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Abstract. Integrated multimedia systems process text, graph-

_ics, and other discrete media as well as digital audio, and video

data. Considerable amounts of graphics, audio-and video data
in their uncompressed form, -especially moving pictures, re-
quire storage and digital network capacities that will not be
available inthe near future. Nevertheless, local, as well as nel-
worked, multimedia applications and systems have become
realities. In order o cope with these storage and communica-
tion requircments 1n such integrated multimedia systems, com-

_pression technology is essential. This papers starts with a briel -
" Iholivatton of \tie negd foT tompression and subseq U(:nﬂy states

*the esseatial requitcments for these wechmques in'the scope of

. Based on 3 general framework of the steps encountered in a-

TN ) (T TS S N

. Vll()n and entropy codiog <~
rhe techniques dcvclopcd by CCITT (H.261 ikc.,

maliimedia sysicms and applications. As most of these tech-

niques apply the same principles, namely, the source, entcopy, -

and hybrid coding fundamentals, these are explained in detail.
gompr:.smon system — data preparation, proct:ssmﬂr quannza-
px64) in

the ISO/IEC (JPEG, MPEG) standardization bodics and Lhe
propriclary DVI sysicm.

Keywords Mull:_qumdam Comprcssxon MPEG - JPEG-

- H261- DV’

A multimedia system is chamc.lcnmd by the computer con-

wolled mlegralcd generation, mamputauon presentation, stor-

age, and communication of independent digital information
(Steinmetz 1993). This information is most ofien coded in con-
tinuous — time dependent — media (e.g., audio, video) as well
as discrete — time independent — media (e g.. text, graphics).
The storage of uncompressed graphics, audio, and video data
requires considerable capacity. In the case of uncompressed
video, such storage is often not even feasible with today's CD
technology. The same is true for multimedia communications;
the data transfer of uncompressed video data over digital net-
works occupies very high bandwidth specially if it is used for
point-to-point communications. In order to provide feasible

:this paper ou(l‘mcs dcmuls abom'.

and cost effective solutions, most multimedia systems handlc

~ compressed digital video and audio data streams.

Many compression techmques exist (ACM 1989, 1991;
Aravind 1993 IEEE 1992a,b; Lu 1993) that are in part com-
petitive and in part complementary. Most of them arc used in
loday’s products, while othcr methods arc still being devel-
oped or are only partly realized | sce also (IS&T/SPIE 1994)].
Whercas fractal itnage compression (Barnsley and Hued 1993)

might be relevant in the more distant future, ‘todzy and in the' - -
“near-fuiuge the most importarit Lomprcsﬁon tcchmqucs arc

Joint PhOlooraphlc Experis Group (JPEG) - for images sce
IPEG (1993), Pennebaker and Milchell (1993) and Wallace
(1991) -, H.261 px64, for video see Le Gall (1991) and MPEG

" (4993) —, Moving Pictures Experts Group (MPEG) {for video

and audio (Liou.1991;. CCITT. 1990)] and proprietary.dcvel-:
opments include Digital Vidco Interactive (DVI) for stithim-
ages, audio, and video seé Harney et'al, (1991) — ln:;dl s Indco.

Mncrosoh s Video for Wmdnwa [BM's Ultimotion Malmcc

Apples QuickTine or DigiCipher It developed by General

[nsteuments and AT&T.

In their daily work, developers and mulimedra experts

must often understand the most popular technigues very well,

Most of loday s hlcralurc 1s enther superficial or dedicated to
onc of the compression lechmqucs menuoncd which is de-
seribed from a very specific point of vicw. la this article, how-

: -ever, the most celevinttéchiigucs (PPEGH 261" MPEG, DVI)

arc described i order to clarify their advanages and disadvan-

* lages, their common abilities and differences; and-their suit- - -

ability for today’s multimedia systems. Therefore this paper
presents a detailed overview of various compression schemes,
making use of their commonalities lo provide the reader with
an understanding of their goals, internals, and featurcs.

Note that in this paper the terms coding and compression
are treated as synonyms. .

First, a short motivation for the need of compression is
given and then some requiremeats for these techniques are
derived. In Sect. 4 source, entropy, and hybrid coding tech-
niques are explained in dewail, while Sects. 5-8 provide details
on JPEG, H.261, MPEG and DVI respectively.



¥
»

2Motlvatmn and requlrements e

[nu}es J'cquu'e oonsldaw.bly friore. su)mgc space than fext,;
- while audio and Vlch demand even more of data storage,
" Notonly is a huge storage required, but the data rates for the
..;commumt:au.on of conunl;ous media are also s1gmﬁ¢ant. as;'._'

"7+ twe illustrate in this section (Blair et al. 1991; ‘Hemwich-and'’

;. - derive.the peed for compression..: .+ .- v o £

Steinmetz 1991). With specific numbers, we clarify the quali-
tative transition from simple text to full motion video dala and

S B

- "I‘hc Eur0pc.;11:| phase allernate lme (PAL) slandard wdco is | ’

."For resons of comparability. of the dlffcrcnt mcdla lhc
following calculations are based on a typical image format of

640 x 480 pixels on a screen based on some spe,c:ﬁc assump-... .

tions as stated in the individual paragraphs:
— For the representation of rext, 2 byles are used for each

storagc rcqu:redls ~ 172 KB

167

L= AN uncompresscd slereo audw .ugnal of CD quality is Sam SN

~ pledatarate of 44.1'kHz anﬂ is quanllwd wnh % b‘lts pcr

csampled - A T e sie UL e e
: 44100 " 16 bits |
data rate = 1'164
- da Vrae 2x. Sbtr/bytc OO‘bytcs/s .
Lo ls
storage ed!s—176400b tcs sx—'—'—
a8 requu' ytes/ 1024bytcs/KB

...... ey - . U RO

defined as 625 lines and 25 frames/s. The luminance and
the color dlffcrcncc signals are encoded. scparately, The re-
sulting digital data streams are transformed using a multi-

. plexing technique (4:2:2). Corresponding 1o the CCIR 601

e _..,;_, Ve -

[lo 9(480)]

character (allowing for some Asian lanpuage variants). Each
character is displayed by 8 x 8 plxcls whtch is sulﬁcw.nl
for the display of ASCII characters.

: s ) 640 x 480
characters per screen page = ax3 " 4800

storage required per screcn = 4800 x 2 bytes = 9600 hle\

. slorage required-perscreen = 9.4 KB .

FFor the presentation of vecior graphies. atypical sull image

- comiposed of 500-lines (Blair etal. 1991) ach bine is
. dclined by 1ts horizontal position, s vertieal posihon, and
an 8-bu aunibute ficld. The horizontal axis 1s represcented .

by 10 bits |log2(640)], the vertical axis is coded with 9 bits

ta

blls per line = 9 blls + 10 bllS +9 blls +10 blls + 8 bits

——46brls - u Ce

) 46 :
storage required per serecen = 500 % 5 bytes = 2875 byues

nccessary storage per screen = 2.8 KB .

"In very simple color display modes a single pixcl of a bizmap

can be represented by 256 different colors, therefore | byte
per pixel is nceded.

[y _ TR . 3 CL -r .:__..,.:-__,.

.swragc rcqum:d pcr screen = 640 x 480 x 1 bylc

= 307200 bytes ..
sloragc required per screen = 300 KB

The next examples cover continuous media and derive the

amount of storage required for 1 s of playback:
~ An uncompressed audio signal of (clephone quality is sam-

pled at 8 kHz and quantized with 8 bits per sample. This
lcads o a data stream of 64 kbits/s

64 x 1024 bis/s " Is
8 bits /byte 1024 bytes/KB
storage required/s = 8 KB .

storage required/s =

‘slorage rcqu1rcd./s =23 040 OOO hylcs/s *

studio standard for digital video (CCIR 1982} a sampling
raic of 13.5 MHz is used for luminance Y. The sampling
rote for chrominance (R-Y and B-Y) is $mallér, 6.75 MHz,
because it is not as important as the lumininance Y. The
result is a uniform 8bit coding of cach sample, 1.,

(13.5MHz + 6.75 MHz + 6 75 MHz) x 8 bits
=216 x 10“ bits /s .

Hl“h dcllnllmn lclcwxmn (HDTV] dnuhlu the number nl'
- hnes and uses an, aspect ratio.of 169, Thas [eads 1o a dala
ruteahdn i s erctm_d try the kactor 5,33 u»mplru] o 1day’s
TV. -
[For a video sequence in our example we suck o the sume
rcsolulion as used in the other examplesof 640 x 480 pixels. In

*Europe we encounter 25 images/s. We encode the luminancc-
© and chrom:nancc of cach plxcl in 3 hylcs S S ’

data rate = 640:x 480 % 25 % 3 hytcs/:, =23 040000 hylcs/\‘.._ _

LS
1024 hylcs/KB '
storage required/s = 22 500 KB .

The storage and throughput requirements of a compuier

-systemr -that processes still images and n particular-continu=-- -+ =

ous media are |[IuSlralod by these few examples. In the case

of video, the processing of incompressed dala streams in an

integrated multimedia system leads 1o secondary storage re-

- quirenientsinthe ranpe of atleast gigabyles and in ihé fhngé of -

mcgabyles for buffer storage. The throughput in a multimedia

_.system can be as high as 140 Mbits/s, which.has fo be.teaps. .

{crred between different systems. Neither today nor in the ncar
future can technology achieve this kind of data transfer rate
with reasonably priced hardware. However, the usc of appro-
priate compression lechniques considerably reduces the data
transfer rates (Netravali and Haskelt 1988; Rabbani and Joncs
1991) and forwnately research, development, and standard-
ization have progressed in this arca during the last few ycars
(ACM 1991).

Some compression techniques for different media are men-
tioned often in literature and in product descriptions: JPEG for
still image compression and H.261 (px64) for video conferenc-
ing. Additionally, some audio coding techniques developed for



i)

_:.

mtegrated syslcms dlgutal networks (ISDNs) and mobllo com:

munications. can also be used for the comptession of- speechn_.-;,
! and music: MPEG is used for video and audic compressiofi,

- while DVIcanbe used for stilli mages as well as for continuouis

inedia. DV onsists of iwo ‘different modes fer video coding, -

prcsbntauon level® vtdeo (PLYV), and real-time video (RTV).
Compression in multimedia systems is subject to ceitain

‘constraints. The quality of the coded, and latér on, decoded data

... shoyld be as good as possible. Inorder to make a cost-ctfective: -
" impléméntation possnble the comp[exuy of the technique used

should be minimal. The processing of the algorithm must not
cxcced certam Ume spans.

“For éach compression technique, ‘there ate. rcqmreméhts o

that differ from those of other techniques — see, for example,
the requirements of MPEG (1993a). One can distinguish be-
tween requirements of applications in a “dialoguc” mode and
in a
suitable for dialogue applications (with the samc, symimnetric,
effont for compression and decompression and a limited de-
lay). Other techniques, like the DVI PLV mode, are optimized
for use in retricval (more time and eflornt may he expended
during offlinc compression in favor of fast rctrieval and de-
compression). ’

In a dialogue apphca[mn the iO”OWIn“ requitements
bal:cd on- human pcm.cpt:on Ch'.lr:lCICHSIlC‘; musl hc conq:d

l.'cri:d:".

= In g(_:ncral. lh'c ovcrall cnd'—[o—end dela_\' should not cxcccd :
150 ms. Howevér, the compression—decompression delay ‘

should be reduced Lo approximately 50 ms for face-to-face

dialogue- applications. The overall cad-10-¢nd delay addi-
Uonally comprises any. delay in. the network..in the com- .
munication protocol processing at the end system, and in .

Lhe data lransfer fl'OﬂT and I'.O lhe rCSp&C[lVC mput and OLI.lpUt nigues, ‘that afe COﬂ‘lbtn&llOﬂS of [hc ftwa. . - e

’ '-- devices.

For a retricval mode appiication the [ollowing demands
anse: '
— Fast forward and back ward data retrieval wilh simultancous
display should bc poss:blc This allows a search for the
information tfial is'needed in these media. '

.— Random access lo.single images and audio frames of a data

stream should be possible, making the access time less than

0.5 s. This: Aaccess snould be faster than m_a. conventional

CcD dlgllal audio system in order 10 maintain the interactive
character of the application.

— ‘The decompression of ithages, vidéo, or atdié should be

possible without the knowledge of other data units. This
allows random access and ediling.
For both the dialogue and the retrieval mode the following
requirements apply:

— In order to support scalable video in dilfercnt systems, it is
necessary (o dcfine a format independent of frame size and
video frame rate.

— Various audio and video data rates should be supported;
usually this leads to different qualities. Thus, depending on
specific system conditions, the data ratcs can be adjusted.

~ It must be possible 10 synchronize audio data with video
data as well as with other media.

“retrieval”™ mode. Seme techniques like px64 are more -

~ 1 °fdcf to-Thake ait eoonmmcal solmmu possuble codmg_‘_ i3

, shoyld be realized using- soflware (as.acheap and Jow- ~*

quallty solunbn) or very large scalei integration ('VLSI) chips
(for high quality). :

— It should be ‘possible to generatq data en one rhullimedia
system and reproduce this data on another systéethi. The com-
pression technique should be compatible. This compatibil-
ity is relevant in the case of tuloring programs available on -

" on different syslems thus bcmg independent of the manu-
facturers. As many applications exchange multimedia data

-, using communicalon networks, the sompatibility.of.com- . -

‘pression technigues is required. Standards such as those of
the Comité Consullatif Internationale de Telegraph et Tele-
phonie (CCITT), the Iniernational Standards Organization
(ISO) and the European Computer Manufacturing Associ-

- ation {ECMA) and/or de (acto standards aré used (o reach
this compatibility.

This set of requirements is Laken into account o a varying
extent by the various compression schemes.

In order o clarify these various schemes in the (ollow-
ing sccuion the distinction between source coding and cntropy
coding s {irst mtroduced with respect 1o the hybrid mcthods
discussed later on.

P ]

3 Source, entropy, and hybrid encoding

Compression techniques fit into dillerent categories as shown
in Table 1. For their usc in multimedia sysiems we can distin-

guish belween entropy, source, and hybrid encoding: Emmpy -

cncoding is a “1ossless” process whilé source éncoding is'a
“lossy” process. Most mulumcdla systems use hybrld lcch-_-

Entropy encoding is used for media rc"ardlcss oflhc-.r spe:
cific characteristics. The data stream (@ be compressed 15 con-
sidered a simple digital sequence and the semantics ol the
data are |gn0rod Entropy encoding is an examplc of lossless
encoding as the decompression process regenerates the data -
completely. Run length coding is an example of entropy <n-

- coding thatis used for datd compression in filg systems, still -

images as facsimile, or as part of a video or audio coding pro-

" Source éncoding \akes into account the semantics of the

data. The degree of compressiop that can be reached by source -

cncodmg dcpcnds on the data contents. In the case of lossy
compression techniques, a onc-way refation between the orig-
inal data stream and the encoded dala stream exisls; the data
streams are similar but not identical. The different source en-
coding techniques make extensive use of the characteristics
of the specific medium. For example, in the case of specech, a
transformation of time to frequency domain followed by the
encoding of the formants substantially reduces the amount of
data. Formants are defined as being the maxima of the voice
spectrum. In most cases three to five formants are sufficient to
reconstruct the original signal in the time domain. The major
problem is the correct reproduction of the transitions between
individual voice units in the time domain.

:, ACD, fpr.exampleiit: ailows dtﬂ'mntusms to resd thc dats =~
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: DPCM
Prediction -
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Source coding
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Sub-band coding

Layéred coding

Vector quantization

.
| JPEG

Hybod cading

DVIRTV, DVIPLV

Uncom.- ! .
essed Picture : Piclure
Picture Preparation Processing

Fig. 1. Major steps of data compression
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Com-
Quanti- Entropy pressed
zationt Encoding | Picture

* A contefit prédiction technique can make use, for example,
of spatial redundancies within still images. Other Jtechniques |
. wansformithespatial domaln into a {wo-dimensional ft requency
domain by using the discrete cosine transform (DCT). Low
frequencies define the “average™ color, the information of high
frequencies contains sh:«.up edges. Hence, low frequencies are
much more imponant than the higher ones, which is a key
feature used in DCT-based compression.

Table } shows some examplces of coding and compression
techaiques that are applicable to multimedia applications in
rclation to the entropy, source, and hybrid coding classifica-
tion. For the reason of a better and clearer view of the hybrid
schemes we will idemiify in all of them a set of typical pro-
cessing steps.

Figure 1 shows this typical sequence of operations per-
formed in the compression of still images, video, and audio
data streams. The following four steps describe the compres-
ston based on the example of the media image.

'lhblet. A rough clasqﬁcaucm of.ooclmg/compn:ssmrr u-.ehmqucs for .

“w.. Preparatian ‘includes the’ analogue-to-digital “¢oiversion;
_generating an appropriate digital representation of the in-

- and represented by. 2 fixed num‘bcr of bits per’ putel

" Processing is actually the first step of the compression ‘that

" makes use of sophisticated algorithms. A DCT can trans-
form from ‘the time to the frequency domain, Imcrframc_ )

; ""j-'.':ccd:ng Uses'a molian-vecter for éach. of thé8 38 bldcks. "
o Quanum.’lon processes the results of the previous sicp,

which reduces precision. It defines the resolution of the

. . -mapping.of the:teal rumbers-into integers. This can'also: " 7

be considered as the equivalence of the companding p-law
and the A-law that apply 10 audio data {(Jayant and Noll
1984). In the transformed domain, the cocfficients are dis-
tinguished by lhmr significance, for example, they could be
quailized using a different number of bits per coelficicnt.

- Enmtropy encoding is usually the last siep in our meference
scheme asshownin Fig [, ltcompresscs a sequential digital
data strcam without loss. Forexample, a sequence of reros in
a data stream can be compressed by specifying the number
of occurrences followed by the zero itsctf. ‘

Proccgsmﬂ and qu.mumuon can bc llcratcd scveral umes
in “leedhack? loops such as in the case of Eldd['ﬂl\C difference

'_[‘IU|‘~,L code modul.llmn (A DPCM.) Allu compresston. lhc dig-

s dater'is combined into a data sircam, for cxample. a the

Sstarting point ol an image. An dentificauon of the campres-

sion technique used may he part of this data stream; the error
correction code may also be added: Figure 1 shows the.com-

. 'prcssmn process applied 10 an lmagc lhc same prmc:plc can
“be appltcd 16 video and audio ddta.

Decompngsszan is the i INYerse process ofcomprcssmh The -

- . specific encoders and. dccpdcrs can FiMction in vEFOUS ways:

symmetric applications, ¢.g., diatogue applications. should be
characterized by morc or less the same costs for encoding and
decoding. In the case of asymunetric lechniques, the deced-

_ing process 15 less costly than the encoding process. This is

used for applications in-which the data arc eompressed only
once and for which ample time is available; the data are de-
compressed frequently, and spccd is required. An audio-visual

tutoring program will be produced once, but it wnll beused
«.-by many students: therefure, it will be'dccodéd many Gmes

In this case, real-time decoding is a fundamental requirement.
whereas encoding need not be real-time. This.asymmelne pro- »

" cessing can be exploiled in order to incrcase the quality of the

images.

The understanding of this exploitation as well as the
schemes used in mulumedia sysiems requires knowledge of
scme basics in this area, which arc presented in the next sec-
tion in the form of an overview,

4 Some basic compression techniques

Hybrid comptession techniques are a combination of well
known algorithms and transformation techniques that can be
applicd to multimedia systems. For example, all hybrid tech-
niques shown in Table I usc cnwropy encoding (in the form of

_formation. A picture is divided into blocks of 8 x 8 pu:ds,_ e



} run-lcn gth cncodmg a‘ndfor a stausuca‘l comprcssaon formorc A p(edcﬁncd tablc mntams a sct of pattcms For cach block

w-'*“ L

| details se€ alsd Gonzalez and Woods (1992)).° " “the table entry with the most sitilar pattetn is- identified, Bach .

The snmplest compression techniques arc based on inter- | pattern in the table is. associated with an index. Such a table

. polation and subsampling, Here. i is possible 10 make use of . ~ can bcmu!udtmcnsnoual in thlseasc the index wiil be avector.”

- the spccl.ﬁt nhysnolaglcal characlcﬂshcs of-the human eyeor, 'lhedecoder uses thessame table to gcne:att. an approximauon
.ear. “The human eye is more sensitive o ‘changes in bnghtness - of the original data steeam. For further details and reﬁncmcnts
‘than to color changes. Therefore it is reasonable to divide the  see, e.g., Gray (1984). '

tmagc into a luminance component (Y) and iwo chrommancc 7 A lechmquc that can be used for tex- compn:ssmn sub-: L
-+ difference sighals (U, Yywith 7= 0:30R +0: SQG + 0118, - stitutes: single tytes' for ‘pattetiis thise: dcchic: freguendy, This =

U=B-Y, V=R - Y instead of using red, green, and blue  pattern substitution replaces, for instance, the terminal sym-

-

(RGB) components The componcnt.s 8) and V are samplcd bols of high-level languages- (Begin, End, If). With the use
.- with.alower.resolufion,. -~ rne cui A --of aescape byte, a larger number of patierns ¢an be ornsid- -

Sampled image, audto. and v:dco data streamns often con-  ered. This escape byle indicates that an encoded patiern will
tain sequences of the same byles; by replacing these sequences  follow. The next byte is an index used as a reference to onc
with the repetitive byte pauern and providing the number of  out of 256 words. The same technique can be applied to still

occurrences, a substantial reducllon of data can be achicved. images,. video, and audio as well. In these media it is not that»
This run length codmg is indicated by a special ﬂao thatdoes - casy to identify small scts of (requently occurting patterns. It
not occur as a part of the data stream iself. This flag bytc can is often betier 1o perform an approximation that looks for the
also be any other of the 255 different bytes in the compressed ~ most similar palieen instead of searching for the same paticrn
data stream, To illustrate such a “byte stuffing™ we define the in cither casc leading 10 the veclor quantization described.
exctamation mark ! as such a special flag. A single occur- Diaromic encoding ts a vanation based on a combination

rence of this exclamation mark is interpreted as a special flag - of two data bytes. This technmique determines the most fre-
during deconipression. Two consecutive exclamation marks  quently occurring pairs of bytes. According to the analysis

daia contains this byte followed by the special flag and the  The rcplaccmcnl of these palrs by special single bytes that do

- number of its occurrences. This allows us to compress. from  not occur anywhere clse in, the text, Icads 1o a data rcducuon

T 410259 byfes iinlo three bytes only. Remembering that we = of more than 10%. " L
' &re compressing at'lcasl'4 consccutive bytes the number ol Different characters o nol ‘have 10 be codcd with a ﬁxed
occurrences can start with an:offset of —4, Dcpendmo on the. ..  pumber of bits. The Morse alphabcl 15 ba.sed on-this idea: fre- -
_algorllhm onc or. morr_b}'lescan -be. used{o nrdlcmthc IcnOlh quently occ.urhnonharaclcrs are codédwith shortér strin@s and”

Inthe followm« cxample the character “C™ occurs cight times  seldom occurring characlers arc coded with longer strings. Sra-
and s “compressed” (0 three characters “CI18™ tistical encoding depends on the frequency of the occurrence

- 'si h es .Th if-
Uncompressed data : ABCCCCCCCCDEFGGG ol singlc characters or scquences of data bytes. There are di

run length coded : ABCIBDEEGGG. -The most prominent arc Huffman and ‘arittimetic encoding:
Run length encodmg is a gcncrahullon of zero suppres- Given thecharacters that must be encoded together with the
sion; il assumes tha[JuS[ one symbol appears panlcularly often probabilily of their occurrences, the Huffman- eodil'lg (Hufi-

in sequences. The blank in text is such a symbol; single blanks ~ man 1952) algorithm determines the optimal code using the
- ar pairs of blanks are ignored: Siarting: Willi the sefqiénéé Gf =~ minimuimniimber of bils” gived fhe ‘probabilny. Hence itie

three blanks, they are replaced by an M byte (¢.g. an exlama-  length (number of bits) of the coded characters will differ. In 2

are ipterpreied as an cxclamation occurring withip ihc data: - of the English Lmnum'g the most fﬂ:qut:ntly dppeanpg piirs
The OVCTJH run rLJI“Ih c.odmt1 pmccdurc can hc dcscnhcd ay ,er the Iﬂ'.lh\vm‘" (notc there are: ,blanks mc!-u'ded m lhc s .

follows: If idedtical bylcx oceur COnsccuuvcly al least-four  + 77 "T" "8 ) )

times, the number of occurrences is counted. The comprcsscd TETVTT IH CTATUUS TUURET, “lN _and “HE"

ferent techniques that are based on thesc statistical methods. -

. tion mark character which.does not appear.in the.data itself) - --given text, the shortestcodé is assigned tothose charactersthat -

and a byte that specifies the number of blanks of this sequence.  occur most frequently. To determine a Huffman code it is use-
Sequences of three to a maximum of 258 bytes can be reduced  ful to construct a binary tree. The leaves of this tree represent
0 1wo bytes. The number of occurrences can be indicated  the characters that are (o be encoded. Every node contains the

with an offset of —3. Further variations are “tabulators™ used - relative — probability of the occurrence of one of the charac-
to substitute a specific number of zeros {or blanks), depend-  t€rs belonging to this subtree. Zero and 1 are assigned to the
ing on the relative position within a line and the definition of ~ edges of the tree. ‘
different M bytes 1o specily a different number of zero bytes The following example illustrates this process: o
(or blanks). The flag M4 byte could, e.g., replace 8 zerobytes  — InFig. 2 the characters A, B.€.D, and E have the following
(8 = 2%), another M5 byte could substitute a sequence of 16 celative probability of occurrence:

zero bytes (16 = 2%). An MS byte followed by an M4 byte _ . - - E) =
would represent 24 zero bytes. P(A) = 10.p(B) = 30,(C) = 5, p(D) = 8, p(E)

In casc of vector quansization, see, c.g. Gray (1984), a — The characters with the fowest probabilities are combined
data strcam is divided into blocks of n bytes each (n > 1) in the first binary tree; C and E are leaves, The combined
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Consldcnng un lpngth coding and all the. othcr methodsw .
de.scubed so.far; the cading of identical symbols (bytes) that, .~

appear’ repetltwely and.consccutively certainly is a ma_]or ob-
jCCIlVC in transfprmmg |magcs.and videps mto a bnsf.rc-am

coding, is.optimal. Therefore the length of the encoded data

stream is also mlmmal Unlike Huffman codmg. anthmeuc S

171

R From the jirforiation theory” pomr,ofhew arzthn-;'e'rfc'cfoda" Ve
i mg ‘(Langdoni®1984; Penncbaker et al. 1988), like the Huffrmian

Fg.z. An c.xqmpl\eot;p. Huffman coelty rcpmsdnte&as.a bmar:{tnw S "éhd'ing dées' nat ericode each symbol Separately; mslcad each’

, probab.ilily of t}icir root node CEis £1. The cdgc from node

... CE to.nade.C is assigned.a-1-and-the edgé from GEto £ :

becomes a (). This is an arbitrary assignment; therefore, with
~ thc same data one can get different Huffman codcs
— The following nodes are teft,

P(A) = 10,p(B) =30, p(CE) = 11,p(D) = 8

Again the two nodes with the lawest probabilities arc com-

bined into a binary subtree; the nodes A and D arc such

lcaves and the combined probability of their root AD is 18.

The cdge from AD to A is assigned a ! and the edge from
.. AD o D-2Q. Note: if there arc root nodes of different sub-

trees. \a-filh the same probabilities, the trees with the shortest

maximal path between their roots-and theit'nodes ﬁh()Llld be
s combived. This'Keeps thé code Tenathrmore Constant.

- The following nodes are left:

P(AD) = 18, p(B) = 30, p{CE) = 11 .

* . The nodes with the smallcst probabiliiiés are AD and CE:
. ... They.arc combined.into a binary trée; the tombined proba-~ -
_ - bility of their root node ADCE is 29. The edge | from ADCE .

10 ADis assiglied 4.0 and the edgcfrom ADC},’. to ‘CE Al

2 Two nodes are left:

p(ADCE) = 29, p(B) = 30

They arc combined 10.a binary tree with the root ADCEB. -
. Ta the edge from ADCEB t0-B is.assigned a k; (o the edge -

from ADCEB to CEAD is assigned a 0.
- —Figure 2 shows the resuhing Huffman code i m 'the form of

a binary tree, The re.sull is lhe folluwmg code thal is slored :

nooE ey el

;o lnatable, A M Rt

w(A) = 001 w(B)—l w(C) 01| w(DJ 000
“W(E) = 010

If the information of an image can be wransformed into a bit-
stream, then such a table can be used to compress the data
without any loss. The most simple form to generate a bitstream
is o code the pixels individually and read them dinc by line.
Note that more sophisticated methods are usvally applied as
described in the remaining part of this paper. Such a stream
can be determined for each image or for a set of images. For
videos a Huffman table can be vsed for a single sequence of
images, for a sct of scenes ar even for an entice film clip. The
same Huffman table must be available for both encoding and
decoding.

symbol is coded by considering the prcwous data. Therefore ]
an encoded data stream must al'Ways be read from the be'g_m-_f e
Ting: Cansequénily, fandoim acceds 1§ nor pOSSlblC fn practice.

the average compression achicved by arithmetic and Huffman
coding is s:mllar (Storer 1988). :

Transform encoding pursucs a dlt'fcrcnl approach Datais -

transformed into. another mathematical domain that ‘s more
suitable for compression. The inverse transform must cxist

-.and is known on encoding. The most widely known examplc

is the Fourier transform, which transforms data from the tme
into the frequency domain. The most effective transforms for
image compression are the discrete cosine transform (DCT)

(FFT)

' Unllkc lrdnaf()rm (:nu)dlnl1 llmt lran\lerms .1]| dam anler .

anotlict: domain, the selcetive frc_quumy wran$lormaion s
band coding considers u spectral selection of the signal in
predefined frequency bands. The number of bands s an im-
poriant criterion [or-quality. This technique is well-suited 10
thexumpiession of speech and oflcn makes use of Lhc FF—T f0r
the spectral (ilering, - - S

Instead of compressing single: byle:s or soqucnccs of hytes,
A dsf&:renua‘! encodisg can be wsed.: This. s alsa’kndwn'ds
pred:cnon or relative encoding. Consider the example of a
sequence of characters whosc valucs are clearly different from
zero, but which do not differ much. In ttus case, the calculauon
of the difference to the previeus values could be profitable

for compression. The f0110w,ing,.explains-~lhis technique for: - . -

different media:

* = For still images, the calculated differences between ﬁeafby

(Seet.’$.2) .und {10 'some cxient) the fast ‘thricr-lruns'i:orh\ '

pixels or pixel groops at the ed ges represent Iargc values, .

characterized by small values. A homogeneous area is char-

s -wiivereasareay with similar Juttiinance and chirominance arc

.actenzed by a la,rgc number of zeros-that-could be-furtker -

" compressed using run-length encoding.

— The use of relative coding in the time domain for video can
lead 1o encoding of the differences from the previous im-
age only, The background in newscast and video telephone
applications ofien remains the same for a long time, there-
fore the “difference™ between subsequent images is very
small, leading to a large set of zeros. Another very popular
technique is motion campensation (Puri and Arauvind 1991).
Blocks of 8x8 or 16x 16 pixels in conseculive pictures are
compared; for example, consider a car moving from left to
right. An area further left in a previous picture would be
very similar to the same area of the current picture, where
this “motion” can bx identified by a motion vector.
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. .— Audio techniques often apply differential pubc cade mod- -
ulation (DPCM) to a _seqience of pulse code moduldtion - -
‘ " (PFCM)-coded samples UayamandNoll 1984). It is not nee- " .

.‘essary (o slore the whole number of bits of each sample, It -

. {’ is sufficient to r¢preseny only the. first PCM-coded sample
-0 asE wholc,ar(d all foﬂowmg sampls aslf\cdjﬁercnocm tllc,_.'r.‘:_

* previous one.
+ Thedelta modulatiou (OM)isa modlﬁcatlon of the DPCM

(Jayant and Noll 1984) When codlng the d(l’ferences "..'
< ses exatty’s ‘o bit; which indicates wh!:ﬂi& ihe signaHin: -
creases or decreases. This leads to an inaccurate coding of

. steep edges. This technique.is particularly profitable if the * -
.- -goding does fiotdepend on8-bit grid units. I the differences

are small, a smaller number of bits is sufficient. Difference
encoding is an important feature of techniques used in mul-

-timedia systems. Further “delta” methiods applicd (0 images

are described in the JPEG section on lossless.compression:
Most of the compression techniques described so far are
based on known characteristics of the data, e.g., sequences of
bytes occurring frequently or the probability of the occurrence
of certain bytes. An atypical sequence of characiers will not
be compressed using these methods.

Adaptive compression fechnigues adapt a parucular com-

pression technique to the particular data 1o be comprc%scd on’

. "._lhc ﬂy-Thls addpla‘uon ¢an bc unplcmcnlcd n dl[fcrcn'l way

—Inone culu:mon zprcdch med codmﬂ table exists. Sirch a% thc .

one nvented by ‘Huffman. For each symbol (o he encoded.
the table contains a coresponding code and a counter in an
additional column This counter is resel 10 zero at the be-

ginning. For the first symbol 10 be encoded, the coder'takes

" the codg from the table. Then the counter correspondirig to «
.Ih:s tabie entry is increased by ene. In order Lo reduce the -
-access tme forthe individual entries in th able, lhey are .

~ sorted in dcchndmg order of-the values o(lhc accompany-
ing counters. This procedure leads to the encoding of the
most frequently occuring symbols with the shortest codes.

— A prominent adaptive compression technique is adapfive

DPCM (ADPCM). It is a “follow—on“ deyvelopment of
"DPCM, which is often subsumed undcrlhcacronymDPCM

_Here differences are encoded -using a small‘nomber of bits
: on]y (e.g.. 4 bits). “Therefore either rough lransmons will

. be coded. Cpr!ectly (these: bits, would. teprosent. bits: witha: ..

hlgher significance) or smail changcs are coded exactly (the

DPCM encoded valucs are the less. ugmﬁcanl bits), In the |

- first Case, the resolution of Yow audio signals would not be
sufficient and in the second case, a loss of high frequencies
would occur. ADPCM makes an adaptation to this “signifi-
cance” for a particutar data stream as follows.

The coder divides the value of DPCM samples by a suit-
able cocfficient and the decoder multiplies the compressed
data by the same coefficient, i.e., the step size of the signal
changes, The value of the coefficient is adapted 1o the DPCM
encoded signal by the coder. In the case of a signal with high
frequency, very high DPCM coefficient values occur. The
coder determines a high value for the coefficient. The result

L

" isa vcty rough quannmnon of the DPCM mgnal in passagts

. ;Withsteep edges. Low: -frequency portions of stich passages -
are ha:dlymns:demd at all. For a signal with permanently
 relatively low DPCM values, i.c., with few portions of high'
-, frequencics the Goder will: dewrmmq a small cocfficient.
‘-’I'hu'cby w good resohutivn of the dominant low-freqﬂcncy ’
signal portions is guarantwd If high-frequency portions of
the signal suddenly occur in such.a passage, a signat dis-,

) _'-acﬂmlly defined stép size, the greatst poSsnb!e changeysing
the existing number of bits will not be large cnough torepre-
sent the DPCM value with an ADPCM- value. Thet u'ansmcm R

of the coefficient explicitly that is adaptively adjusted to the
data during compression. Alternatively. the decoder.is able
10 calculale the coefficients itself from an ADPCM encoded

data stream. An audio signal with frequently changing fré- -

" quency portions of extreme high or low frequencies is not
very suitable for such an ADPCM encoding. In the G700
series of standards, CCITT has standardized a version of
the ADPCM technique using 32 kbits/s for tclephone ap-
plications that is based on 4 bits per sample and an 8 kHz
sampling rate. :

Apart from the whole set of bas:c ¢.omprc~ssmn techniques
-~described 1q this-section, somc othcr wcll kneun lcchmqucx :
- Jarc.alsa béing uscd loday . reow
— Vidco compression techniques often usc color Iook -up La-

bles (CLUT) 10 achicve data reduction. For instance in Lam-
parterand Effelsbecg (1991) and Lamparter etal. (1992) this
technigue.is used in distributed-multimédid systems.

— A simple techrique for audio is silamce suppression; in this: -
casc data are only encoded if the volume level exceeds 2 °

-certain threshold. This can be §eeh as speclal casd af+ rugi-

‘féngth éncoding. v "
CCITT incorporated some of the basic audio codihg
schemes into the G. 704 scries of standards: G.721 defines the

.PCM coding for a quality of 3.4 kHz over 64 Kbits/schanncls.
Finally G728 defines 3.4 kHz quality over 16 Kpits/s. chan: ...

néls. Atal et al. (1993) provide a more dctallcd dcscnpuon of
~various audio coding techniques,~ "+ % . -
In the following sections the most relevant work i in “the
ndqrdqauon.bod;a g.:onnemmgimage ‘and: mdcd cbdmg s

" piaphic Experts Group (J PEG) workmg on codlno a!gorllhms

for still images, Joint Bilevel Expert Group (JBIG) working'
on the progressive processing of “bilevel” coding algonithms,
Computer Graphics Expert Group (CGEG) working on cod-
ing principles and Moving Pictures Experts Group (MPEG)
working on the coded representation of motion video. The
next section presents the results of the JPEG aclivities.

Note to the reader: For literature references and biography
of the author see Part 2 of this article which will be pusiihed
in the next issue.

tortion in form of 4. slope averload ariges: Con.indcgng W e

- of (he signal Will be fdded. T¢ is possible 16 inserl a change - .

outlined. In the framework of ISO/IECITCI/SC2WG8 four
subgroups were established in-May 1988: the Joint Photo;. = .
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