CONTRQL~SCHEME FOR SHARED- USE DUAL- PORT PREQ%QE%DQEREOR
ARRAY e g e Technical Field This invention ref#tes in
general to an apparatus for encoding digital visual “i‘rages incl gg X
spatial (intra-picture) and tenporal (inter-picture)s'eonpression, that is

- reduci ng both:redundancy within a picture and redundancy between pictures.

~ Redundancy within pi.ctures is reduced, or even elimnated, by the use of

" the discrete cosine transform quantization, and variable | ength encodi ng.

. Redundancy between pictures is reduced, or even elimnated, through the use
of notion vectors. One aspect of tenpog?L conpression, that is, conpression
bet ween pictures, is calculating the difference between a current

nmacr obl ock and a re@@ﬁ?ﬁ?irgﬁﬁﬁﬁﬁ aserslidde Rnes- pereal cul ated in a
i f

frame difference unit. The frane d erence unit recelves nmacrobl ock data
in various formats and, by bl BREPRGTEPt BRRARARBAYr ess counter, stores the
macr obl ock data in a nenory in a cormmon format. This invention is

specifically directed to an enhanceg, shired-ﬂée dual -port predicted error
array and associ ated control  sch BasetBr-Ehin the frame difference
unit. Background of the Invention - Wthin the past
enhanced the way | ROWRI ShVoRbSCE aRGkeRyLS GOREREL B AR i on: I
particul ar, t#&epauptbsl foreengpdingl digitali wdegual images
including spatial (intra-picture) and temporal
(inter-picture) compression, that is reducing both
redun@ancy within a picture and redundancy between
pictﬁres. Redundancy within pictures is reduced, or
even eliminated, by the‘use of the discrete cosine
transform, quantiZation; and variable length
encoding. Redundancy between pictures is reduced, or
even eliminated, through the use. of motion vectors.
One aspect of temporal compression, that is, :
compression between pictures, is calculating the
difference between a current macroblock and a
reference macroblock. This difference is calculated
in a frame difference unit. The frame difference
unit receives macroblock data in various formats and,
by blocking bits in an address counter, stores the
macroblock data in a memory in a common format. This
invention is specifically directed to an enhanced,
shared-use dual-port predicted error array and
associated control scheme for use within the frame
difference unifj '

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



-2- and audi o systens have greatly inproved in recent years. In order to
prOV|de services such as video- on-demand and video conferencing to
subscri bers, an enornous amount of network bandwidth is required. In fact,
network bandwidth is often the main inhibitor in the effectiveness of such
syst ens. In order to overcone the constraints inposed by networks,
conpressi on systens have energed. These systens reduce the anpunt of video
and audi o data which nmust be transmtted by renoving redundancy in the

pi cture sequence.. At the receiving end, the picture sequence is
unconpressed and may be di splayed in +®al-tine. One exanple of an
ener gi ng vi deo conpression standard is the Mving Picture Experts G oup
("MPEG') st andiarahdiW tdystee HEREG gteatdayr dmpaiales conpressenton_ i s defined

bot_h W t hi n%,%ag_y venllﬁgﬁ(;ergi%t coréjleém & %rg;igeess su\@tl'geé)s PR ssion within

a picture i cconp he di | mage romthe tine
domain to t@@ﬂe@@m\@}n@dmerp tsonf el enging fe,Q)sﬁ QR IRADr g

quant'Zat'0%nd#ﬁ6&§”éh&&ﬁ@t$E(HEEWEhkf%Ehd%ﬂ&ﬂﬁ”hé“EBdﬁhre@deOIﬁOWDreSS'0“
bet ween plctures I's accaompl i shed_via, a process referred to as notion

estimati on, FAFtwhiRGFPTIbtRRAEL R 15 Qiten ihs dit dRBIPEEREed to

descri be thqri mlgﬁﬂmﬁe@wtopfsﬁmtw&@ﬁ@mnt s (pels) from one

pi cture to another. The | SO MPEQR2 standard specifies only the syntax
of bitstream and semantics of the decoding process. The choice of codlng
paraneters and trxdewfderito overcome the constraints imposed by

networks, compress1on 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 emerging video compression
standard is the Moving Picture Experts Group ("MPEG")
standard. Within.fhe MPEG standard, video
compression is defined both within a given picture
and between pictufés. 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, quantization, variable
length coding, and Huffman coding. Video compréésion
between pictures ié accomplished via a process
referred to as mofion estimation, in which a motion
vector plus diffefence data is used to describe the
translation of a set of picture elements (pels) from
one picture to another.

The ISO MPEG2 standard specifies only the syntax
of bitstream and semantics of the decoding process.

The choice of coding parameters and tradeoffs in



-3- performance versus conplexity is left to the encoder devel opers.

One aspect of the MPE& conpliant encodi ng process is calculating the

di fference between the current and reference nacrobl ocks. This is
acconplished in a frane difference unit (FD) Because of specific macrobl ock
encodi ng algorithnms, data to be processed through the frame difference unit
arrives in various word |l engths and nust be formatted such that when used
it has the same format as other data. The frane difference unit cal cul ates
the difference, that is the difference in |um nance and chrom nance,

bet ween the current macrobl ock and the, best match reference nacrobl ock.
Data, that is reference nacrobl ock chroninance and | um nance data and

current ”BC?%?Jf%%a‘HUé”@%% r&0§ pata, t-réotlj? Prosgssed through

the frame d erence unit arrives n va ous word lengths and nust be
formatted s@ENetieRe®fhen used it has the sane format as other source data
that is used. These various word I engths and formatting requirenments inpose

g;fficulties in gﬁ%%%%;Q%F§to ﬁ&? ﬂhé%%g htg t he féa di fference unit.
e preferred ap RO £ i TYW Yaty % %81 as providing
addr essi ng b&bcﬁsywﬂgaéﬁleu&amdmﬁnthérﬁnﬁfemﬂnmhfﬁéﬂwmen_uhep i s described
08/ 616, 325, SR oI R NS T RAV SRRt R R TR S STRUCTURE: . whi ch 1 5
|ncorporate@CMQmahlﬂhﬁdtsnemtfr@mq.dlffereHGMe¢@i¢eh@Dhs a need in the art
for an enhampged, Addres St £ONE MRk SEHEE: T cdaingE1gbtiengBce unit

data to be processed through the frame difference

unit arrives in various word lengths and must be

formatted such that when used it has the same format

as other data. The frame difference unit calculates

the difference, that is the difference in luminance

and chrominance, between the current macroblock and

the best match reference macroblock. Data, that is

reference macroblock chrominance and luminance data

and current macroblock chrominance and luminance

data, to be processed through the frame difference

unit arrives in various word lengths and must be

formatted such that when used it has the same format

as other source data that is used. These various

word lengths and formatting requirements impose

difficulties in designing storage arrays within the

frame difference unit. One preferred approach for

formatting macroblock data as well as providing

addressing for storage arrays within the frame

difference unit is described in commonly assigned,

copending United States Patent Application Serial No.

08/616,328, entitled "OPTIMAL ARRAY ADDRESSING

CONTROL STRUCTURE", which is incorporated herein in

its entirety.

There remains a need in the art for an enhanced

addressing control scheme for a frame difference unit



-4- which is capable of witing and reading | um nance and chrom nance
data, at the sane tine, to and fromthe predicted array, while maintaining
the order of the data witten the sanme as the output order of the data to
be sent. Further, the present invention addresses the probl em of
controlling shared access to the shared-use predicted error array of the
frame difference unit. Description of the Invention

Briefly described, the invention conprises in a first aspect a digital

vi deo encoder system which includes a refinement processor for
reconstructive processing for |-pictwse and P-picture encodi ng. The

refi nenment processor includes a franme difference unit which has a predicted
error arraywhREharimayppadle RE anriayimpnrprd sesdd ghaned-rnussecaraay f or

-

storing bot Qhﬁr%mi'?l%?;%% dat.a ar%q: ?g{seo;g g8 fat acoofarneg1 nac.phlpck of data.

The encoder "systemturther 1'nclu ddress s€l ector 1ogic for addressing
t he PE arrapredigted demsphcwhsdousnairitding rend esadiday off Bdte | umi nance

data and chpaRanaARGe tda & Ho Ak FAOMHNG R A IBher of thd AWt her
aspect, the inyention conprises a digital video encoder system which

i ncl udes a F&f PRe@EMT pr f G SEGRAT UV Bt &G NR/RFPIF | -picture
and P-pi ct ukeeaatilrgn ofthedrafdolangiy gi=06es scdias wo fulasre di fference
unit with a _dual-. port predicted error array ( arr . The PE array
conpri ses a°dfared-1ie pgﬁerdﬁycctsei(gr%{gorboﬁﬁ?a}yurﬁé;g%cee tg%“ée and chroni nance
data of a nedfdlErericeofurdidta. The system further conprises array read
control logic for controlling reading of data fromthe dual -port PE

Degscription of the Invention

Briefly described, the invention comprises in a
first aspect a digital video encoder system which
includes a refinement processor for reconstructive
processing for I-picture and P-picture encoding. The
refinement processor includes a frame difference unit
which has a predicted error array (PE array). The PE
array comprises a shared-use array for storing both
luminance data and chrominance data of a macroblock
of data. The encoder system further includes address
selector logic for addressing the PE array to provide
synchronous writing and reading of both luminance

data and chrominance data to and from the PE array.

In another aspect, the invention comprises a
digital video encoder system which includes a
refinement processor for reconstructive processing
for I-picture and P-picture encoding. The refinement
processor has a frame difference unit with a dual-
port predicted error array (PE array). The PE array
comprises a shared-use array storing both luminance
data and chrominance data of a macroblock of data.
The system further comprises array read control logic

for controlling reading of data from the dual-port PE



-5- array sinmultaneous with witing of data to the PE array w thout
overrunning the witing of data to the PE array. In still another
aspect, the invention conprises a nethod for controlling storing of a
macrobl ock of data in a predicted error array (PE array) of a frane
difference unit within a refinement processor of a digital video encoder
system The macrobl ock of data includes both | um nance data and chrom nance
data. The nethod conprises: witing the |um nance data and the chrom nance
data of the nmacroblock of data into the PE array; reading data fromthe PE
array sinmultaneously with-witing of data to the PE array without
overrunning the witing of data into the PE array; and naintaining the

witing andateadi Bemefl thnicnanca tdata iandoCroraraned dalea g and fromthe
PE array in sgnchron us order. L% restate, presented herein is a

shar ed- use PFEAY G EOMToPVARFTIEIPE & Fayf 1% Of r §7d 3T ce unit of
a digital vpHeareagoder system The PE array is designed to receive both

| um nance data and chrom nance data of a macrobl ock of data. The dual - use
predicted error array further conprises a dual-port structure and

associ at ed contrdh s¢gild Baotddrowispgcsi. milheanayes twornt iaegrraricdasadi ng of

data to andaf fbRe ! Qbnckd1ddid IRy s380UENG] RASLdaiA Rath into and

out of the array Is preserve performance i s enhanced by nonitoring the
witing of €afa ikt d PREESES! SFFWy WEGYniPHy areadi n§ o f&1B&®S rom t he

array as sognf&eresss Ring tWiiitouln RerdftihieteneV hiodRrigdd &ff farther witing
of data to 5Q8i%%&a%ideo encoder system. The macroblock of data
includes both luminance data and chrominance data.
The method comprises: writing the luminance data and
the chrominance data of the macroblock of data into
the PE array; reading data from the PE array
simultaneously with writing of data to the PE array
without overrunning the writing of data into the PE
array; and maintaining the writing and reading of
luminance data and chrominance data to and from the

PE array in synchronous order.

To restate, presented herein is a shared-use
predicted-error array (PE array) for a frame
difference unit of a digital video encoder system.
The PE array is designed to receive both luminance
data and chrominance data of a macroblock of data.
The dual-use predicted error array further comprises
a dual-port structure and associated control logic
for allowing simultaneous writing and reading of data
to and from the array. 1In addition, sequencing of
data both into and out of the array is preserved and
performance is enhanced by monitoring the writing of
data into the array and by beginning reading of data
from the array as soon as possible without permitting

overrunning of further writing of data to the array.



- 6- Brief Description of the Draw ngs The above-descri bed
obj ects, advantages and features of the present invention, as well as
others, will be nore readily understood fromthe follow ng detail ed
description of certain preferred enbodi mrents of the invention, when
considered in conjunction wth the acconpanyi ng draw ngs in which:

Fig. 1 shows a flow diagram of a generalized MPE&Q conpliant encoder 11,
including a discrete cosine transforner 21, a quantizer 23, a variable

| ength coder 25, an inverse quantizer 29, an inverse discrete cosine
transfornmer- 31, notion conpensation 4lg_-frame nenory 42, and notion
estimation 43. The data paths include the i[err] picture input 111,
difference data 112, nBkiefi veeb@intidd ofheéhpi Drdwénaut put 121, the
feedback picture for notion estinmation and conpensation 131, and the notion
conpensated picture 101. This figure has the assunptions that the i[err]

pi ctures exists iBhéraheviedssyraberr alvgester ead2angadeshand he i+1[err]
picture s belgg,eogoded ﬂﬁetg gREheN iG3EhIBLENas well afl Gti2ald lustrates
the I, P, and B piIctures, es of their |spla and transm ssion
orders, and ¥bthaba, mang Baéréwébfdumterréﬁoafieérr@m e followimgy 3

i lustrates &@@aﬁ@éﬂCBeEEQﬁpEH%nWBEI@%r@éhhﬁgka@rQb@C%mb%dﬂ%éﬂagFent
frame or picture to.,the best matchin n,subsequen pre ous frame

or picture. ®FehBfit SP¥ERCARG 2¥ DTy é’gﬁfefihénsgﬁél &€ °6’n“i oth

pi ctures. the accompanying drawings in which:

Fig. 1 shows a flow diagram of a generalized
MPEG2 compliant encoder 11, including a discrete
cosine transformer 21, a quantizer 23, a variable
length coder 25, an inverse quantizer 29, an inverse
discrete cosine transformer 31, motion compensation
41, frame memory 42, and motion estimation 43. The
data paths 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 motion
compensated picture 101. This figure has the
assumptions that the i" pictures exists in Frame
Memory or Frame Store 42, and that the i+1" picture

is being 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 or picture to
the best matching block in subsequent or previous
frame or picture. Elements 211 and 211' represent

the same location in both pictures.



-7- Fig. 4 illustrates the novenent of bl ocks in accordance with the
notion vectors fromtheir position in a previous picture to a new picture,
and the previous picture's blocks adjusted after using notion vectors.

Fig. 5 shows the conbination 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
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 contains the
host processor interface, it receives digitized filtered video input 541,
and it produces giganp@rdddedtdatens aHeuioved@nt of bldekgk i shows an

|- frame videg gpoader AW ¢ 005 Wi, q.dost d Bherf a5 81l an internal
RI SC processor 6 , an‘interfdce 10 notion estinmation nmeans 631, a pixel
interface crésfibionedel W myepidxels daitct Yneornca apines] w4y, andranme nenory

interface 65&8[3%9%%0&% :gimz%atsa ﬂlraynsa%jm%gﬁr%ffamsdﬁ@ to an

external RAM a Discrete Cosine Transform ( ) processor” 671, a

quant i zat i oiCGAPE 82FEOXSrari abl e | ength encoder 675, a FIFO buffer 677,
and a conpressed store interface 679. Fig. 7 shows a frame menory
TP 0L, W Lh Pracessel BINMAG S ASbAE e SR geaeNt S 72L
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 processor interface, it
receives digitized filtered video input 541, and it

produces a compressed video output 543.

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

store interface 679.

Fig. 7 shows a frame memory map 701, with
processor private storage 711 and five memory
segments 721, 723, 725, 727, and 729.



- 8- Fig. 8 shows an S chip or processor 801, with a search nenory
interface, a Search-input buffer 821, Search-notion estimtion 803, and an
X-chip interface 831. Fig. 9 shows a Reference-chip or processor 901
with a reference nenory interface 911, a Reference- input buffer 921,

Ref erence-notion estimation 903, an IR chip or processor interface 931, a

Ref erence-chip or processor elenent 901", inverse quantization (1Q 941, an
inverse discrete cosine transformunit (1DCT) 943, and error prediction and
noti on conpensati on 945. Fig. 10 depicts one enbodi nent of a Franme

Difference Unit 1000 showi ng the organjzation of the |um nance and
chrom nance words to be concatenated and stored in the predicted error

array. Fi gridl dlepishs oRes ealodi dBNbroteSsF edocl edienrar array
1010 in accordance with the present invention show P th | um nance data
and chrom n&feE Gatemory intexiacqp ﬂe%?%?%hbh%P%Eggﬁ ﬁ%ﬁt g}'an addr ess
control ciraddrdio2fbt Tomceot tdasnctomi 803 | hen@r&sentchiwenhtenféor use
within the Frame Difference Unit of Fig. 10. Figs. 13a & 13b show
wite and réa flowcharts, respectively, for processing inplenented by the
address control selector logic 1020 of Fig. 12.

Fig. 9 shows a Reference-chip or processor 901
with a reference memory interface 911, a Reference-
input buffer 921, Reference-motion estimation 903, an
IR chip or processor interface 931, a Reference-chip
or processor element 901', inverse quantization (IQ)
941, an inverse discrete cosine transform unit (IDCT)
943, and error prediction and motion compensation
945.

Fig. 10 depicts one embodiment of a Frame
Difference Unit 1000 showing the organization of the
luminance and chrominance words to be concatenated

and stored in the predicted error array.

Fig. 11 depicts one embodiment of a predicted
error array 1010 in accordance with the present
invention showing both luminance data and chrominance
data.

Fig. 12 depicts one embodiment of an address
control circuit 1020 in accordance with the present
invention for use within the Frame Difference Unit of
Fig. 10.

Figs. 1l3a & 13b show write and read flowcharts,
respectively, for processing implemented by the

address control selector logic 1020 of Fig. 12.



-9- Fig. 14 depicts one enbodi nent of the array read control |ogic

1080 in accordance with the present invention. Fig. 15 is a
fl omchart of one processing enbodi nent for the array read control |ogic of
Fig. 14. ' Best Mbde for Carrying Qut the Invention The

invention relates to scal able MPEG and HDTV conpl i ant encoders and encodi ng
processes. The encoding functions perforned by the encoder include data

i nput, spatial conpression, notion estimation, macrobl ock type generation,
data reconstruction, entropy coding, and data output. Spatial conpression

i ncl udes di screte cosine transfornatLgﬂ_(DCT) guanti zati on, and entropy
encodi ng. Tenporal conpression includes intensive reconstructive

processi ng, SUCh gy | VTR TGIE GAMAMAIANS! U Ay eI Se

guanti zation, and _motion conpensation. Mtion estimtion and conpensation
are the tenFOPATrHorRESiHEG e tawrrdages Wit hafde @RIt conpr essi on
are repetitijwedn#iadd ons with high conputational requirenents. Mor e

particularly the invention relates to a processor for perform ng spati al
and tenporal conpression including discrete cosine transformtion,

quanti zation, entFri(my Iehciodiangf Lovathaort esft iored ipppcemtiirgn conpensation, and
prediction, d%‘rﬁf‘elfhmc?r RALd | a?ﬂ.la%F | Yedd BrihtheNd e aEFPS ! shing

spati al and tenpo conpr essi on

Best Mode for Carrving Out the Invention

The invention relates to scalable MPEG and HDTV
compliant encoders and ehcoding 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 includes 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
temporal compression are repetitive functions with

high computational requirements.

More particularly the invention relates to a
processor for performing spatial and temporal
compression including discrete cosine transformation,
quantization, entropy encoding, motion estimation,
motion compensation, and prediction, and even more
particularly to a system for accomplishing spatial

and temporal compression.



-10- The scal abl e processor systemhas an I-franme only video encoder
nodule with a Discrete Cosine Transform processor, a quantization unit, a
vari abl e Il ength encoder, a FIFO buffer, and a conpressed store interface.
The system al so i ncl udes a second processor elenment, that is, an

R- processor or Reconstruction processor with a reference nenory interface,
notion estimati on and conpensation capability, inverse quantization, and

i nverse discrete cosine transformation, and notion conpensati on neans; and
at least one third processor elenent notion estimtion. The system can be
in the formof a single integrated circuit chip, or a plurality of
integrated circuit chips, that is one‘f@“ each processor, the |I-frane video

encoder nodul e, I} S%%%ﬂ%b‘irﬂg;%%%r t%h ré?g '?Sst Ig% tIhlfrI%rr%rocessor

el enent. There can be one oOr pr ocessor units. The
first conpressiynvidep iesadde renodudst |WGr¢hofa Ppgcirglter &p@idency, for

exanpl e, thereblh WAL YrleRA, & d&%&@%&%rﬂ %natstlaﬂ hraitiiGigire of an "I"
frame picture. Spatial redundanc |s t he redundanc |n a picture.

Because of tAENBIEScRISRSSH nat e DUt EReh 3 §§ﬁ Ycess,

descri bed belawerifacsas desd raalted elddhaniit@ed Br afdcobaandard to use a
bl ock based net hod of rﬁduci t| al redu danc The net hod of choice is

t he Di scret ePESSTRE T t it O & EEEESHe Ofr ansf or m codi ng of
t he picture. Racmns&ixmcmdsjm@rﬁcmm‘w midcddiangaferemts methorit h wei ght ed

scal ar_quant izt g, ANd L 4L AL kit ANRYB AL Further Tevels

of conpressio
capablllty, inverse quantization, and inverse

discrete cosine transformation, 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 encoder 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
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 is 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

compression.



The Discrete Cosine Transformation is an orthogonal transformation.

Ot hogonal transfornmations, because they have a frequency domain
interpretation, are filter bank oriented. The D screte Cosine
Transformation is also |localized. That is, the encodi ng process sanples on
an 8x8 spatial w ndow which is sufficient to conpute 64 transform
coefficients or sub-bands. Anot her advantage of the Discrete Cosine
Transformation is that fast encoding and decoding algorithns are avail abl e.
Addi tionally, the sub-band deconposition of the D screte Cosine
Transformation is sufficiently well behaved to allow effective use of _
psychovi sual criteria. After transformation, many of the frequency

coefficients are 2ol op; %éPSEéa(l:ééélﬁg'efrfé?ﬁé%éf&\&@{énf5?£ high spatial

frequenci es. These coefficients are organized into a zig-zag pattern, and
converted i mothegraapl tradeferuatienel ) OpahegonFhch pair indicates the

nunber of zer0,coebfhst e8hS, aﬁécébgeaﬂnéyw&l@eOi EP@q@@ﬂcw}ea@mQQﬁffl cient.
This is coded in a Variable Le on conpensatlon is used

to reduce orimkRFPEETATHALe Pé@uﬁﬂéﬁ%? B%?ﬁe%ﬁl%?E?@r Th&bt i on

CO”DensatlOnafg&&étéscbéﬂﬁ@rakaﬁgduﬂﬂaﬁﬁynbysdaysdlngchhﬁzedrrent picture
into bl ocks, for a ocks, and the? searchln? bn previ ously
en

transnlttedrg?%?u+%sn$%$’3nﬁ8g?39 BF8ERSHi TATE ¢ ¢6 Only the

R 19F €6n
di fference bmpaebaltwindowr ehfichl oskspéfscaadtt be poenﬁteeé4block pel s

extracted transform coefficients or sub-bands.

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

of psychovisual 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
the non-zero coefficient. This is coded in a
Variable Length Code.

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



-12- fromthe reference picture is actually conpressed for transm ssion
and thereafter transmtted. The sinpl est nmethod of notion
conpensation and 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 uneconomcal in
transm ssi on nedi um bandwi dth, menory, processor capacity, and processing
ti me because objects nove between pictures, that is, pixel contents nove -
fromone |location in one picture to a different location in a subsequent
picture. A nore advanced idea is to usé?a previous or subsequent picture to
pr edi ct mher% a bl ock ofefixels will be in a subsequent or gr&v%ous picture
or pictures, ‘&M EEGIGE RSN S et Gt tCWITEThe Psul t as
"predicted piteturses'ssdror! Rindi ttieresst t dbrer pagriitnddrly, this invol ves
maki ng a best estinate or prediction of where the pixels or nacrobl ocks of
pixels of the i[err] picture will be in the i-1[err] or i+1l[err] picture.
It is one step furlileersimplawt ot tthed byl qirdrtom mPirensausopi @8@res to

predict wher ¢ radil@Glodfi Pic®l SeMbtd B i hddlerdmgi ate or "B" picture.
To be noted is that the picture encodi ng order and the_picture transm ssion

order do not SHEQEEIANGS, mateh tHREFHTIOF S GRABF orfereVEEE Fig. 2. For
| - P-B systepaxdie iimpi 'PIctpd € dFfaNSthes | dcerdlerhdsgek féerent fromthe

encoding- or dgr., and, the, | Anyl, BELues must be, termorarilygsiorgd unti|
for every specific pixel in the subsequent picture.
However, this is uneconomical 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, for
example, with motion vectors, and to write the result
as "predicted pictures" or "P" pictures. More
particularly, this involves making a best estimate or
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
subsequent and previous pictures to predict where a
block of pixels will be in an intermediate or "B"

picture.

To be noted is that the picture encoding order
and the picture transmission order do not necessarily
match the picture display order. See Fig. 2. For I-
P-B systems the input picture transmission order 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 flowhart of MPEG conpliant encoding is
shown in Fig. 1. In the flowhart the imges of the i[err] picture and the
i+l [err] picture are processed to generate notion vectors. The notion
vectors predict where a macrobl ock of pixels will be in a prior and/or
subsequent picture. The use of the notion vectors instead of full inages is
a key aspect of tenporal conpression in the MPEG and HDTV standards. As
shown in Fig. 1 the notion vectors, once generated, are used for the

transl ation of the macrobl ocks of pixels, f.fromthe ihpicture to the
i+1[err] picture. As shown i3 g. 1, in the encodi ng process, the
images of the i[err]picture and the i+l [err] picture are processed in the
encoder 11 tengedéndt eAnbuffarvetrses wWALeh1APBLt RBtLSr ALi ASwhi ch, for
exampl e, theyigd[err] and subsequent pictures are encoded and transmtted.
An input image |1l X of a subsequent picture goes to the Mtion Estimation
unit 43 of the encoder. Modtion vectors 113 are forned as the output of the
Motion Estimati onFugi puddosébBese vethersaslienyusadgbyetrhe ibeid on
Conmpensation_Unit, 41 to_r Leve crabl ock %ata fro [ evi.ous,.and/ or
future pictu?téVchfgrPgdﬁ%§ba§°mggﬁgp nce~° éPg,lFoghgw p&% %ﬁgfhis unit.
One out put of.t henvbheofilCwrpemsathenivages4efi shaediriigsiyresamnded with the
output {rom {fig Mphop; EshiOnLEQNNBELLd35 00 GORSLO.HEElBRUL Of the

Di screte Cosine $$ans OF Ner 21. The ou?put of The f%s%rete Cosi ne
Transf or ner va@cterguanfigedotion vectors predict where a

- 14- 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 temporal
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 process, 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 111X of a subsequent
picture goes to the Motion Estimation unit 43 of the
encoder. Motion vectors 113 are formed as the output
of the Motion Estimation unit 43. These vectors are
used by the Motion Compensation Unit 41 to retrieve
macroblock data from previous and/or future pictures,
referred to as "reference" data, for output by this
unit. One output of the Motion Compensation Unit 41
is negatively summed with the output from the Motion
Estimation unit 43 and goes to the input of the
Discrete Cosine Transformer 21. The output of the

Discrete Cosine Transformer 21 is quantized in a



Quanti zer 23. The output of the Quantizer 23 is split into tw outputs,

and 131; one output 121 goes to a downstream el enent 25 for further
conpressi on and processing before transm ssion, such as to a run | ength
encoder; the other output 131 goes through reconstruction of the encoded

macr obl ock of pixels for storage in Frame Menory 42. In the encoder shown

for purposes of illustration, this second output 131 goes through an

i nverse quantization 29 and an inverse discrete cosine transform3l to
return a | ossy version of the difference macrobl ock. This data is sumed
with the output of the Mdtion Conpensation unit 41 and returns a | ossy

version of the original picture to t he Fr ame Menory 42.

inFig. 2, t t i "
T bl et tr oS SR SF o2 8ncBALHOIRACEr Bhsrr E: BATURLES 2

As shown

hgggﬁéﬁkctures"

require

not i on vect oirst@ otwe defpned. TRésand| 13pi ct gpresovepve 481ag96srce of

mtion Vect ofs. 5 TaShRs AF8amPEedhehedaB! ELUM 83rtREr”

mBLELWASS which are

121

or

f or med by noti on vectors. roma previous plcture andocan serve as a source
of notion vedRdrsPTOFeeainfebefPEeUEEINSELAEEPY; PHER2E! £ Bi & ect i onal

pi ctures” orielgtRi 6hdb@srwhi eheabenker BBEphy MB1i gBe¥eehebaghr om two ot her
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used to fornfdF"saodayl” ipi EramesMemory 42.On&nnehbodnbydetri showt i on
estimation 'ﬁiggéﬁkﬁgngugf §E9W§t&gtgbg; ghi%ssQXOEdsgﬁEﬁﬁtfﬁ%Q)a
an i[err ghout a region

macr obl ock 2 pi cture throu

-15- goes through an inverse quantization 29 and an

inverse discrete cosine transform 31 to return a

lossy version of the difference macroblock. This data
is summed with the output of the Motion Compensation

unit 41 and returns a lossy 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

pictures serve as a source of motion vectors.

"III

There

are "Predicted pictures" or "P" pictures which are

formed by motion vectors from a previous picture and

can serxrve as a source of motion vectors for further

pictures. Finally, there are "Bidirectional pictures"

or "B" pictures which are formed by motion vectors

from two other pictures, one past and one future,

can not serve as a source of motion vectors.

Motion

vectors are generated from "I" and "P" pictures,

are used to form "P" and "B" pictures.

and

and

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 macrobl ock 213. Transl ating the
macr obl ocks in this way yields a pattern of macrobl ocks for the i+1[err]
picture, as shown in Fig. 4. In this way the i[err] picture is changed a
smal | amount, e.g., by notion vectors and difference data, to generate the
i+l [err] picture. Wiat is encoded are the notion vectors and difference
data, and not the i+1[err] picture itself. Mtion vectors translate
position of an inage frompicture to picture, while difference data carries
changes in chrom nance, |um nance, and saturation, that is, changes in
shading and il | um nati on. Returping to Fig. 3, we |ook for a good
mat ch by starting fromthe sane | ocation in the i[err] picture as in the

i +1[err] pictpr r indow is.created.in . the iferr] picture. W
search for é$§e§?eﬁg%%% %?F#F%gtﬁ%é%éggrghewpﬁagmpaEﬁcemF 5% ?Ofﬁé best
mat ch noti on? et Brgnpdpting mabeobkoeskbidreksodadthisewaydiyngldfs t he best

mat ch nmacr obl ogkt  8¢hudes ma cHBbil BRKLe LY tnkhal 10 Sy BoW-gany pi xel s in the
y direction and how nmany pixels in the x dlrec&lon is the best match

di spl aced i r°RPENN&Rt FiBct Gre INALSE SeMerdEle 4" dPiFRYEACESdat a, al sO

referred to @sahbed" ar edbali aRoBHEQ! e gWhi b hettBe dbisrenged n
chroni nance €n€ | um nance. bet ween t he currgnt,nagroblock and the best match
ref erence maatbbFHERCE data, ¥ReIEHErateoRRE fUActPHRSUBE - aRRRPEG encoder

are inpl eneniedennotibdearbashe deviedsvealoksoanin8iarderhee, an R or
Reconstructi r gﬁ e C evi.cg, and an S or ge rch, device, The
functi ons argg%gftl ?ohgg gg%o%ﬁﬁngp%sg%B%IfEﬁ?} h%w%%ﬁ%? CPEFRBR size,
tool s and desrgnstatpl prbtiyiocandfpenf amegrc€rom picture to

- 16- picture, while difference data carries changes in
chrominance, luminance, and saturation, 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 are coded. The coding 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. Also encoded is
difference data, also referred to as the "prediction
error", which is the difference in chrominance and
luminance between the current macroblock and-the best

match reference macroblock.

The operational functions of an MPEG2 encoder
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 are
partitioned according to application needs, silicon

size, 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
| device 601. The | device 601 is the nmaster interface of the encoder, and
is a basic requirenent in any video conpression application using the chip
set of the invention, as shown in Fig. 5. A programmble processor 621
along with the entropy coding functions, that is the D screte Cosine
Transform processor unit 671, the quantization unit 673, and the variable

| engt h encoder unit 675, are incorporated in this chip. As aresult, this
device could be used in an application requiring encoding of I-only
pictures. A reconstructed interface is also added to all ow functi onal

expansi ons. - The R{OCERSIN0; hURE| 0BSaAPPLLELrRLL OLohRufNEREL Bsare al so

i ncluded in this device, ) econstructive processing O e macr obl ock
i s needed fdmcUdim Pipett tinkeEbArage4t hakoss MpeEfare A3 B picture

?PE%% n?. Funet idmﬁp@uc(gaa& u}v@fl@gc& §¢%e%/€? @éﬁé&?fﬂé%{.ﬁ@ﬂégggn(%f
nverse .Quant | zatjon : _ i on ensatio are
consol i dat eéasqu%%;e s%#’wjél le%ﬂi g &‘f’}(ﬁé‘%{ ﬁﬁ?pl%rt?? pm%%g£§o??t§6 aC%s shown in
Fig. 9. Thef RIthignood®r pranésssrai saal soregherement oiasahhe
Reconstructi chi i i j function capability with a
LD Sonfe S4B TRLL S0P LTL P Ut 00 2001

programabl e processor . eJ| W notidn appFlcations. A
sear ch resultthg rierérctons faasshevedifoFigi gherAnprognampableati ons. As a

result, thedradkfsehips L0085NG1cROLLE DRLESEY £HaaRp!l ications with |ess
noti on such as distance |earnin vi deo conferenC|n%%asurvelllance, etc.

|
-17- NEAR Ot @R% i n"a}f%nl?sgfaer%f'aéf:r?weC%h%%i aRform

processor unit 671, the gquantization 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 coding, that is P
picture and B picture encoding. Functions such as
Inverse Digcrete Cosine Transformation 943 (IDCT),
Inverse Quantization 941 (IQ), and Motion
Compensation 903 (MC) are consolidated in a single
chip, the R chip or R processor, 901, as shown in
Fig. 9. The R chip or R processor is also referred
to as the Reconstruction chip. A small wmotion
estimation function capability with a programmable
processor is also added to handle low motion
applications. A search result interface is 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, etc.



has hi gh conmputational requirenents. A hardware device, the Search-chip or
processor 801 shown in Fig. 8 wwth external programmable registers is
dedicated to this function. An expansion interface is installed to attain a
| arger search range. The three chip configuration can be used for
applications |ike broadcast transm ssion, and the |ike. For higher notion,
such as hi gh speed photographic scientific applications, additional S chips
801 provide higher picture quality with a |arger search range. This is a
scal abl e feature of the architecture. Chip Partition The
connections of the three encoder chips are shown in Fig. 5. Fig. 5 shows

t he conbi nation of three encoder chipstof processor el enents. These are the
Intra-chip or Intra-processqr 6Q1, the Reference- chip or. - -
Reference-processMPt89?,e@ﬁémgééPBhiéh?prSPeEééﬂgﬁ-nggéégﬁra@@l, and

associ at ed RAWLChips 23hput3d.icand 23ouireaendsngaDRAMAehIres and SRAM
chips. The Intra-chi

or Intra-prqcessor _is the_h processor interface,

it receives @?&FFerghﬁiFF@F&%“&%&EO°Fn8690§2f?ra§§3iFaﬁﬁgdﬁgés a
conpr essed vFﬂgo sutvp.irth 5¢$ernau-@hbgrammgblenggﬂscnm§ 881, shown in Fig.
6 handl es th&e&?BﬁEeﬁ?E@ @%&Sa%%n%%ﬁgHy th%%EQ%@H%%Siﬂke@f%d%nqgger
system | ncom ng pixe ata Is stored in fra format in_an external DRAM
referred to igsgalled 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 S chips 801 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 901, and associated RAM chips 531,
533, and 535, including DRAM chips and SRAM chips.
The Intra—chip or Intra-processor is the host
processor interface, it receives digitized filtered
video input 541, and it produces a compressed video

output 543.
I-chip

The I-chip 601, shown in Fig. 6 handles the
input data 541 and output bitstream 543 of the
encoder system. Incoming pixel data is stored in

frame format in an external DRAM, referred to as a



-18- frame store. This chip perforns the core functions necessary for
frame encodi ng. Pixel data is converted fromthe RG format to the YCbCr
format, if needed. Pixel data is nonitored for scene changes and for repeat
fields created by 3:2 pulldown. Incomng 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, regardl ess of howit was
input. Input 4:2:2 data can be encoded as 4:2:2 or 4:2:0 output. The
on-chip RI SC processor 621 is responsible for adaptive DCT, adaptive
quantization, and rate control. The processor has a dynamcally
partitionable structure that all ows it8o operate as a 4 byte engine or

b ' . Jhis is.d i bed j I ' d, ¢ di u. S.
ropl i cat ] on TOBMRIENR < 03y A S6TF { FeE ST Ent 39 SAS8et By ChaPPos Bol ce.
John M Kaczemesmay Agees] Njeane aemic®dbey t Pixébbdastafds DYNAM CALLY
PARTI TI CNABLE /Gl Ak M DEQ RRGRESSER: b e, SLA oho0f ¥hLGh 1S

i ncor por at ed her el , erence, ' e encoded nacro%?géles mer ged
wi th header Nefidrat i%wc%ﬂs & r i pegonhterefinivy scehgnedangss Letters

Patent No. 2uRRGENS54-dyed@neseRis %E@&‘tf:é&'@yt' Pians, M gMpyer sberg, and Agnes
Ngai, for APPARATUS FCR HF%?ER GENERATI ON, ,the entirety of which is hereby
i ncor por at ed WTEFETH ¥Rt e12NR 1S Thi 8° FEh8Ee] HeP f FRERERPEER? or MPEG 1

out put bi t stregmhicimatie eNtedenceasr st eréde tve eﬂi@ldgc’;lgrDRAM 0{ hshi pto
picture i s SRoRR LI HRAT LT C PR BB oLt Sh) The TRBF FRFBAGA t he host
i nterface i fatéh- reedaxdhess of how it was input. Input 4:2:2 -19 -
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.
Letters Patent No. 5,526,054 by James D. Greenfield,
Diane M. Mauersberg, and Agnes Ngai, for APPARATUS
FOR HEADER GENERATION, the entirety of which is
hereby incorporated herein by reference. This creates
the final MPEG-2 or MPEG-1 output bitstream which the
encoder can store to an external DRAM or ship to a
FIFO, for example, through compressed store interface
679. 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 901, also referred to as
the Refinenment chip or the Reconstruction chip, shown in Fig. 9 is
responsi bl e for search notion estimtion refinenment and reconstruction of

pi ctures for notion conpensation. External DRAMis used to support the
notion estimation function. The R chip or processor functional unit
perfornms all the base functions required for reconstruction of pictures and
notion estimation, including calculating and processing for the frane

di f f erences. The primary functions of the processor are nacrobl ock
type decisions, adjusting search range per picture, and notion estimation
assists. Both quantizer data and Search®chip search results are received

t hrough a common chip interface. Quantized data is then dequanti zed using
up to four nBEFPER £B1 ELOCRFEQIDCT converts the coefficients to pixel data
via a two dinensional inverse transform This reconstructed picture data is

saved as reference.,data hy. the nenory interface.for subsequent picture
codi ng. The noti oﬁ'ﬂh sh r?giéipor?rcﬁosﬁ%ﬁf&ﬁ egfallel dLser & e(flf%deﬁ:rq >

bi di r ect i onakheoRiednineypes tahipaldr pdle Resonstiraw tdloonghdig,h dhovw and B
pi ctures. . ; The | f{saurati tra s . .

Ref i nenent/ Régogégucg% ;%o%n&@csﬁ)log%lﬂcl%n %&p%%ﬁgcﬁpﬁ%glisﬂ eglfllénr?cflﬁr} 1A%
sear ch rangergfdnement @id reserisfurstion Ofntdgtures for motion

Ref i nement / RepRpehcd@iicdN, Fkt8aaN i) tRRS YRPYppd-d 1 - 64H and
+/- 56V. As notion estimation results are needed, the Search
-20- motion estimation function. The R chip or processor

functional 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 interface for subsequent picture
coding. The motion estimation can support field,
frame dual prime, bidirectional motion types to half

pel resolution along with I, P and B pictures.

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.

As motion estimation results are needed, the search



w ndow si ze and best match results are determ ned, and franme difference
data is generated. Search-chip or Processor The Search-chip or
processor 801, shown in Fig. 8, is responsible for the bulk of the notion
estimation. The purpose of notion estimation is to find the |ocation of a
macrobl ock fromthe current picture (current picture nmacrobl ock or "CWVvB")
in the reference picture. This location is determ ned by finding the best
mat ch, which is determ ned by conparing the CMB data to the reference
pictures data and factoring in a bias whi-ch is based on the notion of

previ ous pictures. The entire reference picture cannot be searched
inreal time. Therefore, a subset of t#® reference picture is searched.
Thi s subset ifn a%led t he ﬁe rch W ndow. Seﬁ Fig. 3.. The l.arger the search
wi ndow, the Wighel £nécAL cgeEF PRYEng S sH éﬁagfen§F5ﬁrW&P e CMB. The
sear ch wi ndoandafrbmesidgfifeireane| Waitacieagedehryptedpl oyi ng additi onal
Search-chi ps 801. Effective notion estimation produces higher quality video
and highly conpressed bit streans. The Search-processor receives the search
wi ndow par ane®e¥ Shf FBAPt RE Brecessor on t he

Ref i nement/ Reconstructi on- processor and receives |um nance picture data in
either frame or f&gld forngé romthe Intra-chip, based on the picture
structure. fie SPBFEME PPt BrESCEFRYs B8R ed ShRvWET ANcHiLg -SRAM i n
franme format8, The mestpbonsédliendbirofhenNblilk 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 picture. This location is determined by
finding the best match, which is determined by
comparing the CMB data to 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 the chance of finding an exact match for
the CMB. The search window can be significantly
increased by employing additional Search-chips 801.
Effective motion estimation produces higher quality
video and highly compressed bit streams. The
Search-processor receives the search window
parameters from the processor on the
Refinement/Reconstruction-processor and receives
luminance picture data in either frame or field

format from the Intra-chip, based on the picture
structure.

The reference pictures are stored in off-chip

SRAM in frame format. The motion estimation unit



-21- perforns field searches on the CMB and the reference picture. Four
field results are calculated along with a frame result for franme structured
pictures. The results are in the formof difference data and are biased
based on previous pictures notion characteristics. The biased difference
data along wth notion vectors are sent to the R chip or processor 901,
e.g., for calculation of the frane difference in the Frane Difference Unit.
Processing fl ow The I-chip or processor 601 contains both the
pre-processing and entropy coding functions. The pre-processing functions
are perforned prior to any coding functions. The entropy coding is the | ast
portion of picture processing. Its blogk-diagramis shown in Fig. 6. Host
interface A host interface 611 is installed on the Intra-chip 601,
and serves apetfierms i icdit selarchamen héenweMB bhed eheoderferfamreset and its

external wor QCtEQEQ %Eﬂﬁgﬁﬂﬁﬁgiﬁe@ﬁﬁﬁgﬁ%k% %gl%hﬁ Q%Haa Qﬁﬁguﬂhﬁladdress

RAM t ype protocol. Registers ined at this interface inc e commands,
configuratiof papraeetressiltedeosdifrgnsassmiceuged pilgtairiesat iThe dat a,

mai | box, et CreHA3t CAPEANGS tHRClade Yrakli rRcRdee SLRR @ROGR. retrieve
conpressed pjctur grom out put DRAM etc. Configuration paraneters include

menory si ze, L’Pr@ﬁﬁ & oy P&V Tou s LGS YRSt HPEd@T n t he encoder system

etc. characteristics. The biased difference data along
with motion vectors are sent to the R-chip or
processor 901, e.g., for calculation of the frame
difference in the Frame Difference Unit.

Processing flow

The I-chip or processor 601 contains both the
. pre-processing and entropy coding functions. The
pre-processing functions are performed prior to any
coding functions. The entropy coding is the last
portion of picture processing. Its block diagram is

shown in Fig. 6.
Host interface

A host interface 611 is installed on the
Intra-chip 601, and serves as the main control
channel between the encoder chip set and its external
world. This interface is a generic¢ 16 bit data and 8
bit address RAM-type protocol. Registers defined at
this interface include commands, configuration
parameters, encoding parameters, initialization data,
mailbox, etc. Host commands include start encode,
stop encode, retrieve compressed picture from output
DRAM, etc. Configuration parameters include memory
size, memory type, number of chips installed in the

encoder system, etc.



-22- Encodi ng paraneters can be set at power on or can be nodified at
a picture boundary to guide the encodi ng process. These paraneters incl ude
video input format versus video output format, users matrix tables, intra
VLC table, ZZ scan pattern, field/frame picture codi ng, nunber of pictures
in a sequence, nunber of pictures in a GOP, nunber of B pictures, nunber of
reference fields, and user specific data, anong others. This interface is
also used to initialize the chip set. There are two internal processors in
t he encoder chip set. Both processors' instructions are downl oaded through
this interface. In addition there are buffers that require specific
contents in order to function properlyz2are also initialized via this

i nterface. Mai | box is a conmmuni cation nechani sm between the on-chip
processor and ext &nealdipioessoeteffierran bemsand aar poswr ”™froramt i on i s sent

to the on- Chip PLACRRSAT WA dNe MRIdRAX Fedislel, o L idie garrect |evel
of processor “code, e new comand i's 1 nplenent ed. sé registers provide
flexibility. emheddapi paddantct iBirse MAr@Tsd o3d darcdddsr vdelesel ect ed during

the coding p&a}aﬁ%s £RN RS ty WL S i RS IRAPULS SRt Nl LGnlr £:hi s

interface to all ow register changes during coding process.. The stack is
twel ve deep. ERBIESWr 1FEE LT AR Se 4 i3 BaHtE e it §%an¢e encoder

i's busy in appicglee cREEAl NhurfOIdMig iUt urdd tien d Heeniditeest ack will be
012003, 2 g RER L SN Bl f W, PLegeSl i TS Slcoder appecr s
reduces the combeni ceft imafdraneddliedats piastdinesepr aressifigs daith al | ows
naXi”u”]COdiQ%&Hdn%thers. This interface is also used to

initialize the chip set. There are two internal

processors in the encoder chip set. Both processors'

instructions are downloaded through this interface.

In addition there are buffers that require specific

contents in order to function properly are also

initialized wvia this interface.

Mailbox is a communication mechanism between the
on-chip processor and external processor. When a
command or new information is sent to the on-chip
processor via the mailbox register, with the correct
level of processor code, the new command is
implemented. These registers provide flexibility. The
defined functions could be selected or de-selected
during the coding process by host writes. A stack is
also installed at this interface to allow register
changes during coding process. The stack is twelve
deep. Host writes will only be written into the stack
if the encoder is busy in a picture encoding.
Information written into the stack will be processed
at the end of current picture processing. The encoder
appears busy to the external processor until the
stack is empty. This design reduces the communication

time between picture processings and allows maximum

coding time.



-23- Pi xel interface The pixel interface is a 24 bit pixe
interface that is used to receive RE&B digital input. It can also handle 16
or 24 bit YCbCr 'input data. A color conversion circuitry, scene change
detection logic, and 3/2 pulldown inversion functions are also installed at

this interface. The col or conversion, a formof data reduction, is
ready to convert the input data to 4:2:2 or 4:2:0 chrom nance encodi ng
format . Every location in a picture is represented by | um nance and

chrom nance pi xel data. As specified in the MPE&R standard, YCbCr data is
the input data format for -conpressi on and output of deconpression. For RGB
i nput data, the input nust first be camrerted into 4:2:2 format prior to
any encoding process. If the input data is in 4:2:2 YCbCr format, this
means every location in a picture is represented by 8 bits of |um nance
data and 8 bi f. ive color Cb and Cr data. If the input is in
4:2:0 YCbCIbé%gﬁgt?H% ?ggﬁéans every location in a picture is presented by
8 bits of lum nance data and horizontally and vertically subsanpl ed col or

Cb and Cr data. ThgeuUpnREess$at¥rander eduadant i pfQIRBII PALksrhepDVed by the
col or converﬁégn grocesg and/or 4:2:2 to_4:2:0_decinmation at the input
stage to acht AeUEEBptBf TEGRPVESEFBNILALtRY MPRERT 2Lt A8 anount of data
fl owi ng thrcabdothendeenilsi og eacbder yYCBOrsinpducéstaheapeoiornmance

requi renent é£h$gﬁsigﬂabﬂkggigg¥tC88Ene change detection logic,

and 3/2 pulldown inversion functions are also
installed at this interface.

The color conversion, a form of data reduction,
is ready to convert the input data to 4:2:2 or 4:2:0

chrominance encoding format.

Every -location in a picture is represented by
luminance and chrominance pixel data. As specified in
the MPEG2 standard, YCbCr data is the input data
format for compression and output of decompression.
For RGB input data, the input must first be converted
into 4:2:2 format prior to any encoding process. If
the input data is in 4:2:2 YCbCr format, this means
every location in a picture is represented by 8 bits
of luminance data and 8 bits of alternative color Cb
and Cr data. If the input is in 4:2:0 YCbCr format,
this means every location in a picture is presented
by 8 bits of luminance data and horizontally and
vertically subsampled color Cb and Cr data. The
unnecessary and redundant information is removed by
the color conversion process and/or 4:2:2 to 4:2:0
decimation at the input stage to achieve one step of
compression and to minimize the amount of data
flowing through the remaining encoder. This reduces

the performance requirement in the remaining devices.



- 24- To cover a wi de range of applications, MPEQR standard docunents
many codi ng tools and options for the conpression process. However, the
trade-of fs between quality/performance versus conplexity for a given
application is left for the encoder devel opers. Many of the coding options
are adaptive within a picture, either at the picture level or at the
macr obl ock level. This flexibility allows increased bitrate controls.
Dynam ¢ and adaptive changes of coding options could be applied to future
codi ng based on the present information or it could also be applied to
present data based on future information. Scene change detection, a

| ook- ahead nmechani smthat collects pi-@4ure information prior to the
encodi ng process, provides nmuch nore efficient control. Scene change
detection indi cat®s ¢eyge ¥Favidpcesnget oeearpl ecareenandMBESE conpl exity

di f f er ences.stRaS6€ NG EHRENEs 8LRGT LA £G! €Y6BLT QRaT SpPeLhar fBE On the
i nput data; there are no extra data f|l ows  or bandw dth requirenments on the

remai ni ng f RS i SAPTEEHLN  RECTRPHt PPEEVFE: ofBer t¥adaieféfent fromthe

encodi ng or da¥twedn t@uabhieg/peéetoresnet votsusatoaplaketpr Eopr acessed,

t hrough the scene cha?ge detectio¥ %og%c. E e scene chﬁnge detection |ogic

can be used5§¥y$%g%?%. c?ﬁéoauh?i ? bf *Phe B cEUFRBE] 8 5}888§§ed. Thi s

| evel of | oddamheatl theéowsdihe eptbdes. dvedydapt tuel yithange codi ng options

at both the begiapdnoeaofokhe: mAd! £10L,PLCIULELPEECESSER It a 3/2
e ed, the u a

pul I down inversion |Is ena , nput data contalns.regﬁndant or repeat
fields. To beagpelelesktevnl. Thésrédandbhlibdtalhoye becreas®dd prior to

encodi ng. Reppetaté ebondebesti BPnkRAYI RS abapedst eR&nksl drdata be saved.
The on-chip gégiggeoptions could be applied to future coding
based on the present information or it could also be
applied to present data based on future information.
Scene change detection, a look-ahead mechanism that
collects picture information prior to the encoding
process, provides much more efficient control. Scene
change detection indicates large variances between
pictures and also complexity differences. The scene
change detection calculation is performed on the
input data; there are no extra data flows or
bandwidth requirements on the remaining functions.
Since the input picture order is different from the
encoding order, up to three pictures of information
are pre-processed, through the scene change detection
logic. The scene change detection logic can be used
to regulate the quality of the picture being
processed. This level of look ahead allows the
encoder to dynamically change coding options at both

the beginning and the middle of picture processing.

If a 3/2 pulldown inversion is enabled, the
input data contains redundant or repeat fields. To be
more efficient, the redundant data must be removed
prior to encoding. Repeat field detection requires at

least one field data be saved. The on-chip storage



-25- space requirenent for repeat field detection nmakes it nore econom cal
to save the field data in external nenory. The input data is first saved in
frame store DRAM and has to be retrieved for repeat field detection and

pi cture encodi ng. The detection schene is based on a 3/2 pattern. Wth
effective 3/2 PDI logic, for every thirty input pictures, only twenty- four
pi ctures woul d be encoded after the 3/2 pulldown inversion is applied. The
remai ni ng menory bandwi dth could then be used for repeat field data fetch.
To minimze nmenory traffic, the followi ng schene is used: if the input data
is odd field first, then the detection is performed on odd field data
first, and even field data detection w31 be perforned after a repeat odd
field is detected. If the input data is even field first, then the reverse
takes pl ace.space bggeisengatafios repepvedigldt ﬁ@tsp%épnu Aekeadd, the sane

byte | ocati ogola éE@th&EbQU%ofb%b@ Qhet e c3aMBaRAr EhY elk® i@l eved from
frame store nenory. A repeat field i,s determned at the end of field

picture |npuTemPFYthghFléP@ulsdétﬁeﬂéaFlFﬁEISav?ﬂeﬁnl€§aW€n§F?IFocatlon
wi Il be usedbRam aﬂauhaef tbhbene‘)étrflleﬁled @bt Iaep&aﬁefmaudty Thi s

el i m nat es tc onpl X|ty dur i p| ne dlng Frame menory
interface ngngex?hg fraﬁbplC% HFS %é @ % |SCh?m At the

out put of thESpbaeEdlnneafédé pah@emnqu1@atafﬁQCtedeBV@ E@Istored into an
ext er nal %REaCQQQ b9l th'lfxft El Eé'ﬁ"érggmbyllx-r@'w% fryarre menory
cu af a t

is only used t0 save the in pi c ure rent I.t7is ready for
encodi ng. TrEPRFcPAELHKES M@pédf &@ewod@égﬁﬁyeméhﬁ Aé2 PHd Ldepmt data

inversion is applied. The remaining memory bandwidth
could then be used for repeat field data fetch. To
minimize memory traffic, the following scheme is
used: if the input data is odd field first, then the
detection is performed on odd field data first, and
even field data detection will be performed after a
repeat odd field is detected. If the input data 1is
even field first, then the reverse takes place. As a
byte of data is received at the pixel interface, the
same byte location in the previous field of the same
parity is retrieved from frame store memory. A repeat
field is determined at the end of field picture
input. If the field is a repeat field, ﬁhen its
memory location will be used for input of the next
field of the same parity. This eliminates memory

fetch complexity during picture encoding.
Frame memory interface

The frame memory interface is shown in Fig. 7.
At the output of the pixel interface, the input data
is ready to be stored into an external DRAM attached
to the Intra-chip, frame memory. This frame memory is
only used to save the input picture (current data)
until it is ready for encoding. Traffic at this

interface is roughly two times the input data



-26- transmssion rate. A 32 bit data bus is used to support the DRAM
e.g., a 70ns DRAM For | and IP coding format, the input picture order is
the sane as the picture encoding order. For this reason, encoding starts
when one macrobl ock of data is available. In this configuration, the frame
menory is divided into six segnents, five for input picture data and one
for on-chip processor use. A segnent of frame nenory is selected for each
input picture. Data in the picture is stored sequentially as offset of the
begi nni ng address as specified by the chosen segnent. Each segnent is _ .
one-quarter of a picture size. Four consecutive segnents are used for each
i nput picture. The five segnents are-ased in rotation. The nenory partition

is showmn in Fig. 7. When the first input picture is recieved, it is
stored intots@gmrﬁtSSQiorSimteeedtm%é@iﬁerdatsazl@m& sis)nllsye@n'eoquarter of a
picture, the fifst Rigd %mseé &egn;n;o e 4.5 Jersecond i nput
picture is stored in segnent O, 3, 2. The third picture is stored in

segnent 1, @Odd-ngarﬁPIS“atl'hetkf%uWH’P‘blfé%%lém xS etF | e cyEBAtaS, 1, O,
and 4. The fdHd fpzmtqllué B USES1 1568 OB r 3, F i am@mele@soﬁhe@nw@lﬁggrrent

sssge repeniy oLty il s sohor ol Lopeos SLOLIEL JerBl o fguLeren 1B
order is di ftrereentordfgutdntel @mc odhe gf varke rmermsrg hoswdivided. i2toThus, an
DU 1 Ct U8 ki SRYSELAO R Yol bt SeRdIadg e uped. 0 th s
di vi ded i nt ®r-iGiel cRFRPE SSOF oyge f o $mn1|'a|@f ufléamdn@n@rf’olson chip -
Processor usk1d@ady SEGRERLch SiRgUR! piorhhe. PHELAT £n SERE pléthiSe
"2 is stored sequentially as offset of the beginning

address as specified by the chosen segment. Each

segment is one-quarter of a picture size. Four

consecutive segments are used for each input picture.

The five segmenté are used in rotation. The memory

partition is shown in Fig. 7.

When the first input picture is recieved, it is
stored into segment 4. Since each segment size is
only one-quarter of a picture, the first picture uses
segment 4, 3, 2, and 1. The second input picture is
stored in segment 0, 4, 3, and 2. The third picture
is stored in segment 1, 0, 4, and 3. The fourth
picture is stored in segment 2, 1, 0, and 4. The
fifth picture uses segment 3, 2, 1, and 0. Then the
segment usage repeats again. This scheme allows a
minimal wmemory regquirement, 1MB DRAM, for I and IP
configurations. For IPB coding format, the input
picture order is different from the encoding order,
as shown in Fig. 2. Thus, an input picture must be
saved entirely until it is ready to be used. In this
case, the memory size is 2MB for NTSC, and 4MB for
PAL. The frame memory is divided into five segments,
four for input picture and one for on-chip processor

use. Each segment is equal to the picture size. It is



used in simlar fashion to the non-1PB format. This schene all ows scal abl e
menory requirenents based on the coding formats. The main traffic of
the frame nenory is conprised of input data store, 3/2 pulldown inversion
data fetch, and encode data fetch. A priority schene is enployed at the
frame nenory interface with input data store having the highest priority
and pul | down inversion data fetch the |lowest priority. Input data store is
i ssued when 32B or nore data is accunulated in the pixel interface. Data is
stored continuously into DRAM 4 bytes at a tine, until there is |ess than
32B data in the pixel interface, and a pending nenory data fetch will then
be serviced. The encode data fetch is a-16 by 16 byte nacrobl ock. This
fetch is dynamically interruptive at any DRAM row address by an i nput data

store requestusJ@elﬁnégﬁiyaklfssﬁggﬁhterensnhéndﬁtg pYBRAEN @hikhe pixel
i nterface. obl ock gta is pre-fetched to prevent codi ng pipeline

stall. When t%ﬁbﬁmﬁr% forR ase aP%eaWEWPEBIEeq¥hée%%ﬂF%gb%?8ée§§ begi ns.
The macr obl ockhelatedihgwrdepands on the picture type being processed. A
predictive picture processing is assunmed for the purpose of this
description. For a P picture, the current macroblock data is delivered to
all three devices BhauhtdnebuskEgicThé theafusmgemémornchschip is different,

and the i me dbded beadaraihsuoadeal 8cakas o4l sieionT enbagbeah 11 ow of

0
thi s macr obl ock ‘dat a, IS rec edébg receiving devices, is from
the S-chip ord¥faceekeh: 864dt6nﬁﬁ@eﬂﬁéﬁﬁpf6 Cbro%eB§b¢rBOX sghemehen back

to the |-chipi®refp069s80atS8he frame memory interface with input

-28- .
data store having the highest priority and pulldown
inversion data fetch the lowest priority. Input data
store is issued when 32B or more data is accumulated
in the pixel interface. Data is stored continuously
into DRAM, 4 bytes at a time, until there is less
than 32B data in the pixel interface, and a pending
memory data fetch will then be serviced. The encode
data fetch is a 16 by 16 byte macroblock. This fetch
is dynamically interruptive at any DRAM row address
by an input data store request. The interruptive

fetch prevents data overrun at the pixel interface.

Macroblock data is pre-fetched to prevent coding
pipeline stall. When the macroblock data is
available, the coding process begins. The macroblock
data flow depends on the picture type being
processed. A predictive picture processing is assumed
for the purpose of this description. For a P picture,
the current macroblock data is delivered to all three
devices simultaneously. The data usage in each chip
is different, and the time when the data is used, 1is
also different. The logical flow of this macroblock
data, when it is received by all receiving devices,
is from the S-chip or proéessor 801 to the R-chip or
processor 901, and then back to the I-chip or

processor 501.



Processing in the Search-chip or processor Sear ch-i nput buffer In
the Search-chip 801, shown in Fig. 8 the current macrobl ock data is
primarily used in notion estinmation. Depending on the search fornat

sel ected by the user, the macroblock data is either downsanpled 4 to 1, 2
to 1, or remain as 1 to 1 in the input buffer. A single Search-chip 801
provides the | argest search range in the 4 to 1 format, and the |least in
the 1 to 1 format. The downsanpled data in both the 4 to 1 and 2 to 1
format are carried out horizontally. This schenme elimnates the conplexity
of frame and field notion search wth the sane downsanpl ed data. The
downsanpl ed data is saved in search mggory, the external nenory attached to
the Search-chip, where it is to be used as reference data on the subsequent

pi cture codipRGI=RGeRs.id N skad Bch Schis8 bt Nptdees@ds on estimation, and
provi des a nore precise difference between the two picture data. At the
sane tinme, the data of the previously encoded reference picture in search
menory i s f Sechedh-fiorpuothwihifesti nati on. The anount of reference data to be
fetched for each nmacrobl ock processi ng depends on the nmacrobl ock | ocation
and the search range. S-notion estinmation To conserve chip rea
estate (silicon dredhe Serron-chip &I erepee dor aFbmf f&rshén the notion

estimati on WiirlyeGAn mc’%mg}g @i a O{Stﬁﬁx{l@@lil “&‘éeél Ni 4 hGo8e8HCh W ndow at

atime. The reference data is_fetched as the search process continues. The
estimation. Depending on the search format selected

by the user, the macroblock data is either
downsampled 4 to 1, 2 to 1, or remain as 1 to 1 in
the input buffer. A single Search-chip 801 provides
the largest search range in the 4 to 1 format, and
the least in the 1 to 1 format. The downsampled data
in both the 4 to 1 and 2 to 1 format are carried out
horizontally. This scheme eliminates the complexity
of frame and field motion search with the same
downsampled data. The downsampled data is saved in
search memory, the external memory attached to the
Search-chip, where it is to be used as reference data
on the subsequent picture coding process. Input data
is used in the motion estimation, and provides a more
precise difference between the two picture data. At
the same time, the data of the previously encoded
reference picture in search memory is fetched for
motion estimation. The amount of reference data to be
fetched for each macroblock processing depends on the

macroblock location and the search range.

S-motion estimation

To conserve chip real estate (silicon area), the
on-chip reference data buffers in the motion
estimation unit can contain 20 out of the 128 lines
in the search window at a time. The reference data is

fetched as the search process continues. The



-29- reference data buffers are conprised of two equal sized units. One of
these units is used for odd |line data and the other one is for even |line
data. The two.buffers are separate entities. Thus, odd data search and even
data search processes can take place sinultaneously. The bi ggest
challenge in notion estimation is the conputational power requirenent. To
mnimze search circuitry, field searches are perforned together, and the
field search results are conbined to formfrane searches. For exanple, |et
Cfl be the odd lines of current macrobl ock data, Cf2 be the even |ines of
current macrobl ock data, Rf1 be the odd lines of reference data, and Rf2 be
the even lines of reference data. _ogFour field searches, Cfl versus
Rfl, Cfl versus Rf2, Cf2 versus Rfl, an3 Cf2 versus Rf2 are per{forned
COHCU”eRP]”Y-gﬁélﬁf&%&téa@izﬁffaﬁéﬁ%lﬁe%émﬁ%ﬁ 2oﬁ/etfx?¢15e<§<ﬁ21 anﬂ Cf 2

ver sus and. . ver sus arge conbined. to formthe_franme.searc

sul s The S ‘G T navss Thet RPRHHIHE o Crits st S gEERER chip o
Processor Resudata and tHéeothere duetlipi ket eedn neimentdatesul Tseareo

gener o &4 1o WSAEPLLE A, SLolEt ok o0 et obl ocky, on Sl PR ghalek e

current odd fi and one e curr'ent” even Xchi p
i nterface and even data search processes can take place
simultaneously.

The biggest challenge in motion estimation is
the computational power requirement. To minimize
search circuitry, field searches are performed
together, and the field search results are combined
to form frame searches. For example, let Cfl be the
odd lines of current macroblock data, Cf2 be the even
lines of current macroblock data, Rfl be the odd
lines of reference data, and Rf2 be the even lines of

reference data.

Four field searches, Cfl1 versus Rfl, Cfl versus
Rf2, Cf2 versus Rfl, and Cf2 versus Rf2 are performed
concurrently. The results of Cfl versus Rf1l and Cf2
versus Rf2, and Cf2 wversus Rfl and Cfl versus Rf2 are
combined to form the frame search results. The scheme

eliminates the frame search circuitry.
Search-chip or Procegsor Result

The five full pixel refinement results are
generated for each frame structured macroblock, one
best match for the current odd field and one best

match for the current even field.

Xchip interface



- 30- The xchip interface 831 supports commruni cations between the
Search-chip or processor 901 and Refinenent-chip or Reconstruction-chip or
processor 801 as well as anong the Search-chips 901 in the configuration.
For every macrobl ock, up to five search results, one frame and four fields,
are passed to the Rchip 801 via this interface. This interface is al so
used for Search-chip 901 to Search-chip 901 conmunications. For nulti-chip
configuration, each Search-chip 901 has a chip ID. A pre-defined wiring
pattern at each set of Search-chip 901 pins is used as the chip ID or
address. Address O identifies the Search-chip 901 that has the main

comuni cation with the R-chip 801. The3ghcoder structure can support one,
two or four Search-chips 901. Address 3 identifies the |ast- Search-chip 901
in the chain. |n @héourhSparnch-eifiameors 3y couppsart s9ebrmmnfiigitiaii®n, the

search w ndoy i gediVidgd Egﬁ?&ggﬁﬁ qgggg&&ng % regs @ handl es the upper

| eft quarter, address 1 han ‘ quarter, address 2 handl es
the | ower | feLERENEBE -g§HdPaddr EssoRsramditdeon-isdilcower pricgesspuart er .

Search. chi p Sof 0asands1! be Se@ieh cHRsWeh ko, SHALNHRAI B2 aiften 18 1
avai | abl e. Slnlkarl for Search-chip 2 to 1 and Search-chip 1 to 0. The

best match r&3% %QH%?EFHEd FREMEMSE Yhingise P Ld ke s $1PSéer EH-VEhi p is conpar ed

with the ressdiroht absedtisn the receieviand Fur: rfikedeestref gdresdaw is then
forwarded to next Sear ¢h-chi.p. t tch fraom all rch-chips is

h he h
finally sele® egh%n —Feﬁgrﬁg& 83 i 1%—&%%6? ACBr o d&S g eﬁgQﬁﬂp or

Pr ocessor Riapap bebflefor Search-chip 901 to Search-chip 901
communications. For multi-chip configuration, each
Search-chip 901 has a chip ID. A pre-defined wiring
pattern at each set of Search-chip 901 pins is used
as the chip ID or address. Address 0 identifies the
Search-chip 901 that has the main communication with
the R-chip 801. The encoder structure can support
one, two or four Search-chips 901. Address 3
identifies the last Search-chip 901 in the chain. In
a four Search-chip or processor 901 configuration,
the search window is divided into four quarters.
Address 0 handles the upper left quarter, address 1
handles the upper right quarter, address 2 handles
the lower left quarter and address 3 handles the
lower right quarter. Search-chip 3 forwards the
search result to Search-chip 2 when it is available.
Similarly, for Search-chip 2 to 1 and Search-chip 1
to 0. The best match result obtained from the higher
address Search-chip is compared with the result
obtained in the receiving chip. The best of the two
is then forwarded to the next Search-chip. The best
match from all Search-chips is finally selected and

returned to the R-chip.
Processing in R-chip or Processor

R-input buffer



- 31- The current macrobl ock data that was previously recei ved

‘fromthe Intra-chip 601 and is buffered on this chip, is used in the
refinement process. In I PB node, the R-chip 801 processing | ags
t he Search-chip 901. To ensure the pipeline is constantly full, the
buffer is large enough for two nmacrobl ocks of data. The next current
macr obl ock data is fetch when there is space in both the Search-input
and R-i nput buffers. R-notion estinmation The
reference data has previously been saved in t he external nenory, i.e.,
reconstructed nenory, connected to the R-chip 801, i.e., the
Ref i nement - or Reconstruction-chijg1-The reference data, as the nane
inplies, is conposed of reconstructed data. Wen this data is used in

not i on refinenentThétcpt@ducemaaroblopkedhchichadiwaerpmeeibhauynatches t he

one reco}?&éi‘%&%?&& @ﬁedﬁ%% chT%'D%oiChSHEJs“ BLEEESRg on thE

di f ference

Ween- conpression and ressi prOCESSeS.

The R-chip Owhp$o©bssorlsomsaﬂs@nrébelve§lnh@ent progassh format sel ected
by the user. Depending on the search format, the search results
received fromthe Sear.ch-chi p_or processor 901 are upscal ed

accordingly 25 baBk1FB Wﬁ@eﬁuFPepﬁcFﬁﬂE BEdoPLPFERS1AIsdageh the
refinenent |§e£§<ﬁ}f10éfmﬁ ba&edmneh@ar%e@h@hpﬁgémhhe is coh@cﬁlawﬂ;l f@g resul t

;Lgnlﬁhe|$'f§ %% Eﬂatbu%fg% is q%rge enougge ogtt%%a&%crg% cks +- 4
of data. The next current macroblock data is fetch
when there is space in both the Search-input and
R-input buffers.

R-motion estimation

The reference data has previously been saved in
the external memory, i.e., reconstructed memory,
.connected to the R-chip 801, i.e., the Refinement- or
Reconstruction-chip. The reference data, as the name
implies, is composed of reconstructed data. When this
data is used in motion refinement, it produces a
prediction difference that matches the one
reconstructed by the decoder. This scheme minimizes
the difference between compression and decompression

processes.

The R-chip or processor 801 also receives the
search format selected by the user. Depending on the
search format, the search results received from the
Search-chip or processor 901 are upscaled accordingly

2E back to the full picture resolution. A search
refinement is performed baéed on the search result,
including result from the 1 to 1 format. A maximum

refinement search range of +/- 4H and +/- 1V is used.



- 32- Anot her big challenge of notion estimation is nmenory bandw dt h.
The reference data retrieved fromreconstructed nenory, once per

macrobl ock, is buffered on-chip until the franme difference data is
generated. This schene mnimzes external menory traffic. Each search
result is first refined on a full pixel boundary. At nost three full pixel
results continue to the next refinenent process, half pixel refinenent. Up
to eight half pixel macrobl ocks around each full pixel refinenent result
can be identified for further half pixel refinenment search. Al the ful
and hal f pixel refinenent results are transferred to the on-chip processor,
that is, the R processor. | R-chip Lgpterface Dependi ng on the
search type, the R-processor 801 deterni nes the macrobl ock type and the
notion vector for awetheradrighladek lpmeeesfethotSeneesabiimatdear dls t ypes may

| nol ude frame,only. Lol oy, il L Riotel, anld, Nall Blxgly gloy and
adaptive field Praxé notion. 1'f "adaptive Trane Pel'd oti on estlhation is
sel ect ed, therpesnstauciied memosiv,ociides pegedhacgobdimcknue st he codi ng

process. Based,0RotBg ReSHTRY ¢hed 1084iSiFdmd kS rrRLEHJI Lhiomignance data
is retrieved fromreconstructed nmenory. Both the | um nance and chrom nance

frame differcHBBedatsdar dngenSCAiea® AR IBRES SFtierNele MEMOY- chi p 601 and
R-chip 801 interface. FhaeH wiaiaice«dflfrerienda réat adfsnledarsf erred to the

LR SOk Behen e e 2o YRR A sy o (e
continue to the next refinement process, half pixel
refinement. Up to eight half pixel macroblocks around
each full pixel refinement result can be identified
for further half pixel refinement search. All the
full and half pixel refinement results are
transferred to the on-chip processor, that is, the

R-processor.

IR-chip interface

Depending on the search type, the R-processor
801 determines the macroblock type and the motion
vector for every macroblock processed. Selectable
search types may include frame only, field only, full
pixel only, half pixel only, and adaptive field/frame
motion. If adaptive frame/field motion estimation is
selected, the best matched macroblock is used to
continue the coding process. Based on the best
matched decision, the matching chrominance data is
retrieved from reconstructed memory. Both the
luminance and chrominance frame difference data are
generated and buffered in the Intra-chip 601 and
R-chip 801 interface. The luminance difference data
is transferred to the Intra-chip 601 first. When the
quantized luminance data is returned to the R-chip

801, the chrominance difference data is then



-33- transferred to the Intra-chip 601. Both the difference data and the
quanti zed data share the sane bi-directional data bus between the
Intra-chip 601 and R-chip 801. The data transfers are staged to avoid bus
col l'i sion. The quantized data is first passed through the inverse
quantizer 941, then the inverse DCT unit 943, and then finally the notion
conpensation unit 945. The IDCT data is added to the current macrobl ock
data, the one used in the macrobl ock search, as notion adjust in the Mtion
Conmpensation (MC) unit 945. The MC unit 945 produces the reconstructed
data. It is buffered and ready to be stored into the reconstructed nmenory
and be used as refinenent reference dajsa for subsequent picture coding.

In 1P coding format the search refinenent circuits on the R chip 801 are
used as a smathnBBbireRdesd mteorxntﬂaec@@pt ev10f BbbA s@arch vvi ndow is the

| ocation of é E current cro océ_ The R.chi_p.801 can su up to +/- 8H
and + - 7V sBaFERTFRNGeSS ﬁ eRe It enﬁﬁéntéFﬁplgﬁFﬁ a3t fe ng
format, the béfdierce idatd datbehmhe@emmeenpehenmnt@bkohkp Bmus data is

buf fer ed_on- ghizpe urhil H3a A L etaneecdat g, eganed A moti on

estimation on i's first per nenent search is then

per f or med onavﬁédbéyﬁ wetldtiedobul | pel macrobl ock data. Two refinenents are
carried out, dual prine and half pel search. A best matched full pe

macr obl ock data is split into odd and even field data, For each field data,

the opposite paritedqUantiized detal igefiyst| passed through the

inverse quantizer 941, then the inverse DCT unit 943,
and then finally the motion compensation unit 945.
The IDCT data is added to the current macroblock
data, the one used in the macroblock search, as
motion adjust in the Motion Compensation (MC) unit
945. The MC unit 945 produces the recdnstructed data.
It is buffered and ready to be stored :into the
reconstructed memory and be used as refinement

reference data for subsequent picture coding.

In IP coding format the search refinement
circuits on the R-chip 801 are used as a small motion
estimator. The center of the search window is the
location of the current macroblock. The R chip 801
can support up to +/- 8H and +/- 7V search ranges in
the IP mode. Similarly to the IPB coding format, the
reference data is fetched once per macroblock. This
data is buffered on-chip until the frame difference
data is created. A motion estimation on full pel is
first performed. A refinement search is then
performed on the best matched full pel macroblock
data. Two refinements are carried out, dual prime and

half pel search.

A best matched full pel macroblock data is split
into odd and even field data. For each field data,

the opposite parity data, with +/- 1 delta, is



-34- retrieved from externa

i n dual

a process simlar to the process used in IPB coding. A
full pel,
R- processor.
Ref erence nenory interface
reference data fetch, a dua

pr.i
d

data fetch,

ref erence datariisved Y roet ched mrede rperonyabyolexeekndify disure t he pi peline

menory by extending the origin field data
address as specified in the standard. The field data is interpolated with
its associated opposite parity data to formthe reference data to be used

me notion estimtion. Hal f pel refinement is perforned by

ual prinme, and half pel searches are collected by the
The renmai ni ng processes are sinmlar to the | PB node.

results including

For every macrobl ock process, there is a
prime data fetch, a best matched chrom nance

a reconstructed | um nanceagata store, and a reconstructed
chrom nace data store. To reduce the nmenory bandw dth requirenent,

t he

IS CO”S'SteBEE§1BUkhel%h%d@%“ﬁ&@ﬁ&ﬁg%&! g%cg&%eﬁa&%!%%é n a specific order

per the macro
performed ofitpudarche Thenifiadce

ock location In e pICtUF

ince notion estimation is

didtea 19 dnitepredatere wikdoriE s ead rate for a

pre]?' fi Ct 0pgE8bLeR L eldh@PgPHH itaN Bl EitaMtareendai’ HeFretaied in
ifferen

further

asp

gglons |% reconstructe rane DQifference Unit

Eaotet

Difference Unit (FD). The

Half pel refinement is performed by a process
similar to the process used in IPB coding. All
results including full pel, dual prime, and half pel
searches are collected by the R-processor. The

remaining processes are similar to the IPB mode.

Reference memory interface

For every macroblock process, there is a
reference data fetch, a dual prime data fetch, a best
matched chrominance data fetch, a reconstructed
luminance data store, and a reconstructed chrominace
data store. To reduce the memory bandwidth
requirement, the reference data is only fetched once
per macroblock. To ensure the pipeline is
consistently full, the memory operations are handled
in a specific order per the macroblock location in
the picture. Since motion estimation is performed on
just the luminance data, to improve the memory read
rate for a specific operation, the luminance and
chrominance data are stored in different regions in

reconstructed memory.

Frame Difference Unit

A further aspect of the Reconstruction-chip or

processor 801 is the Frame Difference Unit (FD). The

Ré@ﬁh§f}d%%#in?ﬁﬂﬂep“EFlﬁpr%%%HﬁaqﬁﬁP| s the Frane

A



-35- Frane Difference Unit calculates the difference, that is the
difference in lum nance and the difference in chrom nance, between the
current nmacroblock and the best natch reference macrobl ock. Data, that is
ref erence macrobl ock chrom nance and | um nance data and current macrobl ock
chrom nance and | um nance data, to be processed through the Frane
Difference Unit arrives in various word | engths and nust be formatted such
t hat when used it has the sane format as ot her source data that is used.
Data may be stored to and retrieved fromnenory in two different orders,
depending on controls within the Frane Difference Unit. The data al so needs
to be refornmatted prior to sending it LQSLhe next unit in t he Encoder.
These various word | engths and formatting requirenments inpose difficulties

i n desi gni ng 8edmnes 9iFgeadhceOmi® dalculbEREa0e Hal KA¥F Mehicn khg Frame
Difference Unit. The sent invention is directed to witing and reading

oI . .
| uni nance andlEhFBﬁiﬂ&ﬁ%§r§§F§ af dpaingnee; pre theafd ffesenase 18 or age
array, while ohrotmdnaneg,t betoeder tife datraenti aeRobleckagmdas Hehe out put

order of the gg%@ Rgt%% §%%%re%2§§§£%$%§ggg {Phtgfggugggress contr ol

t echni que for sSharing acCess to frdt§ut put si des of
the array. |nrafdirence, magrobdeck chavridabnokt kedetksihanoeedaltla encoder

performance, Lhe gﬁgggggl%Edy@gﬂgégﬂgigﬁagﬁ%gggnEHQL%QQE%ag%%ded to be

witten before reading begins is a shown “i'n Fig. 10, the
i nputs to thedfEamet PEePERCESEES thooygly sheh&ramer Baf ferenclel ock and

reference nmacuabtoskriweisnane @a3ldue WOFNARGGLHA Anll nBist bem Cur, Chr
Qur, Lum Ref ?89m§92e§¢25bh that when used it has the same format
as other source data that is used. Data may be
stored to and retrieved from memory in two different
orders, depending on controls within the Frame
Difference Unit. The data also needs to be
reformatited prior to sending it to the next unit in
the Encoder. These various word lengths and
formatting requirements impose difficulties in
designing addressing and control for storage arrays
within the Frame Difference Unit. The present
invention is directed to writing and reading
luminance and chrominance data at the same time to
and from the storage array, while maintaining the
order of data written the same as the output order of
the data to be sent. Presented herein is an address
control technique for sharing access to the array on
the input and output sides of the array. In’
addition, in order to avoid bottlenecks to overall
encoder performance, the problem of optimizing the
amount of data needed to be written before reading

begins is addressed.

As shown in Fig. 10, the inputs to the Frame
Difference Unit 1000 are the current macroblock and
reference macroblock luminance and chrominance data

(i.e., Lum Cur, Chr Cur, Lum Ref and Chr Ref) .



- 36- The | um nance data cones fromthe dual prinme unit on the R- or
reconstruction-chip or processor 801, with the current macrobl ock | um nance
data and the reference nacrobl ock | um nance data conmng fromthe dual prine
unit on the chip. The two | um nance data are subtracted in Lum nance
Subtractor Logic 1002 to obtain the difference or predicted error for the

| um nance (i.e., LumD ff). The difference is nmultiplexed 1004 into a
Predicted Error Storage Array 1010 for ultimate transmi ssion to the
intra-processor or chip at the appropriate tine. The current

macr obl ock "chrom nance data (Chr Cur) is received fromthe I-chip or
intra-processor 601 and is stored in an array (GRAM buffer 1006) for |ater
processing. The reference macrobl ock chfoni nance data (Chr Ref) is received

fromnmenory associ ated with the yeconstructjion-chip or .
reconst ructi on- pr gg\?sgd’rmét?ii%d{aﬁaor%“% é‘?ﬂﬂ If&¥e 43y RTEM buf fer 1008)
for |later praedssiolg.the R- orl hewingtenictirer-aiigelore pramamnne data and

t he referenc crohl,o c ] e t e -S racte t_C m nance
subtractor | %é)iqg f’g%& gr?lc? %ugrmae‘lr}?[?g?aec%goeloejﬂ?ekr elo l}ﬁ%lrctedi%ﬁat)a i'S then stored
in anot her sé&deemefsirerne swrrdE ok dpninemaehadtariaraicw rigfa ence dat a
was stored i 'EheT%af‘ihrﬂﬂnf@Qﬁ?itd'Jrf %@%ﬂﬂtawé lewd S 6 out to the

intra-chip or_intra-processor 801 at a proper tine after transm ssion of
t he | uni nanc@adief Batefibtd@cted in LumgfansssihigiRcter 9% Array 1010 in

accordance Wit ke BHRSEH HHY i Yy dricdep Predidtdd @rridr for
the luminance (i.e., Lum Diff). The difference is
multiplexed 1004 into a Predicted Error Storage Array
1010 for ultimate transmission to the intra-processor

or chip at the appropriate time.

The current macroblock chrominance data (Chr
Cur) 1is received from the I-chip or intra-processor
601 and is stored in an array (GRAM buffer 1006) for
later processing. The reference macroblock
chrominance data (Chr Ref) is received from memory
associated with the reconstruction-chip or
reconstruction-procegsor 801 and stored in another

array (GRAM buffer 1008) for later processing.

The current macroblock chrominance data and the
reference macroblock chrominance data are subtracted
at chrominance subtractor logic 1009 and the
difference thereof (Chr diff) is then stored in
another segment of the same PE Array that the
luminance reference data was stored in. The
chrominance difference data will also be sent out to
the intra-chip or intra-processor 801 at a proper
time after transmission of the luminance difference
data.

One embodiment of a PE Array 1010 in accordance

with the present invention is depicted in Fig. 11.



-37- An addressing schene for this array is described in detail in
~commonly assigned United States patent application Serial No. 08/616, 328
entitled "OPTI MAL ARRAY ADDRESSI NG CONTROL STRUCTURE, " which as noted above
is incorporated herein in its entirety. As shown in Fig. 11, the |um nance
difference (LumD ff) result is 18 bits wde and is to be witten to the PE
GRAM or array 1010 which is 36 bits wi de. Depending on a control line, this
data is to be witten to sequential addresses within the GRAM or to every
ot her four addresses (that is, four addresses, skip four addresses, four
addresses, skip four addresses, etc.) until the buffer is full. As used
herein, "every other four" neans the _addressing schene descri bed

her ei nabove. The data is to be witten as WORD1 concatenated w th WORD2
across each drd nei@se sslti@sseldend fbe B&M&w o réysdPiPed in The

| um nance predicted. error IS t he P array for

| um nance) |d§eq:saeln]t Wac%[ﬂméﬁi] U?S%S???% @&Jef ‘io%ftf%st% ?ﬂ%ra-chi p or
intra- procesgori&lids %ﬂ:rsahtNa t 08E6 16l 328 naxtti gl bt WeRHIMABR WORDL hal f
of the (3!'«>AM€_3{1£,3J I e ﬁ%/f i f_th i nance words
are sent IS |sr}ﬁ? ustrg?%d&)ﬁ%%éﬂ S e %iec}gur%eﬁ#%ﬁlr om nance
ref erence d@th?"f?o]rﬁnh%%@lyp@}éaii@@eh@é@lllilnllszl%‘?teWH%tiand P8 to be witten
32 bits at aHdwe fhg ref er eneel ahiA¥ncEOdi Ar &P QBB {Bhebiek)4:2: 0 the

array will be on] hal to this array are al s_addr essed
sequenti al | ;& the Jr%alaﬁtﬁaﬂlé\étﬁ’éé bR SRRRMTLteR %ﬁd%ﬁésgﬁ every
ot her four |GRI@.oadAray 1010 which is 36 bits wide. Depending :

on a control line, this data is to be written to

sequential addresses within the GRAM or to every

other four addresses (that is, four addresses, skip

four addresses, four addresses, skip four addresses,

etc.) until the buffer is full. As used herein,

"every other four" means the addressing scheme

described hereinabove. The data is to be written as

WORD1 concatenated with WORD2 across each line as

addressed in the PE GRAM or array 1010.

The luminance predicted error (that is, the
output of the PE array for luminance) is sent via an
output multiplexer 1012 to the intra-chip or intra-
processor 601 18 bits at a time, alternating between
the WORD1 half of the GRAM and the WORD2 half of the
GRAM until all of the luminance words are sent. This
is illustrated in Fig. 11.

The current chrominance reference data from
memory is received in 32 bit words and is to be
written 32 bits at a time to the reference array.
For a chroma format of 4:2:0 the array will be only
half filled. Writes to this array are always
addressed sequentially, and the reads can either be

sequential or addressed every other four lines. Data



-38- is to be read out 32 bits at a tine. For a 4:2:0 chroma format, the
array needs to be only half read. The chrom nance data fromthe
intra-chip or intra-processor 601 is received a byte at a tine and witten
a byte at -a tine to the current array. The data bytes are to be witten as
four bytes across each line of the array. For a chroma format of 4:2:0,
this array will only be half filled. Wites to this array are al ways
addressed sequentially, and reads can either be sequential or addressed
every other four lines. Data is to be read out 32 bits at a tine. For a
4:2:0 chroma format, the data needs to be only half read. The

chrom nance difference result is 36 bits wide and is to be witten to the
result GRAM (PE array 1010) which is" 38 bits wide, as shown in Fig. 11.

Depending on_a _control ljne, this .data is ta be wjtten tq sequential

addr esses withitf erlgé‘éaror‘%y 32% Sq%se\?é:rf‘ SelEr £ 6 Fadr s’gbes until the
chr om nancecpaoemiaorf cafmathe the faarrays rfagds, tthéedard vi hald beagitten as one
36 bit word across each line as addresses in the PE GRAM or array 1010.

The chrom nance predicted error, that is, the output of the result GRAM for
chroni nance, is tfhebehraninanaendatd froghitheod ntiergito@ssor 18 bits at

a time, usipacsel-eslllodynatd atcdlivddl a YWoteUdt Wik a4 V3, or V4,
for the amount of 2! et ShY % Tl SbNeh Ok A chiglp formats
4:2:0 or 4:9r3 Y © Y

data bytes are to be written as four bytes across

each line of the array. For a chroma format of

4:2:0, this array will only be half filled. Writes

to this array are always addressed sequentially, and

reads can either be sequential or addressed every

other four lines. Data is to be read out 32 bits at

a time. For a 4:2:0 chroma format, the data needs to

be only half read.

The chrominance difference result is 36 bits
wide and is to be written to the result GRAM (PE
array 1010) which is 36 bits wide, as shown in Fig.
11. Depending on a control line, this data is to be
written to sequential addresses within the PE array
or to every other four addresses until the
chrominance portion of the buffer is full. The data
is to be written as one 36 bit word across each line

as addresses in the PE GRAM or array 1010.

The chrominance predicted error, that is, the
output of the result GRAM for chrominance, is to be
sent to the Intra-chip or Intra-processor 18 bits at
a time, using selectable combinations of U1, U2, U3,
U4, vi, V2, V3, or V4, for the amount of data that
was stored for either of the chroma formats 4:2:0 or
4:2:2.



- 39- For sequential addressing, for nn bits where one full lineis to
be witten for each wite, a k bit counter needs to be inplenented, where
nn = 2[err] For exanple, where the reference array needed to have 64

entries, a six bit counter would be used, with bits 0,1, 2, 3,4,5. The
counter address will then map directly to the sequential address, that is
sequentialaddr(0 to 5) = counter(0 to 5). To design the addressing

structure that provides the addresses that sequence through 4 addresses,
then skips 4, then 4 addresses, and so on, the counter used in the
sequent-i al case can be used and the bits remapped, so that

every_other_4 addr = counter(1l to 3,034,.5). Now, to design a

sequential addressing structure where there will be p accesses per line for
each |ine of theF%&r@éﬂ$éﬁ6¥kﬁ“&&3&é§si VIS nn bits where one nn x p
= 2[err] For example, where the current data array needed to, have 64 |i nes,

with 4 accebséd péne jife Lok Wit (UM saChedddt & dHdPESs 256
entries, thabuhserbine®dd tto be implemekhtediDsihestegni ficant 6 bits of the
counter address is then used to produce_gn address that accesses each |ine
four times in a row That is n’?‘ecTu@ntialaddr(O to 5) = counter(0 to 5)
where bits Boanexample notharsedhe reference array needed to have

64 entries, a six bit counter would be used, with
bits 0,1,2,3,4,5.

The counter address will then map directly to
the secquential address, that is
sequential_addr (0 to 5) = counter(0 to 5).

To design the addressing structure that provides
the addresses that sequence through 4 addresses, then
skips 4, then 4 addresses, and so on, the counter
used in the sequential case can be used and the bits
remapped, so that

every other 4 addr = counter(l to 3,0,4,5).

Now, to design a sequential addressing structure
where there will be p accesses per line for each line
of the array, in an array of nn lines

nn x p = 2k,
For example, where the current data array needed to
have 64 lines, with 4 accesses per line, an 8 bit
‘counter is needed to address 256 entries, that 1is,
bits 0 to 7.

The most significant 6 bits of the counter
address is then used to produce an address that
accesses each line four times in a row. That is

seguential addr(0 to 5) = counter (0 to 5)

where bits 6 and 7 are not used.



- 40- To design the addressing for the | um nance section of the
predicted error array, where there are 64 lines of two words each, or 128
entries, a 7 bit counter is used. To achieve 2 wites per line, all but

the last bit of the counter address is used, that is, 2 witeaddr(0
to 5) - counter(0 to 5) where bit 6 is not used. For the sequentia
case, the 2 witeaddr is used as: | um seq _addr(0 to 5) =2 wite

addr (0 to 5) For the every other 4 case the 2 witeaddr bits are
remapped to yield the umeo4 _addr is |luneod4_addr(0 to 5) = 2 witeaddr(1
to 3,0,4,5). To design the wite addressing for the chrom nance

section of the predicted error array 1010, where there are 64 |ines and
each line is 36 bits wide, a 7 bit cednter is used. To achieve 1 wite per
line, all but the first bit of the counter address is used:

1_witeaddr(0 toT® cesigmttéry laddraysiwerfonithe) Junimanesed. This is

i 11 ustrat ed gelocFidh 2. t:he pré:d)_fcéeﬂf r!atl"zaéy,c%}?eré hendravdt& addr is
used: chrseq addr (0 5) =.1 wite addr(O 5).. For the every

other 4 casé* tH&eouH etrw%d‘ﬂ?’fé%% ARG \&??elzreer?d'ﬁﬁe‘ae%lo Prodiitle the chr eo4
addr : Cheoterdt saddrd Qided 5) To i edFd 2 twxrikek ek )line, all

but the last bit of the counter address is used, that
is,

2_write_addr(0 to 5) - counter(0 to 5}
where bit 6 is not used.

For the sequential case, the 2_write_addr is
used as:
lum seq addr(0 to 5) = 2_write addr(0 to 5)

For the every other 4 case the 2_write_addr bits
are remapped to yield the lum_eo4_addr is
lum_eo4 addr(0 to 5) = 2 write addr(1 to 3,0,4,5).

To design the write addressing for the
chrominance section of the predicted error arxrray
1010, where there are 64 lines and each line is 36
bits wide, a 7 bit counter is used. To achieve 1
write per line, all but the first bit of the counter
address is used:

1_write_addr (0 to 5) = counter(l to 6)
. where bit 0 is not used. This is illustrated in Fig.
12.

For the sequential case, the 1 write addr is

used:

chr_seq_addr (0 to 5) = 1 write addr(0 to 5).

For the every other 4 case, the counter address
bits were remapped to produce the chr eo4 addr:
chr_eo4_addr(0 to 5) = counter(2 to 4,1,5,6,).



-41- To design the read addressing for the chrom nance section of the
predicted error array, where there are 64 lines where each line is 36 bits
each, a 7 bit counter is used. The chrom nance has to be read according to

a frame or a field indicator, where: for frame node: referring to
figure for chrom nance: read ul and u3 bytes; read vl and v3

byt es; read u2 and u4 bytes; read v2 and v4 bytes. To do this,
bit 1 of the counter is not used in order to generate the proper sequence
of addresses: framereadaddr (0 to 5) = counter(0, 2 to 6), where bit 1
IS not used. And |ikew se for the field node, ~for field node:
referring to figure for chrom nance; read ul (odd) and u3(odd) bytes;
read vl (odd) and v3(odd) bytes T%%d u2(odd) and u4(odd) bytes;

read v2(odd) and v4( dd 8 ﬁ % gd u3(even) bytes;
read vl(even) and 93f&F ﬁ? BgFe§ead addrgggl 29 nf&nd u4(even) bytes;
read v2(evenghandindfeeesgpchybasof the préﬂdcteﬂeé$rb@ bhirtray,0 to 3, 8 to
11, 16 to 19 h§£g th§¥gnaggf% 1&8e5iaﬁéré ggcﬁ’l%getgslgs %gtgo
each, a 7 bit counter is used. The chrominance has
to be read according to a frame or a field indicator,
where:
for frame mode:
referring to figure for chrominance:
read ul and u3 bytes;
read vl and v3 bytes;
read u2 and u4 bytes;
read v2 and v4 bytes.

To do this, bit 1 of the counter is not used in order
to generate the proper sequence of addresses:

frame read addr(0 to 5) = counter(0, 2 to 6),
where bit 1 is not used.

And likewise for the field mode,
for field mode:
referring to figure for chrominance;
read ul {odd) and u3(odd) bytes;
read vl (odd) and v3 (odd) bytes;
read u2{odd) and u4(odd) bytes;
read v2{(odd) and v4 (odd) bytes;
read ul(even) and u3(even) bytes;
read vl (even) and v3(even) bytes;
read u2{even) and u4 {even) bytes;

read v2(even) and v4 (even) bytes.

0dd refers to lines 0 to 3, 8 to 11, 16 to 19,
etc. EBven refers to lines 4 to 7, 12 to 15, 20 to



-42- 23, e
provi de the
(2 to 4,0,5
error array
data is sto
held in a |

addr esses f

addr esses 4
addr esses 6
separately

sel ection e
and chrom n
state-contr

Lum Di ff
cal cul ati on
Unit;

tc. To acconplish this the counter address is remapped to

proper sequence of addresses: fieldread addr(0 to 5) = counter
to 6) Fig. 11 depicts one enbodi nent of a predicted
in accordance with the invention. In this enbodi nent, |um nance

red in an upper portion of the array, and chrom nance data is
ower portion of the array. As one exanple, the upper portion of
the array could be divided into two colums or words each having 64

or a total of 128 addresses. The chrom nance data portion of the
array is subdivided into different types of chrom nance conponents u,v and
the array is split such that four types of chrom nance appear at hex

0-5F and four different ty%%é of chrom nance appear at hex

f or. .each on of the ar.r.a

is.controlled

-7F. _Add i i
A6 £8 e 18 ASIIREIEH R b8l Bt RS ARETRS AR | ng of i he
| um nance ameémaipped rnangeraddide the poropedaseeuentk b sdidresskeisan

addr ess

TRADIE FHOURAR o 5)° P eCiRased 0ol B0ol 4Tidagge address

ance a ess: order bit is controllé

( ollable latch in address control |ogic 1020 shown in Fig. 12.
Referring now togigl. 1h2.adgidOldriWdntholigmehtabe aNbiedlilotedef i ned:

| um nance di fference data

wi,de) received from

18 hits
CESGic ATTaY it tﬂct?%dr?é’rcepgﬁ'ﬁ"ttihoﬁ?eofmf’ RELEPHEMe M Difference

this embodiment, luminance data is stored in an upper
portion of the array, and chrominance data is held in
a lower portion of the array. As one example, the
upper portion of the array could be divided into two
columns or words each having 64 addresses for a total
of 128 addresses. The chrominance data portion of
the array is subdivided into different types of
chrominance components u,v and the array is split
such that four types of chrominance appear at hex
addresses 40-5F and four different types of
chrominance appear at hex addresses 60-7F.

Addressing for each portion of the array is
controlled separately due to the differences in the
sequencing and formatting of the luminance and
chrominance data. In accordance with this invention,
address selection émploys a high-order bit
superimposed on the luminance address and chrominance
address. The high-order bit is controlled by a
state-controllable latch in address control logic
1020 shown in Fig. 12.

Referring now to Fig. 12, the following terms
are initially defined:

Lum Diff = luminance difference data (18
bits wide) received from calculation logic
within other portions of the Frame

Difference Unit;



-43- Chr Diff = chrom nance difference data (36 bits w de) received from
calculation logic within other portions of the Frane Difference Unit;

Lunmi Chr Diff = the output of the PE Array, which is either the |um nance or
chrom nance predicted error val ues; LunPEWitten = state condition caused
by witing the |ast address in the | um nance portion of the PE Array, i.e.,
the high- order bit is held in a given state until address "3F" is witten
meani ng that the | um nance portion of the array has been fully witten;
ChrPE Witten = state condition caused by witing either address "5F" or
"7F" at the chrom nance data-portion of the PE Array, depending upon the
total anmount of chrom nance data that wll be witten, i.e., format 420 or
format 422; Lum Addr = the | um nancé3address in accordance with the

above-incorporated, commonly assigned patent application entitled "OPTI VAL
ARRAY ADDRESSI NG @aNTRALE STRUgTRE ance Ghrf fginee tdt & hfdfi nance addr ess

devel oped in accqydanGe; 3d f hedBOMesd | FERE RO B EIth t LOHMBRG Y- assi gned U. S.
t ent
paten within other portions of the Frame

Difference Unit;

Lum/Chr Diff = the output of the PE Array,
which is either the luminance or

chrominance predicted error values;

Lum_PE Written = state condition caused by
writing the last address in the luminance
portion of the PE Array, i.e., the high-
order bit is held in a given state until
address "3F" is written meaning that the
luminance portion of the array has been
fully written;

Chr PE Written = state condition caused by
writing either address "5F" or "7F" at the
chrominance data portion of the PE Array,
depending upon the total amount of
chrominance data that will be written,

i.e., format 420 or format_ 422;

Lum Addr = the luminance address in
accordance with the above-incorporated,
commonly assigned patent application
entitled "OPTIMAL ARRAY ADDRESSING CONTROL
STRUCTURE, "

Chr Addr = the chrominance address
developed in accordance with above-

incorporated, commonly assigned U.S. patent



-44- application entitled "OPTI MAL ARRAY ADDRESSI NG CONTROL
STRUCTURE" ; Wite Pulse = a wite signal received from ot her
logic in Frame Difference Unit, sane as general usage wite signal;
Read Pul se = a read signal fromother logic of Frane Difference Unit,
sane as a general usage read signal; LunPE Sent = indicates when
the | um nance portion of the array has been sent off-chip to the

| - chip; Chr PESent = indi cates when the chrom nance portion of the
array has been sent off-chip to the I-chip; W Addr = the

nodi fied address in accordance with the present invention used to
wite the PE Array 1010; Rd Addr = the nodified address in
accordance with the present invention-4sed to read the PE Array 1010;
and Hi gh-order bit = the highest order bit or nost significant
bit used in the Wappddrcasdon entitled "OPTIMAL ARRAY

ADDRESSING CONTROL STRUCTURE";

Write Pulse = a write signal received from
other logic in Frame Difference Unit, same

as general usage write signal;

Read Pulse = a read signal from other logic
of Frame Difference Unit, same as a general
usage read signal;

Lum PE Sent = indicates when the luminance
portion of the array has been sent off-chip
to the I-chip;

Chr PE Sent = indicates when the
chrominance portion of the array has been

sent off-chip to the I-chip;

Wr Addr = the modified address in
accordance with the present invention used

to write the PE Array 1010;

Rd Addr = the modified address in
accordance with the present invention used
to read the PE Arxray 1010; and

High-order bit = the highest order bit or
most significant bit used in the Wr Addr or
Rd Addr signals sent from the address
control logic to the PE Array 1010.

As shown in Fig. 12, within address control

logic 1020 in accordance with the present invention,



Rd Addr signals sent fromthe address control logic to the PE Array
~1010. As shown in Fig. 12, within address control |ogic 1020 in
accordance with the present invention,

-45- the LunPEWIitten and Chr PE Witten signals are input to wite input
state logic 1022, which outputs a signal that controls whether |um nance or
chrom nance is being witten to the PE Array. This signal is forwarded to
the input data nux 1004 as well as an address sel ector |ogic block 1024.
The signal is used to set or reset the H gh-order bit of the W Addr

- signal. Again, this signal will conprise the Lum Addr or Chr Addr signal
concatenated with the H gh-order bit. Thus, address selector |ogic 1024
conbi nes and sel ects the addresses fof>the PE Array. As noted, based

th dd i ptt to t PE .. .the endi | um nance addre
iog usgdat or;%%%n?l%:“g-%ﬁwrslttg]e@\?ﬁfé e?%m%a%tceé" p?le%rlfag?%aglé?ror dat a i sss
all witteninputhéeammlte 'ﬁtnwtsjtsaiaa:é slddien sz, twhisst ohepunput control
state. The ra?%é.tgnta\(,a\hteér%f\atf}c]%r{]@oﬂé ggé_qg xorilﬁ“isdamégro ondition for

chrom nance 1.¢e.7, he chromnance wites are conplete to the array.
The i nput ceRmOFlinange i ke twigdien the tHigRbhraderahi t Thidugh the

addr ess _sel @algafal G CEAARAd01 HOWISE 1hSd Wi adflesso fiWadddr) 1o the PE
Sourbe for MM A AbSRFTS SREFGE JOBIIATho Gieh SBBE] onal i Lo
(i.e., full dignalance wied Wd =4 apE Ny tied Higlsvdtddu Ngiofof he

hi gh-order %h%’Wr Addr signal. Again, this signal will comprise
the Lum Addr or Chr Addr signal concatenated with the
High-order bit. Thus, address selector logic 1024

combines and selects the addresses for the PE Axrray.

As noted, based on the address being written to
the PE Array, the ending luminance address is used to
identify the state when the luminance predicted error
data is all written to the array. This state is then
used to set the input control state. The reset to
the control is based on a similar condition for
chrominance i.e., when the chrominance writes are
complete to the array. The input control state is
used to gate the high-order bit through the address
selector logic 1024 to produce the full address (Wr
Addr) to the PE Array. By this structure, the array
addressing is controlled by a single source for input
writes and is assured of cowmpleting each sectional
write (i.e., full luminance or full chrominance)

before switching of the high-order bit.

Preferably, the PE Array comprises a dual-port
GRAM, so that the Frame Difference Unit can be
writing luminance or chrominance difference data into
the array while at the same time the I-chip can be
reading chrominance or luminance data from the array.

As one exawmple, the PE array could comprise a 128 x



Preferably, the PE Array conprises a dual-port GRAM so that the Frane
Difference Unit can be witing | um nance or chrom nance difference data
into the array while at the sane tinme the I-chip can be readi ng chrom nance
or lum nance data fromthe array. As one exanple, the PE array could
conprise a 128 x -46- 36 bit
two-port GRAM In order to control the possible contention between trying
to wite the sane data that is being read, two control states are

i npl emented within the Frame Difference Unit in accordance with the present
invention to | ock access to the data as it is being witten. Signal
LumPEWitten is used to indicate that all |um nance predicted error data
has been witten to the array, while 4ge correspondi ng chrom nance state is
controlled by the address in conjunction with the chroma format, since the
anmount of ch¥@nbhanceodatatf@RAM; 2: Dnierdet fte heentfoel 4tRe2. As noted

above, these,sontk L ScaheeHs ol aBeLABUE SLLP: A00A) &, F e VERL echigut stat e

| ogi ¢ out put” signha tomg data nux wite data to e PE Array.
The | uni nanc®andt Ak obf nhaEBI preddct Bo crertrefht atakeac’EPt ed by the Frane

Di fference Lﬂhﬁléﬁéﬁt@& w9phiAl tRE, Ff&ﬁ@'ﬁfﬂf@f&l@@m}ni@ the sane order.
That is, the orde ce, chrom npance, .|l um naﬂ ]F. etc. Since the
ehd

sour ces of t?‘l‘éc?’ﬂ‘ﬁﬁ’ﬁ‘éﬁcglghdt fir BREASRAL 1 MR RE 102 §Q) BHtSPR the R- and
| - chips of tdietleeacddea, ashetl um haﬁng woL t texm. arﬁhgzlnabm nance portion of

the mecr obl ogk cpl - pELYeiQULoOR SETNERCE, ( Thusy . LIy Fl apo D LLer ence

Unit nust nafntal r—the or als no overwr| en|n he array
before it gepxediptedoerher| dehﬂphaanbemcm@tmlmath@ Ngrra¥.order is’

while the corresponding chrominance state is
controlled by the address in conjunction with the
chroma format, since the amount of chrominance data
for 4:2:0 is half that for 4:2:2. As noted above,
these controls are used as inputs to toggle the write
input state logic ocutput signal to input data mux
1004 to write data to the PE Array.

The luminance and chrominance predicted error
data as accepted by the Frame Difference Unit must be
controlled, received and sent in the same oxrder.

That is, the order of: luminance, chrominance,
luminance, etc. Since the sources of the luminance
and chrominance data are independent in the R- and I-
chips of the encoder, the luminance portion and
chrominance portion of the macroblock could arrive
out of sequence. Thus, the Frame Difference Unit
must maintain the order so that data is not
overwritten in the array before it gets sent to the
I-chip, and because maintaining the order is
essential for the I-chip since it depends on getting
luminance and chrominance pairs for each macroblock.
As shown in Fig. 12, addressing controls are
implemented such that as each area of the array is
written and sent, the states control the input

sequencing and output sequencing. Thus, only once



essential for the I-chip since it depends on getting |um nance and

chrom nance pairs for each macrobl ock. As shown in Fig. 12, addressing
controls are inplenmented such that as each area of the array is witten and
sent, the states control the input sequenci ng and output sequencing. Thus,
only once -47- the lum nance area
is witten can the control signals toggle to witing of the chrom nance. On
t he out put side, the LunPESent and Chr PESent signals toggle after the

| um nance or chrom nance is respectively sent to the I-chip. Fi g.
13a depicts one enbodi nent of |ogic processing inplenmented by address
selector logic 1024 of Fig. 12. In this flowhart, receipt of a Wite Pul se
1030 initiates processing wherein the48tate of the LunmiChr Wite | nput
State Logic is initially determned 1032. If the input state is such that

| umi nance i §heeilngnimenaee@reashars vl tHiggh-aamdhepiqontarmli rsigmabsreset

state (i e con Valyal 403 A Wil SRR bidn I ARARKRd 1036 L0

the Lum Addr féceived at thé address_selector logic. The resuit is the
nodi fied w Fstléead(?rrh@sé‘u“brp%ls%tfdran%%wsﬁ@ﬁteﬁlt%‘at]tﬁs tp‘gg:}qz ay 1038.

Simlarly, lafft@alrr Q:md’laﬂﬁﬁrfﬁicaa isr heimgiadridens thaspddeivegh- order bit

remai ns set % %é ? '2 1040 and i s appended to the chrom um address
(Chr Addr) P Ef 5& St bei G output fromthe address selector logic to the

PE Array as W Addr. As shown in Fig. 12 the read portion of the
Cum Cnr read out ol state J0a o e e AR 7 Ui nance or
chr omi nanceprocessing 1mplemented by address selector logic 1024

of Fig. 12. 1In this flowchart, receipt of a Write

Pulse 1030 initiates processing wherein the state of

the Lum/Chr Write Input State Logic is initially

determined 1032. If the input state is such that

luminance is being written, then the high-order bit

remains in a reset state (i.e., "0" value) 1034 and

this high-order bit is appended 1036 to the Lum Addr

received at the address selector logic. The result

is the meodified write address, or Wr Addr, which is

gated to the PE Array 1038. Similarly, if

chrominance data is being written, then the high-

order bit remains set (i.e., value "1"} 1040 and is

appended to the chromium address (Chr Addr) 1042

before being ocutput from the address selector logic

to the PE Array as Wr Addr.

As shown in Fig. 12, the read portion of the
address control logic 1020 is analogous to the write
portion. Mainly, a Lum/Chr read output state logic
block 1050 controls whether luminance or chrominance
is being read from the PE Array via the Lum_PE_ Sent
and Chr PE Sent signals generated by the address
control logic. The output of state logic 1050
controls a high-order bit on the read address (Rd
Addr) essentially as described above in connection
with the write address.



is being read fromthe PE Array via the Lum PE_Sent and Chr PESent signals
generated by the address control logic. The output of state |ogic 1050
controls a high-order bit on the read address (Rd Addr) essentially as
descri bed above in connection with the wite address.

- 48- Fig. 13b depicts one enbodiment of the flow processing with a
read array signal. Upon receipt of a read pul se 1060, the output state of
|l ogic 1050 (Fig. 12) is exam ned to determ ne whether a | um nance or

chrom nance read is to occur. If a lumnance read is signalled, then the
hi gh-order bit is held in a reset state (i.e., "0") 1064 and is appended to
the receive Lum Addr address by the address selector |ogic. The
concatenated address is then gated to-4dve PE Array as the Rd Addr signal
1068. Simlarly, if chrom nance data is to be read, then frominquiry 1062
t he hi gh-order bi Figs 38b @epécts" ohp &0BOdivedespfnahe £dedi ng of

chrom nance ad (I §,:appen t g h han d Addr)
1072 Thi's. ToaCE e ary R e Ay B e P eR et e 0 1 he
PE Array 1068.read pul$g a8RPevé&hgpoifktperprbenaficécghfod§h0t he PE Array

structure to(fhg.! 180 Be kkalmind@stbabkectRiak! QWetaadi ag of |um nance data
before all |um nance data has bheen mﬁlttgnélnto th Chrom nance dat a
i

e array.
is | ess problERAPPECE REe CORETIRARCESs TG 481 F§ 86ﬁﬁFete%§ @ritten into the
array beforeltntingneequiesdditosigaadded, ngheta the highi-prdékuditspeci a

ci il t ancous PURERENGE b FEPRS BKACruingnce PohdF S5 ati tharent. array

addresses. appended to the receive Lum Addr address by the :
address selector logic. The concatenated address is
then gated to the PE Array as the Rd Addr signal
1068. Similarly, if chrominance data is to be read,
then from inquiry 1062 the high-order bit is set
(i.e., "1") 1070 to designate reading of chrominance
data, and is appended to the chrominance address (Chr
Addr) 1072. This modified signal then comprises the

Rd Addr signal gated to the PE Array 1068.

To achieve optimum performance through the PE
Array structure to the I-chip, it is desirable to
allow reading of luminance data before all luminance
data has been written into the array. Chrominance
data is less problematic since the data is typically
completely written into the array before being
required for forwarding to the I-chip. Thus, special
consideration in given herein to control of the PE
Array to allow simultaneous luminance writing and

luminance reading at different array addresses.

The Frame Difference Unit is also required to
share a data bus with the I-chip such that the Frame
Difference Unit sends either luminance or chrominance
data to the I-chip across this shared bus. Thus, the
Frame Difference Unit has to monitor the bus for data

valid indications and count the data as the I-chip



The Franme Difference Unit is also required to share a data bus with the

| -chip such that the Frane Difference Unit sends either |um nance or

chrom nance data to the I-chip across this shared bus. Thus, the Frane
Difference Unit has to nonitor the bus for data valid indications and count

the data as the I-chip - 49-
processes it before the Franme Difference Unit can proceed to send nore data
to the I-chip. The anmount of data witten to the array has been

identified to ensure that the anbunt of data absolutely required to be
witten into the array is conplete before reading begins. Six nodes were -
identified dependi ng upon how much data (chroma format 4:2:0 or 4:2:2) in
total would be witten, the structure4sf- the data to be witten (frane
format (every line of the array) or field format (every 4 lines of the
array)), thexetssset ihebappreprhat Eramgbeifbérenca Valtdsaacross the

share bus (|ﬁ¥gé@@angotgéﬁdtﬁgrg §8ta badereceiygd,and processed the
previ ously sent nacrobl ock of either |um nance or chrom nance to the next

chiplet on the R-chip), and finally whether it was the start of a picture
or not (if so, thehet&gobnamerDihtar @pcecdhi towentdanehyhnye beegount the

data valids égltheffh d Qgsé EF g L beIOM/setstgrEh t he nopdes

i dentifi ed. Tt FHF 3te F8rdetited B SH3WAT i R a_a14 wherei n each
uni que nndeaMﬂmthelytheqsuaeé toabkedr SehehuiPEcasheherdayaiwas bei ng
witten to téﬁhﬁﬁé b%?5§E %egglh t%eSEnESEdS§§ &Qge gfgontrol for the

| um nance portion o array read con
Tabl e | identified dependlng upon how much data (chroma

format 4:2:0 or 4:2:2) in total would be written, the
structure of the data to be written (frame format
(every line of the array) or field format (every 4
lines of the array)), the count of the appropriate
number of data wvalids across the share bus
(indicating that the I-chip had received and
processed the previously sent macroblock of either
luminance or chrominance to the next chiplet on the
R-chip), and finally whether it was the start of a
picture or not (if so, then the Frame Difference Unit
would not have to count the data valids on the shared
bus). Table I below sets forth the modes identified.
A control state is defined as shown in Fig. 14
wherein each unique mode would set the state, called
Send_Lum PE as the data was being written to the
array. This state is then used as the read control
for the luminance portion of the PE Array (the array
read control).

Table |

Lum Send Modes

i v e [ sl el s ] e

Start of Pic yes )}es no no no no
PE_MWr_Addr 32 36 32 36 32 36
Frame_Field_Mode Fr Fi Fr Fi Fr Fi
Format_420_422 X X 420 420 422 422

Data Valid Count X X 128 128 256 256




Lum Send Modes | nput s 1 2 3 4 5 6 Start
of Pi'c yes yes no no no no PE W Addr 32 36 32 36
32 36 Frame Fieldvode Fr Fi Fr Fi o Fr Fi Format _420 422
X X 420 420 422 422 Data_Valid Count x X 128 128 256
256 -50- wherein: start of pic
= denotes start of picture at time O; PEW Addr = the address
used to wite the PE Array (which is the same as the W Addr of Fig.
12); FrameFi el dMbde = identifies whether frane node or field
node is used for witing of data into the PE Array; - -
Format 420 422 = whet her chrom nance data is witten in format 4:2:0
or 4:2:2; and Dat aVal i dCount =2%e count val ue needed to be
reached by tﬁ? logic as it counts the data valids across the shared
bus before “7°'@ata can be read fromthe PE Array. As shown in Fig. 14,

the five signa

select logic 1082t9%et5? array read control 1080 to the PE

PE_Wr_ Addr = the address used to write the PE
Array (which is the same as the Wr Addr of Fig.
12);

Frame_Field Mode = identifies whether frame
mode or field mode is used for writing of
data into the PE Array;

Format 420 422 = whether chrominance data

i is written in format 4:2:0 or 4:2:2; and

Data_Valid Count = the count value needed
to be reached by the logic as it counts the
data valids across the shared bus before

data can be read from the PE Array.

As shown in Fig. 14, the five signal inputs of Table
I comprise inputs to the Send Lum_ PE mode select
logic 1082 of the array read control 1080 to the PE
Array 1010. The Send_Lum PE flowchart of Fig. 15
graphically depicts the Table I information. Upon
receipt of a read pulse 1100 processing inquires
whether this is start of a picture 1102. If "yes",
then the shared bus need not be monitored and
processing determines determines whether the
predicted error Wr Addr is equal to 32 1104. If vyes
again, ingquiry is made whether the data was written
in frame mode 1110. If "no", processing returns to
ingquiry 1102. If the write address is equal to 32

and data was written in the frame mode, then the

i oapats of phavl e denotgpsi seartnpuf pictthe SendLunPE node



Array 1010. The SendLunPE flowchart of Fig. 15 graphically depicts the
Table | information. Upon receipt of a read pul se 1100 processing inquires
whether this is start of a picture 1102. |[If "yes", then the shared bus
need not be nonitored and processing determ nes determ nes whether the
predicted error W Addr is equal to 32 1104. If yes again, inquiry is nade
whet her the data was witten in frame node 1110. If "no", processing

returns to inquiry 1102. If the wite address is equal to 32 and data was
witten in the frame node, then the

-51- array read control is-gated to the predicted error array 1112.
Frominquiry 1104, if the wite address is other than 32, inquiry is nade
whet her the W Addr is equal to 36 1%B&- If "no", return is made to inquiry
1102. However, if the address is 36, then processing determ nes whet her
data was w iartrEry ingad tdmntRRAriaydred itwd dmoderddd8edfetnot, return is

made to |nq%&r%_:g¥a2C1hermﬁse the array read control signal is gated to
the PE Array. yl i T, subsequent to receipt of the read pul se,
processi ng begins at other than start of picture then inquiry is nmade

whet her the W Ad&ro:@dﬂs @sSry S1eeial 1 Rl wFitd ddSkesdfisebther, then
return is m ta |n 1102 As umng that th é address s at

ei ther 32 oF |%?T VWrﬁﬁym? _nvh ¥ t?%%ﬁﬁd% 18 WRBFEh of the
two possi bi ldd i3 11506r esent"dd22. réttufﬂnemvrmadae addr asguisyeguak .t o 32,

t hen pr ocesao%,\plee} eryi ngs. whet Sésd %%é"’astﬂ‘éﬁ t;ﬁ(g%égégnr#he array in frane

node 1124 processing returns'to rhquiry larly, i f the
Wite addregige‘q@"mlnes whether data was wrltten into the PE Array '

in field mode 1108. If "no", return is made to
inquiry 1102. Otherwise, the array read control
signal is gated to the PE Array.

I1f, subsequent to receipt of the read pulse,
processing begins at other than start of picture then
inquiry is made whether the Wr Addr address is equal
to 32 or 36 1130. If neither, then return is made to
inquiry 1102. Assuming that the write address is at
either 32 or 36 in the PE Array, then inquiry is made
as to which of the two possibilities is present 1122.
If the write address is equal to 32, then processing
determines whether data was written into the array in
frame mode 1124. If no, processing returns to
inquiry 1102. Similarly, if the write address 1is
equal to 36, then processing determines whether data
was written into the array in field mode 1126.

Again, frame mode means that data is written into
every line of the array, while field mode dictates
writing of data every other 4 lines of the array.

The choice of addresses 32 and 36 for frame and field
modes, respectively, has been made to ensure that
writing is far enough along into the PE Array that
reading of data from the array will be unable to
overlap data being written into the array. Note that

reading of data occurs at a different rate than



equal to 36, then processing determ nes whether data was witten into the
array in field node 1126. Again, franme node neans that data is witten into
every line of the array, while field node dictates witing of data every
other 4 lines of the array. The choice of addresses 32 and 36 for frane and
field nodes, respectively, has been nmade to ensure that witing is far
enough along into the PE Array that reading of data fromthe array wll be
unabl e to overlap data being witten into the array. Note that reading of
data occurs at a different rate than

-52- witing of data into the-array and therefore a buffer is needed in
order to ensure the separation of the two processes. Although the choice of
32 and 36 are believed optinum the ingention presented herein would work
wi th other selections as well. Assum ng that the wite address is

equal tlo 32 &H:‘itﬂgigﬁl d@sda/\fitiﬁbitfhérmf M@ild dmeﬁé\h@csréhe wii f feraddr ess
is equal to 36 an at a. was itten infie node, then processing inquires
how the. chr ortith dIREShe I RESG  1F PTHD The SRR TR ok (08 1 fen i
4:2:0 node, tthe gatccemsded. cAhthosglextamn nettbfor Ul idyd t 36 1281130, and

if no, processi il t dat g v | S;8qual ;0 128.
Smlarly, i %%&aﬁ%ﬁhs%#déh &ﬁe 4%: %%g,ﬁ%néén%w ry |nt§ made whet her
t he data val iwpuwslimorls wijikal otlkepseellagicems a4 wll processing waits unti
the data valid count is equal to 256. Once the count has reached the

designated level, then the array read control is gated 1112 to_the PE
Array. ThodS TRMIBFRFE t Hae Y 14f I‘?g‘i‘ﬁﬁ%s f’r%rﬁTfﬂ]i to 32

and data was written in frame mode, or that the write
address is equal to 36 and data was written in field
mode, then processing inquires how the chrominance
data was written into the array 1128. If written in
4:2:0 mode, the data valid count is examined for
equality to 128 1130, and if no, processing waits
until the data valid count is equal to 128.
Similarly, if data was written in 4:2:2 mode, then
inquiry is made whether the data valid count is equal
to 256 1132 and if no, processing waits until the
data valid count is equal to 256. Once the count has
reached the designated level, then the array read
control is gated 1112 to the PE Array.

Those skilled in the art will note from the
above discussion that four distinct areas of the
Frame Difference Unit are addressed herein. Mainly,
a dual-use predicted error array containing both
luminance and chrominance data is presented. 1In
addition, the array is designed to comprise a dual-
port structure to allow for I-chip reads of the array
while the Frame Difference Unit is writing the array.
Further, sequencing of luminance and chrominance data
written and read into and out of the array is
maintained and a sufficient amount of data is written

to the array before beginning reading of data from



above discussion that four distinct areas of the Frane Difference Unit are
‘addressed herein. Mainly, a dual-use predicted error array containing both
| um nance and chrom nance data is presented. In addition, the array is
designed to conprise a dual- port structure to allow for I-chip reads of
the array while the Frane Difference Unit is witing the array. Further,
sequenci ng of |um nance and chrom nance data witten and read into and out
of the array is nmaintained and a sufficient anount of data is witten to

the array before beginning reading of data from the array
to allow reading of data to continue-w thout causing the overrunni ng of

dat a. Entropy Processing in Intra-cggp I ntra-processor The

I ntra-processor 601 is shown in detailP”in Fig. 6. Wien the current

macr obl ock data d ﬁagﬁo@oaé/ﬂ%‘g?%gad%{%ng{ ape,. frenory, the energy content of

t he macr obl ock S use mnhe a quantization | evel for the
best rate conttlwiut icresinyl thedwrrtningprotetsior. 601. A frame or field
DCT decision is made by the |-processor 601 on the frame difference data
when it is returned fromthe R-chip 801. The Intra-processor 601 has a
dynani cal | y BES&HQRY ERFRSTEE Ut E%%%azﬁhkﬁm it to operate as four 1 byte
units or as one 4 byte entity. Both the quantization and field/frame DCT

calculation% re performed in partitioned node which provides a four fold
perfornancegﬁ%?? processor

The Intra-processor 601 is shown in detail in
Fig. 6. When the current macroblock data is made
available from frame memory, the energy content of
the macroblock, which is used to determine a
quantization level for the best rate control, is
calculated by the I-processor 601. A frame or field
DCT decision is made by the I-processor 601 on the
frame difference data when it is returned from the
R-chip 801. The Intra-processor 601 has a dynamically
partitionable feature that allows it to operate as
four 1 byte units or as one 4 byte entity. Both the
quantization and‘field/frame DCT calculations are
performed in partitioned mode which provides a four

fold performance gain.

Depending on the input picture and the specified
output bitrate, overflow or underflow conditions may
occur. It is the rate control's responsibility to
avoid either of these conditions. Use of DC only and
external FIFO feedback are installed to avoid the
overflow case. Padding is put in place to contxol or

even eliminate the underflow case.

Picture coding time depends on the input format
and coding format. Picture rate is specified by the
application. Picture gap is the time the encoder is

not busy in picture coding. Picture gap is determined



Dependi ng on the input picture and the specified output bitrate, overfl ow
or underflow conditions may occur. It is the rate control's responsibility
to avoid either of these conditions. Use of DC only and external FIFO
feedback are installed to avoid the overflow case. Padding is put in place
to control or even elimnate the underfl ow case. Pi cture coding

ti me depends on the input fornmat and coding fornmat. Picture rate is
specified by the application. Picture gap is the tinme the encoder is not
busy in picture coding. Picture gap is determ ned

-54- by picture rate and picture coding tine. Padding, if needed, is
performed in picture gap. This limts the maxi num bits the encoder can pad
per gap. The encoder keeps track of t-ls@-nunber of bits generated per
picture and bits allocated per picture. If the bits generated is |less than
bits all ocated,pigaddiegrai¢ | ahé psetutre féding Heinmuskadding, The unused
bits fromapldidife TRYpoerPARLES A OS8SEVEAR! LS W fn @RS ndhi S
mechani sm ensures the bitstreamconplies wt he application w thout
per f or mance RAGIRHT ditS hantnoeder ardedd irRserdar| i Phf ngnfedeltre is

present in theghatdderofintiie Mbspedf isidtgald pptad pegi ster, witten
by m crocode,, i.s used éﬁkcontatﬁ t he position of the %aﬁ%%ngn-zero
anpl i t ude c&FTHIRADT PLEHI BLROCHEN Rie PEEEonttoIHiaRtBEEE a near
over f| ow corfirtd:ted hies cheles callamrb i es sa Vebawt adit opddibingedilTi ent
cli pping re%'eSttfge'd T@é Sf)t’f‘i Uhd Sunused bits. The unused bits from

a picture may be padded across several picture gaps.

This mechanism ensures the bitstream complies with

the application without performance violation.
Quantizer

A coefficient clipping feature is present in the
quantizer unit. The coefficient clipping register,
written by microcode, is used to contain the position
of the last non-zero amplitude coefficient in a
block. When the rate control detects a near overflow
condition, the code can write a value into the
coefficient clipping register. This value is
calculated based on overflow closeness. All
coefficients after the location specified in the
coefficient clipping register are made zero. This
scheme is also used to produce a constrained
bitstream. A constrained bitstream is defined in the
MPEG2 Main Profile at Main Level standard as all
macroblocks in a slice, except two macroblocks, must
contain less than 4608 bits each. The encoder keeps
track of the bits generated per macroblock and the
numpber of macroblocks in a slice that have over 4608
bits. When two macroblocks having over 4600 bits are
encountered, the coefficient clipping register is set
to 31 for the remaining of the slice. In this case,

the chip will use the first 31 coefficients to form



cal cul ated based on overflow cl oseness. Al coefficients after the |ocation
-specified in the coefficient clipping register are made zero. This schene
is also used to produce a constrained bitstream A constrained bitstreamis
defined in the MPER Miin Profile at Main Level standard as all macrobl ocks
in a slice, except two macrobl ocks, nust contain | ess than 4608 bits each.
The encoder keeps track of the bits generated per nacrobl ock and the nunber
of macrobl ocks in-a slice that have over 4608 bits. When two nacrobl ocks
havi ng over 4600 bits are encountered, the coefficient clipping register is
set to 31 for the remaining of the slice. In this-case, the chip will use
the first 31 coefficients to form

-55- the bitstream The nunber of bitssused per coefficient depends on the
coefficient value. Twenty- four bits are used to code a maxi num val ue.
Assuni ng al |tBé¢ botsftirerant Fheomuatrert o baxienusedupber, 4464 bits will be

produced. per gBer 9Bk ark bRpAndid SORHR! colltied ABARANLIMeengy gy that ¢ he

out put bitstream s constrained an o curbs the bits generatéd to avoid

overflows. fouriBpFe RERglIFeEhéSusiode a maxfpumoyRgYe -oPSgUERI%Zat i on,
p][I ?L to th §E§n§|_lri]2_r@6@$_$li!aﬁetnlt~°s rc%tnl&rag@ld_th@ Ra&hlthmSt%mb@g,r QQeast r uct lzgn
o e picture, i,s.elimnates sonme design. conplexity. a n_inverse
function is %6Fsr§d§#r%& BFEHER. BT 86 pb%ﬁggs&3n4fgﬁﬁafaqga§electable
at the host Thisrfmechanisor esederesanhalts ¢heebetputhbiseamefanr i@t based on
picture formgl, ALbernal e s0an s dised {8 bILe" bassd.ced iy and
tradi ti onal Sc¢an Tof progressive pictures.

avoid overflows.

Variable Length Encoder

The output of quantization, prior to ZZ scan
processing, is returned to R-chip 801 for
reconstruction of the picture. This eliminates some
design complexity and an inverse ZZ function is not
required on the R-chip 801. The scan format is
selectable at the host interface. Microcode can also
select the scan format based on picture format.
Alternate scan is used for interlaced coding and

traditional scan for progressive pictures.

ZZ scan is applied to the quantized data, which
is variable length coded with the Huffman table. The
variable length data is saved in a buffer. Coded
block pattern, as defined in the MPEG2 standard, is
used to indicate which block contains non zero data
in the macroblock. When all blocks are coded, headers
are attached to the VLC data.

Compressed store interface -
Headers are generated in a flexible manner. The

header definitions are stored in a programmable

table. The microcode also has the capability to



ZZ scan is applied to the quantized data, which is variable | ength coded
with the Huffman table. The variable length data is saved in a buffer.
Coded bl ock pattern, as defined in the MPER standard, is used to indicate
whi ch bl ock. contains non zero data in the macrobl ock. Wen all blocks are
coded, headers are attached to the VLC data. Conpressed store interface
Headers are generated in a flexible nmanner. The header definitions are
stored in a progranmmabl e table. The m crocode al so has the capability to
-56- nodify the content of the header table when changes occur in the
standard. Depending on the application needs, the m crocode sel ects which
header to generate. The elenentary streamis found fromthe coefficient
data along with the headers. | nt egr abéd System I n one enbodi nent
there is provided according to our invention an MPEG conpliant digital

vi deo encodemoglistverhtaviontent 10F rdme healry didoderwhardudlea®®dswith (1) a

host interfacr &l i Dhd P aedatd! %éﬁ&?di%l diPTe e NchPidgl data from
a pixel bus 643, (3) .a frame nmepory interf ace 651 for Teceiving and sendi ng

frane data, PFIF DItRS MECTHIMR FTetvvhirhdeadar ¢a, (5) a
quanti zati on getdraiis, THY &lomdntohe étef@tnh iehcasleid 6fem (The 2

coefficient data along with the headers.
Integrated System

In one embodiment there is provided according to
our invention an MPEG2 compliant digital video
encoder system having an I-frame video encoder module
601 with (1) a host interface 611, (2) a pixel
interface 641 for receiving pixel data from a pixel
bus 643, (3} a frame memory interface 651 for '
receiving and sending frame data, (4) a Discrete
Cosine Transform processor 671, (5) a quantization
unit 673, (6) a variable length encoder 675, (7) a
FIFO buffer 677, and (8) a compressed store interface

679, for generating an I-frame containing bitstream.

In a further exemplification the scalable
architecture MPEG2 compliant digital video encoder
system the I-frame video encoder module includes (9)
an interface to motion estimation means, and the
system further includes a second processor, i.e., an
R-processor element 901 with (10) a reference memory
interface 911, (11) motion estimation means 903, (12)
inverse quantization means 941, (13) inverse discrete
cosine transform means 943, and motion compensation
means 945. The system also ‘includes at least one
third processor element or Search processor element
801 with (14) a search memory interface and (15)
motion estimation means 801. This embodiment provides

an I-P-B datastream.



FI FO buffer 677, and (8) a conpressed store interface 679, for generating
an |-frame containing bitstream In a further exenplification the
scal abl e architecture MPE&Q conpliant digital video encoder systemthe
| -frame video encoder nodul e includes (9) an interface to notion estinmation
means, and the system further includes a second processor, i.e., an
R-processor elenent 901 with (10) a reference nenory interface 911, (11)
notion estimation neans 903, (12) inverse quantization neans 941, (13)
i nverse discrete cosine transform neans 943, and notion conpensati on neans
945. The system al so includes at | east one third processor el enent or
Search processor elenent 801 with (14) a search nenory interface and (15)
nmoti on estimation means 801. This enbédirnent provides an |-P-B datastream
-57- The encoder can be in the formof a single chip. or a
plurality of chipgde WC%@ Rahere they fpgm of ?ep"a’r”é:'(]éa i FRERr at ed
circuit chi lb% borpltdleall%ﬁfr a:BEdchihpé/j ﬁ@m@re,mﬁl& rﬁ:mageico?ﬂ
processor el enent . nd,the thir I 0CEessor, .e t : ere may
Bl 90 b ror & SERAR e RIS I O SHPRE dintere T
Accor di ng t vigtealdrsroddy weodnbndi tentseafortherocesgsmverdiamentiere i s
provided a digit i t vMQ?f he 4y i deo encoder
nodul e 601 @'ogi,i %adlu es (3§ acgeé]% Ceﬁi%lz e[elorg no |?n61e'st¢hn%{€ﬁa ans,
and the sys@d®c e Meare ndiericneiych Hugghpxacqesor elgmrrissor el enent
with (10) agpaf.erence nenory interface 911, (11) notion estimation
means 903, (12) i nverse quantization nmeans 941, (13) inverse discrete
cosi ne transform nmeans 943, and notion conpensation

According to an alternative embodiment of the

invention there is provided a digital video encoder
system where the I-frame video encoder module 601
includes (9) an interface to motion estimation means,
and the system further includes only a second or R-
processor element with (10) a reference memory
interface 911, (11) motion estimation means 903, (12)
inverse quantization means 941, (13) inverse discrete
cosine transform means 943, and motion compensation
means 945. This embodiment is useful for generating

an I-P datastream.

While the invention has been described in detail
herein 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

25 within the true spirit and scope of the invention.



means 945. This enbodi nent is useful for generating an | -P datastream

VWhil e the invention has been described in detai

with certain preferred enbodi ments thereof, many nodifications and

changes ,
Accordi ngly,

digital video encoder system conprising:

sai d refinenent processor including a frane diffe

therein may be effected by those skilled in the art.

it is intended by the appended clains to cover all such
nodi fi cati ons and changes as fall 25 within the true spirit and scope of
t he i nventi on. Cl ai ms

1.

for reconstructive processing for |-picture and Pﬂﬁiiﬁure encodi ng,

wherein said franme difference unit -58conpri ses a pr

(PE array),

bot h | um nance data and chrom nance €laimgata: and
sel ector logic for addressing said

writing and
to and from

said PE array conprising a shared-use array

readi ng aof .both |.um nance data and chroni nance
said PE arﬁaf}gltal video encoder system comprising:

a refinement processor for reconstructive
processing for I-picture and P-picture encoding,
said refinement processor including a frame

difference unit;

wherein said frame difference unit
comprises a predicted error array (PE array),
said PE array comprising a shared-use array
storing both luminance data and chrominance

data; and

address selector logic for addressing said
PE array to provide synchronous writing and
reading of both luminance data and chrominance

data to and from said PE array.

2. The digital video encoder system of claim
1, wherein said PE array stores a macroblock of data
and is divided into a first portion for storing
luminance data of said macroblock and a second
portion for storing chrominance data of saidgd
macroblock, and wherein said address selector logic
comprises state logic for signaling when the first
portion of the PE array is fully written with
luminance data and for signaling when the second
portion of the PE array is fully written with

chrominance data.

it

Stofing

addr ess
PE array to provi de synchronous

dat a

herein in accordance

A

a refinenent processor



2. The digital video encoder systemof claim1, wherein said PE array
stores a macrobl ock of data and is divided into a first portion for storing
| um nance data of said macrobl ock and a second portion for storing

chrom nance data of said macrobl ock, and wherein said address sel ector

| ogic conprises state logic for signaling when t i i of the PE
array is fully witten with | um nance data and f l| @ﬁmif Mﬂ! t he
second portion of the PE array is fully witten ¢ dat a.

-59- 3. The digital video encoder systemof claim?2, wherein said
signal fromsaid state logic is coupled to either set or reset a |unichr
bit, and wherein said address selector |logic further conprises neans for
concat enat | ng said lum chr bit to a ree&ived | um nance address and a

recei ved chrom nance ad ress, ,sai.d lumchr bit signaling wh t her | um nance
data is to be witten (&A@ iiFsViFH EGTGeT 15 SISE"'alror ay 161 hr omi nance
data is to be,whiterid aadai d;@mncfmﬁr idadid @ altlee 1B iay riay, said address

sel ect or Ioglcc i,.Si ontrol i r vvr|t| | umi_nance data of
t he macr obl ogﬁutpon%h t :égs aak on ofretsﬁa% rbé:f Sre A ting
chrom nance whezxedn tswedm@idmlaﬁclsetl@qttw §agdwd fpmtthean agfmpirhieseRE Arr ay.

4 The di girkaloVirdgo ALARRINBAHL R Ghal/Brk \gz@er% n, said digital

vi deo encoder system conprises an conpli ant tal video encoder
system recgivedrjanginancg a\ﬁd}’@ﬁ%m@r YOESHag fcrmogpmapcer urt her

conpri sing agpHdyes@dd 50 NRAIM A GiftOrs iRl ke tHR3diINGhiHartat a from
the PE arrayd ta is to be written to said first portion of the PE

array or chrominance data is to be written to said

second portion of the PE array, said address selector

logic comprising control logic for writing all

luminance data of the macroblock to the first portion

of the PE array before writing chrominance data of

the wmacroblock to the second portion of the PE Array.

4. The digital video encoder system of claim
1, wherein said digital video encoder system
comprises an MPEG2 compliant digital video encoder

system.

5. The digital video encoder system of claim
1, further comprising array read control logic for
controlling reading of data from the PE array
simultaneous with writing of luminance data or
chrominance data to the PE array without overrunning

said writing of luminance data or chrominance data.



simul taneous with witing of |um nance data or chrom nance data to the PE
array without overrunning said witing of |um nance data or chrom nance
dat a. - 60- 6. The digital
vi deo encoder systemof claim5, wherein said array read control |ogic
conprises logic for determ ning whether a received address for the witing
of data into the PE array conprises a predeterm nedm gss in the PE

array, said predeterm ned address conprising an add qJ”#mlm
the PE

gi ven node of witing of data to the PE array to ensur
-data fromthe PE array sinultaneous with further witing of 8at& t

array will not overrun said witing of data. 7. The digital video
encoder system of claim6, wherein sai-édoarray read control |ogic conprises
control logic for gating an array read control signal to the PE array, and
wher ei n bot h sai d s rayTheadicbirt ovidégremncedrlr sy aeltirebaimr om sai d

address_ sel egorwﬂ%ﬁlaé@l@esp%tpew%%mffaﬁ% heodibr fEERY 8.

The digital video encoder systemof claim /7, wherein_ said digital video
encoder syst RBFTHITE e LRI VPERS CHRDT ANt 2 FRfered i e ofRF syst em

and an out putt 1 vslaiwhﬁgacsm di&tféeizewetwlpm@rwr&cﬁ@bﬁs@@ 4 - processor

via a shared buese Al W é@ sai d arr% r&gd control (?gic further

conpri ses codtt ‘% tio:a'i”c: ? ﬁlﬁ%%?l en data Dan AT dl y be output from

the PE array pﬁedéteeﬂmamedohddmmceommisimgtdre ddgresessor via the shared

bus. sufficient for a given mode of writing of data to the

! PE array to ensure that reading of data from the PE
array simultaneous with further writing of data to

the PE array will not overrun said writing of data.

7. The digital video encoder system of claim
6, wherein said array read control logic comprises
control logic for gating an array read control signal
to the PE array, and wherein both said array read
control signal and a read address from said address
selector logic are needed to read data from the PE

Array.

8. The digital video encoder system of claim
7, wherein said digital video encoder system
comprises an MPEG2 compliant digital video encoder
system and an output of said frame difference unit is
coupled to an I-processor via a shared bus, and
wherein said array read control logic further
comprises counter logic for signaling when data can
validly be output from the PE array of the frame
difference unit to the I-processor via the shared

bus.



-61- 9. A digital video encoder system conprising: a

refi nenment processor for reconstructive processing for |-picture and

P- pi cture encodi ng, said refinenment processor including a frane

di fference unit; wherein said frame difference unit

conprises a dual-port predicted error array (PE array), said PE array
conprising a shared-use array storing both | um nan “ W‘“Iﬁmw)\“\
chrom nance data; and array read control I&Eﬁl ﬂﬂ * BN ng
reading of data fromthe PE array sinultaneous with wetittng® of data to
the PE array w thout overtunning said witing of data to the PE

array. 10. The digital video encoder systemof claim9, wherein said

array read control |ogic conprises arvdy read control logic for controlling
readi ng of lum nance data fromthe PE array simultaneous with witing of

| um nance data or?chr ofyi RaftEadat 29¢8 ?%%O%%?a?Y%EeﬂﬁFﬂBEFlﬁéggfunning sai d
writing of |um nance data or chrom nance data to the PE array.

a refinement processor for reconstructive
processing for I-picture and P-picture encoding,
said refinement processor including a frame

difference unit;

wherein shid frame difference unit
comprises a dual-port predicted error array (PE
array), said PE array comprising a shared-use
array storing both luminance data and

chrominance data; and

array read control logic for controlling
reading of data from the PE array simultaneous
with writing of data to the PE array without
overrunning said writing of data to the PE
array. )

10. The digital video encoder system of claim
9, wherein said array read control logic comprises
array read control logic for controlling reading of
luminance data from the PE array simultaneous with
writing of luminance data or chrominance data to the
PE array without overrunning said writing of

luminance data or chrominance data to the PE array.



- 62- 11. The digital video encoder systemof claim9, wherein said
array read control logic conprises logic for determ ning whether a received
address for the witing of data into the PE array conprises a predeterm ned
address in the PE array, said predeternined address conprising an address
which ensures for a given node of witing of data into the PEiﬂTﬁﬂbthat

reading of data fromthe PE array sinultaneous with f “ﬂ& of data
into the PE array is unable to overrun the witing %@6 \
array. 12. The digital video encoder system cal m 9% W%ereln sai d
array read control logic conprises logic for gating an array read control
signal to the PE array, wherein both said array read control signal and a
read address are enployed to read datggfromthe PE array. 13. The

digital video encoder systemof claim12, wherein said digital video
encoder system compri Shse amngEezvﬁdﬁpléaabddkgbyatemi660ce®ﬁmder system

and an out put f ereng S cou l ed _to.an |-processor
via a shargﬁ'ﬁﬁéeégig m%g?gagk g arrgonrea roFopgglcthrther
conpri ses dbumx@rfDngdctE@mlsnggaWhﬁghahea Uacalvad rddirelsy f@rout put from

Lhe PE arr ayhOf w1 e1h5288 dhtheinreecHal brt 9rkhe LaRpRG8es0, Via the shared
us predetermined address in the PE array, said

predetermined address comprising an address which
ensures for a given mode of writing of data into the
PE array that reading of data from the PE array
simultaneous with further writing of data into the PE
array is unable to overrun the writing of data into
the PE array.

12. The digital video encoder system of claim
9, wherein said array read control logic comprises
logic for gating an array read control signal to the
PE array, wherein both said array read control signal
and a read address are employed to read data from the

PE array.

13. The digital video encoder system of claim

12, wherein said digital video encoder system
comprises an MPEG2 compliant digital video encoder
system and an output of said frame difference unit is
coupled to an I-processor via a shared bus, and

- wherein said array read control logic further
comprises counter logic for signaling when data can
validly be output from the PE array of the frame
difference unit to the I-processor via the shared

bus.



- 63- 14. The digital video encoder systemof claim9, wherein said PE
array stores a macroblock of data and is divided into a first portion for
storing |lum nance data of said macrobl ock of data and a second portion for
storing chrom nance data of said macrobl ock of data, and wherein sai d array
read control logic conprises array read control logic for _controllin

reading of data fromsaid first portion of said PE arra t h
witing of data fromsaid first portion of said PE arraitmﬂmulﬂmwnf”m,

- 64- 15. A method for controlling storing of a macroblock of datd in
a predicted error array (PE-array) of a frame difference unit W|th|n a
refinement processor of a digital vi d%g encoder system said macroblock of
data including | um nance data and chrom nance data, said nethod conprising:
witing said lu anc t Q a&g& fmcrobl ock of
data into the PE&Q %h%aélgaﬂgafw Hed O}fr 2 éaﬂ‘]%orr(?t‘?%e PE array

si mul t aneou8 - wher\mn{rh am By wrajat%tqnﬁ&r%wmb@cm%o@%ta

OVEr runni ngasa qsvvraltvlraﬂad)flrsi@é % lﬁpsﬁ &%ﬁaon forl &8 iRgd
mai nt ai ni ng sai.d witin and readin | um nance dat a and chrom nance

data to andiPPdpance B F34 ?FEW&ﬁ}brfbﬁJé%"r%le?n

second portion .for storing chrominance data of said
macroblock of data, and wherein said array read
control logic comprises array read c¢ontrol logic for
controlling reading of data from said first portion
of said PE array simultaneous with writing of data

from said first portion of said PE array.



16. The nmethod of claim 15, wherein said PE array conprises a first portion
and a‘second portion, and wherein said witing of |um nance data and

chrom nance data conprises witing of said |um nance data into said first
portion of .said PE array and witing of said chrom nance data into said
second portion of said PE array, and wherein said reading conprises reading
| um nance data fromthe first portion of the PE array simnmultaneous with

writing of lum nance data to the first portion of the P
- 65- 17. The method of claim 16, wherein said nai Dim%lu}tmugas
determ ning when said first portion of said array is full} e

begi nning witing of said second portion of said array, and determ ning
when said second portion of said arrayeus fully witten beforé€ begi nning
witing of a next macroblock of data into said first portion of said PE
array. 18. 1bhe metwcthad Thaiceritolhiereistsaing redang conpri ses
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data into thgl'a%%og)rlroa(}lfqkt %’aﬁcs dr)égl'a%% %%éecg‘be/%&e%ﬁmén?e%g% res}g !“'rglﬁt he PE array
fdr a given ASHEYSf o iat ifipmes A4l frrereeunHedviddiiess pREMREBEREI cient to
ensure that peadeR@d dRia digmdheyfdedidodd MEfa@PuUSsyMgh further

witing of data to.the PE arra ,\M|! ot overrun said witing of data to
t he PE arrayMacxro 1°°%9.°EfTH%3"'n%t ing AYRHRNGH HFH Ei‘T"n‘g digital video
encoder systehromipantes &t ANPERLC athadhtcahmt isiingi deo encoder system
and an out put of the _
writing said luminance data and chrominance
data of the macroblock of data into the PE

array;

reading data from the PE array simultaneous
with writing of data to the PE array without
overrunning said writing of data into the PE

array; and

maintaining said writing and reading of
luminance data and chrominance data to and from

the PE array in synchronous order.

16. The method of claim 15, wherein said PE
array comprises a first portion and a second portion,
and wherein said writing of luminance data and
chrominance data comprises writing of said luminance
data into said first portion of said PE array and
writing of said chrominance data into said second
portion of said PE array, and wherein said reading
comprises reading luminance data from the first
portion of the PE array simultaneous with writing of

luminance data to the first portion of the PE array.



frame difference unit is coupled to an I-processor via a shared bus, and
wheretn said nmethod further conprises outputting read data fromthe PE
array only when data can validly be placed on the shared bus coupling the

g
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17. The method of claim 16, wherein said
maintaining comprises determining when said first
portion of said array is fully written before
beginning writing of said second portion of said
array, and determining when said second portion of
said array is fully written before beginning writing
of a next macroblock of data into said first'portion
of said PE array. '

18. The method of claim 15, wherein said
reading éomprises delaying reading of data from the
PE array until writing of said luminance data into
the PE array has reached a predetermined address in
the PE array fdr a given mode of writing, said
predetermined address being sufficient to ensure that
reading of data from the PE array simultaneous with

. further writing of data to the PE array will not

overrun said writing of data to the PE array.

19. The method of claim 15, wherein the digital
video encoder system comprises an MPEG2 compliant
digital video encoder system and an output of the
frame difference unit is coupled to an I-processor
via a shared bus, and wherein said method further

comprises outputting read data from the PE array only
when data can validly be placed on the shared bus
coupling the frame difference unit to the I-

processor.

* Kk x Kk *



