-2 system.
     Video  Stream

Audio  Stream

Packet  layer

Pack  layer

System  layer

Figure 3.3: Layered stru
ture of MPEG-2 systemIn the 
urrent implementation, the video de
oder parses the bit-stream and de-
odes the data by itself when it gets video data, but in 
ase of audio data, it sends the25



data to an audio de
oder whi
h then plays the audio. The system layer informationis taken into a

ount and used to demultiplex the video and the audio data and toa
hieve syn
hronized play-ba
k of the movie 
lips. The overall operation of the videode
oder is depi
ted in the following pseudo
ode.for(;;){ next_pa
k();nextval = Nextbits(32);swit
h(nextval){ 
ase PACK_START_CODE :pa
k-header();break;
ase PADDING_STREAM :
ase PRIVATE_STREAM :dis
ard_data();break;
ase SYSTEM_HDR_START_CODE :system_header();break;
ase VIDEO_STREAM :video_data();break;
ase AUDIO_STREAM :audio_data();sendto_audioplayer();break;
ase ISO_END_CODE :show_statisti
s();break;}} 26



3.2.3 Video StreamMPEG-2 follows a layered stru
ture as des
ribed in the se
tion 2.2. The �gure 3.4shows the inter-
onne
tion between di�erent stru
tures. A group of pi
tures 
omprisesof several frames (or pi
tures). A pi
ture 
ontains several sli
es of ma
roblo
ks. Ea
hma
roblo
k 
omprises of four blo
ks of size 8 pixel by 8 pixel.
Group of Pictures

Video Sequence

8
pixels

8
pixels

Block
Picture

Slice
Macroblock

Figure 3.4: MPEG-2 video stru
tureThe pseudo
ode below de�nes the syntax for an MPEG-2 video sequen
e.video_sequen
e(){ next_start_
ode();sequen
e_header();if(Nextbits(32) == EXTENSION_START_CODE){ sequen
e_extension();do{ extension_and_user_data_V();do{ 27



if(Nextbits(32) == GROUP_START_CODE){ group_of_pi
tures_header();extension_and_user_data_G();}pi
ture_header();pi
ture_
oding_extension();extension_and_user_data_P();pi
ture_data();} while((Nextbits(32) == PICTURE_START_CODE) ||(Nextbits(32) == GROUP_START_CODE))if(Nextbits(32) != SEQUENCE_END_CODE){ sequen
e_header();sequen
e_extension();}} while(Nextbits(32) != SEQUENCE_END_CODE)}else{ /* MPEG-1 bit-stream*/}sequen
e_end_
ode();} As it 
an be observed in the pseudo
ode, every valid MPEG-2 bit-stream muststart with sequen
e header and end with sequen
e end 
ode. If the �rst sequen
eheader in the bit-stream is followed immediately by the extension start 
ode, thenevery sequen
e header must be followed by the sequen
e extension. Optional extensionand user data often follow the sequen
e extension.28



The video de
oder extra
ts the basi
 8�8 blo
k data (DCT 
oeÆ
ients) from thevideo-stream. The 8�8 DCT 
oeÆ
ients are arranged in a spe
ial 1-d sequen
e 
alleds
anning order. An order 
alled zigzag order (�gure 3.5) is used in both MPEG-1 andMPEG-2. In this order, the DCT 
oeÆ
ients are stored in the order of in
reasingspatial frequen
y.

Figure 3.5: Zigzag s
an orderMPEG-2 also de�nes another s
an order, known as alternate or verti
al s
an orderthat may be spe
i�ed by the en
oder on a pi
ture to pi
ture basis. The alternates
anning order is shown in the �gure 3.6.A typi
al DCT array in the s
an order will have signi�
ant values only in thebeginning and zeros at the end. Sin
e typi
ally there are many zeros in a DCT blo
k,these need not be stored. For this feature, a spe
ial symbol 
alled End-of-blo
k (EOB)is used in MPEG-2 as well as in MPEG-1. When this symbol is used, it representsthat all remaining DCT 
oeÆ
ients for the blo
k are zero. However, when the entireblo
k of DCT data 
ontains only zero, the bit 
orresponding to the blo
k is reset tozero in the 
oded blo
k pattern (CBP) and the entire blo
k is not stored. Sometimes,even a whole ma
roblo
k is skipped if all the blo
ks of the ma
roblo
k are zero. This isa

omplished by simply setting the ma
roblo
k address in
rement to a value greater29



Figure 3.6: Alternate s
an orderthan one (the number of ma
roblo
ks skipped minus one). However, in an I-frame,ma
roblo
k skipping is not permitted.3.2.4 Audio StreamThe MPEG audio 
oders, aimed for generi
 audio 
oding, are per
eptual audio 
oders,rather than `waveform 
oders'. In a per
eptual audio 
oder, the 
ode
 does not retainthe input signal exa
tly after en
oding, rather it tries to ensure that the output sig-nal sounds the same as the original to a human listener. The primary psy
hoa
ousti
e�e
t that the per
eptual audio 
oder uses is 
alled `auditory masking', where someparts of the input signal are not audible due to the inherent nature of the humanauditory system. The parts of the signal that are masked are 
ommonly 
alled `irrel-evant', as opposed to the parts of the signal that are treated as `redundant' and soremoved by a sour
e 
oder. Three layers have been de�ned for MPEG audio, namelyLayer I, Layer II and Layer III. These layers represent a set of 
oding algorithms,with en
oder/de
oder 
omplexity in
reases from Layer I to Layer III. In all the lay-ers, the audio data is a sequen
e of audio-frames. Ea
h frame starts with a 32-bit30



frame-header, �rst 12 bits (all 1s) of whi
h is 
alled syn
word. The other bits ofthe frame-header 
ontains information like layer-
ode, bit-rate, sampling frequen
y,et
. Following the frame-header, a 16-bit Cy
li
 Redundan
y Code 
an be optionallypresent. Next the a
tual audio-data is 
oded, the size of whi
h 
an be 
al
ulated fromthe header information itself.In the 
urrent implementation the audio-de
oding is not handled by the videode
oder. Instead the audio data is extra
ted from the bit-stream, formatted andarranged in a sequen
e of audio-frames as expe
ted by an audio-only de
oder [16℄and then sent to an audio de
oder for playing.3.3 VideoCD SupportAs the 
ost of CD-ROMs are de
reasing with the invention of better te
hnologies formass-produ
tion, a signi�
ant number of 
ustomers are now swit
hing to CD-ROMsas general purpose storage and so Philips has developed a new standard for storageof MPEG data on CD-ROM 
alled White Book, 
ommonly known as video-CD orVCD [19℄. A Linux kernel that 
an read VCDs is required to play from VCD. Inthe 
urrent implementation, the xreadv
d [20℄ tool is used to read from VideoCD.The tool is developed by Ales Makarov who is the author of the kernel pat
h to readVideoCD whi
h is in
luded in Linux version 2.2.3.4 Graphi
al User Interfa
eThe 
urrent implementation provides a graphi
al user interfa
e for the easy use of thede
oder. The GUI was developed using XForms [21℄, a GUI toolkit based on Xlib forX Window Systems. The form was designed by fdesign, an intera
tive GUI builderbundled with the XForms Library. The interfa
e s
reen is shown in the �gure 3.7. Itwas generated by the tool fd2ps of the pa
kage.A brief overview of the menus and the buttons are given below.� File - The File menu has three options, namely "Play File", "Play VCD" and"Exit". If the user sele
ts "Play File", a �le sele
tor window 
omes up and theuser 
an 
hoose an MPEG �le to view. If "Play VCD" option is 
hosen, it plays31



Rewind Pause End

File HelpStatisticsZoom

Figure 3.7: Graphi
al User Interfa
ethe MPEG data on the VideoCD. On 
hoosing "Exit", the user 
an quit theappli
ation.� Zoom - The Zoom menu has three options, namely "Normal", "Double Size"and "Full S
reen". The video will be displayed at the size as 
hosen by the user.� Statisti
s - The user 
an 
li
k on this button, if he wants to see the statisti
slike the number of frames played, time elapsed, frame-rate, et
. anytime duringthe 
urrent run.� Help - The user 
an 
li
k on this button, if he wants to get some help about thevideo de
oder.� Rewind - The user 
an 
li
k on this button, if he wants to view the last playedMPEG �le again from the beginning again.� Reverse - Two buttons have been provided for this purpose. One is for normalreverse and another is for fast reverse. The user 
an 
li
k on these buttons, ifhe wants to view the 
urrent movie again from a previous frame.� Forward - Two buttons have been provided for this purpose. One is for normalforward and another is for fast forward. The user 
an 
li
k on these button,if he wants to skip some part of the 
urrent movie and view it from a futureframe.� Pause - The user 
an 
li
k on this button, if he wants to stop the 
urrent runfor a while. On
e pressed, the label of the button is 
hanged to "Resume".32



� Resume - The user 
an 
li
k on this button, if he wants to resume the 
urrentrun again. On
e pressed, the label of the button is 
hanged to "Pause".� End - The user 
an 
li
k on this button, if he wants to end the 
urrent run ofthe de
oder. If this button is pressed, the Image window is removed, but theMPEG �le 
an be viewed again by 
li
king on "Rewind" button.
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Chapter 4
Results and Con
lusions
4.1 Test SetupThe 
urrent implementation of the MPEG-2 video de
oder was developed on Linux2.2.5. The de
oder was thoroughly tested to 
he
k its eÆ
ien
y and robustness. Thetable 4.1 shows the 
on�guration of the system.Resour
e Con�gurationPro
essor Pentium-II (i686)CPU Clo
k Speed 350 MHzMemory 64 MB RAMVideo RAM 4 MBTable 4.1: Test System 
on�gurationThe de
oder also needs 8-bit display depth whi
h is supported by all availablegraphi
s-
ards. It supports 16-bit display mode also.The audio player used to play the audio data is famous mpg123 [16℄ written byMi
hael Hipp and Oliver Fromme. It is a real time MPEG audio player for Unix.In order to a
hieve the 
oded frame-rate, the 
urrent implementation of the videode
oder dis
ards some frames when otherwise real-time deadline 
annot be met. Soif the system is slow, many frames will be dis
arded 
ausing somewhat jerkiness inthe video. 34



4.2 ResultsThe de
oder was run with many MPEG �les as input for several times. The table 4.2and 4.3 show the average results taken after 10 di�erent runs for ea
h of the sampleMPEG �les.We list in the table 4.2 the frame-size, the total number of frames and the per
ent-age of the frames skipped by the de
oder in order to a
hieve the 
oded frame-rate inNormal mode, Double Size Zoom and Full S
reen Zoom for ea
h sample. It is evidentthat the 
omputational overhead for zoom mode display 
auses more frames to beskipped.Sample Frame Total no. % of frames skippedno. Size of frames Normal Double Size Zoom Full S
reen Zoom1. 352� 288 1150 10 15 202. 352� 240 1004 5 14 183. 352� 240 60 11 20 254. 320� 240 278 0 0 05. 512� 320 215 19 25 30Table 4.2: Results : Per
entages of frames skipped at di�erent zoom levelsWe list in the table 4.3 the 
oded frame-rate (number of frames per se
ond) andthe a
hieved frame-rate for ea
h sample in Normal mode, Double Size Zoom andFullS
reen Zoom.Sample Coded A
hieved frame-ratesno. frame-rate Normal Double Size Zoom Full S
reen Zoom1. 25.000 25.003 24.989 25.0122. 30.000 30.267 30.078 30.2573. 30.000 30.142 30.642 30.0454. 22.977 22.399 22.399 22.3995. 25.000 25.087 25.128 25.141Table 4.3: Results : A
hieved frame-rates at di�erent zoom levels
35



4.3 Comparison with existing playersIn the table 4.4 a 
omparitative study with two existing MPEG players for linux, viz.xanim and mpeg-tv is presented. Though they di�er fundamentally with our work inthat they do not support MPEG-2 standard, some other features have been 
omparedhere.Important Features Di�erent MPEG Playersmplay xanim mpeg-tvvideo quality1 smooth jerky smoothpi
ture quality 1 good not good moderateaudio support supported unsupported supportedframe-types supported all only I-frame allframe-rate nominal (
oded) non-uniform less in zoom modeframes skipped less n/a not do
umentedVCD support supported unsupported supportedGUI support good few features goodzoom levels supported any (dynami
) any (stati
) Double (2x2) onlyFull S
reen zoom supported not truly supportedTable 4.4: Comparison with existing players
4.4 Con
lusionsIn spite of 
onsiderable e�ort to make the de
oder very eÆ
ient, for many 
ases it wasnot possible to a
hieve the 
oded frame-rate without dropping some of the frames.Yet we think the 
urrent implementation is reasonable taking into a

ount the overallvideo quality and speed. The IDCT 
omputations are also extremely a

urate.

1
omparisons are qualitative only 36



Appendix A
A.1 List of A
ronymsAAC Advan
ed Audio CodingCBP Coded Blo
k PatternCD-ROM Compa
t Disk - Read Only MemoryCPB Constrained Parameter Bit-streamDCT Dis
rete Cosine TransformDSM Digital Storage MediaDSP Digital Signal Pro
essingDVD Digital Versatile DiskEOB End Of Blo
kFDCT Forward Dis
rete Cosine TransformFFT Fast Fourier TransformFPS Frame Per Se
ondGOP Group Of Pi
turesGUI Graphi
al User Interfa
eHDTV High De�nition TelevisionHVS Human Visual SystemIDCT Inverse Dis
rete Cosine TransformIEC International Ele
trote
hni
al CommissionIQ Inverse QuantizationIS International StandardISO International Organization for StandardizationITU International Tele
ommuni
ations Union37



JPEG Joint Photographi
 Experts GroupJTC Joint Te
hni
al CommitteeKLT Kerhunen-Lo�eve transformLFE Low-Frequen
y Enhan
ementMB Ma
roblo
kMBA Ma
roblo
k AddressMC Motion CompensationMPEG Moving Pi
ture Experts GroupMSSG MPEG Software Simulation GroupMV Motion Ve
torPES Pa
ketsized Elementary StreamPS Program StreamRLC Run-Length CodingSCR System Clo
k Referen
eSIF Sour
e Input FormatSM Simulation ModelSNR Signal-to-Noise RatioSTC System Time Clo
kTM Test ModelTS Transport StreamVBR Variable Bit RateVBV Video Bu�ering Veri�erVCD Video CDVDU Video Display UnitVLC(D) Veriable Length Coding (De
oding)VLSI Very Large S
ale IntegrationWG Working Group
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