anuary 2004 | Menory Managenent for an Inage Signal Processor 5 This
?gvgntionyconcerns a sygten1for processing an i mage reprl8siénuaiyi2pB4di gita
signal. In particular, the invention concerns a nenory managenent _
technique in an MPEG conpatible image signal decoder. 10 Rapid advanceslln
digital signal processing technology have produced correspondi ng advances
in digital image signal processing |? various fields, including direct
broadcast satellite and high definitiron television (HDTV) for exanpl e.
The MPEG (Motion Picture Experts G oup) signal processing standard 15
(I'SO'IEC 13818-2, May 10, 1994) is a related devel opnent. This wdely

ted i nage i found,t o articularly
fo?gctl ve fgr bﬁ{rggﬁ% hﬂggﬁé‘ggﬁﬁgﬁ E@%I gﬁ Blfl‘%?réég?? IPpoﬁf‘éé@éast systens
including high definition television (HDTV) systens. 20 In an MPEG vi deo

si gnal. decoder, riklie 1tn|?aﬁt1@ﬁeccbrim1%s d Is% g&npffoFEig‘? X#ﬁ%té/rp'x %lgl y needed

for decodin 0 ata prese P and B
i mage framgeg&slgﬁr%?mﬁe qﬁglr%g rbfp {:}Eﬁ’é‘rtlé’lnl yoﬁé@f@éd for 25

decodi ng an 3vPERINQEY a@ﬁﬂ@ﬁﬂ‘lelﬂt\/\@eﬂnﬂm iof aneNﬁ?E/GaC@mpEﬁdl%d imkge St or e
reference | signdl fdeggdedata, and one frame of nmenory is wused to store B
frame data. For exanple, a conventional MPEG decoder in a direct broadcast
satellite receiver decoder may contain 16 Mits of random access nenory
(RAM , and’an MPEGRIS adtades im digitslDFigrey sprvessing @ehabkigypheposed by

the Grand Abitaned darrédpondhid cetiyanebesintid %lftmeq“ﬁg 8RLoxi ‘mat el y 80

s of RAMis
2/:3 Ig:llsfl g;nt. égmréggmltorvgfﬁnﬁl% 'I ’gpcrhé Bgr Heht sbr%‘éﬁatsﬁ cifitellity i n
consumner prd’d’&‘c ighs definition italsyision EFEDEV))sifon esymiptsTsThé MPEG | nportant to
keep to cost,(M@ﬁioﬁupftt@;reo%tsa@r%uwaﬁgﬂglbIp«laoée%\éﬁ.lg Sgagldlarcrl\uary 2004 2
15 (ISO/IEC 13818-2, May 10, 1994) is a related development. This
widely accepted image processing standard has been found to be
particularly attractive for use with satellite, cable and terrestrial

broadcast systems including high definition television (HDTV)
systems.,

20

In an MPEG video signal decoder, more than one image
frame of memory is typically needed for decoding an MPEG coded
digital datastream, which represents I, P and B image frames as
known. Three frames of memory are generally needed for

25 decoding an MPEG datastream, two frames of memory are needed
to store reference I or P frame data, and one frame of Memory is
used to store B frame data. For example, a conventional MPEG
decoder in a direct broadcast satellite receiver decoder may
contain 16 Mbits of random access memory (RAM), and an MPEG

30 decoder in an HDTV system such as that proposed by the Grand
Alliance in the United States will require approximately 80 Mbits
of RAM. At the present time the cost of such amounts of RAM is
significant. The need to limit memory requirements, particularly
in consumer products such as video and television systems, is

35 important to keep to costs of such products at a reasonable level.



In accordance with a first aspect of the present inventiqgn, there is
provided in a system for processing inage representative %i@ﬂﬂwzﬁa‘ﬁa, an
MPEG conpati bl e decoder conprising: an input network for receiving a

dat astream of conpressed inmge representative data; a deconpressor for
deconpressi ng conpressed data fromsaid input network; a notion

I nformati on processing network for processing deconpressed data from said
deconpressor; a menory unit for stori2ng data processed by said notion

processi ng network; an qQutput inage processor for processing data stored
by said mendh ﬁcwﬂ@PC%Hﬂ#hgé%ﬂ;ﬁ%%Bpft presept Bwentign. BgreipPEYEesed by
sai d | | Walo'n ' Munit. In
ccor danaSTeiRl RESTL06AR) Mhade REpRbRnieRORiqicR uats, 2% GPED CBRERIMET
syst emdieooder campesing: andgput peivesk Hoarecsividg @i datasttebm oficoiMpESSseainpat i bl e

decod i si ng: i nput petwork f V] dat a st
comr oTesgS PhhEsEatfp Ry & JEre N s oTion SeonEdashd ot raes  ng
conpr esoedl sRf Mput hatverki @ mBBSK iBIYETIKH prodBsi nbRicHk TBF bRScddsRigeSSi Ny

network for processing deconpressed data from said deconpressor; a nenory
uni t f gecempressgdddate fiony aaid cleopynpyebsPim iramens cals forgstesingodata an

out put i r r | a_st by _sai [ It; and
o compPLERaRef B G2RP e, pROEERR, PG oM JL b BrsErsRt et g

net wor krdufssing deiangtordd b dsay ns@ndry ORIEDAN BNEdrnpidyebEdr SerhgredRiny essor
conprises a bl ock based first conpressor exhibiting a variable data

conpr eS8la Rregessad iRy paid; wotign ireersing sgtwadohafore @ styeddanisBid i ng a

fixed q?%rﬁ?np&ﬂﬁressi on characteristic, said second conpressor operating
in parallel 'wth said first conpression; nmeans for applying blocks of

| mage data to both said first and second conpressors concurrently; neans
coupled to said first caonpressor for determning if a data bl.ock processed
by Said 11 r I acesABee SRLRRERTd S3Pacsot A IBuian dferk i auouRed Ra o

sel ect kpsten! F6MBFdCds8ingS PhAgH Irég}ééeﬁpdw@yai@aar Baff! sh TPBG cHftidativRy | abl e

conpressed data fromsaid Tirst conpressor when said variabl e conpressed
dat a edBroderscempedsingedn impwdwmteon fydreceivinges gdada streenvof sompressssk , and

R e g T g
I n accéogasaid Woubh natwdrkl d menes tinfefmbatien im@é!isiinqmet\ﬁlﬁkefo'r Prodedeirged in a
syst emdggcrnm%{'é)scs%?ishgga Ifrrtg‘?lr%gesaric(la pdreecso?rqgrgglsc\)/r? a(lj Irrqtle%%ry duzﬁita%ragtol\r/iflgcadg’%npat 'ble
processed by said motion processing network; an output image processor for
processing data stored by said memory unit; and a compressor for compressing
data processed by said motion processing network before being stored by said
memory unit; wherein said compressor comprises a block based first compressor
exhibiting a variable data compression characteristic; a block based second
compressor exhibiting a fixed data compression characteristic, said second
compressor operating in parallel with said first compression; means for applying
blocks of image data to both said first and second compressors concurrently;
means coupled to said first compressor for determining if a data block processed
by said first compressor exhibits a desired compression factor; and a selection
network for selectively conveying to said memory unit variable compressed data
from said first compressor when said variable compressed data exhibits a desired

predetermined compression factor or greater, and fixed compressed data from



decoder conprising: an decoder for decoding a received datastream of -
conpressed i mage representative data; a deconpressor forzﬁe@@WﬁW@@Qﬂng
conpressed data from said decoder; a nmenory unit with an input and an
output; a block conpressor for providing conpressed data to said input of
said menory unit; a block deconpressor for deconpressing data provided
fromsaid output of said deconpressor; a notion information processor for
processi ng deconpressed data from s2ad bl ock deconpressor; a conbiner for
conbinin% out pu a%gnals formsajd deconpressor and fromsaid nption

procesS§8H PECHILAFERTRSOR Wheh sRig) Yarahle sompressgd datsnpxibids lessath@nan

out put ghiPESinpldl %?,s,g or processing data stored by said menory unit. In
accordance Wlﬁlrh g ouﬂoﬁ aspect of the invention, there is provided a

met hod for br @cesgiangeewitio de thitdPESheac ngfathiebineenticry etherp e providdd We adi gi t al
[ t dat i sing.the st f: di,, idi ta t d
decodedsoBat 107 Riisaines Enags Septrseotieaciaten det b ARER CobwaRblseq”
data; deeswmseSEdmpridingoramt esadeic i deborg! HeFesaN&s Sastadfbant CoPr oduce

conpressed information;, storing said conpressed infornmation in nenory,
deconpfreByiregpachfimage: represeniodvei datai d desemprassopriodudecateprespingssed

stored ] | O}, i Cessi i.d dec ressed staored.information
Co " or SaBEsRRd Bt R Al PERTRET A MR h g ST B o BRrlal Bon wi o
sai d  Brokreneseesordtat providing edugessedidatal torsad irput 6PERHGRERGrY Onigai d
conpr essi ng step. In accordance with a fifth aspect of the invention,
there PsPIBFoGiegaENIresser oy deeampirssiit 8ats prayidashirem raigeoutegt ek eaidat i ve

i nfor i Al | SLLM: for
decomp e SRk ot R O o F Bl o PR 38, cce
deconpfresssdiddaitek dacomprgssessa cofrdrinerdiop cesminigg saislitddpraipfessediddat a to
produc% recorgzsresse fdat a;. .a rrermr\éb:for storing said recorrg,es,sed data; an
out put IREPTBFESSLE ANS6TomHId oty PEISessPh I RIGHse At for apRliFalipnsigi d

MENDI Y saRNEorApPalsbPNahd fpf BBpLP ImBEEGRSEESKDr BEASEdssiRyBhedsideddlyd Menory
and to said conpressor for processing inmage notion Infornmation associ ated
wi th s&fid mapery unige representative information. In accordance with a

i gi tai dat ol Bk £t Hsigel PEiREdeRBr, R o PRI & ng the

steps afethodFompressdsitg eatddedMPEGRCaRIpaER FhaddFepresentative digital
input data comprising the steps of: decoding said input data to produce decoded
data; decompressing said decoded data to produce decompressed data;
compressing information including said decompressed data to produce
compressed information; storing said compressed information in memory;
decompressing information stored in said memory to produce decompressed
stored information; motion processing said decompressed stored information to
produce motion information; and combining said motion information with said
decompressed data to produce said information compressed in said compressing
step.

In accordance with a fifth aspect of the invention, there is provided in a
system for processing input image representative information, an MPEG
compatible decoder comprising: a decompressor for decompressing an input
datastream containing MPEG coded data to produce decompressed data; a
compressor for compressing said decompressed data to produce recompressed

data; a memory for storing said recompressed data; an output network for



coded data or produce deconpressed data; conpressing said deconpressed data
to produce reconpressed data; storing said reconpressed @8tanugyagoPdi ng
said stored reconpressed data to an inmge information processing network;
and processing imge notion information in association with said
conpressing step and said storing step. Brief Description of the Draw ngs
Figure 1 is a block diagramof a portion of an MPEG decoder enpl oying the
principles of the present invention.g@igure 2 depicts nmenory mapping for
full and reduced nmenory situations. Figure 3 is a block diagramof a

conpr ePEPGRSSING @St steyed by isaid MeeIPIG antk o tionf iINfergiation] pratiegeings 4 and
5 show i IJ: t 0 i j 7

depi ot "o Sed I embRERFCRIARr IR Ry ol SRe T

oper at ingutionf informatieh wesksiatstowith saidRhput iesagk @peesent2breliafuraiatioA004 3
Figure 8 depicts an alternpative dual path coppression network, 5 Figure 1
depi cts a pdht3GSATEINCE Vithed SiXthnaspest Rfeteoinveptipnathergaly BOVIdSthd in a

tebevi o . T . T e g
=" cony Sl 3 HriBesifia 3 [HOMA dat RSB PEGT SBuot ) R HoRRg RIS 100"
and 22 date coRifEsing dioke rstepal of ddecampraessingl esit iifpad, ddtestrearanpf &JPBG Ang et
., "V 10 Co i Mak Bj g .Gai " | EEE § t Cct 1991.
""" acCORGAABER A PIPLiE GepHB Grees GAte: O Bressing saT\RaROTETeSTarLIRPEC
decodetq 8¢ PétdNpledsbd dftfta D5 RFINGCOABT IREERIpresidd d8td: ProviaEPESRIS NY

data before being witten to frame menory. 15 The system of Fi %ure 1
r ecei vétpredniecompresskd disia clamaof imagpPHTaroelian cpinsessivgdnebrarks ameh a

Packet Dobasay iie0S "aaBininGveh bl ASRCOta FRCFYL LB E e for m
of dat and¥antk®ringtgsenting 8x8 pi xels (picture elenents). This data 20

represents both intrafrane information that has been coded, and interfrane
predictive notion coded residual imge information representing the inmage

difference between adj acefjiih&ddfibfon of the Drawings
Figure 1 is a block diagram of a portion of an MPEG decoder employing the

principles of the present invention.

Figure 2 depicts memory mapping for full and reduced memory situations.

Figure 3 is a block diagram of a compression network useful in the MPEG
decoder of Figure 1.

Figures 4 and 5 show additional details of the network of Figure 3.

Figures 6 and 7 depict pixel arrangements helpful in understanding aspects
of the operation of the networks shown in Figures 4 and 5.



frames. The interfrane notion coding involves the generation of notion
vectors that represent the offset between a current bl ock6agnyasy 2§04
processed and a block in a prior reconstructed i mage. The notion vector

whi ch represents the best match between the current and prior blocks is
" coded and transmtted. Also, the difference (residual) between each notion
conpensat ed 8x8 bl ock and the prior reconstructed block is DCT transforned,
.quantized 30 and variable |ength caﬁed before being transmtted. This

noti on conpensated codi ng process is described in greater detail in the
Ang, et al. article nentioned above. The input conpressed pixel data bl ocks .

are buffered bfigel g 3plasbehonReRfite il aphe 1 ggoded by unit
-12. Buffer %mlbl ts a storage capacity ofa 1975 l\/bﬁ%sljélsﬁ '(tﬁhe case of a

main 26 Ja‘ﬁ 004 4 level, main profile MPEG datastream Decoded
~conpressed data fromunit 12 is deconpressed by inverse quantization unit

bei g ampl éﬁvﬁﬁﬁedﬁsaéﬁ%% 3Pt o35 FLARD. Shal W0bercpidedSs by
i nverse qiftai ibgefoundiig aofrlevisien nepeivesi gnal sated)htebmeo‘,&weﬂ.OThto assure a
smoot h daveddd QocBRRIBEINEES O ddifeRtivnal %m@vggfadér 20k 9@ g, 12 to a

t t 22 sed al so
glr)oljagegoggegﬁ’tcg f(??t ?g lﬁ alﬁ ]%Adé s"’é}%gtzsggﬁtw |eg§l%i’ er %ﬂknown whi ch
|13 not shdecoder af: slesplibéy, tfoe e?:rampleg byTﬁgr)]mg@tlowgﬁ@rfor rrgcrzlnléxd/ ;tnl t:m

a v GO |
oncodel O Combtelibn, Makely Big foflnsCO LB R SReL At POL RN P04 ht onat 1t ut o0
"the recei a@@ondaage Wwathn gh& rpmnciphisc ofr duegeesent irecmtiog ethewNMBPRGar e
descri bedgbgddy hd@?ﬂl@ﬂ‘éll%%ﬁhfdése%ﬁékr!:‘815:@ aﬁ'ofe{lnﬂ' gﬁkf&frpfo‘“ ded at

the output of ad %ﬁsunm e.resi ata fromunit 16
with preH?E‘tPéﬁssileﬁggaEPat forovheiag ariten Eﬂjtfﬁ@meoﬁmmiprbn conpensati on
unit 22 based on the contents of frame nmenory 20.

15 The system of Figure 1 receives controlled datastream of
MPEG coded compressed data from a preceding input processor,
eg., a transport decoder, which separates data packets after input
signal demodulation. The received data is in the form of data
blocks representing 8x8 pixels (picture elements). This data

20 represents both intraframe information that has been coded, and
interframe predictive motion coded residual image information
representing the image difference between adjacent picture
frames. The interframe motion coding involves the generation of
motion vectors that represent the offset between a current block

25 being processed and a block in a prior reconstructed image. The
motion vector which represents the best match between the
current and prior blocks is coded and transmitted. Also, the
difference (residual) between each motion compensated 8x8 block
and the prior reconstructed block is DCT transformed, quantized

30 and variable length coded before being transmitted. This motion
compensated coding process is described in greater detail in the
Ang, et al. article mentioned above. '

- The input compressed pixel data blocks are buffered by unit
35 10 before being variable length decoded by unit 12. Buffer 10
exhibits a storage capacity of 1.75 Mbits in the case of a main



20 Wen an entire frame of pixel blocks has been processed t he resultlng
reconstructed image is stored in frane menory 20. In t h@biJanuary £8%e node,
notion vectors obtained fromdecoder 12 are used to provide the |ocation

of the predicted blocks fromunit 22. 25 The inage reconstruction process

I nvol*vi ng adder 18, nenory 20 and notion conpensation unit 22

- advant ageously exhibits significantly reduced nenory requirenents due to-
the wuse of block based conpressor 30 in accordance with the 30 principles
of the present invention. Specifical4y, the anount of menmory required for
frame membevel20naim rpdiiledMBEG dptagtenrr. nDreddedocothpreged 8804 (or nore)

f b Ad |, d I
or compr Seaf, O’ LB ¢ MRGAARSAY) VP Bttt 001 1453856 S ey

2004 5 Abyi énvarse| disepries ensiaei &r.anéformaélmwedm&én) rmnbrw rlmfomerrents of
rrermry deveify 2pplieds boVhd rinﬁmg@fear? adder Fl@uUmee 3te FL ”?mpaegap on the

| ef t sents I xel s, W t-hi.n ze nenory. The
map on Sh Yri bfh‘{efﬁ?ﬂﬁgﬁ(m&e& IShSW"éoﬁeg WI%“@EW buffegelf t 0" store
3I ocks g:omnr:fssaeai dymaotht d3t ﬂ@mvaelcoﬂedsmldnr ctdre 4l | 0\r/]Vl Blg < (

i scussi o e o wo_in ur.e ock (eg.,
bl ock C) Br@wdtegr grn gg&f&fefr ?Z\qu\,%) '39}?0?‘“{138“%53 ‘HBF%C reqw red
for a fuMillsibee dignnssgd bglomesPectder 12 alsheprodupes sai antqarim\trajed by 10
unit 30 '%rai@@/orﬁbdg%fﬁect' BohitoP ds‘i‘%ﬁﬂ?'a% RAYwAD IR REEHTEETH SRAGA « emai ni ng

after res on.is left unyge the Starfing posi t he data
f or ani%b % they dear1S c A1 eoﬁPeﬁqtl%QsarﬂeF%meéjdd}Yeé@ltslézl nltthe full

si ze mem)a;ld aﬁyamrﬂhlecuh%rsél bﬁlcmﬂsﬂlﬁldlﬂ abpékatﬂmé pesRIARM hgcause of a
TN R R S )
mappi ng. resnnséidutesi tk¢ tecoibiesl amage using known MPEG processing
techniques which are described briefly below.
15 ’

A reconstructed pixel block is provided at the output of
adder 18 by summing the residual image data from unit 16 with
predicted image data provided at the output of motion
compensation unit 22 based on the contents of frame memory 20.

20 When an entire frame of pixel blocks has been processed, the
resulting reconstructed image is stored in frame memory 20. In
the inter-frame mode, motion vectors obtained from decoder 12
are used to provide the location of the predicted blocks from unit
22.

25

The image reconstruction process involving adder 18,
memory 20 and motion compensation unit 22 advantageously
exhibits significantly reduced memory requirements due to the
use of block based compressor 30 in accordance with the

30 principles of the present invention. Specifically, the amount of
memory required for frame memory 20 is reduced by a
predetermined amount, eg., 50% (or more) as a function of the
compression performed by unit 30. Additional details of
compressor 30 will be discussed with respect to Figure 3.

35



mapped into the nmenory. If a particular pixel fromwithin a 20 particul ar

block is needed, it may be necessary to access the enti r86JBH"éﬁfk28$4 data. A

conventional MPEG 2 main level, main profile system (720 x 480 pi xels)

requires a frane nenory capacity of 12,441,600 25 bits for storing three

" video* franes. By conpressing these franes 50% before storage in accordance
with the present invention as discussed above, only 7,970,800 bits of

- menory are required for MPEG decodifg. That is, 6,220,800 bits of frane

menory for unit 20 and 1, 750,000 bits of buffer nenmory for unit 10.

Therefore if 36\ tpistesiat aepegsentation ofy the aredifceldBihe ot g rnaI rrermry

devi ce, &I.lll/ir@ikﬂQHES %f'vﬁictn?o f d@?f&r éOsPsa(\sﬁoWn 1He99§ﬂ8| 2r IBr decodi ng,

| eavi ng t emai ni ng extern pacity avai O HEr
pur poses CaBIGROSC fBdn N stbPa{P t FﬁP&S@ptSo@e%appl%\lwf tpigabport buffers

or ot her szaI\vlblﬁfrlf ar full 3izé QneRi?yP I Fhe '?ﬁa;?'m{'tﬁé hghﬁiﬂ%ﬁﬁtéﬁ' reuits

re devel € POSS e to tegra oder nenory on the
gama 268\13l uaray @fﬂgrgaﬁﬂn%é‘apgf%cfscweéﬂ it Hore t?]ﬁ’@kﬁtwpﬁ'éé%@eby net wor ks.
Reduci ng uné 3fends ywilbdei sesteftami theado HOWih gl edischeysicy sife tham lbl re?]ul tGrI nd
i gnifi X SRl [ KD, [op t he an
A T ance. ComIREIE aqiorR ORI in' Bubile BURACHVBIGER, HEDRIRR %) 1026
1080 x 121% alml?fgeéo@ 480 “ﬂrh@ W%z f5 0ke cﬁ@:apcegglrmml,lytteelumwbrfyr

r equi rerreat fils Jiedupethdr, 03718911389 R ttﬁe ﬁh%sﬂﬁ? %vfcﬂa’ﬁ)r gsSsion by
a i

means f sso rior t orin t menor, O requrres that
data beCqdap é&’%’Pp § SRoxe O{W@ﬂSzﬁxgwpf ea%tqn&ﬁeéomﬁmat sp#ce
processi ngemanpngThftsr campresstorp|isshefd iyudeldosls- isste dheleqtap@igssor 32,
mhlch exh €N S h rat | xhlblted by c ressor 32.

ock 15 Egkﬁgmde?otﬂe }eﬂg{sao%'gfn&sglsoocqrﬁﬂgr ?(80 fogat %dgﬂesg fsses
‘stored pi ﬂéldfgﬁfbcks bef ore being conveyed to a displayed processor 26.
Processor 26 nmay include, for exanple, circuits for

15 In the full size memory, any particular pixel can be located
and accessed because of a fixed mapping between the video frame
pixels and the memory pixel addresses. The reduced size memory
does not exhibit pixel-by-pixel mapping. Instead, pixel blocks are
mapped into the memory. If a particular pixel from within a

20 particular block is needed, it may be necessary to access the entire
block of data.

A conventional MPEG 2 main level, main profile system (720

x 480 pixels) requires a frame memory capacity of 12,441,600

25 bits for storing three video frames. By compressing these frames
50% before storage in accordance with the present invention as
discussed above, only 7,970,800 bits of memory are required for
MPEG decoding. That is, 6,220,800 bits of frame memory for unit
20 and 1,750,000 bits of buffer memory for unit 10, Therefore if

30 the system employs a typical 16 MBit external memory device,
only about 8 Mbits of memory space are needed for MPEG
decoding, leaving the remaining external memory capacity
available for other purposes such as on-screen display,
microprocessor RAM, transport buffers or other special buffers,

35 for example. As smaller integrated circuits are developed, it may
be possible to integrate the decoder memory on the same



conditioning the pixel data for display, a display driver network, and an

i mage reproduci ng device. 20 The descri bed nenory reduct 26Rangrh@ddue may
be used with an MPEG 2 main |evel, main profile decoder which is capable
of decoding MPEG 2 datastreans with image resolution up to COOR 601 (720 X
480 pi xels). The technique is equally applicable to 25 MPEG 1 dat astreans,
and to other image resolutions including high definition formats such as
may be associated with broadcast, cable and satellite television signals,
and other types of information bearfng signals. 30 Data from stored anchor

f rarrez_ suiitegsatedf chiradt ivsitgertay ajthyr daeries eﬂfr:]ﬂ'vfbr&s.r eI hs Hiléd’nd
accordi ng vectors ed in the input . conpréssed data
st ream Anj%?qgé{‘}?bljaggielif%ﬁ&edﬁ%rl@s?Pozf@?yér?gecﬂaFﬁt%ﬁsﬁ r &4 OE%H?E 1n

accessi bi signfiggnpisgeingsddter fexempléie it r e HREVT yystam $rop8sqal ¥gl bl ock
has been {RuIndraiRt LOIMRACK 1#P)the WinikeliNS 18RS Safi@RIRGHPN Scheme.

Larger pixel , blocks allow the use of sophi'sticated conpression techni ques
at 26 JanbedYlroBALly 18t he expense of reduced pixel accessibility. Smaller

bl ocks allow finer 1gpanul B)80 % 12 RcyassTNAORIS6E bitat the expense of fewer
options fgQy..co0 ssion. Various types of conpressjan, including

quant i zat %Hﬁaﬁg Tr%‘?@?ﬁ?sﬁﬁqr}’oﬁﬁe r%g%yué%%}ﬂ?%m Ilénﬁ?d]uqe e function of
conpr essoB7300@BOndiiegy on the requirenents of a particular system The
type of conpression used should preferably, but not necessarily, exhibit

-certain characteristics, Each bl ock should be 10 conpressed a prederm ned

amount ! Qor nor dhesgse ek compresyani by means efh cosmmresspredOppyek tos easily

det er ni negorasg ddAaU$SE emenforyC MNaefuies Wit HAg RMAetofRLRsNA shown in
Figure 2. Each, bl ogl%;shou&% be compr essed/ decormr essed |lndep dently of
ot her bl oBROT t, jiu Blotle FAAHPER SUBREIANAR PEBERSSHR/ RGPt o' M8 read any

ot her bl otk.adcoemplished ey dipckdsised/ decompresssirod?2, pwhixds exdlibithd be
lossless, joutinlBis SRNRRE dpRe-8ti6h 20tEeteiCby? @ mpressor 32. Block-
15 based decompressor 34 is similar to unit 32 and decompresses:
stored pixel blocks before being conveyed to a displayed processor
26. Processor 26 may include, for example, circuits for
conditioning the pixel data for display, a display driver network,
and an image reproducing device.
20
The described memory reduction fechnique may be used
with an MPEG 2 main level, main profile decoder which is capable
of decoding MPEG 2 datastreams with image resolution up to CCIR
601 (720 x 480 pixels). The technique is equally applicable to
25 MPEG 1 datastreams, and to other image resolutions including high
definition formats such as may be associated with broadcast, cable
and satellite television signals; and other types of information
bearing si'gnals.

30 Data from stored anchor frames such as I frames is generally
accessed in a random fashion according to the motion vectors
received in the input compressed data stream. A block based
compression scheme maintains reasonable accessibility of pixel
data from the frame memory. An 8 x 8 pixel block has been found

35 to work well with the disclosed compression scheme. Larger pixel
blocks allow the use of sophisticated compression techniques at
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y 5 read any other block. Ideally the compression/decompression

process should be lossiess, but this cannot be guaranteed for any
size block. Thus the compression/decompression process should
not produce objectionable artifacts in a reproduced image.

20 A particularly advantageous compression technique for use
by compressor 30 is shown in Figure 3. This compression
technique uses a variable compression network in parallel with a
fixed compression network. The compression networks operate
concurrently on the same pixel block. The variable compression

25 network has the advantage of being lossless or substantially
lossless, and is the preferred compression network. If the variable
compression network in not successful in achieving a
predetermined desired amount of data compression, the output of
the fixed compression network is used instead. While the fixed

30 compression network can obtain the desired amount of
compression, this network has the disadvantage of being lossy.

In Figure 3, data from source 18 is applied to an input
terminal 312 of a data compression network including parallel
- 35 independent data compression paths 314 and 320. Path 314 is a
substantially lossless path and includes a variable compression
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Block based compression network 314, 320 compresses each
pixel block independently and essentially guarantees that each
block will be compressed by a predetermined compression factor
or more. The output of either compression path 314 or path 320 is

20 selected for input to memory 20 so as to provide satisfactory
image quality and the desired compression factor (50% in this
example). Compression factors greater than 50% also may be used.
However, it has been determined that compression factors not
exceeding 50% produce good results. A compression factor of 25%

25 1s eSsentially transparent compared to conventional decoder

processing without such compression. At 50% compression the
results are less transparent, but the results are acceptable and are
not considered to be significantly different compared to
conventional decoder processing without memory reduction.

30 '

The multipath nature of the compression network achieves
high image quality and assures that at least the fixed compression
factor will be achieved. Variable compression path 314 exhibits
lossless or near-lossless compression, but the number of output

35 bits provided by path 314 is variable. The number of compressed
block output bits from path 314 is monitored by counter 318. If
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bits. The header may contain other control information, such as

quantization control information for example.

Variable compression is preferably used in smooth areas of

20 an image to avoid annoying contouring artifacts. Image quality is
essentially guaranteed to be high over such areas because variable
compressor 316 uses little or no quantization, which is a
substantially lossless process. On the other hand, fixed compressor
322 may be used in image areas containing significant detail

25 information. Since quantization noise in such areas is not likely to
introduce much perceptible error, the perceived quality of an
image area subjected to fixed'compression in path 320 will very
likely be good. However, it is not necessary to selectively use
variable and fixed compression in this manner, although in many

30 systems it will be beneficial to do so. The choice of which of the
two ‘compressed blocks to use is simply based on the bit count of
the compressed block from variable compressor 316. If the bit
count indicates that compressor 16 has achieved the desired

compression, it is used. Otherwise, compressor 22 is used.
35
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DPCM area beginning with a predetermined starting address and
- continuing to an address less than the last address reserved for

20 that block. This process is discussed in connection with Figure 2.

It is desirable for block based compression to be capable of
achieving both high compression efficiency and easy access to
each pixel of a pixel block, even though these two results are -

25 competing in nature. That is, high compression efficiency requires
a large block size, while easy access to pixels requires a small
block size. It has been found that both of these characteristics. can
be substantially achieved with pixel block sizes of 8x8 pixels and
16x4 pixels. The blocks are formed into the required NxN pixel

30 sizes in unit 10 as mentioned previously.

In this example each field based pixel block is scanned in a
raster manner as shown in Figure 6, from left to right in a
downward direction. This scanning is done in both units 316 and
35 322 using delay elements 452-456 and delay elements 552-556
as shown in Figures 4 and 5 respectively, as will be discussed. The
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predet er m neghantizer and an entropy encoder (eg.., a Huffman coder) for

lossless or near lossless compression. The variable length decoder

includes an inverse quantizer and entropy decoder. The inversely

20 decoded output from unit 446 is summed in a unit 448 with an

output from a prediction network including a predictor 450 and

associated pixel delay elements 452, 454 and 456. These elements

provide delays of one, seven and one pixels, respectively. A

predicted pixel value output from unit 450 is applied to inputs of
25 adder 448 and differencer 442.

Figure 7 shows an exemplary arrangement of a group of four
pixels A, B, C and X (the pixel to be predicted) associated with the
predictive processing and coding operation of the DPCM network.,

30 This group of pixels is also referenced in the pixel block shown in
Figure 6. In this example pixel B is delayed by a one pixel interval
relative to pixel C, pixel A is delayed by a seven pixel interval
relative to pixel B, and pixel X is delayed one pixel interval
relative to pixel A. The DPCM prediction process is well-known

35 and will be discussed subsequently. Compressed pixel data from
the output of variable length coder 444 are buffered by a unit 460
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The fixed compression network is shown in Figure 5. This
20 network also uses a DPCM loop with adaptive prediction, as in the
case of the variable compressor. In Figure 5 elements 548, 550,
552, 552, 554 and 556 perform the same functions ag
corresponding elements in Figure 4. Differencing network 542 also
serves the same purpose as unit 442 in Figure 4 for producing a

residual pixel value, but in a slightly different context as discussed
below.

25

The fixed compression network uses non-linear quantizing
of the difference (residual) pixel values provided at the output of
unit 542 as a result of DPCM processing. A non-inverting input (+)
of unit 542 receives input pixel values delayed 64 pixel intervals
by a 64-pixel delay element 555. The inverting input (-) of unit
542 receives predicted pixel values from predictor 550. The
residual pixel value output from unit 542 is subjected to
35 quantization and inverse quantization by units 556 and 558

respectively. The quantization provided by unit 556 is fixed and

30
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460 st or €sS tfirelsi o6 aofivconpiedsos telexhaimidebetordabisiian piselegetzegar di ng

whi ch of th%&@%'ﬁblp?o&rssédxed conpression outputs to use. Bit counter 318
det erm nes

Referring back to Figure 3, compressor 322 has no inherent

delay, but the combination of the min/max comparison and delay

20 element 555 (Figure 5) causes compressor 322 to exhibit a one
block delay, which matches the one block delay exhibited by the
variable compression path. The fixed length compression network
evaluates each of the 64 pixel values of each 8x8 pixel block twice
to determine the minimum and maximum pixel values of that

25 block. This process is facilitated by the 64 pixel (one block) delay
provided by element 555. The minimum and maximum values are
used to adaptively select between non-linear quantizing rules to
be used for each block being processed. The two pass approach
needed to evaluate each block twice does not add additional

30 latency to the system because of the one block latency exhibited
by buffer 460 of the variable compression path when determining
if the variable compressor has achieved the desired compression.

As noted above, when compressors 316 and 322 are
35 arranged in parallel and fixed compressor employs min/max
comparison, there is a one block delay in compressor 322.



utput to use when the variable and fixed conpression networks are
;?rgnggd in parallel. However, conpressors 316 and 322 né@damty B@4r r anged
in parallel, as shown in Figure 8. In this case conpressor 316 15
processes a pixel block first, and at the sane time Mn/Max conparison
unit 560 determnes the mnimum and maxi num pixel values for the block, as
exptained previously. After a one block delay, it will be known whether or
not conpressor 316 has achi eved thel#arget conpression, and thereby

whet her or néaridglef bmqbrmnprygsqroe&aom&?é mtil%e&%fzgﬁ%‘gor%t?@ggfbr'fit

i abl SSOM; S e .target, c _ , _
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unit 322 wi 1979e5pr WaE {97 the saKputSPh cewmepepsars32Ls If Fbedand 322 may

cont ai n -si mdoampmssdr 320t did @cﬁldlufsunﬁﬁhﬁﬂﬁ& _@Qﬁ?girﬁgﬁpéﬁn,ecnt gi 3sed Cor

i i such sim _

Vari able. coramBENal 333 U, Bo PURBHTE Bne ik, delfys Nasiablengt
conpr essi onn‘ipoﬁnllfﬁﬁo%ﬁiﬁ fpes qojoexhibitenni alhetantadaptbloek ydelagngee t he
quanti zer rubebuffdd 460, hBuEfepess0 tso @y afel %ﬁ&héﬁ‘éoﬁi[ tf%%?r% ébeglglggg'rgi g
to the o/ ringelsfdh 99 il el afflag VAR, AR e usbiskls or dixed bl ook | s
scanned oncEAPISHAN: RBIRHLA ondspayBipi swinten| Uds detdtnminkedgkichf t hese

val ues all@vautpot appuedr whte Heanhiigsle ra‘rihefitx‘éd?’@o@gré;sggcﬁfh%ee@ ke the

first (resi I S nti zed. El enent 555 i _rsst pi xel
unti | 'Ehe qgiggt %rzrérﬁkgcﬁl ieIl ipgali!g%‘%labl I shed, 26 January 2004 15 which rule is

al so used by inverse quantizer 558. This may require that signalling bits
be added to the mﬁgvé@a@mgrdg%gsfmst he&d d@gprggegs%prbe{)%g&tn:ggg g{‘ ;he
guanti zer r%la?afl{?lat Si ssh(l:))el nﬂl (}ysed. 85- Thxa?iquar;tl_zenq ma%/ elgo srdered as a
form of | ookf tabl%e SPOWRt A JdEPE: Bbilks P OTRSENFRYMBYSSPeprlésent i ng
addr essesl 5 @ragessgera mael dlegutfysy- md adathe samthemeadEindiaR0%
conpr essi on.coPardsdPUinit 560 determines the minimum and maximum
pixel values for the block, as explained previously. After a one
block delay, it will be known whether or not compreséor 316 has
achieved the target compression, and thereby whether or not
20 fixed compressor 322 needs to process the block. If variable
compressor 316 has achieved the target compression factor, it will
output the variable-compressed block to the frame memory.
Otherwise, unit 322 will compress the block. Since compressors
316 and 322 may contain similar architecture and functional
25 elements, this implementation advantageously allows such similar
elements used for variable compression in unit 316 to be used
again for fixed length compression in unit 322.

It is not essential to adaptively change the quantizer rules
30 with respect to quantizer 556 of Figure 5. Simple linear
quantization could be used. Adapting the quantizer rule according
to the min/max pixel values reduces the amount of loss. Each
block is scanned once to find the min and max pixel values.
Knowledge of these values allows an appropriate quantizer rule to
35 be chosen before the first (residual) value is quantized. Element
555 delays the first pixel until the quantizer rule is established,



of quantizer 556 is an indexX that is used by unit 558 to 10 approxi mate the
out put of unit 542. This is where a |oss may occur, sinéédJrAUdMBER4to unit
558 is only 4-bit data, only 16 data conbinations are possible, while unit
542 can provide up to 256 possible outputs. The fixed conpressi on network
of Figure 5 does .not require an output buffer. 15 In this embodinent the
same DPCM predictive coding process is enployed by the conpression

networks of Figures 4 and 5. The curk®nt pixel being coded is predicted by
using previ Billstly rebridel Phixetsd Wi niveasee hﬁﬁt&ﬁex{ gséec‘ﬂﬂpnﬁ gors 32 20 and

34 (F 1 he i.ned wt reference to
Flgure 7, whirs poro o Fe g 5?52?%3? Fo THE' BisRSieah Roinpiitgde

Pixel s A B and “CREPETEXH %P@ PRt P dhy &w&werprldwthaslm damhgar e known to

t he decorrpre%?‘i)n section. A prediction of X Xpred, uses the values of A

B and C i nsaccordance 25 vvith the foll ow ng pseudo code, which describes

the algorithmto ’Pﬁ used: i (IA-Cl < el && 113-Cl > e2), Xpred = B 30el se

if (1B-C < el %-Gantt Z&Q)m%r'éfa wnmd@r@bmredfm(mspdox Maluaese el and

e2 are const ¥iths atgpuedett |fncgnpluaﬁ66@2mr6$@seﬁﬂ'hﬁ Esidrisses T I?[ gorithmis
S

used only foss@i fhile O e t row or theflr ¢ol um of
¥ by oo SRpELOA bt 0k, e BSe i1 0% oiREstipad The PeRIwe. ¢ he

t he bl ock be| rfces%sg
first pixel P 2gH lscéﬂeﬂld\%rshaﬁlﬁelﬂ%ﬁde}'hmmt 55 evence to any ot her
pi xel , pi k8l gppnoxPBatanhmront PO 6L Lénit 42, f'[‘hfst id qiyywllléea %é(?gné’ lue A as the

redlctor i |r Iunn i X val ue s the
I[I;redl ctor. gg%lgaigﬁée hﬂléﬂﬁ orn?ti a‘tt8 t '5116 C@é@*e@’ﬂ lyadbedefe. 1n the

first case, SOWBHIHOLS a@dj’é’siﬁ %u@}’é‘éls‘;ft gditbéddeean pirmeide Gpand Beand
bet ween pi xep@SSAble outputs. The fixed compression network of Figure 5 does

not require an output buffer.
15
In this embodiment the same DPCM predictive coding
process is employed by the compression networks of Figures 4
and 5. The current pixel being coded is predicted by using
previously coded pixels, which are known to decompressors 32
20 and 34 (Figure 1). The prediction process can be explained with
reference to Figure 7, where pixel X is the pixel value to be
predictively coded. Pixels A, B and C have been predictively coded
previously and are known to the decompression section. A
prediction of X, Xpred, uses the values of A, B and C in accordance
25 with the following pseudo code, which describes the algorithm to

be used: .
if (IA-Cl < e '&& IB-Cl > ej), Xpred =B
else if (B-Cl<ej && IA-C| > e2), Xpred = A
30 else Xpred = (A+B)/2

Values el and e2 are constants representing predetermined
thresholds. This algorithm is used only for pixels not located in the
first row or the first column of the block being processed. Some
35 exceptions are handled as follows: the first pixel in a block is
coded very finely without reference to any other pixel, pixels in




5 and X. Thus B is the best predictor. The second case suggests a

hori zontal edge between A and C and between B and X. Thug®Aanuary 28@4 pest
predictor. In the third case, no obvious edge is found. In this case both
A and B are equally good predictors, so their average value is used. 10
The di scl osed bl ock based data conpression network is advantageously used
to process MPEG conpati bl e datawords. The network exhibits nearly | ossless
conpression for reducing the anounti®f nmenmory needed to store 8x8

| umi nance daliea fixst 4¥% Wsd/ phkel SHRRMANGBCEL Q@H?ﬁtoﬁhﬁn@’m&% B (gompr ession
exanpl e.

is selectab y.he 25% or 50% far ow contrast, | ow detail
i mge bl oclﬁgsgr@gluﬁgﬁa ﬁ%yp}x&gs‘faé‘éfél al:gofltb"r @§%‘gg§°rvwﬁqsé3%Ythé%nt rast, high
det ai | dat a 2HGERe mitemptpeto datsst sunedgecdpt tiel €irstossse, pavdriiewl arly in

the case of elgbidaiicyaeonar oomi e pAlAQahd B 30d SR RS ACHOTPr essed
pi xel bl oc_,;k% ed to,origlinal "pixél blocks,

hi bi,t . differences,. co r
the di scl oseBHE%rrp WsPol tl%i/??étrﬁfeéhﬁoéggﬁlee%?CBO‘ércaﬁérS%ﬁﬁél adetaijl
reduction f &prizediadioge heiween Acend r@rmudt betwHea Boamd €8S Thas SASisem shown
in Figure 3th€®esbeHrbdRebrM fnh i lthiPh 0k 208y RIS E&%ee!'@ Rlinlihg, MPEG 25
specificatioQn, as \Aglglgg\éqﬁt ther di g‘l'étal data processing scherres.
Al t hough coﬁgﬁﬁe%%%r 9 986U SAPLRFpERrs PaRFtorso R8I on net wor ks as
shown in Fi gyeeage3 vahut 85 waed. of the conpression networks can be' renoved
to sinpliiffy the system For 30 exanple, to sinplify the hardware design it

may be sufficient,in_. sonme syst to use the fixed | ength conpression
net wor k al one. Zg‘h\?aﬂt?&??f%éim%%éﬁﬂ \ta 1COMPregsins MHWedF ipr ocessi ng
i mage repr egdientageeusygiused tdapaocean MEHE commphiibles daBREORRI TROPr i Si ng:
an i nput netpaegkr of V! t . €O i e
o UxHIBRE Mt A0RLES SARLLioBOTBE SATLTHE | 4o a 11 om

representative dat 8 @ deconpr ressing Cco
said i nput AEIMBEKO! APHBOIOASCHPS  0abih PrbduaBunRPendaitok fu¢ Prvcessing
deconpr edsedchimmzingnosd data. The amount of compression is selectable and

may be 25% or 50%, for example. Low contrast, low detail image
blocks are usually losslessly compressed, while high contrast, high
de;ail data blocks may experience some acceptable loss,
particularly in the case of 50% data compression. Although in

20 some cases decompressed pixel blocks may exhibit differences
compared to original pixel blocks, the disclosed compression
system is preferred over horizontal detail reduction for reducing
memory requirements. The compression system shown in Figure 3
can be used with all Profiles and all Levels of the MPEG

25 specification, as well as to other digital data processing schemes.

Although compressor 30 advantageously employs dual

compression networks as shown in Figures 3 and 8, one of the
compression networks can be removed to simplify the system. For

30 example, to simplify the hardware design it may be sufficient in
some systems to use the fixed length compression network alone.



sai d deconpressor; a nenory unit for storing data processed by said notion
processi ng network; an output image processor for proce8iJaguarE2804t or ed
by said nmenmory unit; and a conpressor for conpressing data processed by
said notion processing network before being stored by said nmenory unit. 2.
A system according to claim1, wherei’n said i mage representative data
conprises blocks of image pixel data of a predeterm ned size. 3. A system
accordCogim® claim 1, wherein said notion processing network conprises: a
notion conpensation network with an input for receiving stored data from
said nenory, and an output for providing notion conpensated data; a

conbi ner f oin £eysem ifdrg)rcs@isﬁﬁngﬂﬁ%gmeﬁ%eﬁaﬁﬁ Qgitdah, ¥h MPRRESheeRTPr essed
dat a fronhsaid deconpressor; and sald conpressor for conveying conbi ned
data fPEHIEEFYMUENI ner to an input of said nemory unit. 4. A system
accordi ng t an irlpat MetdorkTdr fedsilinga dafdstrid8innd coampRESEWIniRRIERSS R tve OF
deconpr%ssing output data fromsaid nenory unit before being provided to
sai d n%??on conpensation network 5. A system according to claim3 and

further inchddeqigpresédiiferdicdompraasing Sompictted A6 BORT €5 inpd: Ruthewt data from
said nmenory_uni.t b«?f ore being conveyed to said output 1nage processor. 26

b .
January 2003 M80R nfmafiop BrRcEssing Betgrk far rogessing dagrepeassed daig fehpr essor
i S a bsaidKebtasmedssgonpressor. 7. A systemaccording to claim1, wherein

sai d conpressor conprises:. first conpressor exhibiting a first data
conpr essi on? SIFNAE frIE’i 'r°§tgfc’6',"9 gat.@éifﬁ?ﬁ?s%% pd Lo PFROGFSING BEWOHK: f f er ent

second dat aarcoatpuERBIge Praees@dsrairbGdskitg daftstéeddy \shimeabd Uit Sy conpr essed
concurrent with sai dffi rst con rfﬁsor; and a se| ection network for

conveyi ng cBRPBESEY THLUNRIRHE $91A frogesrad; hYRpid RGHY) UOEPSSING 2WHK f r om one
or t hebafbledeiraf sto@ddyfsaidshemds, witcond conpressors to said nenory unit. 8.
A system according to claim7, wherein said first conpressor exhibits a
vari abl e conpression characteristic; and said second conpressor exhibits a

fixed ZonprAsgstem acbandaetteclatrh i1cwherein said image representative data comprises
blocks of image pixel data of a predetermined size.

3. A system according to claim 1, wherein said motion processing network
comprises: '

a motion compensation network with an input for receiving stored data from said
memory, and an output for providing motion compensated data;

a combiner for combining said motion compensated data with said decompressed
data from said decompressor; and

said compressor for conveying combihed data from said combiner to an input of
said memory unit. |

4, A system according to claim 3 and further including a second decompressor for
decompressing output data from said memory unit before being provided to said motion
compensation network.

5. A system according to claim 3 and further including a third decompressor for
decompressing output data from said memory unit before being conveyed to said output
imgge processor.



9. A systemaccording to claim8, wherein said variable conpression is
preferred to said fixed conpression such that said sel edf Venbane2QRs k
selects (a) variable conpressed data fromsaid first conpressor when said
vari abl e conpressed data exhibits a predeterm ned desired conpression
factor or greater, and (b) fixed com@ essed data from said second
conpressor when said variable conpressed data exhibits | ess than said
conpression factor. 10. In a systemfor processing imge representative

digital, data, an MPEG conpati bl e decoder conprising: an input network for
recei v%ng ai(fg?lgmsqchlglﬁggtg CL”HH&F wherelh said genpieptdealock-basetht a; a
deconpteap@esdror deconpressi ng conpressed data fromsaid i nput network; a
motion informati on processing network for processing deconpressed data from
sai d deconpressor; a nenory unit for storing data processed by said notion

procesgj ng Aasly¥emkicco®ihgitdicRiith 1) WRERIDSAE BsHifressd coRipRs&ssi ng data stored
by said mem)r_?/ unitl; an??égm,orrpressor for conpressing.data processed by
sai d not i on® JFCLLIeREPr 'Pﬁafﬁ%tfd@Faec%@Prﬁ@S' HhragaciNstisai d mermory unit;
wher ei n sai d seunar REPISssBPSRNItIGRFa fferbanbédond 28R coktrasdbrogHarRasadcf i 1 st

conpressor _exhi bjti a variable data conpression characteristic; a block
it i0%s;

based VO RO Rs comiresset cREcUrent Witly said fisst comprasses and

char act er i stiselection fbteER doItoR G PSS NS reORRY @lth Behibingabiadildl Wi th said

first congr essol;?;t g_eans for aglgl %%fns%gﬂ% ocks of image data to both said
first SHEPTESHIRERCIOL IR ey tiee 2BRCR plandiegard EHTRCERPS & SAd d fir st
conpr eswatory orit. determ ning if a data bl ock processed by said first
conpressor exhibits a desired conpression factor; and a sel ecti on network
for selectively conveying to said nmenory unit (a) variable conpressed data

fromsaid fAmsgstemcrporssas clafie?, whe@invari abl e conpressed data exhibits a
desired prede@grgri ned corrprggl(sEi on factor or gre ter, an_d_ébcijl fixed

conpr essed At dt FYBRRERH ¢ URELRA YR FuBRGFSIgn eharadestica®itnl e conpressed
dat a exhi bi $aid bessidichmpresaodexhibigpr D@ icompfateiofilcharktteribtic.a system f or
processing i mage representative digital data, an MPEG conpati bl e decoder
conprising: an decoder for decoding a received datastream of conpressed

i mge 9. A system according to claim 8, wherein said variable compression is preferred to

said fixed compression such that said selection network selects (a) variable compressed
data from said first compressor when said variable compressed data exhibits a
predetermined desired compression factor or greater, and (b) fixed compressed data from
said second compressor when said variable compressed data exhibits less than said
compression factor.,

10. In a system for processing image representative digital data, an MPEG compatible
decoder comprising:

an input network for receiving a data stream of compressed image representative
data;

a decompressor for decompressing compressed data from said input network;

a motion information processing network for processing decompressed data from
said decompressar,

a memory unit for storing data processed by said motion processing network;

an oufput image processor for processing data stored by said memory unit; and

_ a compressor for compressing data processed by said motion processing network

before being stored by said memory unit; wherein said compressor comprises



representative data; a deconpressor for deconpressing con‘gr essed data from
said decoder; a menory unit with an input and an out put Z6aap¥asR004 .
conpressor for providing conpressed data to said input of said nenory unit;
a bl ock deconpressor for deconpressing data provided from said output of
said menory unit; a notion informatt%n processor for processing o
deconpressed data from said block deconpressor; a conbiner for conbining
out put signals from said deconpressor and from sai d notion processor to

produce dat gbfo%f( bggéjcl tL rg@é[ | r%ssg{ 8>?'gtcaitl ggér(saai) I%g%ﬁﬁlﬁgﬁout put image

processor for processing 112. A nmet hod for
processinaigctemﬁﬂoded I\/PEG corrpatl bl e i mage representative digital input data
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i on ion

combi pi g SaeasEEb b T R A IR R
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d r SSI er.
bl ock. baged SaEl ok 15 sEedurd) CoRlSTRb T B ShE8 of o 3B SF e
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L0 vk Bdsitearad ROmminta door ASATICES 3) Btalch BATRI 12 ShiTSGeh Bl & ToOrY

to pro uce tp i mage 1I"on ng said
i mage fffﬁm@ﬁldeﬂep@mﬂ @mprdssmwntselda/adahlpIcampmseeédatarexhibﬁs llsh theanssakd em f or

Pr ocesgigrekdiitifacidyge representative information, an MPEG

11. In a system for processing image representative digital data, an MPEG compatible
decoder comprising:

an decoder for decoding a received datastream of compressed image
-representative. data;

a decompressor for decompressing compressed data from said decoder;

a memory unit with an input and an output;

a block compressor for providing compressed data to said input of said memory
unit;

a block decompressor for decompressing data provided from said output of said
memaory unit; ,

a motion information processor for processing decompressed data from said block
decompressor;

a combiner for combining output signals from said decompressor and from said
motion processor to produce data for application to said compressor; and

an output image processor for processing data stored by said memory unit.

12. A method for processing encoded MPEG compatible image representative digital
input data comprising the steps of:




conpati bl e decoder conprising: a deconpressor for deconpressing an input
dat ast ream cont ai ni ng MPEG coded data to produce deconp?@é%@ﬁgﬂ 90 a
conpressor for conpressing said deconpressed data to produce reconpressed
data; a nenory for storing said reconpressed data; an output network for
processing data stored by said nenordd;, and a notion infornmation processing
network coupled to said nenory and to said conpressor for processing inmage
notion information associated with said input imge representative

i nformation 6 January. 2004 21 16. A system according to claim15 and
further inc["i)lé?ﬁ .'ngaSE?‘%F‘PH%qatﬂE‘bEfﬁﬂV‘?sé%Pd?%fjataécorrpr essing data stored by

sai d nmenor y(H)ekesraprebshd gaid tiedd ddadiatDtosRrbdlce WeBbrhphBtawdda; Wherein said
conpr essor fcgd said further deco ssoL are included in a DPCM | oop. 17. A

. re
met hod of pfBERVBIETYNG MiprgIatign nglding salcdroomprassed datada i mage
r epr esproidate yemprdedaa informationt Ng t he steps of; (a) deconpressing said input
dat astream @ EG coded data or produce deconpressed data; (b)
conpr essi ng §°&"8§€'§r‘r‘ﬁ%’?§§8d aﬁqr%aﬁan By BEWER: r econpressed data; (c)

storing sai (k) decampessisgifdidation $tehedih 8XiGhdiBory ¥ Prodlied 8sbongfedagessed dat a
to an imaF#a g nf of mati on processing network; and (e) Processing inmage
mot i onSPPHRIPIREPAN i n association with said conpressing step and said

storing st ef) mdfon protasingdsaRCdsoiphgssta stréd ifolmatidrifotieduceaidtionsi ng t he
step of foggga.de_co ressing said stored data before providing said stored
data t& ffon. ja ge processing network, wherein said conpressing step (c)

and sai d de)epmbimirigrsgidsietionigfordaor Witd sul€ detdinfresddd@Mtd RQRroduce MEMORY

MANAGEMENT .FOR_.AN | MAGE Sd PROCESSOR Abstract of the D sclosure
said information compréssed in said compressing step ?c )

13. A method according to claim 12, wherein said compressing step (¢) performs
block-based compression; and said decompression step (e) performs block-based
decompression.

14. A method according fo claim 12, further including the steps of
(@) decompressing information stored in said memory to produce output image
information for display; and

(b} conveying said image information for display to a display processor.

15. [n a system for processing input image representative information, an MPEG
compatible decoder comprising:

a decompressor for decompressing an input datastream containing MPEG coded
data to produce decompressed data;

‘a compressor for compressing said decompressed data to produce recompressed
data; _

a memory for storing said recompressed data;

an output network for processing data stored by said memory; and

a motion information processing network coupled to said memory and to said
compressor for processing image motion information associated with said input image
representative information.



An MPEG conpati bl e decoder recei ves encoded, conpressed data in the form-
of image representative pixel blocks. The decoder incl 48&8ngary 2804 nenory
(20) for storing reconstructed pixel blocks incident to the decoding
process. The previously deconpressed data is re-conpressed (30) before
being witten to the nenory. Storedldeconpressed data is deconpressed for
di splay (34, 26), or as needed for decoding functions such as notion
conpensati on processing (32, 22). The conpression performed before witing

data tq.memyry i s bl ock-hbased ongr.essi on usi ng conpressed data from one
of tvvoqg‘i f?g}%{ﬁ{tem (o] "@stgic%‘f"ﬂgtqr‘:‘g f\’%eémcwll?&r ess a gi ven pixel bl ock
si mul t aneouslfyrther Begunigredsor for decompressing data stored by said memory before

being provided to said output network, wherein

said compressor and said further decompressor are included in a DPCM loop.

17. A method of processing a digital datastream of MPEG coded image representative
data comprising the steps of;

(a) decompressing said input datastream of MPEG coded data or produce
decompressed data;

(b) compressing said decompressed data to.produce recompressed data;

(c) storing said recompressed data;

(d) providing said stored recompressed data to an image information processing
network; and

(e) Processing image motion information in association with said compressing step

and said storing step.

18. A method according to claim 17, further comprising the step of

(a) decompressing said stored data before providing said stored data to said
image processing network, wherein

said compressing step (c) and said decompressing step () are included in a
DPCM loop.





