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
st gni 11 cant DRRE s Gn? yaFls, bl eniGae, diert oropteact calig i n
consumner prd’d’&‘c ighs definition italsyision EFEDEV))sifon esymiptsTsThé MPEG | nportant to
keep to cosy®efios UPfttiieO BifettsaGraupF i 8RAP ol &Yy standard
15 (ISO/MIEC 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.



26 January 2004 2 In accordance with a first aspect of the present

i nvention, there is provided in a systemfor processing i4feigguary 2004
representative digital data, an MPEG conpati ble decoder conprising: an

i nput network for receiving a datastream of conpressed inage
representative data; a deconpressor for deconpressing conpressed data from
said input network; a notion information processing network for processing
deconpressed data from said deconpregsor; a nmenory unit for storing data

processed by said notion processing, network; an output imge processor for
processi ng &hﬁ‘ﬁ%@@ﬂ@% v %ilrﬂ QﬁP@gF 9Fmﬂ P'Eesﬁﬁﬁ'"é(eﬂ-g‘h'brt@%%fs prgvided

conpr egsi | o : | r ar.e being
ctored o IS HLECETG e T SERIEHOD dNjief SR, 4 IRRT LONRRIPIT o

i nvent denpdémhesraprisingr aniidpdt network Sy teneiviog gdatastreanyof cagpressed

o T et S (ARl SRR oo ogSaR orRape 0RE "
repr esedhdhieingat Aetforde 6OMBLSS Sforhafios PFOEBYSRRP hBAVETRTBF ppe@dshRfa from

said input network; a notion information processing network for processing
deconpresed@rersed fatemitom daid daponyessor; & maamoyy whit fdrostosingr datg dat a

proces | i,.on. i k;..a put_ | e _pr sor for
br oces B s el 0 BRL AR BFGSR HEMiH o dulbth Sicel BRfooREF 961

conpr epsddegsindptiatapstorst b¢ saiy ns@rndrymahit;oand BOSEApiegoN ESMEdripRsiige bei ng
stored by said nmenory unit; wherein said conpressor conprises a block
based ﬁ??%?r%%?‘és%ﬁa'de&m'ﬁﬂtﬁ"ﬁ@e*"as’%rﬂeé\ﬂp'ék befose hsing staedby said

char actgdrhsh/ ¢nit.@ bl ock based second conpressor exhibiting a fixed data.
conpression’characteristic, said second conpressor operating in parallel
with said first conpression; neans for applying blocks of inmage data to

both said first and secqond conpressors, concurrently; nmeans coupled to said
first compr JbBEFOIEGRCH ALy ASRPRRY ARPECLA BeHNYERIGR dherdds ProRgeddna 1 r ot

conpr esgaenfXir BrdcesBindeimagd repradenttivendighsl Bkia, 281 MPEE @6hiffibighet wor K
for selectively conveying to sald nenory unit variable conpressed data

f rom sdegoden eampisipgess dnpuineiwork irvecebiigea cintpraiesst ofispanpesssasi ts a
e T a8 S85eRE M £AD8 RoRbrb8S Yor YecBERb&ling Wrhirbissh 641" essed
from said input network; a motion information processing network for processing

decompressed data from said decompressor; a memory unit for storing data
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



sai d second conpressor when said variable conpressed data exhibits | ess
than said conmpression factor. In accordance with a thir @6a@pediy 2004t he
i nvention, there is provided in a systemfor processing inmge
representative digital data, an MPEG conpati ble decoder conprising: an
decoder for decoding a received datastream of conpressed inmage -
representative data; a deconpressor for deconpressing conpressed data from
sai d decoder; a menory unit with an 2aput and an output; a block

conpressor for providing conpressed data to said jnput of said nenory unit;
a bl ocI%al‘]’«reE%‘Fﬁﬂ‘£§%'6‘P“f rd@%ﬁa@sﬁwﬁm&pmw%ﬁmﬂeaﬁf p¥hbiéslepsoti@but of
said dg B%8fon facfPL i on information processor for processing

deconpressed data from said bl ock deconpressor; a conbi ner for comnbining
out put si gnih sictordansai with dethordpaspacirofathe ihventicrgi tlereots provideat@sgor to

d ta,f lication t ' ! - and tput i
P oc s SR 1510 prERsingS miads repuRentue SaRar Het 9 MIPES. FhMaebBRdance
with adbesdém @ﬁﬁ@%in%f deqbaerit ifen. dddifiy | & Pé(?éﬂ/&?dgétasfféfaﬁp_ ff or

processi ng encoded MPEG conpati ble inmage representative digital input data
conpr i §PRpresredstimggeorepresentiativg daiad angecoripresspo for odecumpressigd  dat a;

deconp | | 0 dec ressed data; . conmpressing
ot or mEpTEnESeR AR R SR 8 Ricr a BRI PO BREE aN T sh e80T

i nf or meldchrconspressmfos praligingoessiesseddatandtdadirplit BE 8Bt hem@BE RiRr €SSi ng
information stored in said nenory to produce deconpressed stored

i nf or n8t PIBRK desempresHasdes derampressing: dathpryided Fonr saidi eutprihaf said t o

pr oduc ' A f oYk L kA ' | ' ' ith said
fecompe SeaREsoR @ Bldrfforiaion HIRL£teed abfogBRbh ] et R

conpr efreimgaidsttiegk denompossstang eomldimerefof combirisg ectpuafsigris farvesaidon,

th ' i ded t f ' ' t i epresentative
| nf or mAEPORPISEEOAEE frorg FrH Bpion plsse ok BraciCRaa THe SBRIFES8TO T or
deconpegRISEHpAIsoRPHid FPbaRILE %%é%a@ﬁdwol\/g)@eggﬁ@gd% &toréd g;ygduce

deconpressed data; a conpressor for conpressin conpresse ata to
produc&aidgpemenessdd data; a nmenory for storing said reconpressed data; an

out put netwyy léc];:&rda%%e‘]\%Haar ¥OL% O%S%%Ct of the invention, there is provided a

method for processing encoded MPEG compatible image representative 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



processing data stored by said nenory; and a notion information processing
network coupled to said menory and to said conpressor forRSpeBe%dPPdy i mage
notion information associated with said input imge representative
information. In accordance with a sixth aspect of the invention, there is
provided a nethod of processing a digital datastream of MPEG coded i nmage
representative data conprising the steps of: deconpressing said input

dat astream of MPEG coded data or prgsluce deconpressed data; conpressing
sai d deconpressed data to produce reconpressed data, storing said

r econpPEeeRsgingadata siared dngalhinemensrang se switionekkenmationa prasesaindgmage

i nfor i p i - . P, ess) I | j rmation in
associ TPMETCEREd; G ety 3R, (b AG KEhilsb BT B, Hgbkpnt TiploRr

Descri piotiom infortratioPrassboigiedrivighi seidlinpst indyeoeiprekiergative iaformationt i on of an
MPEG decoder enploying the principles of the present invention. Figure 2
depi cts nmen¥? P%ﬁ%ﬂﬂ‘?g yith ?Lﬁ'ﬂhaﬁg)%d?fcm ehHgnstharat iBoRevides gure 3 is

a bl oc hagr, ; : i r pRidi ol : r of
i gur o O PrECos e BRAGRA) Ao bRt o MBEe oplad SRR RN 7 ur e
3. Fi gdats congnising diepisteppiote Heaompressingn saich @ipft udatastresrde o tMPIEGN g

t £t ti f th k h in Fi 4 5. 26
aeect s g ol o Bk Bt S L SN D e L 202,
net wor kg p?o&&&’?@c&n?@%‘sé@ d=aPeidringns£Hé @c&h@?ﬁéﬂdgﬂéia; Hrevig Baiuch as

may be found in a television receiver or a satellite receiver. The video

pr oces stared nigogauyessesb dagat foomal IMvegEs inkco@son cpiesessingedetwaykblameks 10,

oxcamp! By iz Motth il BT SRR R i CSOR G BhfBel Rt el

Spect r ap daid sleeihgE¥d.. I n  accordance with the principles of the present
i nvention, the MPEG decoder additionally includes bl ock conpressor unit 30
for conpressing data before being witten to frame nenory.

Brief Description 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.



15 The systemof Figure 1 receives controlled datastreamof. MPEG coded
conpressed data from a preceding i nput processor, eg., AStPBWpEPP4
decoder, which separates data packets after input signal denodul ati on. The
Feceived data is in the formof data blocks representing 8x8 pixels
(picture elements). This data 20 represents both intraframe information
that has been-coded, and interfranme predictive notion coded residual inmage
information representing the inage difference between adjacent picture
franmes. The interframe notion codindyinvolves t he generation of notion
vectors that represent the offset between a current bl ock 25 being

processed and FiphRCl8 idepictar 8" alteaitpld l&i}a?d éﬂ?@% tion vector
~whi ch repre?ent the bestpacnatch bet ween t he rrent maa-%g%#):ﬁgr bl ocks is

coded and™t¥fitted. Also, the difference (reS| dual ) between each noti on
~conpensat ed 8x8 block and the pri or reconstructed bl ock is DCT transformed,

- quantized 30 ag b re_bhei transmtted. This
not i on Scorrpensgé rg Qé]%ts! ég‘ég‘?%é‘sgﬁ%a‘%“ﬁ?%}fé’ﬁ?%ﬁmd%{ 28in the
Ang, et amayarhe; %nc#relm ﬁoh@éVﬁb@Wd‘eCW@rlwpmt seteiliteeseexivpr.x@hedat a bl ocks

1 ot opstebor o RGNS [l SRR 1
main 26 Jgﬁu&o&‘r‘ﬁ gﬁl’ iz’ Ilg 6a f% 28 rtf#)élze ApRdPES encedamandecoded
conpr essedeceder afe Ghasunbt-dlZot Sexdﬁqﬂaprt?s gatg e alnvensgeguanti zation unit

vei oo b EAMESSBRINASS: Bif GRS IERL SHRR AL OoGHks e B0 Lk

bei ng app t 0 one
“inverse gaegandaace 1withs th@rpmm:llpé@ lof thesipyesentf imvenichi, ethel MPEG assure a

'snoot h dafacdddV.adaeG oS! qi%rrﬁ;dl@@equﬁhg% e reﬁgpv%gﬁ%br@}decoder 12 to a

moti on conpensati.on ynit di scussed coder 12 al so
produces ggmm%%mgn AR l?er aFe lPFHBé Fauder trfEame SMYRArY- as known, which
is not showmn to 10 sinplify the drawi ng. The operations perforned by units
12, 1415 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



and 16 are the inverse of correspondi ng operations perfornmed at an
encoder, eg., at a transmitter. The MPEG decoder of Fi gul8Januarnged®stit utes
t he recei ved i mage usi ng known MPEG processing techniques which are
described briefly below. 15 6 A reconstructed pixel block is provided at
the output of adder 18 by summing the residual inmage data fromunit 16
-wWith predicted i mage data provided at the output of notion conpensation:
unit 22 based on the contents of frane nmenory 20. 20 When an entire frane
of pixel blocks has been processed, 4he resulting reconstructed image is
stored i nlé¢vedremaamprpfi?®. MREGt Hetastrieent. f Perede®deompiéssed HEGL Or S

bt ai ned .12 t ' : tion.of th di ct ed
bl ocke 1 aigt RIS io dedtfiple3Edh 1, BRRUSEC dulfeigBiBh BRI 14) RG adaer
18, nenoPy 2oveises discres cosipen&anstormation IDGHY amibgkustfpre exhi bit's

si gni fi cabking rppliead (s Ynp@d Wi ABRr LS thet B@P $PR g;fm%'d%ak based

conpr es orb 30.1n accordance Y\%t'h t he 3ﬁ &rsl nci-ples of the present

|nvent|§n. YspULYase A4antizene 14 nigureniselledebin q, sighali from ¢ butfer sl nemory 20

i s reducedo assare pr astsdcthnidand fRiwuliecodgd, modion( dectorseireds a function of

the co d rfo nit .30, I tional details conpressor 30
: "PLESTIARA Berh CHEShLY Et %o A gﬂ?@grg"&ggpi%sag%éwt %90 4asSm) A

w Il be dfscussed Wth réespec

pi ctori al Wilpbes digcausseth brlowheDeedderd 2naisy yprodyaes eareringerditrenor y
devi ce 20fixmshavhe! f1EEOUbRAIE] ﬁ%%{l'égdér ﬁﬁoaﬁn,t?mc{quprﬁot@ﬂoﬁﬂ Eé}e left

the 1 G S ribeodraw i Thes SRPLHA S DeriEI by 0Kt 13 s1dr e bl ocks
conpressednlly16 are the inverse of corresponding operations performed at
an encoder, eg., at a transmitter. The MPEG decoder of Figure 1
reconstitutes the received image 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



unit 30. As will be seen fromthe follow ng discussion of the conpression
network shown in Figure 3, each block (eg., block C) is2fdarumyagerto fit
wi thin 50% of the space normally required for a full size menory, or |ess.
That is, the conpression provided by 10 unit 30 is 50% or nore. In this
" exanpt e any unused nenory space renaining after conpression is |left unused
so that the starting position of the data for any block is a known
| ocation, or starting address. In the full size nmenory, any particul ar
pi xel can be |ocated and accessed cause of a fixed mappi ng between the
video frame pi’kepistamal tiepresentationi okl thaddedisceeks . m&ime)r educed size rrerm(rjy
does not e ks..are mappe
‘?é(ﬁ\h%ﬁleﬁt%%'f ﬁﬁénpdrér hempﬁﬁg%s sﬂ%ﬁxﬁfqn ?i Ea?[ﬁ ?bg"éﬁﬁ block | s

into the a particul ar xel” fromwthin
needed, Ige% H@%‘é’é’eé@%ﬁ’ﬂﬂd Bcedb Jepraseain iar manpmgko fpidata. A

convent i ovtn&)daclM’Eﬁtlﬁnrral full esigd m@ﬁidﬁ "l‘fl‘fe! |rﬁ%%>’c$ﬁ e (1ig ?B rﬂ(lél:éﬁjrafér%xflrjée

require capaC| 441, 6
Vi geo f?aﬁgw %”?0? gﬁ ﬁ@elpﬂ\é%e‘sf F%ﬁﬂesto Sk éélPer qQmpegssed nbBccor dance
with the pnésaht Asmeﬁl iben seen fdmmctl&sefdllaimvg diethgsion DIOtEHPO0 bits of

menory ar Ta 80Q ,hi f frame
n”em)ry fo?ou |Hés‘rl 58 ﬁa{vofklpgﬁ‘%ggl |§ l?faf“ﬁ bl%c%of 3}1 ﬁ]% (1:5)
Ther ef or el§ fglg’@alﬁﬁéds%tfétm“éﬂﬂﬂo§9‘%a nyphftaﬂpa% Wmalé)(tmqmlredmfanr y
flevn ce, tﬁnﬁm aéa@eltm&ﬂm%rt s)rOfesﬁrermfay i3P3RE &t?(flﬁ g@sg 8V dgérﬁEg decodi ng,
eavin e.remai ni ext erna capaci val
pur pos 9 Ui, ga 8r%feﬁn‘aﬁespf“§38 Fﬁi&&'@% o%é’s Psimnemarsﬁbme buffers
or other sqmmmhgbaftbereom@ﬁes&ml} dxatgft eunvseds val lﬁleatdltlﬁ'é gﬂ&ﬁﬁ@gj circui Eﬁ

d ! teqr e decoder nory on e
are deve gB?ﬁzon ?68@%6(:@5 QF Sin, gléc(fc sp %3 R"ﬁl [AREatio. - oF ose?:%

same 26 J nuary egra HY  net wor ks.
"Reduci ng ad fe?r%m)ry requirements in an HDTV decoder systemw Il result in
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



significant savings. For exanple, in the HDTV system proposed by the G and

Alliance in the United States, the frane nenory 5 requir @fgacudrg 20020 x
1080 x 12 x 3 = 75,202,560 bits. Wth 50% conpression, the nmenory

requirement is reduced to 37,601,280 bits. 10 The use of conpression by

means of conpressor 30 prior to storing data in nmenory 20 requires that
data be deconpressed prior to unit 22 in the notion conpensation
processing loop. This is "acconplished by bl ock-based deconpressor 32,
whi ch exhibits the inverse of the dperation exhibited by conpressor 32.

Bl ock 15 bateggatdeceifeués Sﬂrth 3€hd Sotherm deode Hetworks. MEdEEng rrp[ri@sses

Pt ocessor amay iERuRET %%ﬁz&?ﬁ%"epeﬁp?ﬁ%sﬁﬁ”ma@aﬂdF%a%iﬁﬁﬁgrt e pi xel
data for -digmfiggnt sadingsl a@ordlelxamplmeumdhlc HIREY apstemngropegedduci ng
devi ce. Z%Jr@rﬂﬁﬁ%llﬁ%@enﬁqu Htf.l gt S?ﬂc&e‘fﬂé"ﬂh‘&e”ﬁ’erﬁ& sed wth an

MPEG 2 inle mal n pro er which s capa f decodi ng MPEG
2 dat asfr ESHRLIGMENT rige resolution up to CCIR 601 (720 x 480 pixels). The

techni que is equall ygappklmgﬂ & 10 X53 MPEG, zogmmtgams and to ot her

I mage resg{,w_l ﬁB% I ncl udi n ?Q definition. orma{s suc ag may be
associ at e t RVB? oaYBRE:SS AP LFYFEmERt d5i iredi §Pal s, and
ot her typéd,@1,2800rbits.i on bearing signals. 30 Data from stored anchor
frames such as | franmes is generally accessed in a random fashion

-accordlng to the notion vectors 6 received in the input conpressed data

streamt OA bl ocilhads® Of; sABIAIESSIOR BE hBenswehcampressars dhaptier to

accessi bi btdri/ndg)fdﬂaxeﬁ n‘féﬁi@l‘ rzmﬁeaﬁufeéaﬂﬁunam%e AR cBmiprésfidgeel bl ock
has been foun

35 t t he di scl osed S|on chene.
Lar ger pi REY gi?l‘ﬁvﬁf%é“&%“o@@%ﬁéﬂ”cﬂ@ﬁ@%ﬁ?ﬁ) 89Bi orMfechni ques
at 26 Janimr@ccmqaﬂlshed by block-based decompressor 32, which exhibits

the inverse of the operation exhibited by compressor 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



7 the expense of reduced pi'xel accessibility. Smaller blocks allow finer
granularity in accessing pixels at the expense of fewer 26ganuans 20t
conpression. Various types of conpression, including quantization and
~transformation, nmay be used to inpl enent the 5 function of conpressor 30
dependl ng 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 predern ned anount,
~ or nore, so that the location of eath conpressed block is easily %
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t echni que photicuke iy;stemrrpressor 30 is showmn in Figure 3. This conpression
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same pixel bl odle type vel icaimpressipsr ased osh@ddnpreferabliasbuthaoadvant age of
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15 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



substantially | ossless path and includes a variable conpression 26 January
2004 8 processor 316 which provi des conpressed data to éRdag4ary Ba04 sj gna
i nputs of a nmultiplexer (MJX) 325, . and a bit counter 318. Counter 318
monitors the bit count of each data bl ock conpressed by unit 316, and
provides a switching control signal to a control 5 input of MJUX 325.

Addi tional details of conpression path 314 are shown and will be discussed
“inconnection with Figure 4. Path 320 is a |ossy path which includes a
fixed conpression processor 322 as Shown in greater detail in Figure 5.
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20 of Figure 1.
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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




The multipath nature of the conpression network achi eves __high imaége
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achi eved. Variable conpression path 3.14 exhibits | ossless or
near - | ossl ess conpression, but the nunber of output 35 bits provided by
path 814 is variable. The nunber of conpressed block output bits from path
314 is nonitored by counter 318. If 26 January 2004 9 the nunber of
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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



| mage area subjected to fixed conpression in path 320 wll very |likely be

good. However, it is not necessary to selectively use vaPiamiasy a8@f fixed
conpression in this manner, although in many 30 systenms it will be ’
beneficial to do so. The choice of which of the two conpressed bl oc s_tgI
use is sinply based on the bit count of the conpressed block from varia 3
conpressor 316. If the bit count indicates that conpressor 16 has achi e\ég
the desired conpression, it is used.i1® herw se, conpressor 22 is used.
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k. This precess is di.scussed.in connection W res2e ' _
31&2& abl eI fd?’lﬁl Sc USSR Rpidieyiss eseaier dhpmbihe tfrgat hiovpregsibat h hi gh
conpr essi 7 énfaugitetey ampueasycamprssot 316 is used, and some of the

reserved memory space is not used by the compressed block data.
That is, each compressed block begins to fill its reserved memory
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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446 is summefiable lemeth srsleni ean dncludst put opticmalahjytedsdlugionnet wor k
including a quadizet oind*%® @Aftopy 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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compressed block output (for the same pixel block) from the fixed
length compressor is conveyed to the utilization network,

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



The fixed conmpression network is shown in Figure 5. This_ 20 network al so
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block is processed.

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.

e
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whi ch matches the one bl ock delay exhibited by the variable conpression
path. The fixed length conpression network evaluates each of the 64 pixel
val ues of each 8x8 pixel block twice to determ ne the mnimmand maxinum
pi xel values of that 25 block. This phocess is facilitated by the 64 pixel

(one bl ock) ‘atizlyle pompirelsdr byl el dERNho6 Have ThE iXhBidR My AN, BRXI Mum val ues

feed Tor onaetibte L toutfer oAb ARIMEHhe TR onRcBlock BRE. fanethddaed o
eval uat e eacldBy deKkWelli E&r dere Luipit &b ccoanpriessan3L23 10 fixedency to the s%lst em
because .of tdvenmmessdd R |dad ensty ug¥ hidvhingsk (Wn%&ﬂgcﬁ'ﬂ ARQ of the variable

conpr essi whsn t \ hi i.f..t.he varigble ressor has- achi eved
the desired Ogjgﬁ r o5 823 FoUld ks SHbY AwhBH @8%@@;& gppland 322 are 3
5 arranged i%%&rﬁawreﬁléném &y exhripitegs oinhenpitoyse blotkadelagodpar i Sanl
there is a apebbffeck4Giel Byffen m&&%oﬁle?’%?tsblgig g%ﬁﬂié‘gfs\gf?g% %eﬂ'{)r%/ﬁ;:cg . ©
conpr essor t e_an_j.nherent one . Y.,
46(r)rphol ds tﬁ%%gg%?%gg %‘Pgt\ékre%? “ﬁoﬁgb‘i&‘ PE ths, ¥ariahlg %lffxefjor the out put
of conpressdiCTPESSION PRIEHS Comseeddibrcaaredidd Sndetararines ik conpar i son,
then 5 conprespor t32%ssvouhen NBle &4hblet aRdORSR! Q?xlﬁgE@égﬁ?'n r}ég{v'oﬁp% €
conpr essor dass Dot e tyggllllél an i nherent one blo el'ay due to buffer
460. Buffer%go StoPes 'tnhéj | "of conpressor 316 before a decision is
made regarding which of the variable or fixed conpression outputs to usg.
Bit counter 318 d@®eved)eSomPicthorsl818ULRAT3ID 1S }‘}'B?&)Oet NEap3ehapl e an
fixed corrpreﬁ%i1 networks . ar arr%ng[ed g0 é)aral el. \A%\i%r’ Colfpr essor s
316 and 322 naeelgglno?S \é\ﬁ.o f'r dhgég!fen ©- "n this case compressor
15 processes a pixel block first, and at the same time Min/Max
comparison unit 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 compressor 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,



|, as shown in Figure 8. In this case conpressor 316 15 processes a
Bia;g: | gl ock first, and a'? the same tine M n/Max conpari @6dayary 2860
determnes the m ni num and naxi mum pixel values for the block, as ]
expl ained previously. After a one block delay, it will be known whether or
not conpressor 316 has achieved the target conpression, and thereby
whether or not 20 fixed conpressor 322 needs to process the block. If
variable conpressor 316 has achieved fhe target conpression factorh it
will out put Whigh valg abldscomdebyemvbkmhuhﬁtiiéle538@”@&9%{{8{,%.22 Q her wi se,
contain simm [ oy orn clBhe i e HRdd R 3RS idfastraam f oty

[ m Lar archi : - _

fﬁBf ?mr;nts :at i %)h% &f?x‘i%‘tpéa%‘b%@naﬁpav@f stie hqwantizear rule| dhaeniss beisgd f or
vari abl e conppedsion in unit 316 to be used again for fixed Iengthh
conpressiofi in unit 322. It is not essential to adaptively change the
quanti zer rules with respect to quantizer 556 of Figure 5. Sinple
| i near quanti zat iﬁﬁe cHIAYIZEE Mg dbe sasidered taseagfmant iofelookutie @abkgr di ng
to the nin/ niithpiosput ditsefromduess smuera;]mg@ﬁtiﬂg A&ﬁﬁssﬁgg galgtﬁﬂ‘{fk s

- pe i es. Knq hese
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al | ows:an appro f ] . .
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unti| thel Quapproxémateultiee icutpst ol wsinesh?. 26hikanuainerd %ﬁgtgssﬁl RS
e added to’ S hataetedlit Mudilo Tk 558, 5 OB 4T ULls ohmbuBt foa of Che
gﬁaﬁ?i ger (r)u?(émPHH’t“q“é BET RgssibiedW QeTneithéati:z_nerpruai;deb&pcwsjsgdgﬁred as a
form of | ookpegsiblabbetputwi Theotixpat c@m?ﬁesfsfdhmn‘éﬁbﬁrl@%% EF%%EZ%%DESQ
addresses. Q4etbZfire §§6oﬁfb§ﬂuﬁﬁgt§%b' data in the cas

conpressin. The output of *quan r 556 i s an index that is used by unit
558 to

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




10 approxi mate the output of unit 542. This is where a | oss may occur,
Slanplf i nput to unltp558 is only 4-bit data, only 16 dafdanyswePeht i ons
are possible, while unit 542 can provide up to 256 possible outputs. The
fixed conpression network of Figure 5 does .not require an output buffer.
15 In this enbodi ment the same DPCM predictive coding process is enployed
by the conpression networks of Figures 4 and 5. The current pixel being
coded is predicted by using previousty coded pixels, which are known to

deconpr essotis 3&52@0@”@83%1&5‘ gHRR A) as Tihe %?dtﬁ{ %ﬂd ??ﬁ@sﬁl ?l':im be
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predet er m nege Helt Epi@&’ﬂc@@r I-ﬁh'ﬂ?e %igﬁréatslamrfo oH@ﬁglt 0@&%91 Igrf(’%é?ggsppgéessed.

| ocated in f|r wor I rst_colum

Sone 3 5 exé@%t? gdaEFs eABrkyweood peedipioss, B?X&Firin a bl ock is
coded very favarage waiuvpus mm’derence to any other pixel, pixels in 26
January 3@4 16 the first row use pixel value A as the predi ctor, and

- i h redictor. Basicall ,
ltmh?(gl Sa: So£ ih'?hmf > coi S[ng 5@%‘2'@)5% e‘gagj%ecq%ﬁgiseﬁtém% Ir[1)1§iW@%kséS a verti caly

advantagcously used to process MPEG compatible datawords. The
network exhibits nearly lossless compression for reducing the
amount of memory needed to store 8x8 luminance data or 4x4 uv

15 (chrominance) '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
detail 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.



edge is suggested between plxels C and B and between pixels A5 and X Thus
B is the best predictor. The second case suggests a hori28dnaneary 28ge
between A and C and between B and X. Thus Ais the best predictor. In the
third case, no obvious edge is found. In this case both A and B are
equal | y good predictors, so their avi@rage value is used. 10 The di scl osed
bl ock based data conpression network is advantageously used to process
MPEG coupmi$:bl e datawords. The network exhibits nearly | ossless
conpression for reducing the amunt of nmenory needed to store 8x8

| um nance data or 4x4 U,V 15 (chrom nance) data. The ampunt of conpression

i's sel ect ablrea syitem fat\préeseibirmsge@ifesb MatiRXAgR EataLQHVNﬂiH@ EdfipatipiedW det ai |
i mage bl ocks are usually |osslessly conpressed, whi ['e hi gh contrast, hi gh

det ai | 9IS BB G ey experi ence some acceptable |oss, particularly in

the case of abMMjutlaétaokaoNicesising - dafstraamat cbr'ﬂp@sé&iﬂ%g‘é@@ sElag@aEpr essed
pi xel gltocks may exhibit differences conpared to original pixel blocks,

the di $¢fosed conpression systemis preferred over horizontal detail

reduction f@ﬂeé@dmsm foﬁmmwrersgtﬁybétﬂﬁw%éd dath frofPsEd ﬁr?ﬁ! Hiwaikst em shown
in Figure 3 Profiles and_all Levels of the MPEG 25

speci fi cati 8H1°%8§ "ﬁ@ma%ﬁg pf‘i?eﬁﬁ“PﬂaPetH’PGﬁ fpoprogegsigfeserpegssed deladions .
Al t hougdid decgmmessyr; 30 advant ageousl y enpl oys dual conpression networks as
shown in Figures ressi on networks can be' renoved

to sinplify {"f?é“%%f“gﬁr 5f§’<5'F‘9 §6taé3f39ﬁﬁﬁ‘°e‘§b¥ id MASPD PlOceRINMBEMRET e design it

may be suf f aecbetptt lmgemsws@ﬂffscds@my%l@tdél&eﬂ'b&%ﬁld'rﬁ@rﬁb UHRITRES ST on
net wor k al one. 26 Ja uary 2004 %atCLAl system for processing

I n
i mage repr eggﬂTB'EqS%r 87 FinePsng aBFPcﬁ/Ii”i?é]lﬁ’ WPB?%prOBWetW@#prl si ng:
an i npigforedisiny stofedrbyrsatngmsey wnitdat ast r eam of conpressed i mage
representative
2. A system according to claim 1, wherein 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 combined 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.



data; a deconpressor for deconpressing conpressed data from said i nput
network; a notion information processing network for proé@danyagy 200
deconpressed data from said deconpressor; a nenory unit for storing data
processed by said notion processing network; an output image processor for
processing data stored by said nenord unit; and a conpressor for
conpressi ng data processed by said notion processing network before being
stored by said nmenory unit. 2. A systemaccording to claim1l1, wherein said

i mge representative data conprises  blocks of image pixel data of a
pr edet ér i né‘tfy%"leg'e"’.‘cc@r.d?%atgfg"\'r%ﬁ YRS IG ComPIerearis a blogkdagsth sai d noti on
pr ocessomgresdrwor k- conprises: a notion conpensation network with an input

for receiving stored data fromsaid nenory, and an out put for providing
notion conpensated data; a conbiner for conbining said notion conpensated

data with sAisyseecanprdersediaifal dhblediSdtempReUMOREAs: and said
conpressor f i a fromsaid conbiner to an i nput of

r . .conveyin onbi ned dat 5 N
sai d rrermryaﬁFﬁtf’?mﬁ'fegﬂ)rg?g’gg'bﬁgééﬁgldgf%ﬁomﬁfeﬁ'% ehasagdeiplitur t her i ncl uding a
second decoapegsRIWonipasssoll @A MIRES SiffBENOYEddRY ddft SoripresBicridtiramemtiy uni t
ensation network 5. A system

before _being. provided to said notion cor ]
accor df re[cglv@péiakﬂ %9 MRLESSRE ConcHETEREVlY sald fiFst campessedpred sor f or
deconpr essi ageledligarietterkdorf donteyim) cbriMeBsay dith bxisifiey £ db&idag conveyed to
sai d outl_Rut | n%%ED ?r ocessor,. 2& J%nuac[)y 2004 18 6. A systemaccording to
cl ai m TOMRIREFIRT KU YIe dig oires of sgiqfirstandsecand comprsFr¥s Mrsaid. A system
accor dmegnokpuil. ai m 1, wherein said conpressor conprises: a first
conpressor exhibiting a first data conpression characteristic; a second
conpressor exhibiting a different second data conpression characteristic
and re8ei vi Agystainaaccordg t6 @Eph gswherefoncurrent with said first conpressor;
and a sel ecgéigﬁrs%&%\mk for -B?”Vezi-'iﬁ’ conpressed, data exhibiting a desired
pressor exhibits a variable compression characteristic; and

said second compressor exhibits a fixed compression characteristic.

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



conpression factor fromone or the other of said first and second
conpressors to said menory unit. 8. A system accordi ng 26 Jengann2®04 wherein
said first conpressor exhibits a variable conpression characteristic; and
sai d second conpressor exhibits a fixed conpression characteristic. 9. A
system according to claim8, whereint%aid variable conpression is preferred
to said fixed conpression such that said selection network selects (a)

vari abl e conpressed data fromsaid first conpressor when said variable

conpr essed | i redet er.n.ned desir conpression factor or
greater, an%%?%( %?@#@8@%@8@8’%@"&9 gy 8@“%@%8 CQUPBHG'°Conpr essor when
sai d vehadradtbuisticonpr essed data exhibits | ess than said conpression factor.
10. In a sy i i.mage, representatjve digital data, an MPEG
conpati bl e éh@’%%ﬁ%@%ﬁ%ﬁé#ﬁgﬁesg xﬂ\?ﬁ&ﬁéﬁ%%ﬁ%%ﬂ’%@é‘?r\/i ng a data

st r eanvhradenigtic esad sedond gempegsserseper atingvie pdaitiel;with sheCrspecagsessot;or

deconpr essi . sal.d_input .ngtwork: a tion information
processi ng ﬁg? ﬁ%@gﬁéﬁﬁgrb %@%%%{'%%@838 ng'bsea(ﬁ]ﬁrﬁfgmﬁ%ﬁpggai d
deconpewsgressoracomuoenthuni t for storing data processed by said notion
rocessin , tput i ocessor.fo rocessing data stored
by sard marnroy i piedl s il ok RERoPlor iR R da RS BERE wiseRLed by
sai d nby sajd first oorepressmy enbibitwa kesibaf ampressiorgfastoqrasd by said nenory unit;
wher ei n sai i nuary .2004 19 a. bl.ock bhased first
conpr essor %ﬁﬁ'?gﬁ”ﬁf%’a‘é’kﬁ% Lcﬁ‘zeﬁ%é?(a%"%?'ﬁﬁg? g%'gi%eﬁnorwg} gac)tng? fic; a block
based swupmssasolgta emeaiddicsi dontpresyoawhen eaid datiable compressaddata exhibits

char ac S i rati in parallel with said
R e T S S AN e e T e
first &en sedsendnd conpesss when seidowariaile tchynprassad daiaaxhibitsl lese tea chid i r st
corrpremregsq nfglgrmning 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

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:




conpressed data fromsaid first conpressor when said variahl e conpressed
data exhibits a desired predeternined conpression fact 0?66?”%%38%, and
(b) fixed conpressed data from said second conpressor when said variabl e
conpressed data exhibits | ess than said conpression factor. 11. In a
system for processing image represelative digital data, an MPEG conpati bl e
decoder conprising: an decoder for decoding a received datastream of
conpressed inage representative data; a deconpressor for deconpressing

conpressed data from sajd decoder; a nenory unit with an input and an
output; a bfﬁé’ﬁ%ﬁ@?ﬁﬁ%@@@ﬂ%ﬁﬁ%f&%ﬁ IRFOEBHAR@ssed data to said input of
sa!g NMenor y (Wydetomiprebling Kaidl d6eutetRREOl0 fréducdeizesmpREséd@atgat a provi ded from
sai d out put

f said nepory unit; a nmotjon information processor for
processi ng EPSEBWB?‘E@@Q%H’%O? Fﬁmdg‘&iﬁf'c’o‘g‘??@wpr%%%‘iaégsor; a conbi ner for
conbi nprgucaitgrmipresse@inaiofmatiopm sai d deconpressor and fromsaid notion
processor t&gg{ oduce, data for lication to said conpressor; and an out put

a
i mage pr oce & §IONRG Salf coMpEssRY INRIMatioR BY8MBY: sai d nemory unit. 12. A
net hod for ()deesAprassienpaiedtidPEiereanBailiniBory IR PRIUEPH addede digital
i nput g@ta 0 rtisi_ ng the steps of: 26 January 2004 20 (a) decoding said
i nput  BQFed ‘P8%?5’(§’uce decoded data; (b) deconpressing said decoded data to

produce dec(iymosasgdcekaing;said ddcofPrayses stoied infirdafi@ foQodute! mstiong sai d
decorrprgsse dat ﬁato produce conpressed information; (d) storing said
conpr e S&8F 'Y FF et i on in nenory; (e) deconpressing information stored in

sai d nenor y(d) combinthgcaidiectiinRaastbn WitPsLd dediniireBdddatita {of profi@iel On
proceSSLirjng“sal decor‘rpr%&sﬂs.ed st or ed |nf-ormakl on to produce notion
i nf or mBeT BROMRNAN PYYPIESTRT SR ©MAIeSHIY P (% or mation with said

deconpressed data to produce
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.



said information conpressed in said conpressing step (c¢). 13. A nethod
according to claim12, wherein said conpressing step (c) 2f<anegarng004

bl ock- based conpression; and said deconpression step (e) perforns

bl ock- based deconpression. 14. A nethod according to claim 12, further

i ncluding the steps of (a) deconpres¥ing information stored in said nenory
to produce output image information for display; and (b) conveying said
image information for display to a display processor. 15. In a systemfor
processgkng i,nput i mage,.representative information, an MPEG conpatible
decode b‘conﬁ‘rﬁ%{eﬁtﬁco r%@ﬁ&’@ggﬁndﬁwmﬂ&c assing an i nput dat astream
cont ai ni ng WRErthet ddesinprésion fdrdepsraphes Singl 8ata RIS 6@ daid Mdthorg be®r essor for
conpre %in sa'gtdeca &Fised ggtg t 0 produce reconpressed data; a nmenory
for storiag e P& Eﬁ WL oofaie el out put network for processing data
stored by saaid compresyor sudcsaltl forhéraizcoMbeisEB[re tholided & & DPCM Rlopor K coupl ed
to said nenory and to said conpressor for processing image notion
information associated with said input inage representative information.
26 Jandary A0fethad ofliffocesity %t digitahagasttiang of MPEGAi0Hed Imadsirebidskhgtive

i ncl udi,ng: f.urther .decaonpressor for deconpressing data stored by said
rrem)ryd%lgfcgﬁ'g”g'ﬂgig}?gﬂ%?so& ded to said output network, wherein said

conpr essor @) diesamgrebsing baid ittet aapsesso bf MPEG drled dath érprédfdBCM | oop. 17. A
met hodd&{0 Jrgcs%%?g{% a digital datastream of MPEG coded i nage

r epr esent atl Ve conprising the steps of; (a) deconpressing said input
dat ast r eam (if) cMAR@ssiad ediddiztamprespschdhits & pdacesTRcempRiseatat; (b)

conpr essi ng i Qnpressed ta to produce reconpressed data; (c)
storing sai @rg@%ﬁ%%@g‘%@&“’d%%s&g%é% providing sai d stored reconpressed data
to an i mage(d)pfaviding saihstoraaioessmprgssotadat® tdan e 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.



(e) Processing inmage notion information in association with said
conpressing step and said storing step. 18. A nethod acéBranyRy 804! ai m
17, further conprising the step of (a) deconpressing said stored data
before - providing said stored data to said inage processing network,
wherein said conpressing step (c) and said deconpressing step (e) are
inctuded in a DPCM I oop. MEMORY MANAGEMENT FOR AN | MAGE SI GNAL
PROCESSOR Abstract of the Disclosure An MPEG conpati bl e decoder receives

encoded, conpressed data in the formof image representative pixel bl ocks.

The decoder i ncludes a frane nenory é;O) for storing reconstructed pixel
bl ocks incident to the decodi ng process. The previously deconpressed data
is re-conpressed éﬁoﬁ before being witten to the nenory. Stored
deconpressed datMEHQRYMANDGEMENY FOR AN BWAGE FBANARGPROGESS@Rneeded for
decodi ng functions such as notion conpensation processing (32, 22). The

conpression performed befor iLtin ta.to nenory i s bl ock-based
conpressi on usi ng conpressed%dﬁélthgict r(grm%g%gjﬁf:lqsﬁedi fferent conpression

pat hs whi ch conpress a given pixel block sinultaneously. Figure 1
.An MPEG compatible decoder receives encoded, compressed
fiata In the form of image representative pixel blocks. The decoder
includes a frame memory (20) for storing reconstructed pixel
blocks incident to the decoding process. The previously
decompressed data is 're-compressed (30) before being written to
tl.xe memory. Stored decompressed data is decompressed for
display (34, 26), or as needed for decoding functions such as
10 motion compensation processing (32, 22). The compression
performed before writing data to memory is block-based
compression using compressed data from one of two different

compression paths which compress a given pixel block
simultaneously,
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