-1- MACROBLOCK BI T REGULATI ON SCHEMES FOR VI DEO
ENCODER Technical Field,, _ Thi s invention rel at es
in general to an apparatus and net hod- T;EnCOd H ng digirt Stet—i-Rage.

i ncluding spatial (intra-picture) and: Eenpo al “(inter- ﬂg”ﬁﬁ EE @@§§| n,
that is reducing both redundancy mnthtgP@ | ol and

pi ctures. Redundancy wi thin pictures i-$* reduced, even elimnated, by the
use of the discrete cosine transform quantltlzatlon and vari abl e Iength
encodi ng. Redundancy between pictures is_jeduced, or even elininated,

t hrough the use of notion vectors. One aspect of intra-picture conpression
conprises bit regulation tm@gbhgy&@p%g@ﬂoﬁigcm while still

mai ntai ning picture quality and detail g S i tion is specifically
directed to enhanced macrobl ock b|F“Fe o é mes for the

quantltlzatlon and variable length encodlng functions of the video encoder.
‘ Technical Field

x

This invention relates in general to an
apparatus and method for encoding digital wvisual
lmages including spatial (1ntra—p1cture) and temporal
{(inter-picture) compression, that is reducing both
redundancy within a plcture and redundancy between
ﬁictures. Redundancy within picdtures is reduced, -ox
even eliminated, by the use of the- discrete cosine

' transform, quantiﬁization, and variable 1ength
encading. Redundancy between pictures is redqced, or
even eliminated, through the use of motion vgétors.
One aspect of intra-picture compression comprises bit
regulation to achieve an optimigéd bit rate while
still maintaining picture qualiﬁy and detail. This
invention is specifically directed to enhanced
macroblock bit regulation schemes for the

. quantitization and variable length encoding functions
of the video encoder.

Background of the Invention

Within the past decade, the advent of world-wide -

electronic communications systems has enhanced the
way in which people can send and receive information.

" In particular, the capabilities of real-time video
and audio systems have greatly improved in recent
vears. In order to provide services such as video-
on-demand and video conferencing to subscribers, an
enormous amount of network bandwidth is required. 1In
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Background of the Invention Wthin the past decade, the advent of
wor | d-wi de el ectronic comruni cati ons systens has enhanced the way in

whi ch peopl e can send and receive information. |In particular, the
capabilities of -real-tinme video and audio systens have greatly inproved in
recent years. In order to provide services such as video- on- denand and
vi deo conferencing to subscrlbers an enornous anount of ]

is required. In . - 2
bandwi dth is often the main |nh|b|tor in the effectivenegd e
In order to overcone the constraints inposgg by networks, conpression
systens have energed. These systens reduce the anount of video and audio
data which rmust be Eaaﬂsnﬂxéﬁﬁk)&)bmutﬂgxé SHHRRAREY haid hgHAbstoie

sequence. At the regegi | re se nce i s unconpressed and
% ¥%xggeff@ctz%%e%s of ' Sudl Byeletis!

may be dlsplayed In"rea

In order to overcome the constraints imposed by
networks, compression systems have emerged. These
systems reduce the amount of video and audio data
which must be transmitted by removing redundancy in
the picture sequence. At the receiving end, the

picture sequence is uncompressed-and may be displayed
in real-time.

One example of an eﬁerging video compression
standard is the.Moving Picture Experxts Group ("MPEG")
standard. Within the MPEG standard, video
compression is defined both within a given picéure
and between pictures. Video compression within a
picture is accomplished by conversion of the digital
image from the time domain to the frequency domain by
a discrete cosine transform, qﬁantization, variable
léngth coding, and Huffman coding. Video compression
between pictures is accomplished via a process
referred toc as motion estimation, in which a motion
vector plus difference data is used to describe the

translation of a set of picture elements (pels) from
one pictuxe to another. '

The ISO MPEG2 standard specifies only the syntax
of bitgtream. and semantics of the decoding process.
The choice of coding parameters and tradeoffs in

'performance versus complexity are left to the encoder
developers.

One aspect of the MPEG2 compliant encoding
process is compressing a digital video image into as
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One exanpl e of an energing video conpression standard is the Mving Picture
Experts Goup ("MPEG') standard. Wthin the MPEG standard, video
conpression is defined both within a given picture JMi;Red#EeHAY BERN ¢S.
Vi deo conpression within a picture is acconplished con%@?ﬁA@EDCﬁ t Re
digital image fromthe tine domain to the frequency dermatrmby—a di screte
cosine transform quantization, variable [ength coding, and -Huf fman codi ng.
Vi deo conpressi on between pictures is acconplished vi-a a praocess. referred
to as notion estimation, in which-a mtion vector plus difference data is
used to describe the translation of a set of picture elenents (pels) from
one picture to another. The 1 SO NPEGQ sfandard specifies only the

syntax of bitstream andg rg%[e’f”&f 'b&%sEi[—eér? %ng.ﬁ'ﬂe th‘lﬁ@sﬁqﬂ‘%ﬁmhﬁﬁfﬂ%

codi ng parameters and tr S in nce versus CcO exit
to the encoder’ devel ope¥ideo detail f The) MEREE Paﬁ?es

encodi ng process .S cohj:m:asmmgsaodl gihd aémel déotherm:g.estnem.asand

-3- ‘requires that the encoder be able 'to perform the
encoding process. Thus, simply optimizing the bit
rate to maintain desired picture quality and detail
can be difficult. For example, the MPEG standard
requires that no more than two macroblocks in each
horizontal xow of a picture exceed the bit rate
limitation, which for a 4:2:0 format is 4608 bits.
In the case of scene changes and action videos, the
bit rate can be quicEly consumed with drastic changes

between frames. ' Picture gquality and detail can
suffer as a result.

Ancther aspect of the MPEG2 compliarit gﬁcoding
process .is a performance issue arising at the
compressed store interface with encoding of nonintra
macroblocks. This issue stems from the fact that the
caded block pattern, which is part of the macroblock
header and required by MPEG standaxd, cannot be
determined until after all quantized coefficients of
a macroblock are variable-length encoded. While
waiting for the coded block pattern, the compressed
store interface must buffer the coefficients to
ensure that the macroblock header for the current
macroblock is multiplexed into the compressed
bitstream before the encoded coefficients to be
output from the encoder. BAgain, this is needed to
comply with the MPEG standard. Intra macroblocks do
not require coefficients to be buffered because intra
macroblocks necessarily contain data and thus do not
have coded block patterns. The amount of encoded
coefficient data in a nonintra macroblock will affect
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smal |l a bitstream as possible while still maintaining video detail and
quality. The MPEG standard places |imtations on the size of the bitstream
and requires that the encoder be able to performthe encodi ng process.

Thus, simply optimzing the bit rate to maintain desired picture quality
and detail can be difficult. For exanple, the MPEG standard requires that
no nore than two macrobl ocks in each horizontal row of a picture exceed the

bit rate limtation, which for a 4:2:0 format is 4608 bits. gt uoris —

scene changes and- action videos, the bit rate can be quickly*@gagéﬁﬁéiﬁfPhLN
drastic changes between franmes. Picture quality and detail eaRr—sui+er—asS—a-

result. . Anot her aspect of the MPE& conpliant encoding process is a

performance issue arising at the conpressed stoge interface wth encoding
of nonintra nmacrobl ocks. This issue stens fromthe fact that the coded

bl 005 pgttern, Wnit;chdi Seaabaeefpémalmf débbelﬁkuEE&SE_rtk@ndiﬁ\Q?%éﬁﬂi ) IVfPEG
standard, cannot be deterniyned unt,i ter.,a antj z efficients, of -a
macr obl ock are vari abl eyﬁg‘ﬁggﬁee %t(')ahe%‘.?“\/\ﬁpieekﬁg#lﬁ- r‘?é‘d?g'?ﬁ?ﬁgi%déd B8k
pattern, the conpressedtdeocempressddddtyaeanuf fer the coefficients to
ensure that the macrobl ock header for the current macrobl ock is multiplexed

Into the conpressed bitstreagbefore the_enc d coefficients e.Qut put
fromthe encoder. Again, thi S BTG eé};e&qvgnggﬁ%l WS H‘SCK)?%%"?% é’ﬁ ard.

Intra nmacrobl ocks do notregudakienceeliues diorsthe videa fengoddrerialse intra
macrobl ocks necessarily fa¥eabntHét bl dutimarifed BrdemsC OARE-&NOGK the

patterns. The amount of encaded coelfs i ot 3at gl fud MU 2ELLA 95

compressed store interface processings.

Summary of the Invention

Briefly described, the invention comprises in a
first aspect a method and apparatus for encoding a
picture having multiple rows, each row containing
multiple macroblocks. Each macroblock has multiple
coefficients arranged in a plurality of blocks. The
inventive approach includes for each macroblock in

. each row: determining whether n prior macroblocks in
the row exceeded a bit rate limit, wherein n is a
predetermined number; encoding the macroblock; and if
n prior macroblocks in the row have exceedéd the bit
rate limit, then applying a constréining pattern to
the macroblock. The constraining pattern zeros
selected coefficients of the macroblock to reduce the
bit xate of the macroblock. - Numerous enhancements to
the basic concept outlined above are also provided.

In another aspect, the invention comprises a
method/apparatus for encoding a picture having a
plurality of macroblocks, each macroblock again
containing multiple coefficients. This
method/apparatus comprises for each macroblock:
encoding the coefficients of the macroblock;
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-4- encoder performance because of the time needed to read the data from
the buffer and multiplex it into the conpressed bitstream The
present invention presents nacrobl ock bit regul ation schenmes for the video
encoder which address the above-summarized problens inherent in the
standard quantitization, variable | ength encoding and conpressed store

i nterface processings. SUMVARY OF THE | NVENTI ON
According to a first aspect of the invention there is provj
encoding a picture having a plurality of macrobl ocks, each| 4§ SBEBEKAS BEEN

contai ning coefficients, said nethod conprising for- each L ob| REPLACED
encodi ng the coefficients of the macrobl ock; determ ning a target
bit rate for the macrobl ock; if the target bit rate is less than x

megabits per second (Moips), wherein x is a pctedeterm ned nunber, applying a
constraining pattern to the coefficients, said constraining pattern zeroing
sel ect ed coeffi Ci ent sdeterntnimgrolanget it rate for whermaicradieck; and

coefficients of each ggcepbl egkgdd &ar rx%.%ﬂeﬂs' Tedd kA, 3 éﬁl%'?seb@rsa' d
met hod further conprises determ I’llJng if, the ture cogpeiixl s a onintra

picture, and if so, tRETOPHr & o 5‘0? Seternine F57Fi xed
Coded Bl ock Pattern (E@EEylhgadmorimatmnsapammtcoanue mqﬁﬁmmg%he

FCBP in a bitstream s deECBResand outshbatnesdt bheCkadkouibTac obl ock
contains at |east one nanzéro coefficient; and ensuring that each

bl ock of the macroblock contains at |east one nonzero coefficient.
According to a second aspedn stilheanqbhemn aspechertdis dnpentdele ¢omprasasdd

for encoding a nacroblaometatadﬂaﬁpﬁu:ﬁﬂa ﬁbﬂ%ﬁ&@dﬁ@”anﬁoﬁlﬂéﬂ adreblbek

macr obl ocks, each macr nt al niNg. coe fIC ents |l e
bl ocks, said method co(rl?"g g’lﬁg&reaﬁav”% gaeﬁé‘t’ﬁ? e&ocf:«g?'Ble%cg
Pattern (FCBP) header rwamr@ﬂeckaemmmgameéﬁtmnﬁmgrrmgatam ina
bitstream said .FCBP shariibtens1bbRs. camle Rleeekd OindlheBRCr é?r.ﬁ‘ét:. hai ns

at | east one nonzero ceff q |ng that
each bl ock of the rrac?%ﬂ? &%‘,‘%Sht B?ﬂgk HAGEET igﬁéﬁ 3‘5’?@% g i ent.

According to a third aegrastblockt hadi envepntitdmst hbecFGRP pRo®i bletﬁ'm@m:at us
for encoding a macrobl gk msmsagﬁtaymétmeacﬂlwoﬂm b¥ ehe NiddrIN10eks,

each macrobl ock cont ai né A9 68t ¢k o?net %oglz%gga%?aéétécggnpr |§Ac{lg

means for quanti zing the coe f| Ci én fTacr o
subsequently ensurlng that each block of ‘the

macroblock contains at least one nonzero coefficient.

To restate, presented herein are several
macroblock bit regulation schemes which can be used
to enhance quantization and variable length encoding
of the video encoder. By selectively, partially
constraining coefficients in a macroblock, bit rate
regulation is achieved and an improved balancing of
bit rate and picture quality is obtained. For
example, setting a constrain pattern to zero cut high
frequency coefficients, allows morxe bits to be
allocated for the low frequency coefficients. A _
finex mquant'can then be used to capture more picture
details. Pattern constraining can be applied to all
macroblocks or to only nonintra macroblocks. A wide
range of partial constrain patterns are possible.
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- 5 - pattern constraining |logic responsive to said nmeans for
quanti zing for applying a constraining pattern to the macroblock if a
target bit rate of the macroblock is |less than x nmegabits per second
(Mops), wherein x is a predeterm ned nunber, said constraining pattern
zeroing selected coefficients of the macroblock to reduce the bit rate of

t he macrobl ock; and wherein the coefficients of each_nmacroblock are
arranged in bl ocks, said picture conprises a nonintra pi ctjufids SEEHET $IASBEEN
apparatus further conprises: means for generatingja Fi xRePLEEHD

Bl ock Pattern (FCBP) header for the macrobl ock and for outputting the FCBP
in a bitstream said FCBP signifying that each bl ock of the macrobl ock
contains at |east one nonzero coefficient$-and responsi ve to said -
nmeans for generating, nga nts f or subsequent % url t each bl ock of

t he macrobl ock cont ai ns® Ht-9"T4EFe oRE" T Bﬁt Accor di ng
to a fourth aspect (ptedeﬁeemmngb ohhe Hayded §lpcbvﬁa¢¢@krap1§afma§s biyor

encodi ng a macrobl eekcOofc &k AT SuBh@d lirr%mhéﬂé NehxB aBhEI B 6h of

macr obl ocks, each macrgbl ock, cont gl nllr_ll%coeff g %ﬁﬁ é a}\é n nul tiple

bl ocks, said appar &PG89%bnprAY%PRGIcte “mng 1 g REFATTTHT<R Fi xed
Coded Bl ock Patter An( PeBRYe Iveadoblbok’ § WMCOémelabéﬁdlmﬂbut putting the

FCBP in a bitstreamncsakd E&ﬁf’n%leanh&wm Euhz%rea% tﬂr@CEoﬂéréé&dnacrobl ock
contains at | east one I’IOI’IZEI‘O coef hg_bent r-ensuring

that after outputtiSr§*E&atra*EBSeac ?o‘ﬁ?lﬁf p?‘ﬁ'é“f‘?‘h]@rr&gl B’Eilc tains at
| east one nonzero ddghkrchéntrates since Tohe dskal bhogt exfehavinderein are

several macrobl ock flidexsegyi@td e ndehesgsa W ghatfn be used to enhance
quantitization and variable [ength encoding of the video encoder. By

selectively, partially constraining coefficients in a macroblock, bit rate
regulation is achieved andthe cager ofedoWabanciate nacihollackee Bem:i:q:nrct ure

quality is obtai nedcof&rra%’elﬁylfed&%fst bRE Sy Rk PBlkbRrn to zero out
hi gh frequency coeffici

ts ‘nore bits to be a ated for_the | ow
frequency coeffici MR%® Et°f:?‘ne?n FELenh "tt?'f'er?mﬁ&nﬁs%% gﬁ?ﬁrteh%re
picture details. Pattwpressedssteiaiingecfacbevaridl neddt o aidffﬁacalm)l ocks or
to only nonintra magnohlaeks1yArdidiediangeapio Raihial . Coftsly aba1@at t erns
are possi bl e.
not eliminate the need for the compressed store
interface to buffer nonintra macroblocks with low bit

rate, but it does improve performance.

Brief Description of the Drawings

The above-described objects, advantages and
features of the present invention, as well as others,
will be more readily undexrstood from the following
detailed description of certain preferred embodiments
of the invention, when considered in conjunction with
the accompanying drawings in which:

Fig. 1 shows a flow diagram of a generalized
MPEG2 compliant encoder 11, ineluding a discrete
cosine transformer 21, a quantizer 23, a variable
length codexr 25, an inverse guantizer 29, an inverse
discrete cosine transformer 31, motion compensation
41, f£rame memory 42, and motion escimation 43. The
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- 6- .Performance can al so be enhanced by fixing (predeterm ning) the
Coded Bl ock Pattern defined by MPEG standard as output fromthe variable

| engt h encoder.

By predeterm ning the Coded Bl ock Pattern an entire

macr obl ock's worth of variable | ength encoded data need not be buffered at
the conpressed store interface. This works particularly well at higher bi
rates since the likelihood of having blocks that are not coded is smal

In the case of

overal |l size of the macrobl ock, and therefore the anmount of [data Rj
conpressed store interface would need to buffer and subsequ

t

rate macrobl ocks, pattern constrainingTQQQyﬁg§;3

Atads

BEEN

Mt I y I cau otit

Is also reduced. This would not elimnate the need for the conpressed store

interface to buffer
| mprove perfornmance.

noni ntra nacrobl ocks with low bit rate, but it does

Bri ef Descript7i-on of the Draw ngs

The above-descri bed objects, advantages and features of the present

i nvention, as well

as oldter gaths include the i*" picture input 111,

difference data 112, motion vectors 113, the picture.
output 121, the feedback picture for motion
estimation and compensation 131, and the
reconstructed picture 101, This figure has the
assumptions that the i*" picture exists in Frame
Mehory or Frame Store 42, and that the i+1®™ picture
is bging encoded with motion estimation.

Fig. 2 illustrates the I, P, and B pictures, .
examples of their display and transmission orders,
and forward, and backward motion prediction.

Fig. 3.illustrates the search from the motion
estimation block in the current frame oxr pichufe to
the best matching block in a subsequent or previous
frame or picture. Elements 211 and 211’ represent
the same location in both pictures.

Fig. 4 illustrates the movement of blocks in
accordance with the motion vectors from their
position in a previous picture to a new picture, and

the previous picture’s blocks adjusted after using
motion vectors.

Fig. 5 shows the combination of three encoder
chips of the invention. These are the Intra-chip or
Intra-processor 601, the Reference-chip or Reference-
processor 801,.also referred to equivalently herein
as a Reconstruction-chip or Reconstruction-processor
801, the Search-chip or Search-processor 901, and
associated RAM chips 531, 533, and 535, including
DRAM chips and SRAM chips. The Intra-chip or Intra-
processor contains the host processof interface, it
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will be nore readily understood fromthe follow ng detail ed description of
certain preferred enbodi nents of the invention, when considered in
conjunction with the acconpanying draw ngs in which: Fig. 1 shows a
fl ow di agram of a generalized MPE& conpliant encoder 11, including a

discrete cosine transfornmer 21, a quantizer 23, a variable__length coder
25, an inverse quantizer 29, an inverse discrete cosine trpABfSOSHERT 343 BEEN
noti on conpensation 41, frame nenory 42, and notion estinmation REPLACED

-7- data paths include the i[err] picture input 111, difference data 112,
notion vectors 113, the picture output 121, the feedback picture for notion
estimati on and conpensation 131, and the recoggtructed picture 101. This
figure has the assunptions that the i[err] ure exists in Frame Menory

or Frame Store 42, a”dréél?ltvets;‘%%lgﬂliﬁé&]fﬂféfﬁ@ﬁ&egei%ﬁ@ﬁde‘iu‘@ 4l

notion estimation. ustrates é pi‘ctures,
produces a compresse eo output 543.

Fig. 6 shows an I~frame video encoder module 601
with a hést interface 611, an internal RISC processor
621, an interface to motion estimation means 631, a
piiel interface 641 for recelving pixel data from a
pixel bus 643, a frame memory interface .651 receiving
framé data from and sending frame data to an external
RAM 653, a Discrete Cosine Transform (DCT) processor
671, a quantization unit 673, a wvariable length
encoder 675, a FIFO buffer 677 and a compresaea
store interface 679.

! ‘
Fig. 7 depicts one embodiment of a quantization

unit, or quantizexr 673 employing pattermn constraining
in accordance with the present invention.

Fig. 8 shows a flowchart for pattexn

constraining processing implemented in accordance
with the present invention.

Fig. 9 depiéts one gelective congtrain pattern
in accordance with the present invention wherein
lower frequency coefficients are maintained,'and
higher frequency coefficients are zeroed out.

Fig. 10 depicts a standard constraining pattern
in accordance with the present invention similar to
that of Fig. 9.

Fig. 11 depicts a constraining pattern for a
higher bit rate wherein less higher frequency
coefficients are zexroed out. '
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exanples of their display and transm ssion orders, and forward, and
backward notion prediction. Fig. 3 illustrates the search fromthe
notion estimation block in the current frane or picture to the best

mat chi ng bl ock in a subsequent or previous frane or picture. Elenents 211
and 211' represent the sane |location in both pictures. Fig. 4
illustrates the novement of bl ocks in accordance with the notion vectors
fromtheir position in a previous picture to a new picturge 1

previ ous picture's blocks adj.usted after using notion vec 3’§§%§§ﬂe§§gBFEF
5 shows the conbination of three encoder chips of the inventies-

|||CDC dal €
the Intra-chip or Intra-processor 601, the Reference-chip or F@ference-

processor 801, also referred to equivalently. herein as a
Reconstruction-chip or Reconstruction-processor 801, the Search-chip or

Sear ch-processor 901, angigsspricipidcRAM @aﬂs@&aﬁﬁlpa&?&n gog Dewer i ncl udi ng
DRAM chi ps and SRAM chlgs Th@béégéf%'cahgkexn L &anté¥ <a%gggr°§ontains t he
host processor i nt el FiP g :
coefficients are zeroed out. Again, the lowest
frequency coefficients are maintained.

Fig. 13 depicts one embodiment of a variable
length encoder 675 employing a fixed coded block
pattern mode in accordance with the present
invention.

Fig. 14 shows a flowchart for processing

implemented by the variable length encoder of Fig.
13. ) )

Fig. 15 depicts one embodiment of an all ‘zero
block modified to include a nonzero coefficient in
the 64™ position of the 8 x B8 array of coefficients.

Begt Mode for Carrying Out.the Invention

The invention relates to scalable MPEG and HDTV
compliant encodexs and encoding processes. The
encoding functions performed by the encoder include
data input, spatial compression, motion estimation,
macroblock type generation, data reconstruction,
entropy coding, and data output. Spatial compression
includes discrete cosine transformation (DCT),
quantization, and entropy encoding. Temporal
compression ingludes intensive reconstructive
processing, such as inverse discrete cosine
transformation, inverse quantization, and motion
compensation. Motion estimation and compensation are
the temporal compression functions. Spatial and
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receives digitized filtered video input 541, and it produces a conpressed
vi deo out put 543. Fig. 6 shows an |-frane video encoder nodul e 601
with a host interface 611, an internal RISC processor 621, an interface to
notion estimation neans 631, a pixel interface 641 for recelwh X i,g@ta
froma pixel bus 643, a frame nenory interface. 651 recei rm@ﬁﬁ%*%%ﬁ@ £5=
fromand sending frane data to an external RAM 653, a Di scret RN
Transform (DCT) processor 671, a quantization unit 673, a variable length
encoder 675, a FIFO buffer 677, and a conpressed store interface 679.

Fig. 7 depicts one enbodi nent of a quantization unit or quantizer 673

enpl oyi ng pattern constraining in accordance wygh the present invention.
Fig. 8 shows a flowhart for pattern constraining processing inplenented in

accordance with the pregemporayeddngiidssion are Eie@_etﬂtﬂ&piﬁmmaeﬂssﬁmtive
constrain pattern in acc¢Qrdance Wt ention erein | owner
frequency coefficients %Pg%n§§%?%#%é§§%g§nggﬁié%%th¥équency coefficients
are zeroed out.. Fig. 10 depicts a standard constraining pattern

in accordance with the presembrépyaf¥iculazlyi ¢t inventiod xflakes. td.a
processor for performing spatial and temporal
compression including discrete cosine transformation,
quantization, entropy encoding, motion estimation,
wotion compensation, and prediction, and even more

particularly to a system for accomplishing spatial
and temporal compression.

The scalable processor system has an I-frame
only video encoder module with a Discrete Cosine
Transform processor, a quantization unit, a variable
length encoder, a FIFO buffer, and a compressed store
interface. The system also includes a second
processor element, that is, an R-processor or
Reconstruction processor with a reference memory
interface, motion estimation and compensation
capability, inverse quantization, and inverse
discrete cosine-transformaéion, and motion
compensation means; and at least one third processor
element motion estimation. The system can be in the
form of a single integrated circuit chip, or a
plurality of integrated circuit chips, that is one
for each processor, the I-frame video encodexr module,
the second processor element, and the third processor
element. There can be one or more of the third
processor units.

The first compression step is the elimination of
spatial redundancy, for example, the elimination of
spatial redundancy in a still picture of an "I" frame
picture. Spatial redundancy is the redundancy within®
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Fig. 11 depicts a constraining pattern for a higher bit rate wherein |ess
hi gher frequency coefficients are zeroed out. Fig.
12 depicts a constrain pattern for |ower bit rate processing wherein a
greater nunber of coefficients are zeroed out. Again, the |owest frequency

coefficients are maintained. Fig. 13 depicts one enbodi nent of a
vari abl e | ength encoder 675 enploying a fixed coded bl ock patterf—moteTIL:
accordance with the present invention. Fig. 14 shows H”ﬁﬁb“aﬁﬁgégﬁ
processing i npl enented by the variable | ength encoder of Fiig 13RE

Fig. 15 depicts one enbodi nent of an all zero block nodified to include a

nonzero.coefficient in -11-
a picture. Because of the block based nature of the
motion compensation process, described below, it was,
desirable for the MPEG-2 Draft Standard to use a
block based method of reducing spatial redundancy.
The method of choice ia the Discrete Cosine
Transformation, and Discrete Cosine Transform coding
of the picture:. Discrete Cosine Transform coding is
combined with weighted scalar quantization and run
length coding to achieve still further levels of’
combression.

The Discrete Cosine Transformation is an
orthogonal transformation. Orthogonal -
' transformations, because they have a frequency domain

' intexpretation, are filter bank oriented. The'
Discrete Cosine Trxansformation is also localized.
That is, the encoding process samples on an 8x8
spatial window which is sufficient to compute 64
transform coefficients or sub-bands.

Another advantage of tﬁe Discrete Cosine
Transformation is that fast encoding and decoding
algorithms are available. Additionally, the sub-band
decomposition of the Discrete Cosgine Transformatien
is sufficiently well behaved to allow effective use
of peychevisual criteria.

After transformation, many of the frequency
coefficients are zero, especially the coefficients
for high spatial frequencies. These coefficients are
organized into a zig-zag pattern, and converted into
run-amplitude (run-level) pairs. Each pair indicates
the number of zero coefficients and the amplitude of
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the 64[err] position of the 8 x 8 array of coefficients. Best Mode
for Carrying Qut the Invention The invention relates to scal able
MPEG and HDTV conpliant encoders and encodi ng processes. The encodi ng
functions performed by the encoder include data input, spatial conpres
notion estimation, macrobl ock type generation, data reconstructlof:”
codi ng, and data output. Spatial conpression includes dis
transformation (DCT), quantization, and entropy encodi ng.
conpressi on includes intensive reconstructiye processing, S
di screte cosine transformation, inverse qG& tization, and notion

compensati on.. NOt i pygSjdlnydxon 3dGOIBRES A F6Cchifa 'SP 3

conpressi on functions., lal an

-10- tenporal conpVa&Eiie FeRgtBHEPAR ve functions with high conputati onal
requirenents.

Motion compensation is used to reduce or even

eliminate redundancy between pictures. Motion

compensation exploits temporal redundancy by dividing
" the current picture into blocks, for example, )
~macroblocks, and then searching in previously

transmitted pictures for a nearby block with similar .
content . Only the difference between the current

block pels and the predicted block pels extracted

from the reference picture is actually compressed for
transmission and thereaftex t;ansmitted.

The simplest method of motion compensation and
prediction is to rxecoxd the luminance and
chrominance, i.e., intensity and colox, of every
pixel in an "I" picture, then record changes of
luminance and chrominancé, i.e., .intensity and color
for every specific pixel in the subsequent picture.
However, this~is-uneconomicél in transmission medium
bandwidth, memory, processor capacity, and processing
time because objects move between pictures, that is,
pixel contents move from one location in one picture
to a different location in a subsequent picture. A
more advanced idea is to use a previous or subsequent
picture to predict where a block of pixels will be in
a subsequent or previous picture or pictures, fo;
example, with motion vectors, and to write .the result
as "predicted pictures" or "P" pictures. More
particularly, this involves making a best estimate ox
prediction of where The pixels or macroblocks of
pixels of the i*™ picture will be in the i-1%" or
i+1* picture. It is one step further to use both
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More particularly the invention relates to a processor for performng
spatial and tenporal conpression including discrete cosine transformation,
guanti zation, entropy encoding, notion estimtion, notion conpensation, and
prediction, and even nore particularly to a systemfor acconplishing

spatial and tenporal conpression. The scal abl e processor system has
an |-franme only video encoder nodule with a Di screte Cosine Transfe+rm

oT 11l

processor, a quantization unit, a variable length encodjrﬂﬂ&ﬂﬁﬁﬁbﬂﬁﬂ?ﬁﬁ“

and a conpressed store int erface Theéystem al so includes a BE
.processor element, that is, an R procé€ssor or ReconstructTon processor wth

a reference nemgLXeq‘H%%% I]ﬁg&;‘tpf%bﬁg 5L B =) gﬁédféﬁmﬁ&%t BON

capability, i nv I nverse rete cosi

t ransf or mat i onblamk ﬁﬁtpb’ﬁﬁkﬁ)ﬁﬁé%skﬁl &R ?Fbaiﬁ‘é'—ezﬁﬁél%x‘ie I°etast)3 one -third
processor el enpileci®bion estimtion. The systemcan be in the formof a
single integrated circuit chip, or a plurality of integrated circuit chips,
that is one for each processor, the |I-frane video encoder nDduIe t he
second processor el @vehe, nakRA tife thREr BhY RIS CRFR OFff% ¢ can be one

or nore of the gdnd ﬁ:&eppszﬁe:sﬁ@rtmmssmn orderThe hotsmemqars.iyl on step is
Spatial Tedund e TRR BETRIEE Ay, o 8&9"%"2@?*%%@”‘5 ;%duﬁ“?aébi?. al
redundancy is tBr® esasgemgnthe Imﬂqrnplc‘:ure transmission ordexr is

different from the encoding order, and the input-

pictures must be temporarily stored until used for

encoding. A buffer stores this input until it is

used.

For purposes of illustration, a generalized
flowchart of MPEG compliant encoding is shown in Fig.
1. 1In the flowchart the images of the i®™ picture and
the i+1%™ picture are processed to generate motion
vectors. The motion vectors predict where a
macroblock of pixels will be in-a prior and/or
subsequent picture. The use of the motion vectors
instead of full images is a:key aspect of temporel
compression in the MPEG and HDTV standards. As shown
in Fig. 1 the motion vectors, once generated, are
used for the translation of the macroblocks of
pixels, from the i®™ picture to the i+1™ picture.

As shown in Fig. 1, in the encoding proéess, the
images of the i* picture and the i+1®™ picture are
processed in the encoder 11 to generate motion
vectors which are the form in which, for example, the’
i+1% and subsequent pictures are encoded and
transmitted. An input image 1ll of a subsequent
picture goes to the Motion Estimation unit 43 of the
encoder. Motion vectors 113 are formed as the output
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REPLACEMENT SHEET 2 0 AUG

1998 -11- a picture. Because of the block based
nature of the notion conpensation process, described below, it was
desirable for the MPEG 2 Draft Standard to use a bl ock based nethod of
reduci ng spatial redundancy. The nethod of choice is the D screte Cosine

Transfornmati on, and Di screte Cosine Transform coding of t '
Di screte Cosine Transformcoding is conbined with weighte T§§dﬁ§ﬁﬂ HAS BEEN
quantization and run length coding to achieve still furt |_eREPLAGHD

conpr essi on. The Discrete Cosine Transformation is an ort hogonal
transformati on. Othogonal transformtionssl4recause they have a frequency
domain interpretation, are filter bank oriented. The Discrete Cosine
Transformation'is al & kdeaMpEian Esimatsion NBikfEhdiThgsEr ¥eBEeT S AXR es on

an 8x8 spatial wi ndowgsd ®f thesMbtish ecamﬁsnsaeimuttﬁu@mr a8stetieve

coefficients or sub- b rﬁq%btlock datﬁ‘nf){'&f d‘% Por tftlﬁu?'es {g&&re(i%)m ne

Transformation is that enco and S ng a e avarl‘abl e.

Addi tionally, the su@ﬂf&ﬁ%é@n@ési‘t@fﬁf@cefhéaﬁec eutpytnky this

Transformation is sufidiad edinky owebht behamad Motish | comrinlsagtibreunse of

psychovi sual Crlterléls negatively summed with the output £rom the Motion
Estimation unit 43 and goes to the input of the
Discrete Cosine Transformer 21. The ocutput of the
Discrete Cosine Transformer 21 is quantized in a-
Quantizer 23. The output of the Quantizer 23 is split
into two outputs, 121 and 131; one output 121 goes
to a downstream element 25 for further compression
and processing before transmission, such as to a run
length encoder; the other output 131 goes through
reconstruction of the encoded macroblock of pikels
for‘storage in Frame Memoxy 42. 1In the encoder shown
for purposes of illustration, this second output 131
goes through an inverse quantization 29 and an
inverse discrete cosine transform 31 to return a
lossy vexrsion of the difference macxoblock. This data
is summed with the output of the Motion Ccmpensation
unit 41 and returns a logsy version of the original
picture to the Frame Memory 42.

As shown in Fig. 2, there are three types of
pictures. There are “Intra pictures' or "I" pictures
which are encoded and transmitted whole, and do not
require motion vectors to be defined. These "I
pictures serve as a source of motion vectors. There
are "Predicted pictures" or "P" pictures which are
formed by motion vectors from a previous picture and
can serve as a source of motion vectors for further
pictures. Finally, there are "Bidirectrional pictures"
or "B" pictures which are formed by motion vectors
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After transformation, many of the frequency coefficients are zero,
especially the coefficients for high spatial frequencies. These
coefficients are organized into a zig-zag pattern, and converted into
run-anplitude (run-level) pairs. Each pair indicates the nunber of zero
coefficients and the anplitude of

-12- the non-zero coefficient. This is coded in a Varlabie t”hgbﬁaﬂnd )
Mbti on conpensation is used to reduce or even elim ndt & Pedl @p Rewry bet
pi ctures. Mdtion conpensation exploits tenporal redun I'ng the
current picture into blocks, for exanple, naggobl ocks, and then searching
in previously transmtted pictures for a nearby block with sinilar content.
Ch: y the di ffgrfence tmouee:fwd e heyr pLotutd N Clongepastnghd h:@xeplfedﬁfé £dnd ock
pel s extracte rom-t referen ct ug t 0

transm ssi on and thergag’f 5~ t""'(raezifgrefgmR téd °eurcse L #iﬁl:}.é’n% e?%écf;

noti on Con'pensat i on a¥gFtors are generated from "I* and “P“ plctures, and

are used to form "P" and "B" pictures. "P* and "B"
pictures.are also referred to as "Nonintra" or
"Inter" pictures.

One method by which motion estimation is carried
out, shown in Fig. 3, is by a-search from a
macroblock 211 of an i™ picture throughout a region
of the next picture to find the best match macroblock
213. Translating the macroblocks in this way yields
a pattern of macroblocks for the i+1®™ picture, as
shown in Fig. 4. In this way the i picture is
changed a small amount, e.g., by motion vectors and
difference data, to generate the i+1* picture. What
is encoded are the wmotion vectors and difference
data, and not the i+l picture itself. Motion
vectors translate position of an image from picture
to picture, while diffexrence data carries changes in
" chrominance, luminance, and'éaturation, that is,
changes in shading and illumination.

Returning to Fig. 3, .we look for a good match by
starting from the same location in the i*™ picture as
in the i+1® picture. A search window is created in
the i** picture. We search for a best match within
this search window. Once found, the best match motion
vectors for the macroblock axre coded. The.codin§ of
the best match macroblock includes a .motion vector,
that is, how many pixels in the y direction and how
many pixels in the x direction is the best match
displaced in the next picture. Alsc encoded is
difference data, alsc referred to as.the "prediction
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prediction is to record the | um nance and chrom nance, i.e., intensity and
color, of every pixel in an "I" picture, then record changes of | um nance
and chrom nance, i.e., intensity and color for every specific pixel in the
subsequent picture. However, this is-uneconom cal in transm ssion nedi um
bandw dt h, nenpry, processor capacity, and processing tinme hecause objects
nove between pictures, that is, pixel contents nove from onerHioSAEEPRAL BN
one picture to a different location in a subsequent pictur£;>A NREPEACED
advanced idea is to use a previous or subsequent picture to predrct wWEere =
bl ock of pixels will be in a subsequent or previous picture or pictures, -
for exanple, with notion vectors, and to wite the result as "predicted

pi ctures"” or "P" pictures. Mre particulé?fy, this involves nmaking a best
estimate or predic%' ,pf“wﬁ e-%h [ ohl. ock . pixels of the
i[err] picture wil e widEhT [g*r‘g]a%é‘ﬁr%[}[:g?% DI Htnaticeradd’ | o step
further to use bot}uminance between the current macroblock and the best.

REPLACEMENT SHEET match reference macroblock. 20
AUG 1998 -13 - subsequent and previous pictures
to predict where a block of pixels will be in an internediate or "B"

pi cture. To be rte®nesathgpal hfunntdonseot neo MBE§20ctcpder

are implemented in three basic devices: an I or Intra
device, an R or Reconstruction or Reference device,
and an S or Search device. The functions axe
partitioned according to application needs, silicon
sizé, tools and design complexity, and performance.

As shown in Fig. 6 all external communications
including pixel interface 641, host interface 611,
and output data interface 679 are done in a single I
device 601. The I device 601 is the master inEérface
of the encoder, and is a basic requirement in any
video compression application using the chip set of
the invention, as shown in Fig. 5. A programmable
processor 621 along with the entropy coding
functions, that is the Discrete Cosine Transform
processor unit 671, the quaﬁiization unit 673, and
the variable length encoder unit 675, are
incorporated in this chip. As a result, this device
could be used in an application requiring encoding of
I-only pictures. A reconstructed interface is also
added to allow functional expansions. The processing

functions applied prior to encoding are also included
in this device.

Reconstructive processing of the macroblock is
needed for all non I-picture ceding, that is P
picture and B picture encoding. Functions such as
Inverse Discrete Cosine Transformation (IDCT}, -
Inverse Quantization (IQ), and Motion Compensation

- - This Sheet Has Been Replaced
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and the picture transm ssion order do not necessarily match the picture
display order. See Fig. 2. For |- P-B systens the input picture

transm ssion order is different fromthe encoding order, and the input

pi ctures nust be tenporarily stored until used for encoding. A buffer
stores this input until it is used. For purposes of illustration, a
generalized flowhart of MPEG conpliant encoding is showadn-Elg. .1 Ln
the flowchart the inmages of the i[err] picture and the i¥H& SHEGI BASIBEENr{e
processed to generate notion vectors. The notion vectors] predifePLAfED e a
macr obl ock of pixels will be in a prior and/or subsequent picture. The use
of the notion vectors instead of full inmages isi& key aspect of tenporal
conpression in the MPEG and HDTV standards. As shown in Fig. 1 the notion
vectors, once gener ated, (M) o ageogonsplidatad daspasingilefchibe haerBhthigk Smf

P Fo 1 in the Eﬁiéﬁ.m?w ooo the o) b TR chip or R fRodlu
the i +1[err] picture are% Sr&ogegég a1n t%o aeggi?i‘ae%ei&“ﬂt&l“géﬁki‘ l%"?mt i%n
vectors which are the f&Wlitn"ghien eqtoimabipmpifunctien dapabéiityawmith a
subsequent pictures are pxogadefabé pidcdtutd i8dalde ddud tb”ﬁﬂﬂdﬂéll&i a
subsequent picture goe ottcl ghggy?#eﬂ(}%?gl %atsleggcﬁméésﬁ% mtergacgn soder

Mbtion vectors 113 are orne
installed for higher motion applications. As a

result, the I and R-chips together could be used in
applications with less motion such as distance
learning, video conferencing, surveillance, etec-

Motion estimation is a repetitive function and
has high computatlonal requirements. A hardware
device, the Search-chlp or processor 901 (Fig. 5)
with external programmable registers, is dedicated to
this function. An expansion interface is'installed to
attain a larger search range. The three chip
configuration can be used for applications like
broadcast transmission, and the like. For higher
motion, such as high speed photographic scientific

~ applications, additional § chips 901 provide higher
picture quality with a larger search range. This is a
scalable feature of the architecture.

Chip Partition

The connections of the three encoder chips are
shown in Fig. 5. Fig. 5 shows the combination of
three encoder chips of processor elements.. These are
the Intra-chip or Intra-processor 601, the Reference-
chip or Reference-processor 801, the Search-chip or
Search-processor 9201, and associated RAM chips 531,
533, and 535, including DRAM chips and SRAM chips.
The Intra-chip or Intra-processor is the host
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-14- of the Mdtion Estimation unit 43. These vectors are used by the
Moti on Conpensation Unit 41 to retrieve macrobl ock data from previous
and/or future pictures, referred to as "reference" data, for output by this

unit. One output of the Mdtion Conpensation Unit 41 is negatileHys SHERTEMAS BEEN
with the output fromthe Mtion Estimation unit 43 and goes tp the RERpPACEDf

the Discrete Cosine Transformer 21. The o_Li%put of the Discrele CosTne
Transfornmer 21 is quantized in a Quantizer "23. The output of the Quanti zer

23 is split into twogp nggftoa» %ﬁgérm,lzié;:&l&v@gt@i&it]i%édgﬁﬁﬁet&da
.Lor t1ur

downstream el ement 2 er coag;%traegm on. and _ processin vlg_%&fgre
transmi ssion, such a¥*$% #%PHR PhgtHent RSV ERe® SITEF BT PUt "L31 goes

t hrough reconstructi ontwit t548.encoded nmacrobl ock of pixels for storage in
Frame Menory 42. In the encoder shown for purposes of illustration, this
second out put 131 gozs through an inverse quantization 29 and an inverse
di screte cosine tran f%k?lrﬁ31 to return a lossy version of the difference
macrobl ock. This data is sumed with the output of the Mtion Conpensation

unit 41 and returns a | osge teeripre oy, showdringFngl @i Glandkes aHehe Frane
Menmory 42.° As .shown, i LY. (Roo t RET I SmOd4a0i ctures.
There are "Intra pi ctt %ts"dagrg Ejfg b%&'u?Zs&vﬁiogﬁggégﬁgrﬁggea a

transmitted whol e, anBiglo HoPfr EBGI $AREE: SFFEFEct ROPFHRBITRY i(REE. These
"I" pictures serve assastsésnedénoframd iformeedcmas. edtwemalaPBAM Pr edi ct ed

pictures” or "P" pi CLUEES Y tGNa8" & £:AEPEciie MOThOD HRP BESfdrMhe
previ ous picture and .
core functions necessarxy for I frame encoding. Pixel

data is converted from the RGB format to the YChCr
format, if needed. Pixel data is monitored for scene
changes and for repeat fields created by 3:2
pulldown. Incoming pixel data is also adjusted to
create HHR output format. The encoder can receive
field or frame input format and output field or frame
encoded data, regardless of 'how it was input. Input
4:2:2 data can be encoded as 4:2:2 or 4:2:0 output.
The on-chip RISC processor 621 is responsible for
adaptive DCT, adaptive quantization, and rate
control. The processor has a dynamically
partitionable structure that allows it to operate as
a 4 byte engine or four 1 byte engines. This is
described in commonly assigned, copending U.S.
Application Serial No. 08/411,239 filed March 27,
1995 by Charles Boice, John M. Kaczmarczyk, Agnes
Ngai, and Robert C. Woodard for DYNAMICALLY
PARTITIONABLE DIGITAL VIDEO PROCESSOR, the entirety
of which is incorporated herein by reference.

The encoded macroblock is merged with header
information as described in commonly assigned U.S.
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can serve as a source of notion vectors for further pictures. Finally,

there are "Bidirectional pictures" or "B" pictures which are fornmed by
notion vectors

REPLACEMENT SHEET 20
AUG 1998 -15- fromtwo other pictures, one
past and one future, and can not serve as a source of not i OFHI§ SHEBT $1AS BEEN
Motion vectors are generated from"I" and "P" pictures, anpd_ar eREBadEDO
form"P" and "B" pictures. "P' and "B"' pictifres are also referred to as

"Nonintra"” or “Intery _pLclLures, hqd by which notion,
estimation is carrie&?ghéfssﬁkﬁﬁquwqﬁ &SE§§?$%4§§Vé%§@§rPh ?F%ﬁﬁ%%eld(

macr obl ock 211 of anDipserll. pilauersbexy, oagbobgnes MNepilon fok APPARRDUS pi cture
to find the best natebrMBEASER OfiteRbirToN 208k AL éﬁ%- nggagﬁ9Q$0ﬁ§s in this

way yields a pattern, of crobl ocks for the 1 +1 Icture, as shown in
Fig. 4. In this way PRECPYetPFomRaRed herefin it eIRRFP - aRbLMICTRAES by
motion vectors and dtheefénak MREG:2 tax YPEGFateutic bitkerehm whidhiithe What
i's encoded are the mahiceRe¥eeiR’sedt i hhergpsmin g pRiptde 4 +lerr]

picture itself. thigﬁ' ectors translate posjtion o? an Image Trompicture
EPenter dsrarRis

to picture, while di Xy 7 FOT ORGP yessed store interface
673, When the picture is stored to DRAM it can be

read out by the user through the host interface in
non-real time.:

R-chip or Processor

The R chip or processor 801, also referred to as
the Refinement chip or the Reconstruction chip: is
responsible for search motion estimation refinement
and.reconstruction of pictures for motion
compensation. External DRAM is used to support the
motion estimation function. The R chip or processor
fuqctional unit performs all the base functions
required for reconstruction of pictures and motion

estimation, including calculating and processing for
the frame differences.

The primary functions of the processor are
macroblock type decisions, adjusting search range per
picture, and motion estimation assists. Both
quantizer data and Search chip search results are
received through a common chip interface. Quantized
data is then dequantized using up to four matrix
tables. The IDCT converts the coefficients to pixel
data via a two dimensional inverse transform. This
reconstructed picture data is saved as reference data
by the memory intexface for subsequeﬁt picture '
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chrom nance, |um nance, and saturation, that is, changes in shading and
i1l um nation. Returning to Fig. 3, we |ook for a good match by
starting fromthe same location in the i[err] picture as in the i+1[err]
picture. A search windowis created in the i[err] picture. W search for a
best match within this search wi ndow. Once found, the best '

et 6o o0
vectors for the macroblock are coded. The coding of the be
macrobl ock includes a notion vector, that_j,s, how many pixe ~-LhEsYy
direction and how many pixels in the x direction is the best match

di splaced in the negshiRkCtTHe mdlich ReoMREinS dlinf bappase £idi, al so
referred to as the r edi,ct

. | on_, o : - 16-
errort, which is t RESREr PAPLRETS) BIAFRREITRLAPLAGR FEREE SRmRE: ( ne
current nacrobl ock peddrehelveson raliariy mwatbr Encde amic Bophotures. The
operational functions of an MPE&R encoder are inplenmented in three basic

devices: an | or Intra device, %? R or Reconslruc}ion or Reference devi ce,
The two chip configuration (Intra- &

Refinement/Reconstruction- chips) can support up to
+/- 8H and +/- 7V search range and the 3 chip
configuration (Intra-, Refinement/Reconstruction, &
Search chips) can support up to +/- 64H and +/- 56V.
2s .motion estimation results are needed, the search
window size and best match results are determined,
and frame difference data is generated.

Search-chip. or Processor

The Search-chip or processor 501 iq'responsible
for -the bulk of the motion estimation. The purpose of
motion estimation is to find the location of a
macroblock from the current picture (current picture
macroblock or "CMB") in the reference pictuxe. This
location is determined by fiﬁding_the best match,
which is determined by comparing the CMB data te the
reference pictures data and factoring .in a bias which
is based on the motion of previous pictures.

The entire reference picture cannot be searched
in real time. Therefore, a subset of the reference
picture is searched. This subset is called the Search
Window. See Fig. 3. The larger the search window,
the higher thé chance of finding an exact match for
the CMB. The search window can be significantly
increased by employing additional Search-chips.
Effective motion estimation produces higher quality
video and highly compressed bit streams. The
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and an S or Search device. The functions are partitioned according to
application needs, silicon size, tools and design conplexity, and

per for mance. As shown in Fig. 6 all external conmunications
i ncluding pixel interface 641, host interface 611, and output_ data
interface 679 are done in a single | device 601. The | devi PR ord S

master interface of the encoder, and is a basic requirenent
conpressi on application using the chip set of the-invention,
Fig. 5. A programmble processor 621 al o?g-with the entropy coding
funections, that is_the D screte Cosine Transform processor unit 671, the

quanti zation unit SEPFChIRYOCERS NG -EF iR IPSBFEBIEINARN t 675, are
i ncorporated in tipacareitprsAfrom rdsuiprpcébscsr davithe coul d be used in an

appl i cation reqU|ri%E}é?m§gg Fﬁgﬁ§sérdgghgng#£gégg§gr énéef Luct ed.

interface is also a functi xpansi ons. proce55|ng
functions applied %HW*ﬂanFG BHEEHH?ufﬁiﬁelal%kF QHﬂ framg oH q*ﬁ¥§ devi ce.
Reconstructive profmssthgron the Imorackhipk basedneadele fmictaire non

| -picture coding, ghalcthgel Ppicture and B picture encoding. Functions such
as Inverse"Discrete Cgsine Transformation (IDCT), |nverse Cpantlzatlon
(1Q, and Motion Conpensation -

The reference plctures are stored in off-chip
SRAM .in frame format. The motion estimation unit
performs field searches on the CMB and the reference
plcture Four field results are calculated along with .
a frame result for frame structured pictures. The
results are in the form of difference data and are
biased based on preV1ous pictures motlon

I . characteristics. The biased difference data along

with motion vectors are sent to the R—chip or

processor 801, e.g., for calculation of the frame
difference.

Processing flow

The I-chip or processor 601 contains both the
pre-processing and entropy coding functions. The
pre-processing furnctions are performed prior to any
coding functione. The entropy coding is the last

portion of picture processing. Its block diagram is
shown in Fig. 6.

The present invention is related to the entropy
coding functions of the I-chip or processor 601.
Further discussion of the I-chip, R-chip and S-chip
is provided in commonly assigned, pending United
States Patent Application sexrial number 08/83f,I157,
by Caxr et al., filed April 1, 1997, entitled
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-17- (MC) are consolidated in a single chip, the R chip or R processor,
801 (Fig. 5). The R chip or R processor is also referred to as the
Reconstruction chip. A small notion estimation function capability with a
programabl e processor is also added to handle |ow notion a

result, the | and R-chips together could be used in applicat] onsREmeE.

notion such as di stance | earning, video,conferencing, surveillance —e
Mtion estimation is a repetitive function and pas hi gh conput at i onal
requi repnents. A hardware device, the Search- ch| or processor 901 (Fig. 5)

wi th external programmekjorTRefi SEEEEE FéRdﬁﬂulmLQQEtﬁuﬁjuﬁoﬁ“ﬁiﬁn& TEQN
expansi on interface |5Eb§&%§é%§g {0 attain a larger sear r.ange. The t hree
chip configuration can 3 * "applications like brdéﬁﬁﬁ%

transmi ssion, and the |lineerpegatifghereimtimntssenhiastyi gh speed '
phot ographi ¢ scientific applications, additional S chi ps 901 provi de higher
picture quality with a Iarg§¥1searc his i,s a scalable feature of

the architecture. Chip Pa ttFSﬁ“EaE o %@Wﬁﬁéﬁ??o‘ﬁ%ubf°”c%é%e°
encoder chi ps ar.e showthen Hiegens. ifivgnt $orms hoams behdémpbehemasd aiodfint hr ee

encoder chips of procesgghn ﬁz%!E&BhSun eéP :E'%Sr' @%a&qh&eordgd:filteﬁe

I ntra-processor 601, the Reference- er ence- pfocess
Sear ch-chi p or embodiment of w LS depxcted in Fig. 7. 1In this

aspect of the inventlon, appllcants employ macroblock
pattern constraining as a mechanism to achieve bit
rate regulation. By selectivély constraining
coefficients in the blocks comprising a macroblock
based on a predetermined, programmable constrain
pattern, an.optimal bit rate and picture quality
balancing can be achieved. Preferablf, the constrain
pattern is selected to zero out High frequency
coefficients in the macroblock, and thereby allow
more bits to be allocated for low frequency
coefficients. This achieves a finer mquant for use
in capturing more picture detail.

By using host writes to the encoder, a user can
program a desired constrain pattern. For example,
the user can set the constrain pattern to constrain
one-third, one-half or two-thirds of the coefficients
in a macroblock, preferably in a diagonal pattexn as
discussed below in connection with Figs. $5-12. The

selected pattern can be applied to all macroblocks or
to just nonintrxa macroblocks.

The quantization unit or quantizer 673 is
responsible for quantizing the DCT coefficients from
DCT coprocessoxr 671 (Fig. 6) and then sending the
coefficients to variable length encodér (VLE) 675
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Sear ch- processor 901, and associ ated RAM chi ps 531, 533, and 535, including
DRAM chi ps and SRAM chi ps. The Intra-chip or Intra-processor is the host
-18- processor interface, it receives digitized filtered video input 541,
and it produces a conpressed video output 543. I -chip The I-chip
601, shown in Fig. 6, handles the input data 541 (Fig. 5)_and out put
bitstream 543 (Fig. 5) of the encoder system Incom ng pikahnﬁgﬁ@ﬂiﬁA§bggﬁ
in frame format in an external DRAM referred to as a frare st @epradihS
chip perforns the core functions necessary for | franme encodrng—Prxet—dat
is converted fromthe RGB format to the YCbCr format, if needed. Pixel data
I's nonitored for scene changes and for rep2at fields created by 3:2

pul I-down. | ncom ng gixel data is also adjusted to create HHR out put format.
The encoder can redBi¥e §) el QUGRtAZERLOR ARYCLVER nEFaldRg SBEPBET i el d or

frame encoded dat agceffibeidrass iof ahoworstem pronpss . pdrnPPEGASRaddated a can be
encoded as 4:2:2 Oimd: BeP QuidiioiehRe Ofe GieRl R AAGPER0RR021 18
responsi bl e for adaptive ,_adaptive quantization, and rate .

Individual 'Quantization of DCT Coefficients logic

block -700, which quantizes each coefficient based on

. its relative location within the subject block of the

macroblock. This quantization is made with reference .

tq weight values stored in Quantizer Matrix Tables

702 in the quantizer unit 673. ' The quantizer

processes one block of a macroblock at a time.

Again, there are six blocks in a 4:2:0 macroblock and’

eight blocks in a 4:2:2 macroblock. Thus, this first

step is a quantization of each coefficient based on

its relative location in the 8x8 block of the 16x16
macroblock.

* The second quantization step is scalihg all
coefficients in the macroblock. This Quantization of
Scaled DCT.Coefficient 704 comprises an overall
quantization which is set by the processor in
consideration, for example, rof the bit rate. This
scaling is made with reference to a selected step
gize or mguant 706. The stepsize can be adjusted

depending upon whether the bit rate is above or below
a target bit rate.

Pursuant to the present invention, quantization
unit 673 is modified to include Pattern Constraining
logic 710 which accesses one or more Programmable
Constraining Patterns 712. The decision whether to
constrain can be based on bit rate of the macroblock
ox based on whether two prior macroblocks in a row
exceeded a bit rate limit, with constraining being
initiated for all subsequent macroblocks in the row.
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control. The processor has a dynamcally partitionable structure that
allows it to operate as a 4 byte engine or four 1 byte engines. This is
~described in comonly assigned, copending U S. Application Serial No.

08/ 411,239 filed March 27, 1995 by Charles Boice, John M Kaczmarczyk,
Agnes Ngai, and Robert C. Wodard for DYNAM CALLY PARTI Tl ONABLE DI G TAL
VI DEO PROCESSOR, the entirety of which is incorporated herein by reference.
The encoded nacrobl ock is nerged with header information as described in

commonl y assigned U.S. -19- Letters
Patent No. 5,526,054 by Janes D. Geenfield, D ane M $ ] I nes
Ngai, for APPARATUS FOR HEADER GENERATI QN, the entirety %Abglﬁgr,by
i ncorporated herein by reference. This creates the fiua1

IVI | -y nr '\/Dp r 1
out put bitstream which the encoder can store to an external DRAMor ship to
a FIFQ, for exanple, through conpressed store interface 679. Wen the

picture is stored to DRAMit can be read out by the user through the host
interface in non-real tine. -24-

The user interface can direct which.programmable
constraining pattern of a plurality of programmable
constraining patterns is to be applied once pattern
constraining is set for a macroblock. Various
desired patterns are discussed furthexr below with
referencé to Figs. 9~12.

Fig. 8 depicts one process flow for pattern
constraining within quantizer 673 in accordance with
the present invention. The flow is repeated for
processing of each macroblock of a picture 750. An
initial inquiry determines whether the target bit
rate is greater than a predetermined number (x) of
megabits per second (Mbps), e.g. 15 Mbps, 752.
Assuming that the bit rate is greater than the.
predetermined Mbps, then the coefficients of each
block of the macroblock are quantized 756 in
accordance with the conventional quantization
processing discussged above.

If the bit rate is less than the predetermined
Mbps, then processing inquires whether the bit rate
limit has already been exceeded by a preselected
number n of macroblocks in the corresponding row of
the picture 754. In this example, the preselected
number comprises two macroblocks, which is an MPEG
standard, after which macroblocks in that row shall
be constrained to prevent exceeding the bit rate
limit for the macroblocks. If the bit rate limit has
been exceeded by two prior macroblocks in the row
then the constrain mode is enabled and a partial
constraining pattern is selected 758.
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R-chip or Processor The R chip or processor 801, also referred to as
the Refinenment chip or the Reconstruction chip, is responsible for search
notion estimation refinenent and reconstruction of pictures for notion

conpensation. External DRAMis used to support the notion dSTLiBHERR HAS BEEN
function. The R chip or processor functional unit perforns jall tRepk

functions required for reconstruction of pictures and noti o estTITHRITOTT,

i ncludi ng cal cul ating and processing for the franme differences. The
primary functions of the processor are nmacgsbl ock type deci sions, adjusting
search range per picture, and notion estimation assists. Both quanti zer
data and Search chip sedfclheebittsate dirddehaeontthhmeghexceededrbyhi p

interface. Quantizeg,dg5a dyS mﬁ@?@bﬂ@éﬁ&@q‘d 28d vsi rm;elr%nfeomaeyabw&:&a X
tabl es. The | DCT converts the coef tstggggrp}.f ta via a two
c

di mensi onal i nver se®%§ AIFERRER THFE P ®UPE®data is saved as
ref erence data by tperfremancel ppacérne 751, shbsethemonstrainemode is
enabled and a partial constraining pattern is
. selected 758. In the comstraining mode, the
coefficients in the blocks of the macrecblock are .
conventionally quantized through the f£irst and second
steps of the quantization unit 760, and the selected
constraining pattern is then applied t¢ the blocks of '
the mécroblock. The resultant, partially constrained |
blocks are output to the variable length encoder
(VLE) (Fig. €). Upon output of all the blocks in =
macroblock, ' quantization is complete for the
macroblock 764. '

' Various congtrain patterns are possible. In one
preferred embodiment, constraining pursuant to this
invention zercs high frequency coefficients in the
individual blocks of a macroblock, while retaining
lower frequency coefficients. Since the lower
frequency coefficients conventionally reside in the
upper left portion of each block of coefficients, one
prefexred constraining pattern would be a diagonal
pattern as depicted in Fig. 9. With this pattern,
the ‘AC’ and 'DC’ coefficients in the upper left
portion of the 8x8 array of coefficients are
retained, while those in the lower right portion are
clipped or zer6ed out.

As a further enhancement, the constraining
pattern can be programmed or selected based, for
example, upon an actual bit rate. In Fig. 10, the
standard constraining pattern of Fig. 9 for a block
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-20- coding. The notion estimation can support field, frame dual prine,

bidirectional notion types to half pel resolution along with I, P and B

pi ctures. The two chip configuration (Intra- & SEEN
Refi nement / Reconstruction- chips) can support up to + - 8H afdTHip-SHEGT HAS j
search range and the 3 chip configuration (Intra-, REPLACED

Refi nenent/ Reconstruction, & Search chips) can support up to +/- 64H and
+/- 56V. As notion estimation results are2fzeded, the search w ndow size

and best match results determ.ned, and frane.difference data is
generated. . Searcﬂfcﬁ?'bég* % e 48, Fhown w"thTﬁedg%%‘?'& 2% or processor

901 i s responsi bl eekbending hRppradimakelyvthrnugbs theoniddie Hie ther pose of
motion estimation 3ekikisnksd fE‘r:‘a?rcat rR{s Ofirfd %B?é?ﬂ@@l@.ﬂe! omthe current

picture (current picture, macrobl e reference picture.
This location is d@Fé ﬁ%ﬁ&b??%’ﬁat?cggﬂ‘%e#enﬁi <5\,h| ch is deternined
by conparing the CHBedﬁﬁ.aientsheM!efaémematg)lmrteaiumm patderactiering in a

bi as which is basedegictBg ﬂﬂtrﬂj‘ af EB?Vh PikUEEBes (Where 1B entire
reference picture cannqt be seh%ch hed {'j}b time, Therefore, a subset of
the reference pict GRBSFTaIBLPE AR neffed 3NOLRET | BHEGTRA S ar ch W ndow. |

See Fig. 3. The | apgtretrheisesheown iim®dy,. lhefdn dhwert hit ofatrese wifexfe ndi ng

an exact match for Bek co;m&éﬁar o LW SEVeLAN éﬁuélgﬂyfﬁ&@%} %he

I ncreased by enplo |n |onal Sear ch-c gs. Effe ge rg)tlon estimation
produces hi gher qu S na me geparating t constrame

unconstrained coefficients, a programmable constrain
pattern can be achieved.

By way. of specific example, the standard
congtraining pattern of Fig. 10 might bé_used:gor an
average bit rate in the range of 15-30 Mbps, while
the ‘higher bit rate constraining pattexn could be
employed for 30-50 Mbps and lower bit rate
constraining pattern for less than 15 Mbps. Those
skilled in the art can readily implement additiocnal
constrain patterns iri accordance with the teachings
of this disclosure. The claims appended herewith are
intended to encompass the concept of selectively
constraining a portion of the coefficients in the
blocks of a macroblock irrespective of the particular
constraining pattern employed.

Another bit regulation concept in accordance
with the present invention is discussed below with
reference to Figs. 13-15. This concept involves the
Coded Block Pattern (CBP) which is output by MPEG
standard as part of the bitstream from the encoder
for each nonintra macroblock. The Coded block
Pattern is a binary number {6 bits for 4:2:0 format
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video and highly conpressed bit streans. The
-21- Search-processor receives the search wi ndow paraneters fromthe

processor on the Refinement/Reconstruction-processor and refghyfsuErINHASMERN
picture data in either frame or field format fromthe Intra}chip,rdpaaegpon

the picture structure. The reference pictures are stored—tmmoff-chnip
SRAMin frame format. The notion estimatigp unit perforns field searcheson
the CMB and the reference picture. Four field results are cal cul ated al ong

with a franme resul 4n§od E{@T&o&t QUBL oI Sehiitgt Whesh déWireasuhighare in the
form of difference gata and

bi ase us pictu nmot i on
characteristics. OFfF % sty %lq‘%fvgf‘eﬁtégrgfw a?gﬁ E%'Y?‘f{ ﬁbtei Onwég%t‘or s are
sent to the R-chi pbbecke eantadn 3¢1 leasy, ong @uon@ar@uq:@aﬂﬁﬁq:zentt- heFe¥ ame
di fference. Procggamplef |thé 4:2:0 pattern number is equal to 32+«P1 +

16%P2 + 8+4P3 + 4eP4 + 2eP5 + 1P6, where Pn is 1 if

, any coefficient is present in block n, otherwise 0.
For intra macroblocks, all blecks must be coded, and -
therefore a Coded Block Pattern is not needed or

used. The CBP is needed only for nonintra
macroblocks.

This aspect of bit regulation pursuant to the
invention is based on a recognition that if a Coded
Block Pattern can be determined before the
coefficients of a current macreblock are gncodéd, the
compressed storxre interface 675 (Fig. 6) would not
need to buffer the coefficients. Thus, thée present
invention “fixes" the Coded Block Pattern to produce
a Fixed Coded Block Pattern (herein FCBP) which
indicates that all blocks in the nonintra macroblock

~are coded. Once this is done, the encoder then
guarantees that éach block is coded (i.e., contains
at least one nonzexo cocefficient). In the case where
a block contains all zeros, the encoder is directed
to encode a "1' in the 64 coefficient location to
make the block coefficient data match the FCBP which
had already been placed in the bitstream.
Performance is enhanced with this scheme by
eliminating the need for the compressed store
interface to await processing of all blocks of a

nonintra macroblock before outputting the macroblock
header.
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The I-chip or processor 601 contains both the pre-processing and entropy
codi ng functions. The pre-processing functions are perfornmed prior to any
codi ng functions. The entropy coding is the |last portion of picture

processing. Its block diagramis shown in Fig. 6. The present S
invention is related to the entropy coding functions of thq[gziﬁfﬁﬁﬁﬂASBEéiJ
processor 601. Further discussion of the I-chip, R-chip and| S cChiggpi ASED

provided in commonly assigned, pending L@&égd St at es Pat ent H-eatTon -

serial nunber 08/831, 157, by Carr et al’, filed April 1, 1997, entitled
-22- " CONTROL SCHEME IHdtedaRED:6SEHLPUAT, PORE RIERDIcaheli SRRER viigRAY

Accordance it h ont Al aPoPAE BFERUARTEN, ant i eiredregco R At cd
wi thi n quanti zat i o¢sing tteshndgunsi defimsd byatherdPRE: iekiandarénbothi nent  of
which is depicted idaftibn £o kRikhigiRsnardtioh, tfige ivigeaiken, applicants
enpl oy macr obl ock determines and encodes certain macroblock parametexrs
which are used in the macroblock headexs. One of
these ‘parameters is the above-described Coded Block
Pattern. Macrobleck headex genexation haxdware
and/or software 800 receives as input macxoblock
headex data and motion vectors. Motion vecter coding
802 and coded block pattern generation 804 are
employed' to produce the macroblock headers which must
precede the macroblock in the bitstream output fxom
the compressed store interface 679 (Fig. 6).

! :

In accordance with the present invention, the
quantized coefficients from the quantization unit 673
are initially received at a Fixed Coded Block Pattern
mode interface 810. This interface is where
determination is made whether a coefficient in a
block of a nonintra macroblock needs to be converted
to a nonzero value. For example, the 4%
coefficient in an all zeros block can be converted in
accordance with the present invention to a 1 as shown
in Flg. 15. 2Assuming Fixed Coded Block Pattern
(FCBP) mode, a signal is sent to CBP generation B804
to ocutput an all 1‘’s (or FCBP) header presently,
i.e., before processing of the blocks of the
macroblock. ‘Once the FCBP mode is determinéd and-the
header is sent,” the quantized coefficients are |
forwarded for variable length coding 812 and output
as variable length coded data. The concepts
presented hetrein for modifying an all zeroes block to
include at least one nonzero coefficient, for

ect Has Been Replaced

TR



pattern constraining as a nmechanismto achieve bit rate regulation. By

sel ectively constraining coefficients in the bl ocks conprising a nmacrobl ock
based on a predeterm ned, progranmmable constrain pattern, an optimal bit
rate and picture quality bal ancing can be achieved. Preferably, the
constrain pattern is selected to zero out high frequency coefficients in

t he macrobl ock, and thereby allow nore bits to be all ocat ed_f.or—tow

frequency coefficients. This achieves a finer nmguant for ﬁeimﬁfﬁ"?lﬁﬂ%ﬁFEN
nore picture detail. By using host wites to the erjcoderRE

can programa desired constrain pattern. For exanple, the user can set
the constrain pattern to constrain one-third, one-half or two-thirds of
the coefficients  in a macroblock, preferably in a diagonal pattern as

di scussed below in connection with Figs. 95d2. The selected pattern can be
appli.ed to all macroblocks or to just nonintra nacrobl ocks. The

quanti zation ]ltmi t oexsmpsld, Zer thé364%¥ posbpmnsi bhe Heorimgplaménzedg t he DCT
oot 1 oi ont s to varTaEreERERAAER Bdgediciar goRiits bICRLSELS) O The
Fig. 14 presents one Fixed Coded Block Pattern
processing embodiment in accordance with the present
invention. Variable length encoding of a macroblock
beging 900 with determination of whethex the . .
macroblock comprises a nonintra macroblock 902. If
the macroblock comprises -an intra macroblock, then
the  FCBP is unnecessary and the quantized
coefficients are encoded S04. Variable length
encoding of the macroblock is then complete 3924.

Assuming that the macroblock comprises a
nonintra macroblock, processing can next (optienally)
determine whether data is being processed with a
performance concern S06. If mo, then the performance
enhancemnents obtained with this aspect of the
invention are unnecessary and the quantized
coefficients arxre variable length encoded 908 and the
conventional Coded Block Pattern is determined and
sent for output in the bitstream 910 in accordance
with convention VLC defined by MPEG standards. The
variable length encoding of the macroblock is then
complete 924. If in performance concexrn mode, or if
the inquiry is omitted, processing is directed from
inquiry 906 to determine whether the target bit xate
is greater than a predetermined rate, for example, 20
Mbps 912 and'if'yes, the fixed coded block pattern
(FCBP) mode is set 914. If the target bit rate is
less than the predetermined rate, then there is no
need for performance enhancement in accordance with
this aspect of the invention and processing is
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-23- (Fig. 6). Quantization involves scaling the DCT coefficients in a
two-step process per MPEG Standard. The DCT coefficients are input
initially to an Individual -Quantization of DCT Coefficients |ogic block
700, which quantizes each coefficient based on its relative |ocation within
t he subject block of the macroblock. This quantization is nmade _w th

reference to weight values stored in Quantizer Matrix Tabl es |7DAsismERh@IAS BEEN
quantizer unit 673. The quantizer processes one bl ock of a rfacrobReelacED a

time. Again, there are six blocks in a 4:2:0 macrobl ock and erght bl ocks
ina 4:2:2 macroblock. Thus, this first step_is a quantization of each
coefficient based on its relative locat{pn in the 8x8 block of the 16x16
macr obl ock. The second quantization step is scaling all coefficients

in the macrobl OQiire-g%'ea Peaghé Zehdsiny 968 3hed ddebrmegihicoent 704
conprises” an overal nt.i z tlon which is set by the processor in
consi derati on, gﬁg ? The bit rate. This scaling is nade with
reference to a selected step si ze or. nquant 706. The stepsize can be

adj ust ed dependi ng ug@n whetherothér Mand! atge iHi2RQER 95 ég@@_@ target bit
rate. Pursuant to t resen |nvent|o ua unit 673 is
modi fied to i ncl R S8 ?Fﬁg%g’é‘f“r%ﬁ g TRbY gihf%oa\%%fafh 355%%%% one or
nore Progranmabltthe Gudet 9akni bhe Pammmuda:tz;s Tdenedatedi oh.@het&mrr to -
constrain can b 11:3_as_‘_e(§ %dQBt bigtEe ﬁfe%ﬁ fg}i&% afls Qgﬁedtgn whet her

two prior nacro | row__excee rate limt th
const rai ni ng belw lii“'r‘ﬁ ﬁt&ﬁéﬂ PLP- alf2 Bgﬁﬁ]ﬁe‘?ﬁ %F‘BSFB{?%Qcﬁcnl?he [ OW.

then. examined to determine whether the block has all
zeros 918. If no, then the quantized coefficients of
the block are variable length coded (VLC) 922. 1Imn
accordance with this aspect of the invention, if the
block contains all zeros, then one of the
coefficients, for example, the 64® coefficient, is

set to a nonzero value, e.g., “1" 920. The block is
then VLC encoded 922. Process steps 918, 920-922 are
repeated for each block of the macroblock until
macroblock processing is complete 924.

At higher bit rates, the processing of Fig. 14
works well since the likelihood of having blocks that
are not coded ie relatively small. At lower bit
rates, however, the likelihood of uncoded blocks is
much greater. Therefore, it may be desirable to
combine the FCBP processings described above,with the
pattern constraining process also discussed above.

By employing constraining, the amount of data perx
block may be reduced by zeroing out the higher
frequency coefficients of each block, thus reducing
the overall size of the macroblock. This in turn '
would mean that the amount of data that the
compressed store interface would need to buffer for
subsequent readout is reduced. This does not
alleviate the need for the compressed store interface
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-24- The user interface can direct which progranmbl e constraining pattern
of a plurality of programmable constraining patterns is to be applied once
pattern constraining is set for a macrobl ock. Various desired patterns are
di scussed further below with reference to Figs. 9-12. Fig. 8 depicts
one process flow for pattern constraining within quantizer 673 in
accordance with the- present invention. The flowis repeated for processing
of each macrobl ock of a picture 750. An initial inquiry deters-Res—whether
the target bit rate is greater than a predetern ned numbdgr T{R)SHEET BFENS
per second (Mps), e.g. 15 Mips, 752. Assuning that the Hit_raRBEPLACEY eat
than the predeterm ned Mops, then the coefficients of each block of the
macr obl ock are quantized 756 in aceordance with the conventi onal

quanti zation processing di scussed above. _33. If the bit rate is |ess

t han -t he predeterm ned Mops, then processing inquires whether the bit rate
limt has already bkeffexitwedethinyra paesddlecked but it does help

alleviate the problem and improve performance, i.e.,

for bit rates below the predetermined bit rate, for
example, 20 Mbps.

- _ To.restate, presented herein are several
macroblock bit regulation schemes which can be used -
to enhance quantization and variable length encoding
of the video encoder. By selectively, partially
constraining coefficients in a macroblock, bit rate
reguléhion is achieved and an improved balancing of
bit rate and picture gquality is obtained. For
example, setting a constrain pattern to zero out high
frequency. coefficients, allows more bits to be
allocated for the low frequency coefficients., A
finer mquant can then be used to capture more picture
detdils. Pattern comnstraining can be applied to all
macroblocks or to only nonintra macroblocks. A wide
range of partial constrain patterns are possible.

Performance can also be enhanced by fixing
(predetexrmining) the Coded Block Pattern defined by
MPEG standard as output from the varxiable length
encoder. By predetermining the Coded Block Pattern
an entire macroblock's worth of variable length
encoded data need not be buffered at the compressed
store interface. This works particularly well at
higher bit rates since the likelihood of having
blocks that ‘are not coded is small.

In the case of low bit rate macroblocks, pattern
constraining reduces the overall size of the
macxoblock, and therefore the amount of data that the
compressed store interface would need to buffer and
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nunber n of macrobl ocks in the corresponding row of the picture 754. In

this exanple, the presel ected nunber conprises two macrobl ocks, which is an
MPEG st andard, after which nmacroblocks in that row shall be constrained to
prevent exceeding the bit rate [imt for the macroblocks. If the bit rate
limt has been exceeded by two prior nmacrobl ocks in the row then the
constrain node is enabled and a partial constraining pattepnis gu.cbé§§E{_\

758. THIS) SHERT
- 25- If the bit rate linit has not been exceeded by {wo nrREW’“
macrobl ocks in the row but the nacgg?locks are nonintra macrobl ocks 755 and
there are performance concerns 757 hen the constrain node is enabl ed and

a partial CongtigibdilyReha! dut 55 U1e! saf M. | iniBeweRIgt rai ning mode,

the coefficients jn thé bl ocks e ggcro e conventionally
quanti zed t % %Wﬁ?ﬁﬁer§ eaﬁﬁegééﬁh&' tE%@P¥ﬁ5§€%e5&B§ﬁtlzatlon unit 760,
and t he sel etneek-fa:nsttmabmfngrpmnmﬁral sathablagid wadht Dowieitbl ocks of the

macr obl ock. rqgwtlatn%ioegag_‘%\%pg‘].gé))cég@g%gﬁ&ed bl ocks are output to the
VLE

vari abl e Ieng ‘encoder Upon output of all the blocks in a
macr obl ock, quantization is conplete for the macrobl ock 764.
. While the invention has been described in detail

hexein in accordance with certain preferred -
embodiments thereof, many modifications and changes

therein may be effected by those skilled in the art.
Accordingly, it is intended By the appended claims to '
cover all such modifications and changes as fall

within the true spirit and scope of the invention.
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Various constrain patterns are possible. In one preferred enbodi nent,
constraining pursuant to this invention zeros high frequency coefficients
in the individual blocks of a macroblock, while retaining | ower frequency
coefficients. Since the |ower frequency coefficients conventionally reside
in the upper left portion of each block of coefficients, one preferred

constraining pattern would be ' rn as dqprikeWeED Halsheek:
Wth this pattern, the 'AC an lmﬂm “ﬂﬂlﬁnts in tthe upperLAcgbt portion
of the 8x8 array of coefficients are retaisnetd, while those T tThe towe
right portion are clipped or zeroed out. As a further enhancenent,

the constraining pattern can be programred or sel ected based, for
exanpl e, upon an actual bit rate. In_ggg. 10, the standard constraining

pattern of Fig.. 9 for a block -26- of
coefficients is shown with a di agor#la i ext endi ng approxi mately through
the mddle of the coefficients array. I's |ine separates the maintained
coefficients fromthe clipped

1. A method for encoding a picture having

multiple rows, each row containing multiple
macroblocks, each macxroblock containing coefficients,
said method comprising for each macroblock in each
row:

. determining whether n prior macroblocks in
the row exceeded a bit rate limit, wherein n is
a predetermined number;

_enceding the macroblock; and

if n prior wacroblocks in the row have
exceeded the bit rate limit, then applying a
. constraining pattern to the macrobléck, said
constraining pattern zeroing selected
coefficients of the macroblock to reduce a bit
rate of the macroblock.

2. The method of claim 1, wherein said
applying of said constraining pattern to the
macroblock comprises zeroing out higher frequency
coefficients of the macroblock, while maintaining
lower frequency coefficients of the macroblock.

3. The method of claim 1, further comprising
selecting the cdonstraining pattern to be applied.to
the macroblock from multiple constraining patterns
such that the constraining pattérn applied is
programmable; '
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coefficients. An alternate constraining pattern is depicted in Fig. 11 for
hi gher bit rates where |l ess constraining is needed, while another alternate
pattern is shown in Fig. 12 for lower bit rates where greater constraining

is desired. Thus, by noving the diagonal ine separating the constrained

and unconstrained coefficients, a r I nstrain pattern can be
achi eved. By way of specif |Iglﬂl' I U@ ﬁ@lt andar d eeRst+ai-Ri-ng
pattern of Fig. 10 might be used f rate ijnTHISSHEERJ#ASOBEEN

15-30 Mops, while the higher bit rate constraining pattern.coul §EBeACED
enpl oyed for 30-50 Mops and |l ower bit rate constraining pattern for |ess
than 15 Mops. Those skilled in the 3Rt can readil y inplenment additional

constrain patternsg in ?%cg%gﬁggeowé%%#pg tgﬁg@éms&{aﬁfd this disclosure. The

cl ai ms appended herew are nten 0 “énconpass € concept of
sel ectivel y Rohsipls maonstaadping opabiermse coppriseimmitinle t he bl ocks of a
macr obl ock i di&gmeal iothatraiRg@ngapit tatnd eaeASEEPb I GuRat t ern enpl oyed.

Anot her bit t4 kP d with the.present _invention is
di scussed be%g%%\ngt%or E# g{é&ﬁ%éekgl%lf%gs %@E{‘ig mﬁ?%alé‘&ﬁlge?ﬂowieﬁvol ves the
Coded Bl ock PredeencY ™LEAGleAts out put by MPEG standard as part of the
bitstreamfromthe encoder for each nonintra macrobl ock. The Coded bl ock

Pattern is a bi nagy nufﬁzaermeQ:%oEi B§ éféim4:32,: Qu;‘gfxgxatcomprising

: determining a target bit rate for the macroblock and
selgc{:ing the qonstraining pattern applied based upon
the target blt rate of the macfoblock.

6. The method of claim 5, further comprising
applying said constraining pattern only if the target
bit rate of the macroblock is less than X megabits
per second (Mbps) , wherein x is a predetermined
nunber.

7. The method of claim 1, wherein each
macroblock comprises multiple blocks, each block
having a portion of said coefficients of the
‘macroblock and wherein said applying of the
¢onstraining pattern comprises applying the
constraining pattern to each block of the macroblock
to zero selected coefficients of each block.

8. The method of claim 1, wherein n = 2, and
wherein said encoding comprises quantizing the
coefficients of .the macroblock.

9. The method of claim 1, further comprising
determining a bit rate for the macroblock and
programming the constraining pattern applied to the
macroblock based upon the bit rate of the macroblock.
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-27- and 8 bits for 4:2:2 format) which defines which blocks in a given
macr obl ock are coded, i.e., which blocks contain at |east one nonzero
coefficient. For exanple, the 4:2:0 pattern nunber is equal to 32*Pl +
16*P2 + 8*P3 + 4*P4 + 2*P5 + 131““‘”'“"1““3]"&" if any coefficient is
present in block n, otherw se Q. I Lbl ocks, all bl ocks nust be
coded, and therefore a Coded Bl otk ‘Pattelfn ¥s hot needed or used. The CBP
i s needed only for nonintra macrobl ocks. Thi s aspect [0 ]

regul ati on pursuant to the invent isqn I's based on a recognitionHkgn E‘%Tfﬂgﬁ BEEN
Coded Bl ock Pattern can be detertfied before the coefficient R GED

macr obl ock are gncogefechde mg@g@@ﬁrgt pisdd gpl-ang H79 (Fig. 6) would
not need to bu{{’%ré, t ge coef j?é:‘_i ents. mhusd)%%zﬁgr egent. i nvention "fixes"
the Coded BMEER:Faft P& RAEP IR T “ 4 F"REH BESRK" P tern (herein
FCBP) whi chopfitiainnes.t 5ai damethsroermprigingeforomiatitr a macrobl ock are coded.
Once this macHedncli:he encoder then guarantees that each block is coded
(i.e., contains at.|least one nonzero coefficient). In the case where a

bl ock contains all zero heg,encoder Js dirgct.ed to encode a 11111 in the
64[err] coefficient Foca Péna?% cr?ﬁggnfj'r?émﬁl 8ck&é°oeffici ent data match the
FCBP whi ch had ®BR¢xRhPIHden placed in the bitstream Performance is
enhanced with this schene by elimnating the need for the conpressed store
interface to await SihRg 0 @rhet!KiGK$aPL fhnQHNtTa macrobl ock before

outputting the macraob].o
P 9 . macxob) ocq:: and

if the target bit rate ls leco than x
- megabits.per s€cond (Mbps), whercin x is a
predéteimined number, applying a constraiaiag
palilern to the coafficicnts, said cunstraining
pattern zeroing cclected coefficiencs of the
macroblock.

11. The method of claim 10, wherein said
applying of Lhe constraining pattern to Lhe
macroblock comprises zeroing seleclmd high frequency
coefficiente of the macroblock, while maintaining
lowar fxequency coefficients of the macroblock.

12. The melhad of claim 1V, turther comprising
selecting Lhe constraining pattern applied tu Lhe
mazzoblock from multiple constraining paccerns.

13. The methwd of claim Ly, whercin gaid
cncoding comprises quantizing the cocfficients of the
macrobluuk, sald quantizing occurring either bmlure
vr #fter said applying of the consrraiuing pattern to
'he maexoblock.
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- 28- Referring to Fig. 13, the nmain function of VLE 675 is to encode
transforned and .quanti zed pi xel data using techni ques defined by the MPEG
standard. In addition to this main function, the VLE al so determ nes and
encodes certain macrobl ock paraneters which-are-used in the nacrobl ock
headers. One of these paraneters is the aboveﬂﬂfﬁ i bed Coded Bl ock

Pattern. Macrobl ock header generatrl| or software 8 '
as -input macrobl ock header data a Mot i on vect oM HEostim BET HAS
802 and coded bl ock pattern generatlon 804 are enployed to prod thBEPLACED
macr obl ock headers whi ch nust precede t he macrobl ock in the bitstream

output fromthe conpressed store ot erface 679 (Fig. 6). In °
accordance with the present inveniion, the quantized coefficients fromthe
quantization unit 673 are initially recelved at a Fi xed Coded Bl ock Pattern

node i nterface %_1!0 {ﬁ@ﬁ?&tﬂggr;@qﬁ g_a y@erv&egg&lertmenat ion is made whet her a

coeffici ent |n tra deds to be converted to a

nonzero val tigef %ﬁ%rﬁﬁ EachRAGEARLPEF are arrange

blocks, #nd wherein said method turther comprises
datermining if Lhe picture comprises a nonintra
pictura, and if so, then for each macroblock: .

S BE?

generating a Kixed Coded Block Pal.lexn
(FCRP) hender for the macroblock and outputting
the FCBP in a hitstream, said PCBP clgnifying
that each block ufl the macreblock containc at
least one nonzero coefficienl; and

ensuring that cach block of the macroblock
contaulns at least one nonzero cocfficiant.

15. ‘the mathod of claim 14, wherein gaid
ensuring comprioco identifying each block of the
macroblock having all zexoco and setting one
cocefficienl. ol each block having all zerces to a
nonzerc value.

16. 7The method of claim 15, wherein each block
of each macroblock comprises an 8 x R array of
cnefficients and wherein said setting comprisés
selling a A4™ coefficicnt of the ¥ x 8§ axray nf
coefficients to “17.
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coefficient in an all zeros block can be converted in accordance with the
present invention to a 1 as shown in Fig. 15. Assum ng Fi xed Coded Bl ock
Pattern (FCBP) node, a signal is sent to CBP generation 804 to output an
all 1's (or FCBP) header presently, i.e., before processing of the bl ocks
of the macrobl ock. Once the FCBP node is determ ned and the header is sent,
the quanti zed coefficients are forwarded for variable |length coding 812 and
output as variable | ength coded data. The concepts presented herein for

nodi fying an all zeroes block to include at- Ieast one nonzero coefficient,
for

exanple, in_the 64[err]
position, can be inplenented mﬁﬂﬂ!ﬂﬂﬂﬂ# ’ﬂﬂ fficient conw#k
Fig. 14 presents one Fixed Code rocessing e wEﬁ

accordance with the present invention. Variablé | ength encodiT
macr obl ock begins 900 with determ nati on of whether the macrobl ock
conprises a nonintra macrobl ock 902. If the nmacrobl ock conprises an intra
macr obl ock, then the FCBP is unnecessary and the quantized

-37~

17. The method of «laim 14, whersin sald
encoding further comprises variable length cncoding
coefficients of the macroblock if the target bit rate
is leas than x Mbpes and thercatter determining a

3 convantional Codcd Block Pattern for the macrablock
without pertorming said FCBP generating and sald
cnsuring steps.

i8. The method of claim'l4, wherein if the
taréec bit rate ic greatcr than = Mbps, then
performing said FCDP ganerating and wald ensuring
atepa and variable length =nvoding coefficiencs ‘of
the macrobl ock. after” naid ensuring that each block of
the macroblock contains at leact onc nonzero
coefficient.
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coefficients are encoded 904. Variable | ength encoding of the macroblock is
then conpl ete 924. Assum ng that the macrobl ock conprises a nonintra
macr obl ock, processing can next (optionally) determ ne whether data is .
bei ng processed with a performance concern 906. If no, then the perfornmance
enhancenents obtained with this aspect of the invention are unnecessary and
the guantized coefficients are variable length encoded 908 and the
conventional Coded Bl ock Pattern is determned and sent for output |n the
bitstream 910 in accordance with coniﬂlunﬂ"unﬂﬁ ﬂ ﬂ' d by Mp e
The variable | ength encoding of the " f " n conpletgh5§ﬁﬁgrﬁﬁ%PEEN
per f ormance concern node, or if the idquifry*is*orfitted, proc °°lnﬂAEELACED
directed frominquiry 906 to determ ne whether the target bit rate is
greater than a predetermined rate, for exanple, 20 Mops 912 and if yes, the
fi xed coded block pattern (FCBP) node is set 914. If the target bit rate is
| ess than the predeterm ned rate, tdgax there is no need for performance
enhancenment in accordance with this aspect of the _invention and processing
i's 15. A melhod for encoedium@ macroblock of &

nonintra picture having a plurality of macroblooks,

each wacroblock containing coetficients arrayed in

mnltiple blocks, said method comprising:

. | generating a Fixed Coded Block Pattern
" (FCBP) headsr tor the macroblock and vutputting .
t.he FCBP in a bikstream, caid FCBP signifying
. that each block of the macroblork containo at
leant one nouzero cocfficient; and

subsaqucntly ensuring that each hluck of
the macroblock contains at lecast one nonzero
coafficient.’
) ’

20. The method ot claim 19, wherein said
enguring compriecs identilying each block of Lhe
macroblock having all veros, and setting one
coefficient of each block having a1) zexos to a
nonzero value. )

21. The method of claim 20, wherein wach block
comprises an 8 x 0 array of cocfticienix, and wharein
said getting comprisms setting a 64" cnefficient of
sald § x 8 array uf coefficients t.o said nomzero
value, said nunzero value compsrising a ‘1’.
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directed to the encoding 908 and determ ning 910 steps noted above.

If, on the other hand, the bit rate is greater than the predeterm ned bit

rate, then after setting the node 914, the FCBP header is generated, i.e.,

an all 1's coded block pattern is produced and sent to the bit stream 916.
- Each bl ock of the macrobl ock is then. exam ned to determ ne whether the

bl ock has all zeros 918. If no, then the quantized coefficients of the

bl ock are variable | ength coded (VLC) 922. In accordance with this aspect

of the invention, if the block contains all zeros, then onea
- coeffi CI ents “rm |mn 64[err] coefficient, is set §oTRISRARER

val ue, m‘mm ﬁ““ i s then VLC encoded 922. Prpgess ISE;%Q

920- 922 are repeated for" edch *bl ock of the macrobl ock until nacrob

"‘g 1REEN

processing is conplete 924. At higher bit rates, the proceSS|ng of
Fig. 14 works well since the |ikelihgod of having bl ocks that are not coded
is relatively small. At |ower bit r&Pbs however, the |ikelihood of uncoded

bl ocks is mich or ep er rnINGEEA b bf 1 R Y vh e e @42 RbapE Qe Ry NE t he FCBP
pr ocessi ngs d@sgrl biendwgbg%gt%r L tl{lrgggtbt &0 ﬁgnsg RNl Ng process al so
|

di scussed aboVé g conhs unt of data per bl ock
may be reduce®agycb Jé?c‘éﬁ FFCERES th IeFREhe? Plet"eﬂﬁ%?\‘&/ M58F} i ci ents of each
bl ock, thus r etiecein # he a0peedétemiined afunivee, namd odlezekn F&id in turn woul d

mean t hat theuémuatfﬁcr&%t oL séahsemsmagssg;@ n@rhBiggface woul d need
to buffer for #b ent‘an%og%%ls rggug%gqc hﬁx::%&i ggttgéleV|ate the

need for the
macroblock is greater nhau said X Mbps.

- 23. The method of claim 22, whexein if the
vargéz bit rate of the macroblock is Legs thaa x
Mbps. then said mechod comprises variahle length
encoding said cocfticients of said macroblock, and
thereafter dctérminiﬁg a conventional Codled Bit
Pattexn header £row the blocks of the macrcblock fux
nutput te the bhitscream withoul. performing said FCBP
generating aud sald cnsuring sceps.

24. The method of claim 22, wherein 1f the
target bit rate exceeds x Mbps, then said method
further comprisss variable lenglh encoding said
coefficients #fter encuring that each block of the
macroblock containc at leasL one nonzero unefficient.
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-31- buffering nonintra macrobl ocks, but it does help alleviate the
probl em and i nprove performance, i.e., for bit rates bel ow the .
predeterm ned bit rate, for exanple, 20 Mops. To restate, presented
herein are several macroblock bit regulati on schenmes which can be used to
enhance quanti zation and vari able | ength encoding of the video encoder. By
selectively, partially constraining coefficients-in-a macrobl ock, bit rate
regul ation is achieved and an inproved rate and picture
quality is obtained. For exanple, setti Eﬁ!@ Hﬂ H&IEIHattern

hi gh frequency coefficients, allows nD ocat ed

frequency coefficients. A finer nguant can then be used to c eRmpggb
picture details. Pattern constraining can be applied to all nacrobl oc
to only nonintra macrobl ocks. A wide range of partial constrain patterns
are possi bl e. Per f or mance4tan al so be enhanced by fixing
(predeternining) t he deeq gk Pattern %Eflned by . MPEG st andard as

out put from t heS\var F3HIWY ’é’ﬁ‘g? Botier “MSFeR it &%nmi ni ng the Coded Bl ock
Pattern avbpstiacd said cisitdoR Sunwherhcorfpnisesafdtemingt's encoded data need
not be buf{igg@tbrath hES-FHAIRES concern mode exints for

caid encoding ot the nonintra picture, and 4f so,

variable length encuding the coefficients ot the

macrobluck, (CRP) determining a conventional Coded

Rlock Pattern headar for the macroblock and

- ourputting the CBP hcader and variable lengtli encoded
coefficients in the bitstream without performing said
FCBP generating and said eusuring steps. '

26. The method of claim 19, further comprising
perfoxrming said method for each macruhlock of sald
plurality of macrobhlncks of Lhe nonintra picture, and
wherein sfaid welhod fuxther comprices initially
detezwining whether a received picture comprises an
intra picture or a nonintra picture, and pexrforming
gaid mcthod only tor said nonintra plalure.
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store interface. This works particularly well at higher bit rates since
the likelihood of having blocks that are not coded is snall. I n
the case of low bit rate macrobl ocks, pattern constraining reduces the
overall size of the macroblock, and therefore the anount of data that the
conpressed store interface would need to buffer and .

-32- subsequently read out is also reduced. This woul d not ,&

need for ¢t ore interface to buffer nonintra ]
| ow bit r' !ﬂmmﬂliﬁ ﬂLl nprove perfornmance. Wi |
has been desaGr mi g il herein in accordance with certain

enbodi nents thereof, many nodifications and changes therein may be effectéd
by those skilled in the art. Accordjngly, it is intended by the appended
clainms to cover all such nodifications and changes as fall within the true
spirit and scope »f. t Appaparns ifor. encoding a ploture having

multiple rows, each row montaining multiple

macroblooks, each macrvblock containing coetficiencs,

said apparatus comprising:

means for detexmining for each macxoblock
in each row whether n prior macroblocks in the -
row cxceaded a bit xate liwmit, wherein n is A
.predetermined numbax; aqd~

pactern conncréining logicv regponmive to
said means for determining for applying a
ronstraining pattern to the macroblock if n
prior macroblocks in the row bave excceded the
bit rate limit, said counstraining pattern,
zeruing oclected coefficients of the mauxroblock
* to reduce a blt rate of the macroblock.

28. The apparal.us ot claim 2V, further
comprigsing storage means coupled to the patteru
constraining logi«a, said sturage meAns containing
said conscrainiuj pattern for said pattern
constralning lagic, and wherein =aild apparatus
further comprisas means for elmcting the constraining
pattern from multiple constraining patierno in said
aLorage WeAns.

29. The Apparatur of claim 28, wherein ocaid
meaus for electing the constraining pattexrn comprises
means tor tetermining a bit rate ror the macroblrck
and for selecting Lhe constraining pattexrn based upon
the bit rate of the macroblock.
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VE CLAI M 1. A nmethod for encoding a picture having a plurality of
macr obl ocks, each nacrobl ock containing coefficients, said nethod
conprising for each macrobl ock: encodi ng the coefficients of the
macr obl ock; determining a target bit rate for the nacrobl ock

If the target bit rate is |l ess than x negabits per second (Mps), wherein X
Is a predeterm ned nunber, applying a constraining-pattern to the
coefficients, said constralnlng pattern zer0|n%Jsele coefficients of

t he macrobl ock; and wherjl“muﬂ”j lu Htts of ledBI SHERTADAD BlEAT|e
arranged in blocks and wherein

r [i ses RERLATHAD ni ng
i f the picture conprises a noni ntra plcture and i f so, then for eacn
macr obl ock: generating a Fi xed Coded Bl ock Pattern (FCBP) header
for the macrobl ock and outputting the FCBP in a bitstream said FCBP
signifying that each block of the m#&robl ock contains at |east one nonzero

* coeff | cient; and 1he Y %ggl Qa&lgﬁflhbl Qlcé‘re%:]_kﬂg macr obl ock
a ’

contains at | east one nonz &1 oetficren € nethod of claim1l,

wherei n sai d QGRE FAERER afh &46B ARt hPHY AFst BEFRY Y% Bhe nacr obl ock
conpri ses zeruliawkss ehnd twkdeighsdic qoascrairdedf patterns of t he macrobl ock,

whi | e mai nt ai lseyes d URDCYorzRehiA he thaigacrobl ock. 3.
The net hod cﬁéuﬁﬁilggl fJf@ﬁ Y SR té%n ﬁe constrai ni ng

risin electl
pattern appl iB3F T8N fg mr%rcarié’ﬁf'ﬂcﬁ?c fiv emc’ant ?5| ning patterns. 4.
The method of2RRIiRg 32 %ﬂ@ﬁﬂ%aﬁ%é}ww&ﬂmpebﬁm $esefthnti zi ng t he
coef fi ci ent s wfodheLfnmuaid Masrbbledt.d sqiddiagongl ocommats-aigley t her before or

after said appiefidin 2bréiiR; EQBREE A rtklEnRIdRERLELerdtAe oBBELAP! OCK.
- block of the macroblock, while maintaining lower
frequency coefficients of cach block of the
macroblouk.

31. The appaxatus of ¢laim 27, furthex
comprising mesnz for determining a target bit rate of
the macrohleck, said pattern uonstraining logic also
being responoive Lo said mesns for detexmining the
targul bit rate of the mauroblock, wherein ‘said
patiexrn constraining loygic comprises means fur
applying the conntriiuing pattern to the macxroblock
only if the target bit rate is lesc than x megabits
per gecond (X being a predefermincd nuwheXx),

32. The apparatus of claim 27, further
coupriging weans for quantizing the coefficimnts ot
Lthe macroblock prior Lo said pal.texn comstidining
logic applying the conscraining pattern to the
macrobil.nck,
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5. The met hod of claim 1, wherein said ensuring conprises identifying
each bl ock of the macrobl ock having all zeroes and setting one coefficient
of each bl ock having all zeroes to a nonzero val ue.

-34- 6. The nethod of claimb5, wherein each bl ock of each. macrobl ock
conprises an 8x8 array of coefficients and wherein said setting conprises
setting a 64[err] coefficient of the 8x8 array of coefficients to '1'. 7.

=

The net hod of claim1, wheregj | | further conprises variable
| engt h encodi ng coefficient ;l!!lmﬂﬂ !ma &m k if the target_hit rate s
| ess than x Mops and therea c ' a conventi onal §COHSEHEESHKAS BEEN

Pattern for the macrobl ock without perform ng said FCBP genjer ati RgPIAEDsai d

ensuring steps. 8. The met hod of claim1l, wherein if the target bit

rate is greater than x Mops, thengperform ng said FCBP generating and said
ensuring steps and variable | ength encoding coefficients of the macrobl ock
after said ensunlng Appsrasashfbr cmicoding e wserobbdaklefcont ai ns at | east one

nonzero CO%{érﬁﬁféﬂﬁaﬁn@-a plzuréuw f&@?mi@iolﬂféléﬁdi Ngach Macr obl oglk OL a

noni ntra pictur in plyural i tae.of rohl.gc S35 nacrobl oc

cont ai ni ng ¥ _|18?:%n 'g“t}r‘%&y dg?%\yfr:rﬁf"ﬁq‘g%'e%gcﬁ?a sai d nethod conpri sing:
generati ng semWmREdTyhded Bl ock Pattern (FCBP) header for the macrobl ock and
outputting the FCBP-in a bitstream said FCBP signifying that each bl ock of

thg ”Hcrob: ock cont ajpagnaisdze hnf)xﬁlz@ofageL&mm&i%xf&seL&ﬁ and e
one nanzer o’ coontio:arroRted el 2 T L0 O cai m . whereln said
ensuring conprises identifying each bl ock ‘
- pattexra constraining logic responsive to

gsaid meuns for determining tor applying a

constraining patiern to the wmacrvblock it &

target bit rate of the macroblock io less than X

megabits per mefond (Mbps), whereid x is a

prcdeteémined number, said conetraining pattern

zeroing selacted coeffliclente of the wacroblock

ta veduce the bit rate of the macrublock.

34. ‘lhe apparatus of clmim 33, wherein said
pattexrn constraining logic eomprisecs means for
applying said constraining pattern to zeru selected
high freguency coefficients of the macrablock, while
retaining lower freguency cocfficients of the
macsablock.

35. The apparatus of claim 33, tuxther
comprising means for seleclLing the constraining
pattern tu be applied to the wacroblock hased upon
the hirt rate of the macroblock.

36. The apparatue ot claim 35, whercin said
means roxr selecling further comprises mcans fou
storing mulriple pxedctermined constraining pdlternsc
and means fur salccting Lhe constraining pattern from
gaid mulliple precdetermined conctraining patterns.
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of the macrobl ock having all zeros, and setting one coefficient of each

bl ock having all zeros to a nonzero val ue. 11. The nmet hod of claim

10, wherein each block conprises an 8x8 array of coefficients, and wherein
said setting conprises setting a 64th coefficient of said 8x8 array of
coefficients to said nonzero value, said nonzero value conprising a '1'.

12. The nmethod of claim9, further conprising determ ning whether a
target bit rate of the macrobl ock exceeds x negabits per second (Mops),
wherei n x=a predeterm ned nunber, and wherein said nmethod further conprises
performng said generating.and.said ensuring only if the target bit rate of

the macrobl ock is greater than said x Mops. 13. The net hod of
claim12, wherein if theu Hﬂllmuﬂ of the macrobl ogk Tuss bgser LIaT
Mops, then said nmethod c Imc e mﬁﬂm | engt h encodi ng¢ sai dm@
of said macrobl ock, and thereafter d&t efnining a conventionar—Cotes~B :

Pattern header fromthe bl ocks of the macrobl ock for output to the
bitstream wi t hout perform ng said FCBP generating and- said ensuring steps.
14. The net hod of claim 12, mhgr;in if the target bit rate exceeds X
Mops, then said nethod further conﬁ ises variable |length encoding said

coefficients aft e engnéidiparlate es€ R1blacks ohtkbeinagrobl ock contains at

| east one nopzerH G i Ckent The f..claim12, wherein
x=20 Mops, a %etsééic&g%%h%% R ﬁ%"r]’g*cb&r?ﬁ’r‘i %‘é%%%?ggerﬁ?rﬁnng whet her a

non- per f or nEPteKSoNCALA RSFITEXFtREYESP 3 RPIBREBIRHF YR+t he nonintra

pi cture, andand =G4 wppredtue [fanghér eoepdisep:t he coefficients of the
macr obl ock, determ ning a conventional Coded Bl ock Pattern (CBP) header for

coef f1ci enta in t e bibehs Sk HEfRttiindcR  Elnel fol8h Fbely 00 ot g and
said ensuring st %Lern (FCBP) header fur the macroblock and foxX

oulputting Lthe KFCBP in a bitstream, gaid FCBP

signitying that each block of the macrublock’

contains at least one nonzero cocfficient; and

ragponsive to said meanc for gancrating,
means tor rubseduently ensuring that each block
of the ﬁacroblock countains at. leact one nongerc
cocfficient,

38. The apparatuc of claim 37, wherein said
weans for ensuring compriwes means fur identifying
each block of the macrxoblock having all zerus and tor
selting one voefficienl of each Llock having all
‘vexoge to a nonacro valua.
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16. The nethod of claim9, further conprising performng said nmethod for
each macrobl ock of said plurality of macrobl ocks of the nonintra picture,
and wherein said nmethod further conprises initially determ ning whether a
received picture conprises an intra picture or a nonintra picture, and
perform ng said nethod only for said nonintra picture. 17. Appar at us
for encoding a macrobl ock of a picture having a plurality of macrobl ocks,
each macrobl ock containi.ng coefficients, said apparatus conprising:
means for quantizing the coefficients of the nacroblock;}n-mI S
g for

constraining logic resp r'm"ﬁuuﬂmﬁﬂ ns for quantizi X HE%QRH;Q{ R
constraining pattern to u IHW a target bit rate-ot~the
macrobl ock is |less than x' mégabit4 p&r second (Mps), wherein x is a
predet er mi ned nunber, said constraining pattern zeroing sel ected
coefficients of the macroblock to reduce the bit rate of the nacrobl ock;

and wherein the coefficients of each nacrobl ock are arranged in
bl ocks, said picture conprisé® a nonintra picture, and said apparatus

further co I Sef: o pealert & ) . - 36-

means %gr g%ﬁr%??na %‘ﬁf‘l\%se'do%:oc&é me%’cI?hlsgﬁ%r%_aCh( FCBP) header for the
macr obfoeRk Er MBTETRHCKNGOTRTS SEEEIR (8 XaBhrt 4% &Fm. said FCBP si gni fyi ng
t hat eecbfficishte; amd wieeedbl axdd veatmifvg sttt one nonzero

coef f i eb@ptiodtheans for JeRERANS We™t 8osedidi@RANSE e generating, means for

subsquegtéya u‘r)kngo%mtuieggg & o%k of the macrobl ock contains at | east
one nonzero coeffrcient. T8 The' apparatus of claim 17, wherein said

pattern constrai ning |logic conprises nmeans for applying said constraining
pattern to 4%roThel appaxhthisgbf feladgmedZy owhei-ci ents of the nacrobl ock,

whiTe uehptisitg mewks foequenshiLaehitcianicainh the macrobl ock.
coefficiento of the macrcblock if Lhe targat bit: ratc
of thc macroblock is lems than x Mbps and thercafter
for determining « conventional Coded Block Pattern
fox Lhe macroblock,
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19. The apparatus of claim 17, further conprising nmeans for selecting
the constraining pattern to be applied to the macrobl ock based upon the bit
rate of the macrobl ock. 20. The apparatus of claim 19, wherein said
means for selecting further conprises neans for storing nultiple
predeterm ned constraining patterns and neans for selecting the
constraining pattern fromsaid nultiple predeterm ned constraining
patterns. 21. The apparatus of claim 17, wherein said neans for

subsequent |y ensuring conprises means for identifying each bhiock—ef—i-he

macr obl ock having all zeros ' e coefficient kﬁ"@é FER | HASIKBEEN
having all zeros to a nonzer(ajﬂmmauml‘ﬂﬂmnmme appar at us tef—cl RETHACED
wher ei-n each bl ock of the nacrebloCk cenpsi ses an 8x8 array of

coefficients, and wherein said neans for setting conprises neans for
setting a 64th coefficient of the 8x8 array of coefficients to '1'. 23.
The apparatys of claim 17, further conprising nmeans for variable | ength
encodi ng coefficients of the macroblock if the target bit rate of the
macr obl ock is less than x Mops atfr thereafter for determining a

conventi onal Cclq_gd %‘J}‘OROQ‘F“";?Q;%% %P%§5%$£?‘u?‘§8ﬁ9ﬂ°w°f Appar atus for

24
encodi ng a nmacrobl oc ( AVing.a plurali ty of

macr obl ockB&ORIRAEH HEST'HIR HEKRIRD E?LH?%H-‘Q’OSFfWr@%lgcg?r ayed in nultiple

bl ocks, satatlappareblscic@optaiing: coefficient87arrayed in neans for

gener at i Ngn@ daipiedpiodes Bhogk.dpAbhensd ddmpBERidpader for the macrobl ock and

for outputting'the FCBP in a bitstream said FCBP signifying that each
' weans for gencrating a Fixed Coded DBlock '
Pat.tern (FCBP) hecader for the maoroblock and far
outputting the PCBP in a bitptrcam, said FCRP
" signitying that each blook of the macroblock
contains At leust one nonzero couflficilent; and

means for ensuring Lhat after outputting
sald FUBL eachh block of the macroblock contains
at least one nonzero gocfficient.

42, The apparatus of claiw 41, wherain caid
means for anguring comprises means for identifying
=ach block ot the macrohlock having all zeros, and
for getting one cvorfflcient of cach block havineg all
zZexoes to a nunvero value.

¢3. ‘The apparatus aof clauim 42, wherein each
block comprises an R x 8 axrray of coetticients, 4nd
whercin said means [ur petting comprises wmmeans for
octting a 64™ coefficient of said 8 x A array of
coefficlencts to a nongero value, =4id nonzero valuc
comprising 2 1’
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bl ock of the macrobl ock contains at |east one nonzero coefficient; and
means for ensuring that after outputting said FCBP each bl ock of the
macr obl ock contains at | east one nonzero coefficient. 25. The
apparatus of claim 24, wherein said neans for ensuring conprises neans for
identifying each bl ock of the macrobl ock having all zeros, and for setting
one coefficient of each block having all zeros to a nonzero val ue. 26.
The apparatus of claim25, wherein each block conprises an 8x8 array of

coefficients, and wherein said neans.-for setting conprise ot
setting a 64[err] coefficient of said 8x ray of coefflqlenﬁgggz gHAS BEEN
nonzero val ue, said nonzer mm %ﬁé a'l. EEBa.t.us__
of claim 24, further conpri ‘“M“\ term ning whether a target bit
rate of the macrobl ock exceeds % Hegablts per second (Mps), wherein x=a
predet erm ned nunber, said neans for generating and said nmeans for ensuring
bei ng responsive to said means for determning the target bit rate of the
macr obl ock such that said FCBP Lgygenerated only if the target bit rate of
t he macrobl ock exceeds x Mops. 28. The apparatus of claim 27, further
conpri si ng neans.f othes apipabrhbus exfgechaimdddi figreheyr coefficients of the
magrOEl Ockﬁdﬂpﬁfbﬁnéaﬁﬁets lTok adle Rhitdenmraeshd arleges bess thanhx (I\j/bpsf
and thereafter fo attern header from
fhe bl ocke BF PhechBISRobapEN SRk S Rte s B Slcbnl L e ther
conpri si ng*aPais PBRTGAR |"al'il 8 l”é“rﬁ’@t‘ﬂ‘%ﬁ’fﬁﬁ’di“?‘l‘ﬁg% d4idef ficients of the
macr obl ocl«na‘:taelfosagdxe‘maa-nsgf and exssidr nerpee four essutiag each bl ock of the
mack obl 0Cky Gy geBfofidLast s9f@ anser&r Rebbhoh Ry the

target bit rate of the macrableock such that caid rCEP

is generated only if the targel bit rate of the

macroblovk exceeds x Mbpo.

415. The apparalus of claim 44, further
comprising means for variahle length encoding the
coefficients of the macroblock if the target bit rate
of the macroblock is less than X Mbps, and thereafter
tor determining « conventionel Coded Bit Pattern
header trom the blorcks ol the macroblock:

46. The apparatus of claim 47, further
comprisiny means for variable lemgth encnding said
cocfficients of Lhie macroblock atter said means lor
ensuring cnoures that each block of the macroblock
contains at leaot one nonzerv woefficient,
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