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Plaintiff QUALCOMM Incorporated (“QUALCOMM?”) for its complaint herein states:
PARTIES

1. Plaintiff QUALCOMM is a corporation organized and existing under the laws of the
state of Delaware, with its principal place of business in San Diego, California.

2. Defendant Broadcom Corporation (“Broadcom”) is a corporation organized and
existing under the laws of the state of California, with its principal place of business in Irvine,
California.

3 QUALCOMM is informed and believes and thereon alleges that Broadcom is doing
business in California and in this district.

JURISDICTION AND VENUE

4, This is an action for patent infringement. The claims arise under the patent laws of the
United States, Title 35 U .S.C. §§ 1 et seq. This Court has subject matter jurisdiction over these
claims pursuant to 28 U .S.C. §§ 1331 and 1338(a).

5. Venue is proper in this district under 28 U.S.C. §§ 1391(b) and (c), and 1400(b), as
Broadcom resides and/or conducts substantial business in this district and has comnutted, and is
continuing to commit, acts of infringement in this district.

GENERAL ALLEGATIONS

6. This action arises out of Broadcom's infringement of two (2) patents assigned to
QUALCOMM.

QUALCOMM'’s Patents

7. On September 17, 1995, United States Patent No. 5,452,104 (the “’ 104 Patent™),
entitled “Adaptive Block Size Image Compression Method and System,” was duly and legally issued
to QUALCOMM as assignee of the inventor, Chong U. Lee. A true and correct copy of the ‘104
Patent is attached hereto as Exhibit 1.

8. On November, 19, 1996. United States Patent No. 5,576,767 (the 767 Patent”),
entitled “Interframe Video Encoding and Decoding System,” was duly and legally issued to
QUALCOMM as assignee of the inventors, Chong U. Lee and Donald Pian. A true and correct copy
of the "767 Patent is attached hereto as Exhibit 2.

COMPLAINT FOR PATENT INFRINGEMENT 1 CASE No. 05 cv 1392 B (BLM)
DEMAND FOR JURY TRIAL




[V I -

10
11
12
13
14
15
16
17
8
19
20
21
22
23
24
25
26
27
28

'8663_L.doc

Case 3:05-cv-%58-B-BLM Document 1 Filed %4/05 Page 4 of 55

9. The patents described in paragraphs 7 through 8 above, copies of which are attached
hereto as Exhibits 1 through 2, are referred to collectively herein as the “patents-in-suit.” The patents-
in-suit relate generally to the processing of digital video signals.

10.  Oninformation and belief, Broadcom manufactures, sells and offers for sale in the
United States products that comply with the H.264 standards and technical specifications adapted by
the International Telecommunication Union (“ITU-T”), which standards are also known as ISO/IEC
MPEG-4 Part 10, and/or manufactures, sells and offers for sale in the United States products intended
to be used with or incorporated into products or systems that comply with said standards.

11.  QUALCOMM is informed and believes and thereon alleges that Broadcom has been
and is infringing, literally and/or under the doctrine of equivalents, one or more claims of each of the

patents-in-suit — directly and/or indirectly pursuant to 35 U .S.C. § 271(a), (b), (c) and/or (f).

FIRST CAUSE OF ACTION
Patent Infringement
(35 U.S.C. §5 271 et seq.)

12 QUALCOMM refers to and incorporates paragraphs 1 through 11 inclusive, as though
fully set forth herein.

13. QUALCOMM is informed and believes and thereon alleges that Broadcom has been
and is infringing, literally and/or under the doctrine of equivalents, one or more claims of each of the
patents-in-suit — directly and/or indirectly pursuant to 35 U.S.C. § 271(a), (b), (c) and/or (f).

14.  Broadcom threatens to continue to do the acts complained of herein, and unless
restrained and enjoined will continue to do so, all to QUALCOMM’s irreparable damage.

15, By reason of Broadcom’s acts alleged herein, QUALCOMM has suffered, is suffering,
and — unless such acts are enjoined by the Court — will continue to suffer injury to its business and
property rights, for which it is entitled to damages pursuant to 35 U.S.C. § 284 in an amount to be
proved at trial.

16. By reason of Broadcom’s acts alleged herein, QUALCOMM has suffered, is suffering,
and - unless such acts are enjoined by the Court — will continue to suffer irreparable harm for which
there is no adequate remedy at law, and for which QUALCOMM is entitled to permanent injunctive

relief pursuant to 35 U.S.C. § 283 .

COMPLAINT FOR PATENT INFRINGEMENT
DEMAND FOR JURY TRIAL 2
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PRAYER

WHEREFORE, QUALCOMM prays for judgment against Broadcom as follows:

(a)  For judgment that Broadcom has infringed, directly and/or indirectly, the patents-in-
suit;

(b)  Fora preliminary and permanent injunction prohibiting Broadcom, and all persons or
entities acting in concert with Broadcom, from infringing, directly and/01_' indirectly, the patents in-
suit;

()  For an award to QUALCOMM of all compensatory damages resulting from the direct
and/or indirect infringement by Broadcom of the patents-in-suit, including pre-judgment and post-
judgment interest;

(d)  Forjudgment and an order directing Broadcom to pay QUALCOMM’s reasonable
attorneys’ fees, expenses and costs due to this being an “exceptional” case within the meaning of 35
U.S.C. § 285;

(e)  For judgment directing Broadcom to pay costs of suit; and

(f)  Foranaward to QUALCOMM of such other and further relief as the court deems
equitable, just and proper.

Dated: October 14, 2005 DAY CASEBEER
MADRID & BATCHELDER LLp

James R. Batchelder

Attorneys for Plaintiff
QUALCOMM Incorporated
COMPLAINT FOR PATENT INFRINGEMENT
DEMAND FOR JURY TRIAL 3
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1 DEMAND FOR JURY TRIAL
Pursuant to Rule 38 of the Federal Rules of Civil Procedure, QUALCOMM demands a trial

2
3 || by jury on all issues triable of right by a jury.
4

Dated: October 14, 2005 DAY CASEBEER
MADRID & BATCHELDER LLP

3 e T

James R. Batchelder

Attorneys for Plaintiff
9 QUALCOMM Incorporated
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United States Patent 1
Lee

USO05452104A
_{11] Patent Number: 5,452,104
(451 Date of Patent:  Sep. 19, 1995

{54) ADAPTIVE BLOCK SIZE IMAGE
COMPRESSION METHOD AND SYSTEM

[?S] Inventor: Cheag U, Lee, San Diego, Cabif.
[73) Assignee: g.;ﬁlcmnw&nmgu.

[21] Appl Na: 103,124
{22) Filed: Asg, 4, 1993
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“Variable Block-Size Transform Image Coder” by Iny’
Hak Dinstein ¢t al, IEEE Transactions on Communica-
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Assistan1 Examiner—EKim Yen Vo
Attorney, Agent, or Firn—Russell B. Miller; Sean
English
57 ABSTRACT
lnanadapﬁvehhckﬁuim;ccompmﬁmmthad
and system for compressing image dats, 3 respective
muhodandlymmforfmhermptmnﬂhemgc
data for transmission. Fach block and
sub-blocks of pixel data is subjected to a discrete cogine
transform (DCT) openstion. Varying levels of sob-
blocks of resulting correspanding transform cocfficients
are selected for construction into a composite transform
coefficient block corresponding to esch input block of
pixel data. The selection of truasform cocfficient block
size for the composite block is determined by s compar-
ison process between transform block and sub-block
coding efficiency. The composite dlock is variabie
length coded to {orther reduce bit count in the com-
pressed dats. A discrete quadtree trxasform (DQT)
cpcration iy in supplement of the adaptive block size
blodnkemnmtheoeﬁucnlmlwmuﬂoupm
image dats compression.

61 Claims, 10 Drawing Sheets
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1 5,452,104 5
missions also provide a robustness ofihe communics-

ADAPHVEBLOCISIZENAGEOOMPMON tions link to impairments such as multipath and mm-

METHOD AND SYSTEM ming. Furthermore digital transmission facilitates ease
innpﬂmypmmyformmmymdmy

This spplication is a continuation of application Ser. 3 brosdcast
No. 08/004,213, filed Jan. 13, 1993, abandoned, which is Digital transmission formats kave beea avoided in
a cotinuation of spplication Ser. No. 07/710,216, filed  previous HDTV system proposals primarily becanse of
Jun. 4, 199, mwnhndoned.whchnamm the incorrect belief that they inherently require exces-

of US. patent application Ser. No.  sive bandwidth, Therefore in order 1o realize the bene-

. inpant
457,012 filed Feb. 27, 1990, now U.S. Pat. No. 5,021,891 10 fity of digital trarmutission, it is necessary to substantially
issped Jun. 4, 1991, anduwchrdlmtoimtgeptocen- compress the HDTV signal HDTV signal compression

muust therefor be achieved to a lsvel that ensbles trans-
. roission at bandwidths comparable to that required by
BACKGROUND OF THE INVENTION analog transmission farmats. Such levels of tignal com-

L Field of the Invention 15 pression couplad with digita) transmistion of the signa!
Mmplrucuhxly.lhcp:mtmmm:dun:on will ensble 8 HDTV system 1o operate on kess power
novel xod improved method and system for dats com-  with greatey immanity to channe] i
pression in an image signal compression scheme vtiliz- It is thercfore an object of the present invention to
ing adaptively sized blocks snd sab-blocks of eacoded  provide a sovel and improved method and system for
discrese cosine transform {(DCT) cocfficient data. 20 eshancing the compression of HDTV sigmh 0 1 to
IL Description of the Related Art ezablo digital transmissicn at bandwidths comparable to
lnlheﬁ:ldofmnmhﬂmndrmdﬂevhon Mdmmdmww

are being made to the

signals, various improvements

NTSC (Nsticoal Television Systems Committee) Sys- SUMMARY OF THE INVENTION

tem. Developments in the field of television are com- 25 The present invention is & novel and improved
rmonly directed towsrds s high deficition television  metbod and system for further compressing tmage dats
(HDTV) System. In the development of HDTV, sy3-  for transmission and for reconstruction of the image
tem developers have merely applied the Nyquist sam-  data npon reception. The image compression system
pling theorem and low pass filtering design with vary-  inclodes & schsystem for genenting from & block of
M&ywdmﬂﬁﬂﬂwmhcmmnmwddm;m;mmtd
smornts to nothing more than a simple mapping of an  discrete cosine traetfone (DCT) data optimized for
analog quantity to a value of signal amplitude or fre  encoding for a minimired transmission data rate. An

additional subsystem is utiized to replace certain DCT

hhnmosuwmuybemmmpnzdmhmhpnﬂe coefficients with Diserete Quadtree Transform (DQT)
to achieve further ipprovements in HDTV systems by 35 cocfficients in arder to forther reduce the data rate.
using digital techniques. Many of the proposed HDTV In the present invention s transform mesns roceives
transmission formats share common [actors. These sys-  an inpat block of pixel data and performs a discrete
tems all involve digital processing of the video signal,  cosine tramfarm (DCT) operation on the block of pixe
which necessitates analog-to-digital (A/D) conversion  data and on at lrast one predetermined level of comtito-
of the video signal. An analog transmission format i3 40 ent sub-blocks thereof. The tramform mesns provides
then used thereby necessitating cooversion of the digi- b output of commesponding block and sub-blocks of DC
tally processed picture back 1o analog form for trass-  and AC DCT coefficient values.
mission. An additional transform means slso receives the inpat
The rectiver/processor must then revene the pro-  block of pixel dats xnd performs 3 discrete quadtres
cess in order to provide image display. The received 45 traagform (DQT) operation thereupon 50 a3 to generats
analog signal is therefor digitized, stored, processedand & Block of DQT cocfficient values.
recoustructed into a sigaal according to the interface A block size mxxignment means receives, for the block
format med betwoen the receiver/processor and the  and each sub-tlock, AC DCT cocfficient valoes and a
HDTYV display. Furthermore the signal is most likely  DQT value which in replacernent of the DC DCT coel-
converted back to analog form once more for display. It 50 ficient value. The biock size axrignment means deter-
is poted Bowever that the proposed HDTV formats m«:.s,fonheblockuduchwmdmgmpof
utilize digital transmission for transmission of contra),  constituent sud-blocks of DQT/DCT coefficient val-
sudio and authorization signals. ues, 2 bit count value corresponding to a number of bits
Many of the coaversica operations mentianed above,  required to respectively encode the block snd each
however, may be avoided osing a digital transmistion 55 corresponding  grop of coustituent subblocks of
format which trnsmits the processed picture, along  DQT/DCT coeflicient values according to a predeter-
- digital modulation tecimiques. The receiver may then  further determiney, from the bit count values, ones of
be configured as a digital modem with digital outpotsto the block mnd group of constitnent sub-blocka of
the video processor fimction. Of course, the modan 60 DQT/DCT coefficient values requiring s lesser number
requires sn A/D function 21 part of operstion, but this ofbmmmdcmdh;wthcpredemmmedwding
implementation may ocaly require 4 4-bit resolution de»  format, and providing an output of a corresponding
vice rather than the 8-bit resalution device required by selection value,
analog format receivers. A DCT sclection means receives the selection valoe
Digital transmission is superior te analog transmission 635 and the block and sub-blocks of DCT coefficient valees
in many ways Digital transmissions provide efficient  and selects the block of DCT coefficient values or oncy
use of power which is particularly imporiant to satellite  of the DCT coefficient values sub-blocks in sccordance
transmission and in wilitary applications. Digital trans-  with the salection value. The DCT selection means
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provides an output of a correspoading composite block  between sub-blocks for an exemplary composite block

of DCT coefficient valoey formed from the selected  of DCT coefficient data whose block size selection was

size

block o sub-blocks of DCT coefficient values. ADQT  made according to the block size assignment data of
selection means also receives the selection valueand the  FIG. 3
block of DQT coefficient valees and selects cocs of the 5 FIGS. Se-5d respectively illustrate in graphical form
DQT coefficient values in accordance with the selec-  an alternate rig-2eg scan serialization format;
tion valve. The each selected DQT coefficient values FIG. 6 is a block diagram iflustrating the DQT coeth-
corresponds to 8 DC DCT cocfficient values of the  cient procexsing elements of the DQT subsysiem of the
selected block or mb-block. present investion uwsed in acoompaniment with the
A DCT ordering mean receives and orders the com- 10 image compression system of FIGS. 1and 2;
poﬁmbbckofncrem:ﬁdmv;{?mdinsmt FIG. 7 is a block diagram furtber llustrating the
prodetermined ordesing format. ordering means  DQT coefficient block replacement processing elo-
provides an output of the ordered DCT coefficienl  ments of the DQT subsystem of the preseat invention
valucs to an cocoder means that codes the ordered DCT  used in accompaniment with the image compression
coefficicnt valves according to s predetermined coding 15 gygtem of FIGS 1, 220d 6
format. The encoder meams provides sn outpat of the FIG. 8 is a block diagram illostrating » decoder for
coded ordered DCT cocflicient values. - reconstructing an image from a received signal gener-
A DQT crdering means receives selected DQT coef-  ated by the processing elements of FIGS. 1 and 2
ficient and arders the selected DQT coefficients in & FIG. 9 is block disgram iltustrating the DQT sobeys-
wmmmmmm.wndummwaw
mwdvemdmncncrcodﬂmh.thcodd with the decoder of FIG. T;
ordered coefficient values. The DQT ordering means  £iG, 10 is & flow churt illtrating the processing
mmummdmm DQT coefficient  gtepy invalved in compressing and coding image data as
ues. i .
yo - ves the ondered 25 5omedbyt.bcpmmgdmbofﬂﬂs.lmdz,

DCT cocficient values, the crdered DQT vahues a0d FIG. 11 is a flow chart illostrating the processing
t.beu!mmu'l‘hcml':hmmm steps involved in decoding and decompressing the com-
coded image valoe by removing the DC coefficlemt pressed signal 50 a5 to generate pixel data.

valoes in the ordered coded DCT coefficient valnes

while combining the selection valus with the remaining 30 DETAILED DESCRIPTION OF THE

AC DCT cocfficiests in the ordered coded DCT coeffi- PREFERRED EMBODIMENTS

cient valucs and the ordered DQT cocfficlent values. 1, oraer ¢y facilitate digital transmission of HDTV
The coded image valve is representative of the Ul igngty and enjoy the beneits thereaf, it is necessary 1o
block of pixel data and is of a reduced hit connt with exmploy some form of signal ioa. In order 10

im';l::wdlmdhdfor m':mu-mfgo;mﬁ niques bave beea thown 10 achicve & very bigh com-
ved coded i loe s b lwwm%mhmqewmmmtqth:m
of pixe] data. The present inventian further cnvisions s Proosion fctor & that extitled “Scene Adaptive Coder™
novel and i thod for % an by Wen-Hslung Chen et al., IREE Transactions on Com-
signal s represented by a block of pizel data and for oottt Vol Com-32, No. 3, March, 1984, How-
ing the ¢ ienal from the m.hqu&yquﬁvﬂu@munmmd'
mws gl compressed 45 €V for video conferencing spplications.
With respect to the DCT coding techoiques, the
BRIEF DESCRIPTION OF THE DRAWINGS mzmmdphdhﬂw;uggwedhmm
The (catares, objects, and sdvantages of the present L0, Of nox-overlapping blocks, NXN in size. Strictly
invention will become more spparest from the detailed 107 blbck and white television images each pixe! is rep-
description szt forth below when taken bn conjunction 30 "=*01¢d by 40 S-bit word whercas for color televition
with the drawings in which lke ref " each pixed may be represented by & word comprised of

MG.lthdh;rmmmmem up to is typically a 16X 16 pixel block, ie. Nw16 A
elements of the adaptive block size image . two-Eimensional NXN DCT is performed in each

comprexsion
for pcr block. Since DCT b a separable unitary transformation,
system pmvldlng oodﬂcimdaundbhcksst fimeasional DCT s performed typically by twg
- FIG. 2 is a block diagram illustrating the furthey ~ OCcessive one-dimensional DCT operations which can
processing elements for the adaptive block tize image [ I computational savings. The one-dimensiona)
compression system for selecting block sizes of DCT ~ DCT i8 defined by the following equation:
coefficient data 50 21 10 generate a compasite block of 60

DCT coefficient data and the encoding of the compoy- 2

ite block for transmission; ofthe 1) = 29075 ) oo H I o
FIGS. 34 and 35 respectively illustrate y

register block size assignment data and the block selec- where,

tion tree corresponding thereto; & .
FIGS. 43 and 4b are graphs respectively illustrating W == [+

inqtpﬁcdf?mlhewhctedbbctﬁg-ngmm
ization ordering sequence within the sub-blocks and =,
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continged However, if the number of runs in terms of leagth were
: counted, the short runs doinate so that Hoffman cod-
Cbyw ffork=123,.. . N1 (n  ing the runlengths reduces the bit rate even mare.
An important issue that concerms all Jow bit-raze
For television images, the pixe! values are realso that 5 compression schemes is the effect of channel bit error

the computation docs pot invalve complex arithmetic.  on the reconstruction quality. For DCT coding, the
Purthevmore, pixcl values are non-negative so that the lowcrﬁ'equmcycodﬁ:imummvnh_:mbkspo-
DCT component X(0) balways positive and usually has  cially the DC term. The effect of the bit error mte
the most eneryy. In fact, for typical images, mostof the  (BER) om the reconstruction quality at vations com-
transform energy is concentrated around DC. This 10 pression rases has been presentod o the literatare. Soch
energy compaction property makes the DCT such an 1s0ey are discossed in the asticle entitled “Intraframe
altractive coding method. Cosine Transfer Image Coding™ by Jokn A. Roess ot

It has been shown in the Literature that the DCT  al, JEEE Transoctions on Communications, Vol. Com-
pproaches the performance of the optimmn Kazhaneo- 25, No. 11, November 1977, Pages 1329-1339. The
Loeve Transform (KLT), as evidenced by the article 15 effect of BER becomey noticeable around 10-2 and it

entitled *Discrete Cosine Transform® by N. Akmed et becomes gignificant at 10~2. A BER of 10~7 for the
al, JEEE Transoctions on Computers, Janoary 1974,  transmission subsystem would be very copservative. If
pages %0-93, Basically, the DCT coding performs a  necessary, & schame can be devised to peovide addi-
spatial redundancy reduction oo cach block by discard- tional protectien for lower frequency coefficients, such
ing frequency componeats that have little energy, and 20 a$ iltustrazed in the article “Hamming Coding of DCT-
by assiguing variable pimbers of bits 1o the remaining ~ Compressed hwages over Noisy Channels” by David R.
DCT coefficients depeding upon the encrgy content.  Comstock et al,, JEEE Transuctions on Comumunications,
A number of techniques exist that qusntize snd allocate  Yol. Com-32, No. 7, July 1984, Pages 856-861.

béts to minimire soene error criterion soch a3 MSE over It kas been observed that most nstural images are
the block. Typically the quantized DCT coefficients are 25 made up of Yank or relatively slow varying aress, and

into a one-dimensional string by ordering from bwyummd:nopjedbgmduﬁmdlﬁ;h-omm
low frequency to high frequency. The mapping is done mmmmmmdm
according to disgonal rig-zag mapping over the block dthhhm:bymphgmunmthebm&mnd

of DCT cocfficients. The locations of the zero {or dis-  lest bits to the blank area. For DCT
carded) coefficients sre then coded by a rupength 30 tion can be made by measuring the busyness tn exch

coding technique. transform block and then adjusting the qumtiration and
In order to optimally quantize the DCT coefficient,  bit allocation from block to block. The article entitled

one needt to know the statistics of the transform coefi-  “Adaptive Coding of Monochrome and Color kmages™
clents, Optimom or sib-optimal quantizers can be do- by Wen-Hsiung Chen et o, IEEE Tronsoctions ex Com-
signed based oo the theoretical or measured statistics 35 mundcations, Vol Com-23, ‘No. 11, November 1977,
that minimize the over-all quantirzstion ervor. While  Pages 1283-1292, discloses s method where block en-
there b not complete sgrecment on what the correct  ergy s measured with each block classified fato one of
statistics are, various quantiration schemes may be ut-  four classes, The bit allocation matrix is computed iters-
Lized, such as that disclosed in “Distribution of the  tively for each class by examining the variance of the
Two-Dimemsional DCT Coefficients for Images” by 40 transform sampler. Exch coefficient s scaled 20 the
Randall C. Reininger et al, JEEE Tronsactions on Com-  desired puzmber of bits result after quantiration. The
munications, Vol 31, No. 6, June 1983, Pages 335839,  overhead information that must be sent are the clusifi-
Howeved, even a simple linear quantizer has been uti-  cation code, the normalization for each block, and four
Yized which has provided good results. bit allocation matrices. Uhilization of this method has

Aside from deciding on a quantization scheme, there 45 produced scceptable resnlts atl and 0.5 biis per pixel.

are two other methods 1o contlder in order to produce Further bit rate reduction was achieved by Chen et ad
the desired bit rate. One method is to threshold the  in the previously mentioned articls “Scens i
DCT coefficient 50 that the small values are discarded  Coder™ where a channel buffer is otilized to

adaptively
and set to rero. The other techniqus is 1o linearly scale  scale and quantize the coefficients. When the buffer

{or portoalize) the coefficients to rednce the dynamic 30 becomes more than half fiull, a feedback parsmeter nor-
range of the cocfficicnts afler fioating point to integer  mafizes and quantizes the cocfficients coarsely to re- |
conversios for coding. Scaling s believed tobe superior  duce the bits entexing the buffer. The converse

to threshoMing in retaining both the subjective a3 well  when the boffer becomes less than balf fol). Instead of

a3 gbjective tignal to noise ratio quality. Thereforc the  transmitting the bit allocation matrices, they

rus-Jength
main variable in the quantization process will be the 55 code the coefficient locstions and Hoffmsn code the

coefficient scale factor which can be varied to-cbiain  coefficients as well as the nun-engtht. Such an imple-
the desired bit mie. mentation hay shown good color image reconstructions

The quantized coefficicnts usaally are coded by Huff- st 0.4 bits per pixel Although thase resohs look very

an codes designed from the theorefical statistics or  good when printed, the simulation of the syytem thows
coxlicicots ar comoestoted o i low viluts v a1 1o et BAGTRCS Pheoig o St
are concen! around ues g0 mal to moderate ification smoothing and blocki
that Huffean coding gives good results. It is believed  effects are visible.
that Huffman codes generated from a measured histo- In the image compression method and system dis-
gram perforins very close to thearetical linits sz by the closed herein, intraframe coding {two-dimensional pro-
entropy measure. The location of the 210 coefficients 65 cessing) is utilized over interframe coding (three-dimen-
are coded by run-leagth codes. Because the coefficients  sienal processing). One reason for the adoption of intra-
are ordered from low to high frequencies, the rmstend  frame coding is the complexity of the receiver requined
10 be long such that there is a smai! nuzber of runs. 1o process intcrframe coding signals. Interframe coding
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inherently require multiple frame buffers in addition to
more complex processing circuits. While in commer-
cialized systems there may only be a smsll number of
transmitters which coatain very complicated bardware,
the receivers must be kept as simple a3 possible for mass

The second most important resson for using intra-
frame coding is that a sitcation, or program material,
may exist that can make a i coding
scheme break down and perform poorly, or st least no
better than the intrafraroe coding scheme, For example,
24 frame per second movies can easily fall into this
category since the Integration time, due to the mechani-
cal shutter, Is relatively short This short intzgration
time allows a higher degree of tempor] aliasing Lham in
TV camerss for rapid moticn. The sssumptios of frame
to frame corrclation bresks down for rapid motion as it
bocomes jerky. Practical coosideration of frame to
frame registration erroz, which is already noticeable oo
home videos become worse at higher resolution

An sdditional remyan for wsing intraframe coding is
that a threo-dimensicnal coding scheme is more difficult
to standardize when both 50 Hz and &0 Hz power line
frequencies are involved. The use of an intraframe

8
block sizes in the busy areas, such as at edges, the error
1s confined to the xrea along the edge. Forthermare, the
nse of the small DCT block sizes is farther enbanced
with respect to subjective quality of the image dua to
the spatial mxking phenomena in the eye that hides
nojse near basy areas.

The adsptive tlock size DCT technique implemented
in the present invention may be simply described as
campare-and-replace scheme. A b 16X16 pizel data
array or block of the image is coded as in the fixed block
size DCT techniques, however, block and sub-block
sizes of 16X 16, B8, 44 and 2X 2 are used. For each
4X4 block, the number of bits to code the block by
using four 22 sub-blocks inside the 44 block is ex-
amined. If the smm of the four 2¢ 2 seb-blocks is smalier
than the bits needed 10 code it as a 4% 4 block, the 44
block is replaced by foor 22 spb-blocks. Next, each of
the 8¢ 8 blocks are exxmined to determine if they can in
torn be replaced by four 4 X4 sub-blocks which were

20 optimized in the previous stage. Similarly, the 16X(16

block is exxmined 10 determine if it can be replaced by
four 8 8§ sub-blocks that were optimized in the previ-
ous stage. At cach stage the optimum block/mbblock
size is chosen 30 that the resulting block size astignment

scheme, being » digita) approach, can adapt to both 50 25 s optimized for the 16X 16 block.

Hz and 60 Hz operation, or cven to 24 Game per second
movics by trading off frame rate versus spatial resolu-
tion without inducing problems of standards conver-
sion.

Since B-bity arc used 10 code the DC coefficients
regardless of the block size, utilization of small blocks
sesults in a larger bit count. For this reason, 22 blocks
are used only when their use can lower the bit count.

Although the present invention i described primerily 30 The resulting sub-block structure can be convenlently

with respect to biack and white, the overbead for cod-
ing oolor information is sarprisingly emall, on the order
of 10 to 15% of the bits needed for the buminence. Be-
cause of the Jow spatial sensitivity of the eye to color,

represeqted by an inverted quadiree (as opposed to a
binary tree), where the root comresponding to the

1616 block in each node kas four poasible branches

corresponding to-four sab-blocks An example of »

most researchers have converted a color pictare from 33 postible inverted quadtree structure is illustrated in

RGB space to YIQ space, sub-sansple the I and Q com-
ponents by & factor of four in horizoatal and vertical

direction. The resulting I and Q components are coded
simiarly as Y (luminance). This technique i

FIG. 3 .

Each decition to replace a block with smaller saob-
blocks requires cae bit of information as overhead, This
overhead ranges from coe bit for & 1616 block up to

6.25% overbead cach for the ] and Q components. In 40 21 bits (14+4416) when 4X4 and 2X 2 sub-blocks are

practice, the coded Q component requires even less data
than the I component. It is envisioned that no significant
loss in color fidelity will result when utilizing this class
of color coding

used everywhere withio in the 16X 16 block. This over-
head is also incorporated into the decision making pro-
ctss to cusare that the adaptive block size DCT scheme
always uses the least sumber of bits to code each 16X 16

techniques.
In the implementation of DCT coding techriques, the 45 block

blocking effect is the single most impartant impeirment
to bnage quality. However, it has been realized that the
blocking effect is reduced when o emaller gized DCT is
used. The blocking effect becomes virtmally invisible
when 8 2X2 DCT is used.

However, when using the smallsized DCT, the bit
per pixel performance suffers somewhat However, o
that scparate relatively blank areas. A tharp edge is

equivalent to a step signal which hey significant compo- 55 pixed block with

neats at al] frequencics When quantized, some of the
low energy coeflicients are tryncated to 2ero. This
quantization errar spreads over the block. This effect is
similar to a two-dimensional equivalent of the Gibks

Although block sizes discnssed herein a3 being NN
in size, it is covisioned that vaziony block skzes may be
used, Por example an N XM block size oy be atifized
wheze both N and M are imtegers with M being ejther
greater than or Jesser than N. Another important aspect
is that the block s divisible into at lesst ane Jevel of
sub-blocks, sch a3 NAXNA, NAXN/, NAXMY/),
and ete. where i and j are integers. Parthermare, the
block size as discossed herein is s 16% 165
block and sub-blocks of
DCT coefficients. It js further envisioned that varioos
otber integer such as both even or odd integer values
may be used, e.g. I%9. .

Due to the importance of these overhead bits for the

phenomenon, Le. the ringing present sround a step pulse 60 quadtres, these bits need to be protected particuler]y

ﬁgnﬂwhgnpanot!hehigh&eqmzymmtsm
femaved in the recomstruction process. When adjacent
blocks do not exhibit similar quantization error, the
block with this form of error stands out and creates the

well against channel errors. One can either provide an
cxtra error correction coding for these important bits or
provide and error recovery mechanitm 3o that the ef-
fect of channe] crrors is confined to a swall ares of the

blocking effect. Therefore by using emaller DCT block 65 picture.

sizes the quantization exror becomes confined to the
uu‘nc-rlb:edge:ince!hemmmpromptc
outside the block. ‘Thereby, by uvsing the smaller DCT

Ex.1-15

The adaptive block size DCT compression scheme of
the present invention can be classified as an intraframe
coding technique, where each frame of the image se-
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quence is encoded independently, Accordingly, a single
frame still picture can be encoded just as exsily without
modihﬁoumhputmgcm‘hdividedhma
number of 163 16 pixe] dats blocks with eacoding per-
formed for each block The man distinction of the §
cocgpression scheme of the present invention resides in
the fact that the 16X 16 block is adaptively divided into
sab-blocks with the resulting sub-blocks at different
sizes also eoooded using a DCT process. By properly

the block sizes based 0o the local image char- 10

oaturally line up aloog the busy arcs of the image where
the perceptual visiility of the nose is lower than in
blank areas. 1]

In review, a conventional or fixed block sire DCT
coding ssigns a fixed number of bits to each block such
that any quantization noise is confined and distributed
within the block. When the severity or the characteris-
tics of the noise between adjacent blocks are different, 20
the boundary between the blocks become visible with
the effect commonly known 23 a blocking artifact
Scene adsptive DCT coding assigns a variable number
of bits to each block thereby shifting the noie between
fixed gized blocks. However, the block size is still large 28
encagh, wstally 16X 16, such that some blocks contain
both blank and busy parts of the ioage. Hence the
blocking artifact is still visible along image detail such
23 lines and odges. Using smaller block sizes such as
8% 8 or 4)X4 can greatly reduce the blocking artifact, 0
bowever, at the expense of & higher data rate As a
result, the coding efficiency of DCT drops &s the black
size gety smaller.

In the embodiment im which the present invention is
described an adaptive block size DCT technique is used 35
in which optimal block tize is chosen such that sasaller
tlocks are used only when they are needed. As a result,
the blocking artifact is greatly reduced without increas-
ing the data ate. Althoogh a number of different meth-

10

as i well known i the art. The 1616 pixel block is
also input i also provided in panllel to a DQT sobsys-
tem a3 discussed later herein with reference 1o FIG. 9.

DCT clements 100~10d perform two-dimenxiona)
DCT operatinns an each respectively sired imput block
of pizel dats. Por exxmple, DCT clement 100 performs
a gngle 1616 transform operxtion, DCT elenent 108
performs {our 8% 8 DCT operations, DCT element 10¢
performy sixteen 4X4 DCT openations, while DCT
element 10d performs siaty-forr 22 DCT operations.
Trnsform coefficients are outptt from each DT ele-
ment 100-104 to a respective quantizer lock up table
120-124

Quantizer lookup tables 120-114 may be imple-
mented in conventional read only memory (ROM) form
with memory Jocations containing quantization valoes.
The value of each transform coefficient is uted to ad-
dress a corresponding memory location to provide an
output data signal indicstive of a corresponding quan-
tized transform coefficient value. The output of quan-
tizer lookup table 124, indicated by the reference signal
QC16, i3 » 16X 16block of quntized DCT coefficient
valoes. The outpat of quantizer lockup tabls 123, indi-
cated by the reference signal QCS, bs comprised of o
data block of four 8 X Scuzb-blocks of quantized DCT
cocfiicient valoes. The output of quantixer lookup table
12¢, indicated by the reference signal QCA, is cowprised
of a data block of sixteen 4 X 4 sub-blocks of quantized
DCT coefficient valoes. And finally, the output of
quantizer lookup table 124, indicated by the reference
signal QC2, is comprised of & data block of sixty-foar
2X1 sb-blocks of quantized DCT coefficient. Al
though pot illustrated, the DC (lowest frequency) coef-
ficieots of each transform mxy be optionally trested
stparately rather than through the comresponding quan.
tizer lookup table.

The outputs of quantizer lookup tables 120-12d are
respectively inpot to code leogth looknp tables
Ma-14d. The quantized DCT coefficient valnes are

ods can be devided that determine block sixe sssign- 40 each coded using variable length code, soch as & Hoff-

ment, an exemplary llustration of an embodiment is
provided which assigns block zizes such that the total
sumber of bits produced for each block is minimized.
Using the DQT transform of the prestat inventicn in
combination with the adaptive block size technique 3 45
further reduction in the data rate, on the order of 5% or
greater, can be achieved. )

FIGS. 1and 2 Tlustrate 20 exemplary implementation
of the adaptive block size DCT transform image signal
compression scheme for converting N XN pixel dats 50
blocks into whole bit coded data. As discussed herein
for parposes of idustraticn N= 16, FIG. 1 ilustrates the
implementation of the DCT tramform and block size
determinatico elements. FIG. 2 illustrates ths DCT
cocfficient data block selection according to the block 35
size determination along with composite DCT coefTici-
ent data block bit coding.

In FIG. 1, an image signal as represented by a 16X 16
block of digitzed pixe] data is received from the frame
buffer (not shown). The pixe] data may be either 8 bit @
black and white image data or 24 bit color image data
The 16 16 pixel block is inpni to a 16X 16 two-dimen-
sional discrete cosine taasform (DCT) element 10c.
The 16X L6pixel block is also input as four BX8 pixel
blocks to X8 DCT clement 105, as eight 4X4 pixel €
blocks to 4X 4 DCT element 10k, and as sixty-four 2x2
pizel blocks to 22 DCT element 10d. DCT elements
10a-104 rmay be constructed in integrated circuit form

Ex. 1-16

man code, in order to minimize the dats rate. Code
words and corresponding code lengths are found in the
form of code length look up tables 14a-144. Each of the
quantized DCT coefficients QC2, QC4, QC3, and QC16
axe used to Jock up in the code length tables the corre-
sponding number of bits required to code each cocfficl-
ent. Code length lookup tabley 160-14d may be tmple-
mented in read only memory form with the DCT coeffi-
cients addresting memory Jocations which contain re-
spective code length valoes.

The number of bits requizred to code each block or
sab-block B then determined by somming the code
lengths in each block and sub-block. In the basic imple-
mentation of the adaptive block size coding seheme the
code lengths for the DC and AC coefficients of each |
block and sub-block is used in determining the nomber
of bits 10 code the respective block or sub-block. How-
ever in the case where the DQT subsystem is tiilized,
the value corresponding to the DC DCT coefFicicats
output from code length lookup tables 140-142 i3 re-
placed with a similay value from the DQT subsystem.
Muhiplexers 130-18d are vsed to permit the DQT coef-
ficient code length values outpat from the DQT subsys-
tem 10 be provided to the respective code length sum-
mer 160-164. Multiplexers 150-154 also permit the AC
DCT coefficient code length values outpat from code
length lockup tables 140-14d 1o be provided w the
respective code length summer 16016,
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The 256 code Jength values from code length lookup  ficient code length valve 50 x5 to determine the nurmber
table 140, comprised of } DC coefficient code leagth  of bits required to code cach 4 X4 DQT/DCT coeffici-
values and 255 AC coefficient code Jength values, are  ent sub-block. The output of code length summer 16¢ is
provided to multiplexer 150. A DQT coefficient code sixtcen values indicated by the reference signa) CLA
length value is abso provided to multiplexer 15q from 5 with each valne corresponding o the sum of the code
the DQT sobsystem, Multiplexer 150 is responsive toa lengths in each of the sixteen 4 X4 DQT/DCT blocks.
control signal M, 5o 83 to provide the DQT coefficient Finally, the 256 code length valnes from cods length
vode leagth valne from the DQT subsystem to code  lookup table 14d, comprised of a total of 64 DC coeffici-
Jength sammer 160 in place of the DC DCT coefficient ot code length valoes and 192 AC cocfficient code
code Jeogth valne from code length fooknp table 14a. 10 length values, are provided to multiplexer 13d. Each of
However, the 255 AC coefficient code length valvesare the sixty-four 2 2 blocks &s comprised of 1 DC coeffici-
provided vis multiplezer 150 to code leogth summer  eat code length value 2nd 3 AC coefficient code length
16a. In code length summer 16a the number of bitt  values. For esch DC DCT coefficient code Jength
required to code the 16X t6block DQT/DCT coefficic  value provided to multipleser 134, a correspanding
ent block is determined by summing the code lengths 15 DQT cocfficient code length value is provided 1o mult-
for the block. Therefoce for the 16X 16block, code  plexer 15d from the DQT subsystem. Multiplexer 154 i
length summer 164 sams the 255 AC coefficient code  responsive to a control signal My so a3 to provide the
leagth valves along with the 1 DQT coefficient code  DC coefficient code Jength value from the DQT smbeys-
length valne, The output from code leagth summer 16 tem to code length summer 164 in place of each of the
is the signal CL16, 2 single value indicative of the num- 20 64 DC coefficient code length valoes from code length
ber of bits required to code the 16X 16 block of quan-  lockup table 14d. However, the 192 AC coefficient
tized DQT/DCT coefficicats. code length valopes from code kength lookup table 144
The 256 code length valves from code Jength lookup  are provided via multiplexer 13d to code leogth sammer
table 143, comprised of s tota] of 4 DC cocfficienat code 164, For each of the sixty-four 22 blocks, code length
length valnes and 252 AC coefficient code kength val- 25 runmer 164 sums the 3 AC cocfficient code length
ties, are provided to multiplexer 155, Each of the four  valoes along with the DQT subsystem DC coefficient
88 blocks &5 comprised of 1 DC coeflicient code  code length valoe so a3 to determine the oumber of bity
length value sod 63 AC coefficient code length values  required to code each 22 DQT/DCT coeflicient sub-
For each DC DCT coefficient code length valos pro-  block. The output of code length summer 16d is shxty-
vided to maltiplexer 15b, s cormesponding DQT coeff- 30 foor values indicated by the reference signal CL2 with
cient code length value is provided to multiplexer 155 each value being the sum of the code lengths in each of
from the DQT subsystem. Multipiexer 150 is responsive the sixty-four 22 DQT/DCT blocks.

1o » control signal Mo as to provide the DQT cocffic- The values CLS, CLA, and CL2 are also identified
cot code length value from the DQT subsystem tocode with block position orientation indicia for discustion
length summez 165 in place of each of the 4 DC coeffici- 35 later berein. The position indicia is a simple x-y coordi-
ent code length values from code length Jookup table  pate system with the position indicated by the subscript
145, Howover, tbe 252 AC cocfficient codo length val- (1Y) associated with the valoes CLA, CLA, and CL2.
uzs from code kngth Jookup table M6 are provided vie ~ The block size assignment (BSA) Is determined by
multipleser 154 1o code length summmer 165. Foreach of  examining valves of CL2, CLA4, CL8 and CLIE Four
the four 3% 8 blocks, code length gummer 165 sams the 40 ncighboring entries of CL2(x 3 are added and the swum is
63 AC cocflicient code keugth values along with the  compared with the corresponding eatry in ClAy
DQT cocfficient code length value 5o as to determine  The output of from code length sommer 16d is
the nomber of bits required to code each 3X8  input o adder 18 which adds the four ncighboring
DQT/DCT coeflicient subblock. The ontput of code  eatries and provides s smm valne CLA'x 3. For exxmple,

length summer 165 b four values indicated by the refer- 45 the values representative of blocks CLagn.
ence signal CL8 with each value corresponding to the  CL2q1.0, and CL2;1,1) are added to the valne
sum of the code leogths i cach of the four X8  CLA'p). The valoe output from adder 18 is the value
DQT/DCT blocks. CLA (xpywhich is compared with the vale

Soniuly, the 236 code length values from code  output from code length sammey 16e. The value
length Jookup table Ide, comprised of a total of 16 DC 50 CLA (1) Is izput to comperator 20 alogg with the value
coefficient code length valoes and 240 AC coefficient  ClLid¢r). Comparator 20 compares the carresponding
cods length vslnes, are provided to multiplexer 1Sc.  ixpus valucs from adder I3 and code length summer 160
Each of the sixteen 44 blocks is comprised of 1 DC 50 23 to provides a bit value, P, that b cutput to P
coefficient code length valoe and 15 AC coefficient  register (FI0. 2) and &5 & sclect input to multiplerer 22
code length values. For each DC DCT coefficient code 55 In the example &3 flostrated in FIG. 1, the value
hnhvﬂmwwﬂmwmﬂnﬂml&.lw Cl¥'mp iy compared with the valne CLApgy, If the
ing DQT coefficient code length value is provided to  value ClAy b greater than the summed values of
multiplexer 15¢ from the DQT subsystem. Mubtiplexer  CLA'(<), comparator 28 generates s logical ooe bit, “1%,
L3¢ is responsive 10 & cootrod signal M.so asto provide  that is entered into the P register. The *1™ bit indicatrs
the DC coefficient code length value from the DQT 6@ that a corresponding 4% 4 block of DCT coefficients
subsysten 1o code length xammer 16cinplace of eachof  can be coded more efficiently osing four 2X2 sub-
the 16 DC coeflicient code length valoes from code  blocks. If pot, » logical zero bit, “0™, is entered into the
length Jookup table 14c. However, the 240 AC coeffici- P register, indicating that the 434 block Is coded mare
ent code length values from code length iookup table efficiently using the corresponding 44 block.

14c arc provided via multiplexer 15¢ to code length 65 The output of code length summer 16¢ and adder 13
summer 165. For each of the sixteen 44 blocks, code  are also provided as data inputs to multiplexer 22, In
leagth summer 16¢ suns the 15 AC coefficient code respoose to the “1"™ bit value output from comparator
length values along with the DQT subsystem DC coef- 20, multiplexer 22 embles the CLA'G, ) value to be out-
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putthu‘eﬁvmtoaddau.ﬂowmshouldthem- In FIG. 2, the P value output from comparater 20
parison resalt in a 0" bit value being genemated by (FIQ. 1) is inpat serially to a sixteen-bit register, P regls-
companulor 20, mutiplexer 22 ensbles the output  ter 40. Similarly, the output from comparator 26 is imput
CLA() from code length summer 16¢ to be input o miaﬂywafowﬁtmﬂsﬁ.Qnﬂqﬂ.My,lh_c
adder 24. Adder 24 is used to sum the data input there- 5 output from comparator 32 is input sesially Lo a one-bit
from, a3 selected from the comparisons of the values of  reghler, R register 44, The cutput from P register 40 is

and CLA'(x. The reselt of the sixteen compar-  provided as s P output to the select input of multiplexer
the ClAqy and the CLA'(cpy data is added in 46, Maltiplexer 46 also has inputs as the QC2 and QC4

addaumgmmaaomspaﬂm;m wiw For  values respectively cutput from Quantizer lookup tables
each of the sixteen comparisons of the ClA(; and 10 12d and 12¢. The output of multiplexer 46 is provided as
mw).hthnmmmﬂthmmtothel’ mmpmwnn!hpluull,whchnhohuulm
register, imput for the QCS values as output from quantirer
The next suge in the determination of block size  lookup table 123. A select input to multiplexer 48 i
assignment i similar to that discussed with respect o provided from the outpul of Q register 42. The cutput
geoeration and camparison of the valuey CLA and 15 of multiplexer 48 is coupled a5 one input to multiplexer
CLA'. The output of CLE' pyis provided asan input to 5. The ‘other input of multiplexer 50 is coupled to the .
comparator 26 along with the output CLA, ) fromcode  outpat of quantizer lookup table 122 for receiving the
Jength summer 16b. If the correspending entry in values QCI6. The select input of multiplexer 58 is cou-
Cla,y is greater than the summed valie CLE(r;  pled to the output of R register 44 50 38 to receive the
comnparator 26 generates & 17 bit whick is output to the 20 outpu bit R
Q register (F1G. 2). The output of compsrator 26isslso  As illustrated i FIG. 3, P register 40 inclndes 2 se-
provided as a sclected input to multiplkexer 28 which  quence of bit positiass, 0-15, with corresponding bit
ahomdvulhcvdunamudm respec-  values as determined by the comparison process a3 dis-
tively from code leogth sommer 1656 and adder 24. cmdwathdumtol’lﬁ 1 Sknilarly Q register 42
Should the valoe output from comparstor 260 be a “I” 25 and R register 44 respectively have bit position 0-3 and
bit, the CL¥ ., value is oqtpul from multiplexer 28to 0 with corresponding data as determined with reference
adder 30, However, should the value CL¥xp be  to FIG. 1. The datain the P, Q and R registers as illus-
greater than the valve CL3;5 companstor 26 gener- trated in FIG. 2 is merely for the purpose of iBustration.
ales & “0” bit that is send to the Q registes and also to the As illustrated in FIG. 2, the valoe of P register 40 bit

Cllw)nlh:ninputoldduwmmnlhpluun blocks of quantized transform coefficients) ar the corre-

results of comparator 25 are the Q values  sponding QCA data (a 4X4 block of quantized trans-

sent 1o the Q register. Again a 1™ bit indicates thatthe  form coefficients). Multiplexer 48, in response (o the
correspooding 8 8 block of DCT coefficients may be  value of the bit outpot from Q register 42 selects be-
more efficiently coded by smaller blocks such as all 35 tweea the cutput of multiplexer 46 and the value QC3
4x4bh&gﬂ2x2blochuramhiumthuwfu data. When the Q register bit valoe is a “1* bit, the

determined by the smaller block comparisons. cutput of multiplexer 46 as input to multiplexer 48 is

A “0” bit indicates that the corresponding 8 Sblock of  selocted for output of multiplexer 48, When the Q regls-
DCT cocfficicnts can be more efficiently coded than ter bit value is a “0" bit, the output of mukipleser 48 is
any combination of smaller blocks. 40 the QCS value. Therelore, the ontput bit valoe of Q

The values input to adder 30 are summed and pro-  register 42 is used to select between four QCA blocks or
vided a3 £n outpot value CL16 inpus to compantor 32 sub-blocks of QC2 values as output from maltiplexer 46
A tecond input is provided to companator 32 a3 the o 8 covresponding single 83 block. As ilfustrated in
valne CL16 outpat from by code length summer 162 FIG. 2, the four upper left hand blocks a3 output from

32 preforms a single comparison of the 45 multiplexer 46 inclode four 2X%2 blocks with thres

valoe CL16 and CLIG'. Should the valve CL16 be  ncighboring 4X4 blocks. However with the bit of the Q
grester than the valve CL16"a “]" bitsestered into the register bemg a “0™ bit, multiplexer 48 selects the $ X3
R register (F1G. 3). A “1" bit input to the R register s hlock as an cotput. This example fiustrates the condi-
tadicative Lhat the block may be coded more efficiently  tional replacement scheme.
using subblocks rather than a single 16 I6block. 50 ’I‘heouwotmnluphwaumpledunhpmb
However thould the value CLIE be greater than the  multiplexer 50. The other input of multiplexer 50 b
value CLI6, comparator 32 outpots 8 “0" bittothe R provided with the Q16 data, the 1616 block of quan-
register. The "0 bit in the R register is indicative that  tized DCT coefficients a3 provided from quantizer
the block of DCT cocfficlenty may be coded more efb- lookupnﬂemmmmmnuhpluuﬁu
ciently a3 2 16X 16 block. 55 the output bit of the R register. in the example itus-
Comparator 32 is also provides the outpat R bit asa trated in FIG, 2, the bit cutput from K register 48 is a
select input 10 multiplexer 3. Multiplexer 34 also bas  “1” bit thus selecting data as outpat from multiplexer 50
iopuns for recelving the CL16 and CLIG values respec-  that which was provided from maltiplexer 48, Should
tively provided from code length summer 160 snd  the R register 44 outpat bit valve be & 0" bit, molt
adder 30. The output from multiplexer 34 is the valve 60 plexer 50 would output the QC16 data.
CL1¢ should the R output bit be & “U" while the valoe The multiplexing scheme as dlustrated ‘i FIG. 2
CL1# is output shoukd the R outpot bit be 2 *1*, The nﬂnatheﬂodnsﬁmtomdﬂplum
cutput of multipicxer 34 is a value indicative of the total  sub-blocks QG2, QCA, QCR, QCI6 valtues into & com-
bits to be transmitted. posite block of DCT coefficients QC. In essence thit
!Ishouldbenotu!lhntheoverhudbmvnyﬁomﬁsstepnmmplnhed by three stages. The fint stage
one bit 10 up 10 tweuty-onc bits (1444 16) when 4X4  conditiopally replaces a 4X4 block of QC# with four
and 2 2 blocks are used everywhere within the 16X 16 szwthﬂmgmthemmtofmel’m
block. ter. The second stage conditionally replaces an 8x8

Ex. 1-18
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block of QC3 by four 44 sub-blocks as resaliing from  corresponding sab-blocka. FIG. .
theprwgnrpmxdhawth:mtnﬂhﬂ) ing in the serialization between blocks and sob-blocks as
register. The thind stage conditionally replaces the determined by the BSA data. i
16¢ 16 bock of QC15 with the result of the previous moutpmofus-ugmmmgz.mmndof
stsges if the R register contains a 1™ kit L] thcotdmdzssn;mﬁudbcreoe_ﬁmnoﬂhem

FIGS. 32 and 3b respectively fllntrate the exemplary mmmhhwmmtbnﬁuﬂm
P, Q and R register data end corresponding snd BSA bit theyqenomdfm'mn-lenmhcodm‘g.munlm
pattern, and the corresponding inverted quadiyes corre- cocfficicats are otput from cocfficient buffer 34 to

thereto. The lovel of hlerarchy involved i run-length coder 56 where run-length coding is pre-
that thould the bit siored in the R register be a *1”, a 10 formed 10 separate out the zeros from the non-zero
condition existy which is indicative that the image bock wdﬁdmmkm-hmhuwdlgathemn—moocﬂzd—
mybem:ﬁdmﬂymdedmhsmﬂub\qeh et values are sepamttly provided to corresponding -
Similarly, should the Q register contain any “I* bits it lookup tables. The run-length values are ontput from
farther indicates that the correspanding 8 x8 block may  rundength coder 56 as an input of run-length code
be more tffciently coded by smalles blocks. Similarly, 15 lockup table 58 where the valocs are Huffosan coded.
thoald the P register contain any *1” bits it forther  Similarly, the pon-zero cocfficient valoes are output
indicates that the comresponding #X4 block may be  from run-length coder 56 a3 an input to pon-zero code
more cfficicatly coded nsing four 2X2 blocks. Sbould  lookup table 60 where the values arc also Hoffman
any of the registers contain a “0” bit, this indicates that  coded. Although not lustrated it is further eavisioned
the block or sub-block may be coded more efficiently 20 thnrnn-lengthmdmm.wdelookupublumy
by using the size block related thereto. be provided for each block size. ]

For cxawple, the valve of the bit in the P register bit The Hoffnan run-length coded values aking with the
0 pasition, & “1™ bit, indicates that this 44 block may  Huffman non-2e0 coded values are respectively oatpat
* be mate efficlently coded wning four 22 blocks, while  from sun-ength Jookup code table 58 end non-zero
the “0r" bits in the P register bit positions indicate that 25 code lookup table 60 as inpats to bit field ssembler G2
the three 4 X4 are more efficiently coded psing corre-  An additional imput 10 bit field sssembler 62 is the BSA
Mg!x)ﬂmhﬂoww.lhebixvﬂu'ﬂ“hthe dsta from the P, Q and R registens. Bit field assembler
Q register fodicates that the four 4X 4 blocks, comprised 62 disregards the unnccessary bits provided from the P,
of one grovp of four 22 blocks and throe 4)(4 blocks,  Q and R regisiers. Bit field amembler 62 assembles the
may be mare efficlently coded by s single 8X 8 block. 30 input dats with BSA data followed by the combined RL
‘Therefore, the Q register data would override the P codes and NZ codes. The combined data is output from
reginter data. Once the P register dain was overridden  bit field assembler 62 to & trantmit buffer 64 which
by the Q register O position bit, data in the P register bit  temporurily stafes the data for trazsfer to the tranumit.
positions 0-3, noed pot be traxsmitted x part of the ter (zot shown),
block size assignment (BSA) dats, However, thonld a 35~ When the DQT subsystem is employed the coded DC
bit position in a higher register be o ¥1” bit, ach as bt DCT coefficients are omitted from transfer to trinsmit
position 1 of the Q register, the corvesponding Pregister  badfer 64, Instead the DQT cocfficients provided by the
bits are provided a3 part of the BSA data As isstrated  DQT subsystem, as an Inpat to bit field ansembler €2,
in FIG. 3a, the Q register bit position 1 isa “1" bitand  are transmitted. The formatting of data in this embods-
therefore the corresponding P register bits 47 arc pro- 40 ment is typically a data packet comprised in sequence of
vided in the BSA dsta. On a higher level, since the R sync, BSA, DQT snd DCT dat bits. Furthermore, the
register bit is a “1" bit each of the Q register bis are  packet may also inchude end of block code bits follow-
provided in the BSA data. ing the DCT bits.

Returming to FIG. 2, the composite block QC con- FIGS. 50-54 illustrates an alternats scan and sexial-
taint many zero cocfficient vatues which can be more 45 fzation format for the zig-zag scan serializer 52 In
efficiently coded by rundength codex. The mamber of ~ FIGS. 50-5d, the quantized DCT coefficients are
consecutive zeros o roas are sent insiead of the code  mapped into a gno-dimensional string by ordexing from
words for each rero. In order to0 maximize tha effic  low frequency to high frequency. However in the
cicocy of the run-length codipg, the cocfficients are  scheme illustrated in FIGS. S0-3d the Jower order fre-
ordered in 8 predetermined manner soch that the gccur- 50 quencies are taken from each block prior to taking the
reace of thort yuns {s minimized, Minimiration s done  pext higher freqoencies in the black. Should all coeficl-
by eocoding the coefficients which are Iikely to be  ents in a block be ordered, during the previoas scan, the
noo-zexos first, and then encoding the coefficients that  block is skipped with priority given to the next block bn
are more Likely to be zeros Jast, Because of the energy the scan pattern. Block 10 block scanning, as was done
compaction property of DCT towards low frequency, 55 with the scanning of FIGS. 4o-4¢ iy 2 lefi-to-right, up to
zonia) of vertical details, diagomal scan or rig-zag scan As previously mentioned the present invention imple-
of the coelicients is preferred. However, becanse of the  ments a new and previously undisclosed transform iden-
variable block sizes used, (he zig-zag scan bas to be  tified berein a3 the differential Quadtree tramsform
modified to pick out the Jow frequency components 60 (DQT). The basis for this tansform is the recurive
from each sub-block first, but at the same time follow  application of the 2X2 DCT on & quadtyee feprestats-
the diagoasl sesoning for coefficients of simiar fro- tion of the subblocks. At the bottom of the inverted
quency, technically when the sam of the two frequency  quadiree, for example the quadtree illustrated in FIG.
mdmm_:r.hem 35, the 2X2 DCT operation is performed and the node

Accordingly, the qutput composite block QC from 65 is assigned the DC vaue of the 2X2 DCT transform,
multiplexer 50 is input to zig-zag scan serializer 52along ~ The nearest podes are gathered and nother 22 DCT
with the BSA data (P, Qand R). FIG. 4 fllustrates the is performed. The process it repeated uatil a DC valoe
zig-iag ordering of the block data within blocks and  is assigned 0 the root. Only the DC value st the root ks
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coded at a fixed number of bits, typically 8-bits, while  signal N, for providing the DC DCT coefficient (DCy)
the rest are Huffman coded. Becawse each 2X2 DCT  and the AC coefficients (ACy) from DCT element 78,
operation is nothing more than a sum and a differenceof ~ Multiplexer 80 crestes a composite 88 block of DC
anmbers, no multiplications are required, and ali coefi-  and AC DCT coefficients, block $1. Block 81 is identi.
cients bn the quadtree, except DC, represent the differ- 5 cal in arrangement with respect 1o the AC DCT coeffl-

ences of two sums, hence the pame DQT. Theoretically
lhi:typ:ormnsfumumluudt_hcpu{mmgmo!’
16% 16 DCT coding. However the implementation of

cients (ACy) a3 outpot from DCT element 74 in block
75. However in block 81 the DC DCT coefficients
(DCy) and AC DCT ecefficients (ACy) replace the DC

the DQT transform has the sdvantage of requiring  DCT coefficients (DCy) in block 75 as it was output
seemingly sople hardware in addition to saturally 10 from DCT clement 74. As illostrated in FIG. 6, the
implementing the adaptive block size coding. Further-  circled DC DCT coefficients (DCy) and AC DCT coef-

mare the quadtres structure allows the coding of the
zero coelficients by simply indicating the abseoce of a
subtree when all sub-blocks under the subtree contsin
ouly zeros.

FIQ. 6 illustrates an exemplary implementation of a
DQT subsystem. In FIG. 6, the same 1616 block of

ficients (ACy) in block 81 replace a corresponding DC
DCT cocfficients (DCy) in the 38 block arrangemnent
of block 75. In biock 81 since there is only oae DC

15 coefRcient for every filteen AC coefficients, the com-

posite tlock is considered as four 434 blocks.
The four 44 blocks of DCT cocfficients outpt

pizel data is received as that of the subsystem of FIGS.  from Multiplexer 80 is provided to selector §2. Sclector
1 and 2 such that the DQT processing is 82 provides the AC DCT cocfficients (ACy) and (ACy)
in parallel to the adaptive block size data processing. 20 from the input block of DCT cocfficicats as sn input to
The input block of pixe! dats is provided to 2X2 DCT  multiplezer $6 while providing the DC DCT coefficl-
¢element T8 which paxforms sixty-four 2X2 twodimen-  eaots (DCqdas & 22 block’' of DC DCT coefficients
sional DCT operations on data. The cutput of DCT  (DCy), block 83, to 22 DCT clement 84,

element 70 is comprived of & 16x16 block of DCT DCT element 84 performs & 2X2 two-dimensional
coefficienty, block T1. For each 22 block of pixel data 25 DCT operations on the input block of DC DCT coeffi-
processed by DCT element 70, the corresponding out-  cients (DCy). The output of DCT clement 78 is com-
put b compeised of coe DC DCT cocfficient (DC)and  prised of a 2X2 block of DCT coefficicnts, biock 88,
three AC coefficients (AC2). For the 2X2 block of DC DCT coefficients (DCy)

The 1616 block of DCT cocfficients output from by DCT clement 84, the output is -

DCT element T0 is provided to selector 72. Selector 72 30 of one DC DCT coefficient (DC)¢) and three AC DCT
removes the AC DCT coefficients from the iaput block  coefficients (ACig). The output DC DCT coefficient
of DCT coefficients and provides an output $X3 block  (DCi4) and AC DCT coefficients (AC1) are provided
of coprived of DC DCT coefficients (OC;) only. The a3 ancther input to multiplexer 86

82 block of DC DCT coefficients (DCy), block 73, is Multiplexer 86

provided 10 22 DCT element 74.

DCT clement 74 performs sixteen 2X(2 two-dimen-
sional DCT operations oa the input block of DC DCT
coefbicients (DCz). The outpat of DCT element 74 is
comprised of an 38 block of DCT coefficients. For

pormally provides an output of the

33 AC DCT cocfficients (AC) and (ACY) from malti-

plexer 80 (via separator §2). Multiplexer 86 iy respon-
sive to a coatrol signal Nj for providing the DC DCT
cocflicient (DCyg) and the AC coefficients (ACy¢) from
DCT clement 84, Multiplexer 86 creates a compogite

cach 22 block of DC DCT coefficients (DC) pro- 40 8 X8 block of DC and AC DCT coefficicots, block 87.

cessed by DCT clement 74, the correspoading oatput is
comprised of cae DC DCT coefficient (DCy) and three
AC DCT coefficieats (ACy). As iltustrated in FIG. 6,

" the circled DC DCT cocfficicots (DCy) and AC DCT

cocfficients (ACy) in block 75 replace a corresponding
DC DCT cocfficients (DC2)in the 8 8 block, block 73,
armngement as output from selector 72,

The 3X8 block of DCT coeflicients oatput from
DCT element 74 Is provided to selector 76, Selector 76

provides the AC DCT coefficients (ACy) from the 50

inpat block of DCT coefficients #3 an input to multi-
plexer 80 while providing the DC DCT coefficients
{DCy) m four 22 blocks of DC DCT coefficients
{DCy), block 77, to 22 DCT clement 78.

DCT element 78 pesfosms four 2 X 2 two-dimensional 55

DCT operations on the input block of DC DCT coeffi-
cients (DCy). The output of DCT element 78 it com-
prised of an 44 block of DCT coefficients, block 79,
For each of the four 22 blocks of DC DCT coeffici-

mn(p&)pmmdbybcrelcmm?&themw

output is comprised of one DC DCT coeffici-
eat (DCy) and three AC DCT cocfficicnts (ACy). The
output DC DCT coefficient (DCg) and AC DCT coefhi-
cients (ACy) are provided as another input to mult-
plexer 80.
Multiplezer 30 normally provides an cutput of the
ACDCT coeflicients (ACy) from DCT element 74 (via
scparator 76). Multiplexer 80 is responsive to a control

Ex. 1-20

Hlock ¥1 is identical in mrangement with respect to the
AC DCT coefficients (ACg and (ACy) a3 ontput from
multiplezer 80 in tlock §1. However in the block §7 the
DC DCT coefficient (DC)) and AC DCT coefficients
(ACy9 replace the DC DCT coefficlents (DCy) in
block 81 a3 output from multiplexer $0. As illustrated in
FIQ. 6, the circled DC DCT oocfficient (DCgy ind AC
DCT ooefficients (ACig) in block 87 replace a corre-
sponding DC DCT coefBicients (DCy) in the 33 block
arrangement of block $1. In block §7 since there s only
ooc DC coefficient for every fifteen AC cocflicients,
the block is considered »3 one 88 block.

The 8 8 block, block 87, ootput from multiplezer 86
is comprised of what are considered Discrete Quadtree
Trmform (DQT) coefficients, The DQT coefficients
are then quantized by providing the coefficient valoes
to quantizer look table 83.

Quzntiver lookup table 88 may aho be implemented
in conventional read only memory (ROM) form with
value of cach trangform coclficient is used to address a
corresponding memory location 10 provide an output
data signal indicative of a corresponding qoantired
transform coefficient value. The of quantizer
lockup table 88, indicated by the refereace signal QCI1S,
is an 88 block of quantized DQT coefficient values.
Although not illustrated, again the DC coefficient
(DC1) of the DQT transform operation may be option-
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ally treated separately rather ther through the corre-  plexer 96 is responsive to the bits of R register 44 for
spzndinaqmﬂi:ab{aknpubh providing an outpat of the DQT coefficient valoes and

The DQT coefficients arc provided as an output of
lookup table 38 to code length lookup table
quantized DQT coefficient values are each 3
coded using variable length code, such as a Hoffman
code, in order to minimize the data rate. Code wards
and correspanding code lengths are found in the form
of code kength lcok up table 90. Each of the quantized
DQT coefficicans DCjs. ACi ACyand ACy, are med
to Jook up in the code length table the corresponding
oumber of bits required to code each coeflicizst. Code
length Jookup table 90 may also be implemented in read
only wemory form with the DQT coefficients address-

13

are provided to multiplexers 150-13d of FIG. 1 for
replacing DC DCT cocfficient code
Jength value for each block and sub-block in the block
sizr determination a5 was discussed with reference to 20
FIGS.1ad 2.

In FI10. 7 the 64 gpantized DQT coefficient vahies of
block 91 are selected for replacement of the DC DCT
coefficient valoes for the block sizes as determined by
the block sire determination made in accordance as 25
discuysed with reference 10 FIGS. 1 and 2. The values
stored in P, Q 22d R registers 40, 42 and 44 are vsed in
selecting the DQT coefficient values for replacement in
the block aad sub-blocks of the DC DCT coeflicient
valocs.

The DQT cocfficient values we provided from quan-
tizer lockup table 83 (FIG. 6) to one input to mult-
plezer 92, At the other input of moltiplexer 92 a duxmy
valoe 1 b provided. Multiplexer 92 is responsive to the
bits of P register 40 for providing an output of the DQT 35
coefficient values for the eatire 2(2 sub-block when a
*1" is in the P register 40 bit positico. When the value
in P register 40 bit position is & *0™, only the DQT
coeficient value which corresponds to the DC coeffici-
ent valus of the sub-block b cutput with the remaining 40
valoes output being the dummy values x. The valoe 1 is
used mercly to maistain the armangement within the
sub-block with these values eventoally discarded, Using
the data in the sixteen bit position of P register 40 as
provided in the example as given with refamce to 45
FIGS. 1 and 2, composite block 93 is formed.

The sub-blocks of DQT coeflicients and dummy val-
ues ¢ outpot from multiplexer 92 are provided as one
input to multiplexer 94. At the other input of wulti-
plexer 4 the dummy value x is again provided. Multi- 50
plexer 94 i responsive 1o the bits of Q register 42 for
providing an output of the DQT cocfficient values and
dummy velues x for an catire 4X4 mub-block as pro-
vided from muitiplexey 92 whes » 1™ is in the Q regis-
ter 42 bit position. When the valve in Q register 42 bit 53
position is a “U™, only the DQT coefficient valne which
corresponds to the DC coefficient value of the sob-
block i3 output with the rematning values ontpot being
the dummy values x. The value x s again used to
mainiain the arrangement within the sub-block with 60
these values eventnally discarded. Uting the data in the
four bit positions of Q register 42 as provided in the
example a3 given with reference to FIGS. 1 and 2, com-
posite block 95 is formed.

The sub-blocks of DQT cocfficients and dummy val- 65
ugs x output from multiplexer 94 are provided as one
input to multiplexer 96. At the other input of multi-
plexer 96 the dummy value x is again provided. Multi-

3

dummy values x for sn entire 16 16 block 23 provided
from multiplexer 94 when & “1” is in the R register 4
single bit position 0. When the value in R register 42 bit
position 0 is a 0", cnly the DQT coefficient value
which 10 the DC coefficient valog of the
block is output with the remaining values ontput being
the dummy values x. The value 1 is again vsed merely to
values eventually discarded. Using the dats in single bit
position of R register 44 m inthe ']
given with reference to FIGS. 1 and 2, compozite block
97 i formed.

A comparison of block 97 with the representative
block for the values QC of F1G. 2 reveals that for each
8X & DCT coefficient block of QC 1o be encoded a
single DQT coefficient value exists. Similardy for each
4x4 and 22 DCT coefficient block of QC to be ea-
coded a single DQT coefficient value exists, Although
in the example given the block was not encoded o3 »
16316 block had this been the cate a single DQT value
would have boen generated in the composite block.

The DQT coefficient valocs are outpat from multi-
plexer 96 to rig-zag scan seriatizer which arranges the
DQT coefficients and dummy values x in a manner that
w3 discussed with reference to FIGS. 4a and 4. The
zig-zag scan serialized data is provided to valoe removal
logic 99 which removes the dummy vahues X using in-
formation & the pesition of the dummy vatnes
x based upon the P, Q and R register dats. It shold be
tnderstood that the use of the domrmy valoes 1 may be
climinated using & more claborste multiplexing scheme.

The DQT coefficient values ocatput from logic 99 b
provided to code lookup table 66 the values are coded
also preferably using a Hoffman code. The coded DQT
cocfficient values are output from code lookup table 66
to bit field assembler 62 of FIG. 1. Bit fcld astembler 63
&3 previously discussed in arranging the data for trans.
mission provides the coded DOQT coefficients along
with the coded AC DCT coefficlents, while removing
the coded DC DCT coefficients from the data

FIG. 8 llustrates the implementation of a receiver for
decoding the compressed image signal genenated ac-
carding to the parameters of FIGS. 1 and 2. In FIG. &,
the coded word b output from the receiver (not shown)
10 a receive buffer 100, Receive buffer 100 provides an
outpot of the code word to 102 Reccived
code words include by their natvre the BSA data, the
DQT coded coefficients, and the coded DCT coefBel-
ents in the form of the RL codes and NZ codes. All
that the length of each oode word need not be known to
scparate and decode the code words,

Separtor 102 separates the BSA codes from the the
DQT coded coefficients apd the coded DCT coeffici-
ents since the BSA codes are transmitted and received
first before this dats. The first received bit is loaded into
an interoal R register (not shown) similar to thas
FIG. 2. An cxaminstion of the R register determines
thltﬂ'lhebithl“O".theBSAeodcisonlymebitbng.
Separator 102 also includes Q and P registers that are
initially filled with zeros. If the R register contaims u * ™
bit, four more bits are taken from the receive buffer and
loaded into the Q register. Now for every “1” bit in the
Q register, four more bits are taken from the recedve
buffer and loaded into the P register. For every "0” in
the Q register, nothing s taken from the receive buffer
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but foux “0" are loaded into the P register. Therefore,  vides the coded DQT coefficients to decode Jookap
the possible Jengths of the BSA codois 1, 5,9,13, 17and  table 120, Lookup table 120 is essentially an inverse
21 bits. The decoded BSA dats is output from separator  loakup table with respect to Joakup table 66 of FIG. 7,

apd s such is a Huffman decoder lockup table. The

Separstor 102 also scpasates the the DQT coded 5 gutput of keokup table 120 are values corresponding to
cocflicieats from the coded DCT coefficients. Separs-  the decoded DQT coefficients and are inpuj to valse
mlﬂmthcbqreodedoodﬁdcnnm_them'l‘ insertion logic 133. Logic 122 also receives the BSA
dwoduwhminmudinfmhﬂdmﬂmma.!'. data which is in essence the valves for the P, Q, and R

Separator 102 also outpats the coded DCT coeffich-  registers. Logic 122 recoastructs the block/sab-blocks
cats in the form of RL codes mnd NZ codes respectively 10 with the DQT data snd dummy vadues x to prodoce a
10 RL decode lookup table 104 and NZ decode Jookitp  commposite serialized block of DQT and dummy values
inverse Jookup tables with respect 1o lookup tables 38 yi0ek 97 of FIG. 7.
and 60 of FIG. 1. The output of lookup tsble 104 are The DQT coeflicients and dummy values are outpot

correspooding

ing to nem-length sod sre input 10 15 from Jogic 122 to inverse zig-zag scan serializer 124

valoes

ren-ength decoder 108, . which arders the coefficients according to the scan

lookup table 106 are also iput to roo-lenglh decoder gjeh poeivey the BSA tignal from separator 102 to assist

decodal codfiients 10l Pro et 1 o vy~ Cuta it a composite cocfficient block deutical to that

ent buffer temrporarily stoces

The ) coelicients Lre mhillmﬂs-ns of block 97 of F1G. 7. The block of cocfficient data is

scan serializer 112 which orders the coefhicients sccord-

. . vense quantizer Jookup table 126.

ing to the scxn scheme employed. Inverse zig-zag scan . .

ali lnmuvutthSA:!snﬂmmu:B In inverse quantizer Jookup table 126 an inverse quan-

102 to aseist in proper ordesing of the and s quantization. Inverse quantizer Jockup table 126 ma
il i p 2 y

bbdweﬁumtmlplmpgateeocﬁmxhbck. also bo employed 23 2 ROM device which contain the

The block of cocfficicat data i output from fnvene quantizatipn factoes from that of quantizer lookup table

i}u;ngﬂh&u.mmdrapwﬁvdym!bdtoa

omm&whmﬁpu;mmmmh-‘

tizer value is applied o each coelficient to ido the

mvene Y Tool table 30 88 The cocflicients are output from each of mverse

W quantizer lookap tables 125 to scparator 128,

% undo the Inverse quantizer lookup o 1159. IDCT clement 1160 therefore receives the DC
T T T ey b e ROM G ricms 35 DQT coeffcient (DC1) via wraltplezer 115, It should
which coutsip the quantization factors from that of ~ b¢ Doted that although these values are seat to muhi-
quantizer lookup tbles 120-12d. The coefficients are  Plexcr 155q, the AC cocfficients (ACy) are 501 ogtput
output from cach of inverse quastizer Jookup tables  from the multiplexer, With respect 1o the DC coeffici-
114-114d 10 8 corresponding fnput of muitiplexers <3t (DCte) this value is ostput from the mobipleacy but
1181154 ‘omyul_!:mfel'yb.emwxdedm_ubebumn

The other inpus of each of moltiplexers 115a-115d4s  block size which is not selected sccording to the block

to the DQT decoder subeystem of FIG. 9.  Sizt mssipmment. In an alternate embodiment the clti-

Multiplexers 11501184 are each responsive to s respec-  Tnate umused vatue may 1ot be sent to multiplexer 1150
tive control signal Y,-Yfoz providing an outpus of the O inhibited theveat using the BSA data. In FIQ. 7 this

DCT' coefficient values provided from imverse 45 valoe is not graphically fllustrated as an input to cb-

quantizer lookup tables 1140-114d and the DQT coeffic.  block combiner 118.
cienty valnes, which replace the DC DCT cocfficient Separator 128 sho provides the DC end AC DQT
values. The DQT/DCT coefficeats are output respec-  Socfficicnts (DCy) and (AC1¢) to 2X2 inverse discrete
tively from multiplezers 1150-118d to inverse discreie  ©osine trangform (IDCT) element 130 while providing
cotipe transform (IDCT) elements 116a-116d, 350 Al of the other values of the $X 8 compoite block at an
IDCT element 116a forms from the 16X 16 coefici-  foput to multiplexer 152, Mustrated in block 129 are the
ent block, if preseat, s 1616 pixel data block whichis  telcvant vatues provided to IDCT clement 130,
then output to sub-block combiner 128, Similuly, DCT IDCT element 130 performs one 2X2 inverse dia-
1163 tramforms respective 88 blocks of coefficients,  Crete cosine transform on the 2X2 block comprised of
if present, to 8X8 blocks of pixel data. The cutpat of 35 ooe DC and three AC DOQT coefficients, (DCyg) and
IDCT elanent 1164 is provided to sub-block combiner  {AC14s), 30 as to produce four resuktant DC DQT coef-
118. IDCT elements 116c xnd 116d respective tramform  Gicients (DCy) which are provided as an inpat to malti-
the 4X4 and 2X2 coefficient blocks, if present, to cor-  plexer 132, The DC DQT coefficients (DCy) are abo
responding piael data blocks which are provided to  provided 1o maltiplezer 1152, In the example provided,
sub-block combicer 138 Sub-block combiner 118 i 40 two of the DC DQT coefficients (DCy), circled in block
addition to receiving the cutputs from IDCT elements 135, are tsed in the final block dats in place of the DC
116a-116d sko reccives the BSA dats from sepanator  DCT coefficient that was ot seot. A3 was discussed
102 t0 as to recoastroct the blocks of pixel data into a  with teference to the values provided to multiplexer

single 16X 16 pixel block. The reconstructed 1616 135, in the present example the other two of these
pixel block is output to a reconstruction buffer (not 65 values are also unused in the final block assignment
shown) for ultimate tranifer to the display system, data In FIQ. 7 these vansed computation values are not

FIG. 9 illastrated in forther detail the strocture of the  graphically dllostrated o3 an inpet to sub-block combiner
DQT decoder subsystem wherein separator 102 pro- 119, .
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Multiplexer 132 provides all of the values from sepa-
rator 128 as an output to separstor 134. Multiplexer 132
alto receives the DC DQT coefficient values (DCy)
from IDCT element 130 and in respozsc to a control

sigeat Z; the DC DQT cocfficients (DCy) are output to 5

separxtor 134 at the ing place in the
jite block for the DC and AC DQT coefficients, (DCie)
and (AC1g)

1M provides the DC and AC DQT cocffi-

cients {(DCy) and (ACy) to 22 inverse discrete cosinz 10 size image

24
valnes are ako unmed in the fival block sssignment
data, In FIG. 7 these unused valnes along with the
dummy value computstion resalts are not i
ilustrated as an input to sub-block combiner 118,
As was discussed with reference to FIG. 8, the DQT

coefficient for cach relevant block sire. The DQT im-
plementation is readily adaptable to the adsptive block
scheme as disclosed besein. The

trapsform (IDCT) element 136 while providing all of  DQT subsystem reduces the dats rate by providing a

the otker values of the 8 8 composite block as an input
to multiplexer 138. Mnstrated in block 135 are the rele-
vant valoes grovided to IDCT element 136,

redoction in bits that need to be sent. Forthermore, a
DQT subsystem implementation has no effect on the
number of ovethesd bits in the adaptive block size

IDCT element 136 perforna four 2X2 inverse dis- 15 image compression scheme, In fact the use of the DQT

crete cosine tramsforn on each of tha four 2X2 blocks
of compeised of one DC and three AC DQT coeffici-
enty, (DCq) sod {ACy's) 50 as to produce sixteen resak
tant DC DQT cocificicats which are provided as

processing scheme results in a redection in the number
of bits that need be trantmitted far those cases in where
the numbes of smaller blocks is great.

FIG. 10 iltustratey in block diagtam form & fow chart

an input to multiplexers 139 and 115¢. In the provided 20 for signal comprestion of the present invention. FIG. 10

example the IDCT computation is perf:
the two left hand side sub-blocks of block 135 using the
DC DQT coefficient (DCy) amd tree dunmy valoes
for the three AC DQT coefficients (ACy). Since the

ormedineach of  briefly illustraies the steps isvolved in the processing a3

discussed with refereoace to FIGS. 1, 2, 6 and 7, Simi-
larly, FIG. 11 fllustrates the decompression process of
transmitted imagn data to resolt i the out-

compresed
result of the IDCT computations using dummy valnesis 25 put pixel data. The steps illiestrated in F1G. 11 ave previ-

oot an actual DC DQT coefficient these values may be
transmitted to multiplexer 115¢ but will remain unused.

The DC DQT coefficients (DCy) are 13 output from
IDCT diement 136 provided to exer 115¢, Again

ously discussed with reference to FIG. 9 and 10.
tize processing scheme without making any sacrifice in

for the example provided, six of the eight DC DQT 30 the bit per pizel rutia. It is also belicved that a bit per

coeflicients (DCy), circled fn block 139, are nsed in the
final Block data in place of the DC DCT cocfficient that
was oot sent, As was discussed with reference to the
values provided to multiplexers 1155 and 1155, in the
present example,
uaused in the final block assignment data. In FIG. 7
thete unused valoes aloag with the dumnmy valoe com-
putation resohts arc not graphically illustrated as an
input to sub-block combiner 118.

Multiplexer 138 provides the values outpat from sep- 40

arstor 134 as sn input to 2 2igverse discrete cosine
transform (IDCT) element 140. Multiplexer 138 also
receives the DC DQT coefficient values (DCy) from
IDCT element 136 and in respoase to # control signal

Z3the DC DQT coellicients (DCq) are ovtput to IDCT 43

clement 140 &t the corresponding place in the composite
block for the DC and AC DQT coefficients, (DCy) and
(ACq). Hustrated in block portion 141 are the relevant
valoes provided to IDCT element 140

the other two of these valoes me alyo 35

pixel ratio of sbout “1* and even substantially Jess than
this level wonld provide substantial improvement in
image quakity sofficient for HDTV apphications when
using the techniques disclosed berein. It i envisiooed
that many varistions o the invention may be readily
made upon review of the present disclomere.

The previons description of the prefeared embodi-
ments is provided to enable any person skilled in the art
to make o7 vse the present lnvention, The various modi-
ficatinns to these exbodiments will be readily apparent
to those skilled in the art, and the generic principles
defined berein may be applied to other embodiments
without ths vse of the mventive faculty. Thus, the pres-
ot invention js not intended to be Emited to the em-
bodiments shown berein but is to be accorded the wid-
est soope coushitent with the principles and novel fes-
tures disclosed heredn,

] claim:

1. In an adaptive block size image compression sys-

IDCT element 140 performs sixteen 2X2 fnverss 30 tem for compressing 8 block of input pixel data

discrete cosine transform om the 22 blocks each com-
prised of cne DC and three AC DQT coefficients,
(DC4) and (AC4's), 50 13 to produce sixty-foar resaltant
DC DQT coefficients (DC3) which sre provided as an

transnsission by performing a discrete costne tramsform
(DCT) operaticn oa the block of pisz! data and oo at
least one predetzrmined jevel of constituent sob-blocks
thereof 3o as to ing tmage block snd

produce corresponding
hpnlwmﬁﬁplnullﬁ.h!hcwiddempb.m 55 sub-blocks of DC md AC DCT coefficient values; do-

IDCT compuistion is performed In each coefficient
sub-block in block 139 including those without AC
DQT coefficients (ACy) by using three dummy values
for the three AC DQT coefficients (ACy). Since the

result of the IDCT computations using dummy vales &s 60

801 an actual DC DQT coefficient these vatocs may be
transmitted to multiplexer 1154 but will remain moused.

Agtin for the exsmple provided, eight of the sixty-
four DC DQT coeflicients (DCy), circled in block 141,

termining for each image block and esch

group of image sub-blocks of DCT cocHicient values s
bit count cormesponding to the nxmber of bits required
to respectively encode the image block and each corre-
sponding group of image sub-blocks of DCT coefficient
values accordmg to @ predetesmined coding format;
determining from the bit count ones of the image block

and correspoading group of kmage sub-blocks of DCT

cocfficient values requiring a Jesser aymber of bits to

are used in the final block data in place of the DC DCT 65 encode acconding to the coding format; selecting ones

coefficient thal was not sent. As was discussed with
reference 1o the values provided to multiplexer 118
and 1184, in the present example, the other two of these

of the image block and image sub-blocks of DCT coeffi-
Cicnts values requiring & lesser number of bits to encode
sccording to the coding format 50 a3 to form a compos-
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jte image block; ordering the DCT coefficient values of first DCT operation performed on said at least oge
the composite image block according to a predeter- | block of data to provide first sab-blocks of AC and
finsd ordering format; encoding the ordered DCT DC DQT cocfficient valucs, performing at lesst
coefBcient of the composite image block scoord- oae additional DCT aperation wherein cach of said
ing to the encoding format; and assembling the encoded § at least one additioes) DCT operation is performed
crdered DCT coefficient values of the compenite image oo resuitant DC DQT coefficient data of s preced-
block along with information identifying the selected ing DCT cperation, and selecting ones of AC and
ones of the tmage block snd image sob-blocks of DCT DC DQT cocfficient values 0 provide & DQT
coefficlent values of the composite image block, a sub- composite block of AC xod DC coefficient values;
system for providing further compression of the block 10 and
of pixel dats comprising: cucoding means for receiving said DQT composite
discrete quadiree trensform means for, receliving said block, selecting valnes from sgid DQT j
fnput block of pixe] data, performing a first discrete biock and encoding saxd sclocted values of xaid
cosive transform (DCT) operaticn on sxid block of DQT composite block to provide a signsl indics-

pixel data 30 23 to produce & corresponding fmt 15 tive of compressed DC DCT coefficient values.
block of DC and AC DCT coefficient valoes, per- 4. The spperatms of cldim 3 wherein mid dbcrete
forming a series of additional DCT operations with  quadtree means comprises:

a first additiona] DCT operstion performed on said ot least one DCT means for receiving said at Least one
DC DCTY coefBients af said fint block of DC and block of data and performing a seriea of DCT opes-
AC DCT cocfficient values with each subscquent 20 ations to provide AC and DC DQT coeffcient
additional DCT operation pesformed on resultant valtes with a firg DCT operation performed on

DC coefficients values of a procesding additional said at least one block of data snd with additional
DCT operation with a last additional DC operation DCT opemtions performed on sub-blocks of so-
producing & corresponding Iast block of DC and lected DC DQT coefficient valwes; and
AC DCT cocfficient valves, and providing an out- 25 selector mesns for receiving said AC snd DC DQT
put of said kst block of DC and AC DCT coeffici- cocfficient values selecting ones of s3id AC and
ent valoes; DC DQT, cocfficient values 1o provide said sub-
code length determination means for, receiving each blocks of selected DC DQT coefficient values in
of said last block of DC and AC DCT coefficient accordance with & predetermined selection format

valuzs, generating a cosresponding code length 30 5. The apparatus of claim 4 wherein said at Jesst one
value corresponding toa leagth of each of said lat DCT means comprises a plurality of single DCT means
block DC and AC DCT coefliciknt valoc a3 en-  wherein each of s2id single DCT mesns is for perform-
coded according to said predetermined coding  ing a8 comresponding co¢ of said series of DCT opers-
formal, inserting each code length vatue in place of  tioms.

s DC DCT coeflicknt for each comesponding 35 & The apparstns of cliim § wherein sid selector
image block and image sub-block in sxid bit count  means forther comprives:

determination, wherein said ones of said image 11 least ooc multiplexer means far receiving AC and

block and image sb-blocks are selected for said
camposite image block using said corresponding
code Jength valoes; and

1 means for receiving each of said last
block of DC and AC DCT coefficient values and
repheing cach DC DCT coefficient of said se-
lected ooes of mid image block and fmage sub-

blocks of sald composite tmage block with a corre- 45

sponding one of said last block DC and AC DCT
coefficlent valnes,
2 The subsysicm of claim 1 wherein said replacement
mexns farther comprises:

DC DQT cocfficient values from » corresponding
ooe of said at lexst coe single DCT wean and
sclecting ones of aid AC snd DC DQT coefficient
valomy to provide intermediate DQT composite
blocks of AC and DE DQT coefficient values; and

at least one gingle sclector means for recefving maid.

intermedixte DQT composite blocks, selecting val-
ues from said intermediate DQT composite blocks
to provide sald suh-blocks of selocted DC DQT
coefficient values.

7. The apparatus of chiim 3 wheyein said at Jeast one
block of data comprises pixs] dsta.

ordering means for ordering sxid lsst block DC and 50 8 The apparatus of claim 3 whegein said at least one
AC DCT vcocficizat vilues sccording to said pre-  block of data comprisey sxid sub-blocks of AC and DC

determined ordering format; and
eocoder means for enocoding each of eaid last block

DCT coefficient values.
9. The apparatus of claim 6 wherein said encoding

DC and AC DCT coefficient valuey scoording to means is respontive to & selection

said predetermined encoding format.

10. The apparatns of claim 9 wherein said encoding

3 In an adaptive block size compression system @eans comprises a replacement means for receiving axid

whertin a block of pized data is tnndormed to ACand  DQT composits block of AC and DC DQT coelficient
for a block and constituent sch-blocks of pixel data, and  values of said camposite block of AC and DC DQT
wherein the AC and DC DCT coefficient values of & 60 coefficient values with » predetenmined dmmmy valoe

compexite block of selected ones of said block and con-

in sccordance with said sclection signal to provide a

stituent sub-blocks of pixe] dats are provided for trans-  value replaced compesite block.

mission, an apparatm for compressing said DC DCT

discrete quadtres means for receiving at least one 65

block of data representing said block of pixel data,
perferming s plurality of DCT openations 1o pro-
vide AC and DC DQT coefficient values, with »

11 Tbe spparatvs of claim 10 wherein s2id encoding
means further comprises:
zig-zag scao serisliver means for receiving said valpe

replsoed composite block and reordering the mem-
bers of s2id value replaced composite block to
provide 1 reordered composite block; snd
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valee removal logic means for removing selected

to provide a compressed composite block.

12. The apparatus of claim 11 further comprising 3
quantization mesns for receiving said compressed com-
podmhbckmdqmﬁugvnhu.dnﬂmmed
composite block in scocordance with a predetermined
quantization format .

13. In an adaptive block size compression system 10
wherein a block of pinel data is transformed to AC and
DC discrete cosine transform (DCT) coefficient data
for a block and at least one constituent level of sub-
blocks of pixel data, and wherein the AC and DC DCT
cocfficient values of a composite block of selecied ones 15
of said block and constituent sub-blocks of pixel dats are
provided for transmission, 8 method for compressing

receiving at least ome block of data;
performing a series of discrete cosine transformation 20
{DCT) openations o provide AC and DC DQT
coclfiicient values with a first DCT operation per-
formed on said at least one block of data to provide
first sab-blocks of AC mmd DC DQT cocfficient
values and at least one additional DCT operations 25
iy performed on sub-blocks of selected DC DQT
coefficient values resultant from & preceding DCT
operation of said serics of DCT operations; and

sclecting ones of AC and DC DQT cocfficient values
resultant from said frst DCT operation snd sxid a1 30
least one additional DCT operation to provide &
DQT composite block of AC and DC DQT coelfi-
clent valves,

14. The method of claim 13 further comprising the
stepa of: 35

receiving a sclection signal;

replacing values of said DQT composite block of

sclected values with a predetermined dummy ele-
ment in socordance with said scloction signal to
provide a value replaced composite block.

13. The method of claim 14 further comprising the
steps of:

reardering the elcmeats of said value replaced com-

posite block in accordance with a predetermined
g zag format to provide s reordered composite 43
block; and

removing selected elements of sxid reardered com-

posite block in accordance with said selection sig-
nal to peovide a value removed compasite block.

16. The method of claim 15 forther comprising the 50
step of quantizing the values of said valoe removed
composite block to provide quantized values.

17. The method of claim 16 forther comprising the
siep of encoding said quantized valoey in accordance
with a predetermined coding format.

18. An tmage compressico appanatus for compressing
dala representative of a block of pizel data comprising:

33

sub-blocks of pixe! data thereof to provide corre-
spoading AC and DC DCT coefficient values for
s2id block and constituent sub-blocks and selecting
ones of said AC and DC DCT coefficient values to 65
provide a composite block of AC and DC DCT
cocflicient valies representing said input block of
pixel dats;

28

DC DCT compression means for compressing the
DC DCT values of sid composite block of AC
and DC DCT coefficlent valoes by performing 2
series of DCT operations to provide AC and DC
DQT coefficient values, with a first DCT opers-
ticn pexformed on sub-blocks of said DC DQT
values of said comtitvent sub-blocks of pixel data
snd additional DCT operations performed on sub-
bloeks of DC DQT values from preceding DCT
openations of said series of DCT operations and
encoding ones of sakd AC and DC DQT coefficient
values to provids compressed DC DCT coefficient
values; and

combination means for receiving said composite
block of AC and DC DCT and said
DC DCT coeficient values snd combining gaid
composite block of AC and DC DCT and said
compressed DC DCT coefficient valoes to provide
a composite block of AC and campresed DC

DCT coefficient values.
D.lhgamnmofch;hllwhudnuidbct)cr
COMprestion meLns comprises:
discrete quadtree meam for said series of

DCT operations oo said sab-blocks of DC DQT
coefficient values to provide mid AC and DC

- DQT cocfficient values, with sald first DCT opers-

tion performed on said sub-blocks of DC DQT
coefficient values of sxid constituent sob-blocks of
pixel data and sid additional DCT operations per-
formed on said sub-blocks of DC DQT valnes from
preceding mid DCT operstions of said series of
DCT operations, and sclecting ones of sxid AC and
DC DQT coefficient valoes to provide sid DQT

encoding tesns for receiving compoxite
block and encoding zaid selected values of xaid
DQT composite block to provide said compressed
DC DCT cocficient values.

40 20. The apparatus of chaim 19 wherein said discrete
quadtrec means comprises:

at least one DCT means for performing said series of
DCT operations on said sub-blocks of DC DQT
cocfficient values to povide mid AC and DC
DQT coefficient values, with mid fint DCT opers-
tion performed on said sub-blocks of DC DQT
cocflicient values of s2d constituent sub-blocks of

said preceding DCT operations of sid sesics of
DCT operations, and selecting ones of said AC and
DC DQT coefficient valves to provide taid DQT
composite block; and

selector means for recelving said AC and DC DQT
coefficiert valoes selecting mid ones of said AC
and DC DQT cocfficient values © provide said
sub-blocks of DC DQT values.

nmappnmm_ofdaimzl wherein said selector

mezns further

&t least one multiplexer means for receiving AC and
DC DQT coefficient valges from a i
one of said at least ooe single DCT mesns and
selecting ones of aaid AC and DC DQT coefficient
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values to provide intermediate DQT composite uidDCDCTvalnuofnideomﬁmmrqh-bhch
blocks of AC and DC coefficient values; and of pixel data and sdditional DCT operations per-
at lesst one single selector means for receiving said formted on sub-blocks of DC DQT valees from

intermediats DQT composite blocks, selecting val- preceding DCT operations of sxid series of DCT
ves from said intermediata DQT compesite blocks § operations;
1o provide siid subblocks of sclected DC DQT encoding ones of said AC and DC DQT coefficient

coefficient values. values to provide compressed DC DCT coafficient
23. The apparatus of claim 22 forther comprising: values; and
DC code length mexns for receiving said compressed combiming said composite block of AC and DC DCT
DC DCT coefficient values and providing a DC 10 and said compressed DC DCT coefficient valoes to
code leagth indicative of the number of bits to provide s conmposite block of AC and compressed
eacods said DC DCT coefficient data of uid DCDCT cocificient values., '
blocks and sab-blocks of pixel data; 29. The method of claim 28 further comprising the

AC code length mesns for receiving said blocks and  steps of: )
sub-blocks of AC end DC DCT coefficlent valves 15  providing a DC code leagth indicative of the ammber

and providing an AC code leagth indicative of the of bits to encode said DC DCT coefficient data of

nember of bits to encode said AC DCT coefficient said blocks and sub-blocks of pizel dats;

data of said blocks and sub-blocks of pixel dats; and providing an AC code length indicative of the nm-
block selection means for receiving said DC code ber of bits to encode said AC DCT coefficient data

length and said AC code length and providing a 20 of said blocks and sub-blocks of pixel data; and
selection sigaal indicative of said selected ones of providicg a selection signal in mocordance with »
said block and sub-blocks of AC and compressed weighted som of ssid AC code length and DC code
DC DCT coefficient valoes of said composite length.

block of AC and compressed DC DCT coefficient 30. The spparstus of claim 29 whercin said step of
values in accondance with a weighted sum of said 25 encoding is responsive to said selection tignal

AC code Jength and said DC code length. 31, The method of clzim 30 wherein eaid strp of step
24. The apparsts of claim 23 whertin said encoding  of encoding comprises:

mess is responsive to said selection signal replacing selected ooes of said AC and DC DQT

25, The apparstus of claim 24 wherein s2id encoding cocfficient values with a predetermined dummy

mesns comaprises replacement means for recetving said 30 value to provide & valoe removed composite block:
DQT composite block and said selection signal and recrdexing the members of said valoe removed com-

replacing selected values of said DQT composite block posite block in sccordance with & predeterntined
with a predetermined dummy valoe o provide 8 value 1ig rag format to-provide a reordered composite
replaced composite block block: and
26. The sppanatus of claim 25 wherein said cocoding 35  removing selected values from taid reordered com-
means further comprises: posite block in accordance with a predetermined
rig-2ag scan serializer means for receiving sald valoe value removal-format to provids a valus removed
replaced composite block and recrdering valoes of composite block.
said value replaced compesite block to provide a 32. Tke method of claim 31 further comprising quan-
reordered composite block; and 40 tizing the values of xaid valoe removed composite block

valoe removal Jogic means for receiving said reor- in accordance with & predetermined quantizstion for-
dered composite block and removing selected val- — mat to provide compressed DC values.
wﬁmnﬂmhdmpudmbhﬂmm 3. In an image decoder wherein an image block of

7. The apparatny of claim 26 further comprising  and on at least one predetermined lavel of convtitnent
quantization means for receiving said valve removed  sub-blocks of pixel data thereof to provide carrespond-

block. jons performed os sxid DC DCT coefficient val-

2. A method for compretting image data forablock  ves of said sub-blocks of pixel data 10 provide AC and
of pixed data comprising the steps of: DC DQT coefficient values with a first of said series of
receiving an isput block of pizel data; DCT opentions performed oo said sub-blocks of DC

» discrete cosine transform (DCT) opers- 55 DCT coefficient values with at lesst one additionsl

constituent sub-blocks; 60 composite block of AC and DC DQT coefficient val-
selecting ones of said AC and DC DCT coefficient ucs, and wherein selected values of said composite
valuss to provide a composite block of ACand DC  block of AC and DC DQT cocfficient values are en.
Dcrwq!bm!vﬂusrepmm&nguidinput coded to provide compressed DC DCT coefBicient
block of pixel data; . values, and wherein » tignal is provided indicative of
mfmga@aofbcropa}nouopsddmss said compressed DC DCT cocfficlent values azd se-

blocks to provide AC and DC DQT coefficient Dcroocﬂicimtvdna,ulppuuufordmdmg' said
values, with s fint DCT operation performed on ~ compressed DC DCT cocfficient valoes comprixing;
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separator means for receiving said signal mdicative of

said compressed DC DCT cocfficient values and -

selected AC DCT valves of sxid block and sub-
blocks of AC and DC DCT coefficient values and
providing a sigml indicative of sid compressed 5
DC DCT coeflicient values in accordance with s

predetermined separation format;
decoder means for receiving said signal indicative of
said DC DCT coeflicient values and

providing said decoded DC DCT coefficient val- 10

ues in accordance with & predetermined decoding
format; and

inverse discrete means for receiving said
decoded DC DCT coefficient valnes, performing a

scries of lnvene discrete oosine transformation 15

(IDCT) operstioas to provide AC and DC IDCT
cocfficient vatues with a first IDCT performed oo
sclected values of said processed DC DCT coefli-

formed on additional selected values of sxid pro- 20

cessed DC DCT coefficlent values and resaltant
AC and DC IDCT valves from preceding IDCT
; mdwh:ﬁnmdqidAquDC

3
34, The apparatos of claim 33 wherein said decoder

TMeans comprises:
lookup table means for receiving said signal indics-
tive of said compressed DC DCT cocfficient val-
nes, providing a composite block of quantized pro-
cessed DC DCT coefficient valves tn aocordance
with a

32
39. The apparatus of claim 38 wherein said selector
means COmprises:

plurdity of separator mesns with a first scparstor
means for receiving said decoded DC DCT coeff-
cient values, providing a block of DCT coefficient
valoes (0 2 corresponding single IDCT means acd
separately providing remaining AC and DC DCT
cocfficient values to a ¢orresponding mltiplexer
means apd additional separator means for receiving
a corresponding intermedixte composite block of
IDCT coefficient values and separating sub-blocks
of AC and DC IDCT ocefficient values from re-
maining AC end DC DCT coefficient valves; sad

plunlity of multiplexer means each of said multi-
plexer means for receiving resaltant AC and DC
IDCT coeificient values from a
single IDCT means and £2id remaining AC and DC
DCT coefficient values to provide an intermediate
composite block of IDCT coefficient valoes.

40. In an image decoder wherein an image block of

coxrespond-
ing block and sub-blocks of AC sad DC DCT oocffici-
ent valoes, and wherein said DC DCT coefficient val-
ves are compressed by performing a scries of DCT
operations performed on sxid DC DCT coefficient val-

3p 9es of said sob-blocks of pixe] data to provide AC aud

DC DQT coefficient valnes with a first of sid sexies of
DCT operations performed oo said sub-blocks of DC
DCT coefficient valnes with a3 keast one additional
DCT of sxid series of additiom! DCT

mverse jon format. A _
35. The apparatas of claim 34 wherein said decoder 5003 #0 HUVide & composite block of AC and DC DQT
means further conprises an expansion means disposed  oefficient values, and wherein selected values of nid
between kookp table means and said inverso quastizer 49 composite block of AC and DC DQT cocfficicnt valoes
teeans for receiving said composite block of quantized  &r¢ encoded o provide compressed DC DCT coeffic-
: ineprti ??Mwmg.ﬁigamm
predetermined dummy valve in sxid composite block of il compresed coctficient valoes snd
reordering said resulting vatues in sccondance with an 45 DC DCT cocfficient values, a method for decoding exid
inverse zig rap format. compressed DC DCT coefficient vatues comprising the
36. The apparatus of clair 35 wherein said siepa of:

means iy responsive Lo & block size sssignment gignal,
¥7. The apparatus of claim 36 wherein said mverse
discrete quadtree means comprises:
sclector means for receiving said decoded DC DCT
coefficient valnes and resuhant AC and DC IDCT
values from previoes IDCT operations, and pro-
viding sob-blocks of selected decoded DC DCT

cocfficient values and resultant AC and DC IDCT 55

values In sccondance with a predeteymimed selec-
tion formst; a0d

ing said sclected subblocks and performing an

IDCT openation of sxid series IDCT operations on 60

said sub-blocks of sclected decoded DC DCT coef-
ficient valoes and resultant AC and DC IDCT
valves.

38. The apparstus of claim 37 wherem said at least

ope IDCT means comprises a plurality of single IDCT 65

means wherein each of wid single IDCT means is for
pt:fm.ningaeonupondingoneo!uiduﬁuofI‘DCT
operations

receiving said sigoal indicative of s composite binck
of AC and compressed DC coefficient values;

so providing compressed DC coefficient values from

said composite block of AC and comprewsed DC
coefficient valoes in accordsnce with a predeter-
mined separation format;

decoding compressed DC coefficient valaes sceor-
mm;wmw«:
provide decoded DC DCT coefficient vatoes; sad

pexforming » eeries of inverse discrete cosine tram-
formation (IDCT) aperations to provide AC sod
DC IDCT coefficient values with a first IDCT
perfarmed on blocks of selected values of zaid
compressed DC DCT coefficient vatves and addi-
tiona] IDCT operations performed co additional
selected values of said compressed DC DCT coef-
ficient valoes and respltant AC and DC IDCT
values from preceding IDCT operations of said
series of IDCT operations.

41. The apparates of claim 40 wherein taid step of

decoding coraprises the steps of comprises:
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receiving. said signal indicative of said compressed inverse transform for petforming at lesst one IDCT
DCDC?ﬂw:lg:lmtvﬂun; ¢ operation on said composite block of AC and de-

providing a composite block of quantized processed
DC DCT coefficient values in accordance with a
lookup format; and

ent valoes in accordance with & predetermined
inverse ization format to provide mid de-
toded DC DCT coclficient values.

A2 The spparsts of claim 41 wherein said step of 10

decoding forther taes the steps of-
ecoding . ’m“mm,mhﬂm inverse quantizer mesns for receiving sxid composite

mserting
posite block of quastized precessed DC DCT coef-
Bcient values to provide a value inserted composite
block; aad

reordering said valoe inserted commposite block in
sccordance with a inverse zig zag format

coded DC coefficient values to provide a compos-
{te pixe] block. -

45, The spparatas of claim 44 wherein sald decoder
b ; lookup table means for reociving sid sigaal

indics-
tive of said oompressed DC DCT coefficient val-
ues providing & composite block of quantized pro-
cessed DC DCT coefficient values in socordance
with a predetermined locinp format; sad

processed DC DCT coefficient

e
46. The spparstus of claim 45 wherein waid decoder

43. The spparatws of claim 42 wherein said step of  means forther comprises:
decoding is responsive to a block size astignment signal value insertion logic mesns for receiving said com-

#4. In an image decoder wherein an image block of 20

datn by procested by performing s discrets cosine
;:'Mmmmmmuhlﬂoctofphdm

and on at least one
sub-blocks of pixel

ined level of constitoent
data thereof to provide

posite block of quantized grocessed DC DCT coef-
ficient valnes for inserting a predetermined dummy
value in sid composits block of quantized pro-
caxd DC DCT coefficient values to provide a
value inserted composite block: and

correspond-

ing block and sub-blocks of AC and DC DCT cocffic- 25 reordering means for receiving said valne Insestod
cnt valnes, performing a serics of sdditiooal DCT oper-
ations oo sax) seb-blocks of DC DCT coefficient values
with sdditional DCT operations performed on selected predetermined inverse rig zag format.
sub-blocks of said DC DCT coefficient values and re-
mmmawmmdnﬁmwmmwmmhm
seties of DCT operstions to provide a ocoposite block  sive to a block gize anignment signal

of AC and DC DQT coefficicnt values, encoding se-
lected values of sid composite block of AC and DC discrete quadtres meam
DQT cocficient values to provide compressed DC

DCT coefficient valoes and combing selected ooes of 15

sald block and sab-blocks of AC and DC DCT coeffici-
ent valoes and 1aid compressed DC DCT coefficient
valoes 1o provide a signa] indicative of a compressed
block of AC and compressed DC coefficient values, an

appuwnfwdmndiggnhmedncwouﬁ- «Q

cient values comprising:

separaior means for receiving said signal indicative of

a compaosite block of AC and compressed DC coef-
ficient values and separating a signal indicative of

nid processed DC DCT coefficient values from 43

said signal indicative of a compressed block of AC
and compressed DC coefficient values in accor-
dance with a predetermined separation format;

composite block reordering the values of said value
inserted composite block in accordance with a

47. The appanstus of claim 46 wherein said vatue

4). The apparatus of claim 47 wherein said inverso

comprises:

selector means for receiving said processed DC DCT
cocfficizat values and said AC and DC IDCT coef-
ficient values and providing blocks of selected ones
said of processad DC DCT coefficient values and
said AC and DC IDCT coefficient values in socor-
dance with a predetermined selection format; and

21 least one IDCT meacs for recelving said blocks of
selected ones of DC DCT coefficient
values and AC and DC IDCT coefficient valoes
and performing a series of IDCT operations with
each of sad IDCT operatiom of sald series of
IDCT operstions performed on blocks of sid pro-
cessed DC DCT coefficient values and resultant
AC mxd DCIDCT valoes, -

49. The apparatvs of clalm 48 whereln said af Jeast

decoder means for receiving sald signal indicative of  one IDCT means comprises a plurality of single IDCT
said processed DC DCT coefficient values and 50 meam wherein each of sald single IDCT means kb for
providing said processed DC DCT cocfficient val-  performing 8 corresponding one IDCT openation of
ves i accordance with a predetenmined decoding  said series of inverse discrets coting operation.

format;

50. The sppersts of claim 49 wherein gaid selector

inverse discreic quadiree means for receiving ssid  mesns

processed DC DCT coefficient values, performing 33

a series of inverse discrete cosine transformation
(EDCT) operaticas to provide AC and DC IDCT
coefficient values with a first IDCT performed on
sclected vatues of sald processed DC DCT coef-

cienl values and additional IDCT operations per- 0

formed oo additional selected values of said pro-
cessed DC DCT coefficient values and resultant
ACm_dDCI‘DCl‘vﬂnufromprwdinngT

combinstion means for receiving said AC DCT coef- €5

ficient valges and said DC 1IDCT coefficient values

to provide a composite block of AC aod decoded
DC coefficient values and

plorality of separator mesns with & first separator
wmeans for receiving wid processed DC DCT coef-
ficient valees providing a block of DCT coefficient
values and separately providing remaining AC and
DCDCT coefficient values with additional separa-
tor means for receiving a corresponding intermedi-
ate camposite block of IDCT coefficient valnes
and providing blocks of AC and DC IDCT coclfi-
cicot values and separately providing additional
remaining AC snd DC IDCT coefficient values;
and

plurality of multiplexer means each of said multi-
plexer means for receiving resultant AC and DC
IDCT coefficient values from a comesponding
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single IDCT means and remaining AC and DC inserting &

L]

DCT coefficient values from a cormesponding sepa-
rator means to provide an intermediste composite
block of IDCT coeflicient values.

51 A method for decoding a block of pixel data 5

wherein an image block of pixel data is processed by
a discrete cosine transform (DCT) opera-

36

dummy valoe in said com-
pasite block of quantized processed DC DCT coef-
ficient values to provide a value inserted composite
block; and

reordering the valoes of said valee inserted composite

block in sccordance with a predetermined inverse
zig zag format,

tian on said block of data and on at least one pre- 54. The method of claim 53 wherein said steps of
dctamhdlevdd&?muub&od:d data  inserting said predetermined dunmmy valus and reorder-
thereof to provide corresponding block and sub-blocks 10 ing the values of said vahc inserted composite block are

sysico

of DC DCT coefficient values with additiona) DCT ~ Wherein a block of pixel data is transformed to AC and
operations performed on selected sub-blocks of mid DC  DC diserete cosine tnasform (DCT) cocflicient data
DCT cocflicient values end resalitant DC DCT of pre. 15 for consiitoent blocks of vary block size, a sbeystem
vious DCT operstions of said series of DCT operations {07 Sotpressing s3id DC DCT cocfficient data com-

ite block of AC and DC prising: . _
Mmmﬂmm.wmodms' sdednﬂvﬂnuofnﬂm discrets quadtree means having a first input for re-
posite block of AC and DC DQT coefficient values to ceiving at least one biock of dats #ad having an
provide campressed DC DCT cocfficient values and 0 Output wheredn said discrete quadtree meas com-
selected ones of said block and sub-blocks of pses

AC aad DC DCT coefficieat valoes and said com- Mﬂ!dm?ﬁmﬁ:ﬁ%m
pressed DC DCT cocfficient values to provide a signal having an input for receiving said af lexst one
indicative of a compressed block of AC and compressed block of data and having & output with each
DC cocfficient vahues, a method for decoding said sdditional DCT means baving £ inpet sad &
block of pixel data comprising the steps of: u"mmm | ot
dAc:mwnge:&mzmgﬁ of raid plurality of DCT means baving and input

providing sid DC coefficient values of outnut coupled or 1
mwmdAcdmm” :ﬁmncrz;minmmd e of
coefficient values; selection means having an tnput coupled to sid dis-

scparately providing sxid AC codTicient values of
ssid compoasite block of AC and compressed DC

crcte quadiree meant cutpat and having an outpat,
§6 The spparatus of claim 55 wherein mid at least

- format to provide decoded DC DCT values; DCT mens and one of said at least ane selector means
performing a sexies of inverss discrete cosine trans- having s first input coupled to said additicoal DCT
formation (IDCT) opezations to provide AC &nd 4 means output and 8 second inpmt coupled o taid selec-
DC IDCT coefficient values with a fist IDCT  45r meany second output and having an outpat coopled
paﬁnnn‘lmbbchofsd.ec&cdvdmofﬂ:? 10 said sckector means inpot.
processed DC DCT coefficient values and sddi- 57, The apparstos of chim 56 wherein selection
ticnal IDCT operations performed on hlocks of means comprises:
selected valoes of said processed DC DCT coeffl 45 first selection muMtiplexer havi input coupled
clent values and resultant AC and DC IDCT val- bﬂWmnﬁﬁml
ues from preceding IDCT cperations wherein ones selection tignal, a third input for receiving a
of mid AC and DC IDCT values and decoded dummy signal, sud having an outpot; and
DCT values are provided as uncompressed DC i selection §

DCT coefficient values; and 50 coupled to & corresponding selection
combining said AC DCT cocflicicat valoes and said mmns;wmmmam.m
DC DCT coeflicient values to pro- tion signal, a third input for receiving s dunmy
vide a composite block of AC and uncompressed sigual, and having an output.
DC cocfficient values; sod 53. The apparatas of claim 57 wherein said selection

performing at Jeast cac [DCT operation on said com- 55

posite block of AC and unconspressed DC coeffici-
cat valoes to provide a composite pixel block.
52. The method of claim 51 wherein said wtep of de-

toeans further comprives:
tig zag scan serialiver having an tput coupled to a

last selection multiplexer means of sud sdditional
stlectioa multiplexer means cutput and having xn

receiving said compressed DC DCT coeflicient val- 60 ﬁﬁm&mwmmmmw

L -

providing a composite block of quantized processed
DC DCT coefficient values in sccordance with a
predetermined lookup format; and

inverse quantizing said composite block of quantized 65

processed DC DCT coefficient values,
ﬁ.mmlhodcfdlimszwhudnnidnepdde-
coding further comprises: :
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to said zig rag scan serializer outpot and bavi
and output; and i

code lookup tahle mexns having an inpuz coupled to

said value removal logic means output and baving
an outpal.

_59. In an image decoder wherein and image block of
pixel data is processed by performing a discrete cosine
transform (DCT) operstion on said block of pinel data
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and on af least one predetermined level of constituent 60. The apparatus of clxim 59 wherein said separator
sub-blocks of pixel data thereaf, and providing corre-  means further baving s second output and whercin maid
spooding block and sub-blocks of AC and DC DCT  discrete quadiree means further comprises:
coefficient values snd wherein said DC DCT coeffics- a2 lexst one multiplexer means having an ispat for
ent vatues is ferther processed by performing a series of 3 recelving 8 timing signal, a second inpat coapled to
at least one additional DCT opention oo aid sub- a corresponding inverse cosine transform means
blocks of DC DCT coefficient valnes, a subeystem for gwndlmmmhdmw
: second scparator means oatput.
decoding said procemied DC DCT codfficknt values o, oy oparais of claim 60 wherein said decoder
, . 10 means comprises:
o B O e e Ty b sy docode lookup tablc meass having an Input foc re-
valoes and having an output; and ceiving signal indicative of said processed DC
inverte discrete quadtree means having an impat coo- “gecr coeﬁdlmtvdna n:'hvmsﬁn;tonm
pled 10 seid decoder meams obtput, wherein 12id pldmtowdu?nlmlmll ing & st mput coo-
inverse discrete quadtree means comprises: scoond input for receivi lzleeﬁonsiml,“mud“
p]m:lityo!u_pm:mmmm.a_ﬁmmm hvinzuontpugm
mhﬁs&hﬂfwmww hgmmmmww.hml
values and additional separator means baving sa 29 .mmmw?ﬂmw &rr“mmw:
inpat snd m output; selection gral, and having an output; and

at least cne inverse discrete means disposed be- inverse quantizer mesns baving an inpat coupied
tween said plurality of separator means having nﬂmmmﬂmn&g
an fnput coupled to a comresponding separator output and having an outpot.

mw ” *» 2 » » @
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INTERFRAME VIDEO ENCODING AND
DECODING SYSTEM

This is a continuation of application Ser. No, 08/407,427,
filed Maz. 17, 1995, abandoned which is a continuation of
spplication Ser. No. 08012814 fled Feb. 3,1993, now
abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates 1o image processing. More
particulerly, the presest invention relates 10 a novel and
fnxmroved system and method for interframe video eoding
based upon motion compensated predictive discrete cosine
transform coding technigues.

1. Description of the Related Ant

In the field of transmission and reception of televison
signals, various improvements are being made to the NTSC
(Nations] Television Systems Committee) System. Devel-
opments in the fleld of television are commonly directed
towards a bigh defiition televition (HDTV) system. In the
weady development of HDTV, system developers bave
terely applied the Nyquist sampling theorem and low-pass
filter design with varying degrees of success. Modulation in
thess systzms smounts to0 nothing more than a aimple
mapping of an analog quastily to a value of signal amplitade
ar frequency.

Tt has moxt recently been recognized that it is poasible to
achieve fimther improvements in HDTV systems by using
digita} techniques. Many of the carly HDTV trangmission
proposals share common factors. Thete systems all involve
digited processing of the video sigoal, which pecessitates
analog-to-digital (A/D) conversion of the video signal, An
najog transmission format is then used thereby necessirar-
ing converzion of the digitally processed picture back to
analog form for trangmission,

The receiver/processor must then reverse the process in
ardes 10 provide image displzy. The received anxlog signal
is therefore digitized, stored, processed and recoostructed
into s signal accarding to the interface format used between
the receiverfprocessor and the HDTV display, Furthermore
the signal is most likely convered back to analog form once
mare for display.

Miny of the conversion operations mentioped above,
however, may be avoided using a digital transmission format
which transmits the processed picture, along with control,
audio and authorization siguals, using digital modulation
techniques. The recciver may then be configured a3 & digital
modem with digital cutpuds to the video processor function.
Of course, the modem requires an A/D function as part of
eperation, but this implementziion maxy only require a 4-bit
resolution device rather than the 8-bit resolution device
required by analog {ormat receiven. )

Digital ranymission is superior 1o analog tranamrission in
many ways. Digital transmissions provide efficient use of
power which is particularly important 10 saicllile transmis-
sion and military applications. Digila] sansmissions also
provides a robustoess of the communications link to impajr-
ﬁuﬁ?ﬁm;m%mmmmﬂ;mwm

on facilitates case in signa) encryption, vecessary
formym:’.limylndbmdmapplinﬁom.m

Digital transmission formaty have been avoided in previ-
ous HDTV system proposals primarily because of the incor-
tect belief that they inherently require excessive bandwidith.
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Therefore in order o realize the benefits of digital transmis-
sion, il is necessary to substantially compress the HDTY
signal. HDTV signal compression must therefore be
achieved 10 & leve) that enables transmission at bandwidths
comparzble to that required by analog transmission formsats.
Such levels of signal compression coupled with digital
trangmission of the signal will enable 8 HDTV sysiem 10
operate oa less power with grester immuaity to chammel

Motion estimation/motion compensation techniques can
be used to compress the amount of data required in the
transmission of interframe coded motion video, Motion
estimation/motion compensation processes exploit the high
level of tzmporal redundancy in video data, This high level
of temporal redundancy is a neceesary atribute of video data
for the picture sequences to sppexr contimous. The process
of estimating the motion of objects within a video sequence
{5 Imown a3 motion estimation, The processing of images by
compensating for the presence of motion in a scene or imags
is motion compensation. The combined proceases of mation
cstimation and motion compensation produce 1 prediction of
the current frame of data. The ervor in this prediction, known
23 the resicual, cxn be further compressed and transmitted.

Tt is therefore an object of the present invention to provide
2 novel and improved method and system for compressing
HDTYV signals that will enable digital transmission a1 band-
widths comparabie to that of analog tramsmission of con-
ventional TY signals.

SUMMARY OF THE INVENTION

The present invention is a povel and improved system and
method for compressing image data for transmission and for
reconstruction of the image data upon reception. The image
compression ayster inciudes & subsystem for genenting »
prediction of a block of input pixe data in the curyent frame
of pixel data from a comesponding composite biock pixel
data from a reference frame of data optimized for encoding
& high precision reprodoction of said pixel data at 2 min-
mum transmission data rate.

In the prescnt invention, novel techniques of motion
extimation and motion compensatioa are employed. In stan-
dard motion estimatioa and motion compensation applica-
tons, o frams of daty is divided into a fixed number of
blocks of pixe! data, znd a prediction for each of the blocks
of pixel data is calculsted. The problem with using a fixed
number of Hocks is bt using blocks that ere too small
results in o low level of compression and requires unaccejs.
ably brigh banwidth for transmission, and uting blocks that
tre 100 large results in an usacceptably kigh lovel of picture
degradation, In the present invention, however, the number
and size of the hlocks of pixe! data varies in response to the
amount of information in frame sequences. By employing
this technique a high level of data compression can be
achieved without picture degradation.

The sub-sysicm of the present invention comprisey firyt
telection means for providing o first data prediction by
selecting a most aimilar block of pixel data from a first
reference block of data wherein the first reference block of
dais iz & block of data from a previous frame or & combhi-
nation of blocks of data from previous frames of daia, and
at least one additional sclection means for providing addi-
tional predictions of the biock of pixel data a3 combingtions
of predictions of smalier sub-blocks of pixel data by select-
ing sets of most similar sub-blocks of pixel data from
additional reference blocks of data and wherein the addi-
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tional reference blocks of data can be daia from a previous
fiame or & combination of blocks of data from previous
frames of data.

The decigon means is included in the sub-system for
sclecting from the first dats prediction and the sdditional
data predictions an efficient prediction accarding to the
simnilarity ths current block of pixel data and the number of
bita required to describe the efficient prediction asd provid-
ing the efScient prediction as an output and & selection sigzal
indialtns!hb!ocknnldmmdmd:uﬂnn;th
cfficient prodiction.

The invention also provides for a oovel and
improved method for recomstucting from a received
encoded motion information value a cormesponding block of
pixel dats. The present invention further envisions a oovel
and improved method for compressing an image signal as
represented by a block of pixel dain and for reconstructing
the {mage sigoal from the compressed image signal,

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advaniages of the present
invention will become more spparent from the detsiled
descriptian set forth below whea taken in conjunction with
the drawings in which Iike refereoce charscters identify
correspondingly throughout and wherein:

FIG. 1 is a hlock disgram of an excmplary interframe
encoder;

FIG. 2 is a block dagram of an exemplary igterframe
decoder;

FIGS. 30 and 3 are {ifustrations of pixel block mpace with
» matching of pixel blocks between frames for the purpose
_ of motion prediction;

FIGS. 4a, 4b, 4c and 44 are cxemplary illustraticos of
altermative motion prodiction block sizes for a 3232 hlock
of pixzl dats;

F10. § is n excoplary illnstration of a composite 3232
block of predicted pixel data;

FIO. 6 Is a simplificd block diagmm {llustrating the

clements in the block sizz asyignment portion of
an adaptive block size motion estimation element;

FIG. 7 snd 8 wre block dagrams Mlustrating the process-
ing clements in an exemplary adaptive block size metion
cstimation clement; and

FIG. 9 is a block disgrem Hlustrating the processing
clerments in &0 excemplery adaptive block size mation com-
pensated prediction element.

DETAILED DESCRIPTION OF THE
FREFERRED EMBODIMENTS

Tuming now (o the drawings, F10, 1 Dustrates in block
diagram form an exemplary implemeniation of a general
- motion-compensated prediciive coding (MPC) system. The
coding sysica of FIG. 1 is comprised of {ntraframe encoder
10, channel encoder 12, intraframe decoder 14, frame buffer
16, motion-compenasted prediction processor or predictor
18, motion estimation processor or estimator 20, end sum-
mers 22 and 24. 1t should be undersiood that the diagram of
FIG. 1 is common (o both coaventiona! mation-cormpen-

Mwﬂdwm&uqmmwmﬂnvmim.

o using the

However, in the present invention nove] motion estimation 65

and motion compenmsmed prediction tnchmquu are
exployed.
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A sequence of input pictres comprised of pixel duta by
inpmwlhceodm;symofﬁ(}lmpx:ldmmhe
provided = sexial pixel dats or in blocks, typically 1 3232
pixel block or smaller such as 16x16, 8x8, etc., is fnput to
surmner 23 gad to motion cstimator 20, Sunmmer 12 sabtracts
from the irput pixel data a corresponding prediction pictore
geoerated by motlon-compenssted predictor 18. The cutpat
of summer 22 is a displaced frame difference (DFD) data
that is provided 1o intraframe encoder 10.

Intraframe encoder 10 encodes the DFD duta using ooc of
many poskble fintraframe techmiques,
Intsaframe eacoder 10 by way of exsmple may be a block
encoder which codes blocks of the DFD data. Should the
DFD ¢ata be in sexial form it is coaverted to block data for
coding. An example of one type of intraframe decoder {s the
well inown fixed block sizs discrets cosine trameform (FBS-
DCT) coder, Another exampla of an intraframe ender which
bay improved performance over the FBSDCT eoder s one
uxing the adaptive block size discrete codne transform
{ABSDCT) techniques disclosed in U.S. Pat. Nos. 5,021 891
and 5,107,345, md even further using the ABSDCT tech-
nigue in combination with a Discrets Quadiree Traneform
technique disclosed in copeading US. patent application
Sex. No. 07/710,216, filed Jun, 4, 1991 cach nasigned to the
ansignee of the present invention and the disclonm of which
is incorparated by reference. Although ABSDCT coders are
preferred, other types of intraframe encoders well known in
the at may be readily substituted therefore. The intraframe
coded data generated by intraframe encoder 10 is provided
both to chronel encoder 12 and intrafrne decoder 34,

Channel encoder 12 is prefaably wsed for encoding the
inraframe coded data prior to tranamigsion to protect the
daa from transmisgion chaneal induced ercors. Channel
cacoder 12 typically uses couvestioas) error coorection
encoding techniques. As such, encoder 12 may be a block,
convolutional or trellis coder &3 is well known in the st The
encoded intraframe data ajoog with motion vector data wre
eocoded and provided for transmission by a transmitter (oot
shown).

‘The intraframe coded data provided to otraframe decoder
14 iz decoded 10 produce a recomstructed DFD block
Intraframe decoder 14 is by its patire of & type which
complements intframe encoder 19, When intraframe
encoder 10 is of the type mestioned in the above patents and
patent epplication, the decoder ia typically of the comre-
spanding type a3 also described therein,

‘The reconstructed DFD block is provided from intrafrarme
dmdaldwmmmuwmnhdﬂﬁmawﬁwm
picture generated bry motioo-compensated predictor 18
based upon a reference frame, typically the previous frame,
of the input pictire, The output of summer 24, which is a
reconstructed picture, Le. pixel block, is provided ro frame
buffer 16, Prame bufler 16 is thus updated by & reconstracind
fame creatzd by adding the reconstrucled DFD that i
prodaced by intraframe decoder 14 to the pradiction pictare.
The reason for using the reconstructed DPD rather than the
DFD is to keep frame buffer 16 and the frame buffer tn the
dmdingqmmo 2) synchronized. In other wonds by

reconstructed DFD the xame picture i in both
frame boffer 16 sod the frame baffer in the decoding sysem
(FIG. 2), since the DFD is not availsble w the decoding
system.

The reconstructed pichsre stored in frame buffer 16 O
provided (o motion-compensated predictor 13 and motion
cstimater 2¢. Estimator 20 uses the reconstroctad picture
stored in frame buffer 16 and the input pictire of the sext
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frame to gencrale a it of motion vectors for the next inpur I(k,, 1. 1). The vector astociated with the location of pixel
picture frame. Predictor 18 uses tbe reconstructed pictre  block 42 within frame 40 s (), 1y).
from the currenl frame: stored in frame buffer 16 and the A search for the best matehing block in the reference
motion veclors geoerated in estimator 20 10 prodoce 8 frame is conducted over a search window within the refer-
prediction for the pext frame. The motion vectons from 5 ence frame. The “goodnen” of the match is often measured

sysiem inoe the mokion vectors along with the interframe
dxta i3 received from the encoding system. Thas the opers-
tion of the decoding system except for the channel decoder
is 0 subszd of the operations of the coding system of FIG. 1,

The signal reccived from the transmission chaonel
receiver {pot shown) is provided to chennel decoder 30,
Channel decoder 30 i3 of a type capable of
1 encoded by channel encoder 12 of FIG. 1. Channel
decoder 30 typically uses conventiona] decoding techniques
and may be coafigured as 1 block, Viterbi or convolutionat
decoder a3 Is well known in the st The decoded dua
includes both intraframe data and motion vecior dats, The
intraframe data is provided w intraframe decoder 32 while
the motion vecior data is provided to motion compensated
predictor M.

Intrafrerne decoder 32 produces from the intraframe data
the reconstructed DFD which is provided to summer 36
alorg with & prediction picture generated by predictor 34,
Intraframe decoder is prefersbly of the same type as
intrafrzme decoder 14 of FIG. 1.

Summer 36 adds the reconstructed DFD to the prediction
picture to produce a reconstructed pictare. The current frame
of the reconstructed pictore is provided to frame buffer 38
where it is stored. The stored frame i3 provided to predicior
M for use in generating the prediction picture for (ks pext
frame.

Retuming to FIG. 1, in order 1o facilitate an undenstanding
of the generation of the motion vectors of the present
invention a description of conventional motion vector gen-
emtion techniqoes 13 provided The input picture is an image
sequence, c.§., motlon video, which can be represented by
£n inteasity function I{x, y, 1} where x and y are the spatial
coordinates of the pixcl and ¢ is the frame number. Using this
oomenclature the current frame to be encoded may be
idmﬁﬁedul(x.y.t)mdumfmﬁmmybedmﬁd
81y 0

A conventional motion estimator used in & eonventional

j ntated predictive coding system is based

wothon-compe:
upon block maiching, In the conventonal motion estimator o

ax NxM block of pixels for the current frame is used to
sexrch for a matching block in the reference frame, typically
the previous frame (L.e. I4(x, y, )=l(x, ¥, t~1)). N and M may
be of the sxme integer value 1o provide a square pixel block

or may be of different values to provide a reciangular pize! g

block.

FIQ. 3a illustrates for curren; pixe) frame 40 a selected
Nov pixel block 42. For reference purposes the (x, y)
coordinates of the first pixel in the upper leht hand comer of

fraroe 40, pixel 44, fs (0, 0). The (x, y) coandinate of the frst &5

pixel in the upper lef band comer of pixel block 42, pixel
48, i3 (k, 1,) with this pixel having an intensity functioo of

Ex. 2-11

by & block matching distortion funetion Py plx, y) which
for example may be a magnitude difference or squared crror,
€.&. Fauplx, y)ti-ylor Faumplx, y)=(x-y).

FIQ. 3 illustrates the reference pixel frame 48 and a
search window 50 over which the best match for pixe] hlock
42 s to be scarched. In FIG. 3b the positon in reference
frame 48 which the pixed block 42' occupied in the current
frame is indicated in dotted lines by pixet block 52, The (x,
¥) coandinaie of the frat pixel in e upper left hand comer
of pixel block 52, pixel 54, is (k,, 1) having mn intensity
Tunction of Iy(k,.1,, §

A full-sexrch block-matehing motion estimator computes
the distortion figure D, .0

Dypfkilij) = ]

N-1M-1

é-zor.dn+u.w,u+num+m;

If F g, ¥)edx—y), Equation | simplifies to the following:
Daulklin = @
N-1 -1

.i-:iomfﬂﬂm-l#ﬂ*lhlfm

The motion estimstor further searches for the motion

- displacement (, ) that ginimizes D, ,, (k, 1, L §) to produce

the minimum block distortion where;

D uf, DeMEN{ Dy 1031} B 201 600 5,

where § iy the scarch window,

From Equatico 3 the displacement (1, j) that produces the
minimum motion block distortion is catled the motion vecsor
{mx, my). The motion vector sexrch rangs is often restricted
to a maximum offsel, typically —323mx, myS32. I shoutd
be noted that mx and my oeed oot be integer values. These
values cae be fractional numbers if a sub-pixel accuracy s

(1))

Using the above equaticns for the example Tlustrated in
FIG. 35, a pixel block 42" in the reference frame is [dentified
as having the best match. The (x, y) coondinate of the first
pixel in the upper leR hand comer of pixel block 42, pixel
4, is (kyH,, I, +,) having an intensity function of L (k,+,,
1,45, 1). The motion vector associaled with the location of
pixel block 42 with respect to pixel block 53 in the reference
ﬁm“il(i,.j.).

Relering back to FIG. 1, motion extimator 20 differs from
3 conventional motion estimation processor in that mare
than one block wize is used in the motion estimation. For
convenience, let the motion black be an NN square (is
M=N 30 that D, ,(k, =Dk, ). In an exemplary configu-
ration four Motion block sizes are used, for example N=d, 8,
16 and 32. In the exemplary configuration, there will be one
molion block distortion Dy, (k, 1) for the 3DA2 base block,
four motion block distortions for each of the four 16x16
blocks within that 332 block, sixtzen distontions for each
of the sixteen motion block distortions within the 3232
block and sixty-four motion block distertions for each of the
sixty-four 8x8 blocks within the 32x32 block.
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FIGS. 4a-4d, illostrate in an cxemplary configurtion,
altemative block sizes used for motion estimation of the
3wunaormdmmmammhm
curreny frame can be predictad by the selection of a single
best maich of 1 3232 block of data from the reference

the form of four 16x16 sub-blocks of pixel data in FIO, 45,
sixtren suh-blocks of pixel dsia in PIG. 4¢, or sixty-four
sub-blocks of pixed data in FIG, 44 Alternatively the biock
of pixe] data can be predicted by a compasite of 16x16, 8x8,
and 4x4 blocks of pixel data from the reference frame as
ilhustrated [n FIG. 5.

In motion compensated prediction, predictions from Lhe
cumposiie of smaller scb-blocks of pixel dxta will, in
mdmmhhlhwulhnunqudwm
lanlthlnmemumlﬂclmumn;ﬁommdlmw
from u larger block. However, motion compensated predic-
tions from smaller swb-blocks of pixel data, requires the
trasmission of more information, i.e. more moticn vectors,
The goa! of an adaptive motion estimator 20 of FIG. 1 is o
select smaller sub-block only when it regihs in
» signibeant improvement in local pixel reproduction qual-
ity. In a pixe! xrea whers a great amount of activity is present
the predictions using the lager block aizes will result in
unacceptably high levels of distonion, On the other band, in
arexs where little o po activity is mking place the Ixcger
block sizes are acoeptable and resull in greater compression
# linle cost to pictore quality,

The adgtive block size motion eptimation processor
mummmwmmw
rmum combination of large snd small metion blocks that best
deacribe the motion within the image block. This bs to
produce an improved moticn compensated prediction such
that the residual DFD (displaced frame difference) contains
less sigoal energy and is therefore easier to encade vsing the
subsequent spatial oaly compreagion (Le. DCT or ABS-
DCT). Relening tp FIG. 6, this adaptive motion bloek size
decision iy pexformed in the fallowing manner. Four neigh-
boring motion block dstortions L), DyRHN), Dyfk+
N,)) and D, (k4N ,HN) are grouped and suramed to produce
an alternative block distortion for the ZNXQN block that
containa the four blocks. In FIG. 6, this surnming oceurs in
block €0.

H L]
Mm--%}omumnm
1f \his distortion iy significantly smaller than the distortion
D,/ (k.)), referting to the labeling schema shown in FIO. 4,
then the D, (k1) is replaced with D,,(k,1) £0d that decision
is entered in a block aasignmers register. This indicates that
mmugm'bcmeﬂdmmmdby
ng four NoN motion vectors. This process is repeated
for s} NxN motion blocks, before the process is applicd to
the resulting 2Nb@N moxion blocks, In the cod, the process
slops &t the largest block size 3232 in this example,
Ahhough B, (k1) is likely to lways be smaller or equal
10 Dyyfk.l), there ix a cost estociated with using the smalla
motion blocks. This can be factared imto the decision using
& coil function C,(*) calcolator 62. Ff -

MLUM._!b_EoQ(Muth) o
then use ZN>AN block size otherwise use 4 NoN blocks. In
& simplified comparison format,

D0 DeCof D20 U]

23

4]

can be used. In the most simplistic form the coxt function can
be a scaler operation of the fomm Cy(X)F, X,
where the bizs 2 R

In FI0. 1, m jmage signat as by a I2A2
blnd:ofpxddmhrwdvedmuz&mhﬂu(m
shown), The pited data may be cither § bit black md white
image data or 24 bit color image data. FIG, 7 illustrates the
lnqimmﬂmdmcmﬁmuumﬁmmmn

332 pixel block is input to 8 3232 motion vector calcalatar
clement 82a. The 3DG2 pixed block is alwo inpat & four
16x16 pixed blocks to 16x16 motion vector calculator ele-
mext 825, &a sixteen 8x8 pixel blocks to 88 motion vecter
calculator element 82¢, and g sixty-four 4x4 pixel blocks to
4x4 motion vector calealator element 824,

Motlon vecior calculstor clements 820-824 sclect n best
matched biock of pixel data from a reference frame of pixel
dats and provide a motion veclar o the
Jocation of the best matched block of pixe? data witkin the
starch window of the referenee frame. In the exemplary
configurxtion, motion vector calculator element Rla selects
a single 322 best match block of pixet data from the
teference frame and provides a single motion vector, motion
vector calculator clement B2b compares the foar 16x16
sub-blocka of pixel data In the 3232 block of pixcl data to
16x16 blocks of pixel dats in the reference frame and
sccondingly provides four mouon vectors, motion vector
calculator clement 82 compares the sixteen 88 sb-biocks
of pixe} data in the 3232 Ylock of pixsd datato B8 blocky
of pixel data in the reference fixme ind accordingly providey
sixteen motion vectors, whils motion vector calculstor co-
ment 82d compares (he aixty-four 4x4 sab-block of pixet
data in the 3BG2 block of pixed data to £¢4 blocks of pixel
dxia from the reference frame and accardingly provides
sixty-four motion vectors. Motion vectoes are provided by
mation vector calculators 820824 10 respective distortion
calcolators S4o-84d..

Distortion calcointors 840-34d calculxte a distontion
quantity indicating “goodness™ of the mazch the pixel data
predictions. The distortion functiop cen be 2 mem square
crror function or magrimde of the difference fanction, Other
distortion functions are possible. The 3312 distortion cal-
culor 842 onc distortion quantity Dy (kl).
Whercas, for example, tho 16x16 distortion calculuor B4
provides four distortion quantitles D, (kJ), D,,(k+ll.l).
Dufk-}”‘l‘) a0d D, {k+16}+16) corresponding to esch

mumdumammsmmmm
digtortion calculator 84c provides sixtren distortion quant-
tles xnd the 4x4 distortion calaulxtor $4d provides sixty-four
distortion quantities.

The cutputs of distortion calculstors 845-84d are respec-
tively input to distortion surnmers 860-84d. The digtonion
summers 860864 sum distortion valoes of adjscent sub-
block predictions according to & grouping convention to
provide altemative distortion values for bager blocks of
pizel duia. For exsmple, the distortion in predictions of the
four dxA sub-blocks of plxe] data D (k.1), D,(k+4,), D,(k,
H4) and D (k+4,44) are supimed by distortion summers 86d
lo prodnce the altemative distartion value Dy(k). This
mmmnpuﬂ:mldnshbhctwww
mnnnlcnulr.uhmrldc The procedure of grouping and

sunyning proceeds a1 all levels except the 3232 prediction
levcl.TheMdimﬁonmmm!ﬁdp:wldu_ wixteen
lI_lﬂnﬂﬁvedinnrdmvaImnfthcme.(u).theM
dmmionm!_&mvidufmmamlvedimﬁm
values of the form D, (x.y) and the 16x16 distardon sum-
mer 865 provides one altermative distontion vatue of the form

Dystxy).
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The alternative distoction values are provided to weight-
ing factor multiplicrs 88g, 845 and Blc. The cost of alter-
nxtive distortion values are therein calculated according to &
cost function 10 reflect the increass in oumber of bits
atsociated with block predictions based on smaller blocks of
funciion adfusted alternative distortion values D'g(kl).
D4} and Dyy(k) to comparatons 90a-90c. The com-
partors compare the prediction distortions to the cost func-
tioo adjusted altemative distortion values and provide a
selection xignal of “07” or “1”". If the cos! function adjusted
diermative distortion vahue is less than the lmrger block
prediction distortion, & ooe i3 outpat by the companitor
signal the selection of the group of smaller predictions over
tho single prediction based on 8 larger block of pixel data
from the reference frame. The vatues output from compara-
tors 90a-30¢ are stored in block size assignment registers P,
Q =nd R as motion block size assignment data.

The motion estimator then combines the motion vecton
of selected pixel prediction blocks into a composite mation
vector Bock, In an exsmyplary implementation of tbe
sclected motion vectors combingr portion of the motion
estimstor, a3 jlhustrated in FIG. 8, the P vatee ootput from
comparator 90a (F10. 7} is input serially 10 & sixteen-bit
register, Pregister 100. Similarly, the output from compars-
tor %08 (FIG. 7) is inpot serially o a four-bit register, Q
register 102, Finally, the output from comparator 90c (FIG.
T) is input scxially to & coc-bit register, R register 104. The
oatpxn from P register 100 is provided as a F output to the
select input of the motion vector selector 106, Motion vectar
aclectoe 106, which may also be configered as a nmitiplexer,
also hay inputs a3 the MV4 and MVE moton vector values
respectively output from motion vector calculators 824 and
82c. The moticn vector sclector provides acconding o the
block sizz assignment data a motion vector for the selected
848 prediction or a group of four motion
vectors for each of the selected 434 predictions. The motion
vecr o vecton provided as ootput from motion vector
selector 106 are provided as an input 10 motion vector
selector 108, which also has a3 2 sccond input for the MV 16
motion vector values as output from motion veclor calcy-
intor &2b. A eclect input to motion vector sclector 108 is
Rovided from the output of Q register 182, The ouput of Q
register 102 determines whether the motion vector or vectors
provided by motion vector sclector 106 or the MV16, a
16x16 block motion vector provided by motion vector
calculator 82b, is provided a3 output for motion vector
sclector 103, The output of motinn vector selector 108 is
coupled a3 one input to motion vector stlector 110. The other
tupa of motin vector selector 110 is coupled to the output
of motion vector calculator 824 for receiving ths value of
motion vector MV32. The select input of mulriplexer 110 iy
coupled to the output of R register 104 30 23 1o receive the
output bit R. Motion vector selector 110 provides the Snal
siep of selection wherein the output bit of the R register
detcrmines between providing the 3232 block prediction
veetar MV32 or the output motion vectors of motion vector
selector 108,

As illustrated in FIG. 8, the value of P register 100 bit is
used 10 select vis woton vector selector 106, 4x4 or B8
motien vectors of block prediction data. The selection of
MV4 data comprising four motion vectors or the comre-
sponding MV data comprising a single motion vector
occurs at motion vector selector 106 in respomse to the value
of the bit output from P register 100, Mation vector selector
lu.hmommmmmdm:hnmmnﬁumomm
102 szlects between the output of motion vector selector 106

2

©
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and the MV 16 daa. When the Q register bit value is a “1°
bit, the output of motion vectors from motion vector selector
106 is selecied for output of motion veetor sciector 108,
When the Q register bit value is 8 “0" bil, motion vector
selector 108 sclects the MV16 motion vectoe Therefore, the
output bit value of Q register 102 selects between motion
vecinn for four 8x8 block predictions or one motion vector
for a single 16x16 block prediction. As Qlustraied in FIG. 8,
the four upper lefl band blocks selected as output from
moticn vector selnctor 106 include the motion vectons for
four 4x4 block predictions with the motion vectors for three
neighboring 88 block predictioos. However with the bit of
the Q register being a “0™ bit, motion vector selector 108
selects the motion vector comrespending 10 a 16=16 block
prediction as an output. This example illustrates the condi-
tional replacement scheme. :

The output of motion vector sclector 168 is coupled as an
input to motion vector selector 110. The other input of
mation vector telector 110 is provided with the MV32 data,
the 3232 block of motion estimation vecior MV32 u
provided by moticn vector calculaior K2a The select inpn
0 motien vector sclector 110 is the outpm bit of the R
register. In the exapple illustrated in FIG, §, the it outpat
from R register 104 is 2 17 bit thus selecting data as cuiput
from motion vector selector 110 which was provided from
motion vector seltcior 108, Should the R register 104 gutpat
bit value be a “0” bit motion vector selector 110 would
output the MV32 data.

The motion vector selector scheme s illustrated in FIG,
§ utilizes the block masignments to select motion vecton
MY4, MVE, MVI§, MV32 a compoite motioe vector. In
essence this siep s accomplished by throe stxges. The first
stage concitionally replaces 21 B8 motion vector MVE with
four 4x4 MV 4 motlon vertoes scconding to the content of the
P register. The sccond siage conditionally replaces s 16x16
mation vector MV16 with ooput vectors from the previous
siage according to the content of the P register, The third
slage replaces the 3132 motion vector MY32 with octput
vecton from the second stage if the R register containg 3 “1*
bit. The composile totion vector is peovided 19 the mation
compensated predictor 18 (FIO. 1) along with the motion
block size asigmment data,

Afier all decisions are made, (he motion block size
assignment (MBSA) data in registers P, Q 2ad R along with
the coaresponding mation vectors (ie. chosen fom m (k, ),
Bk, 1), Dy (K, Dy mpy(k, 1), M g, 1), Dy, 1), myasl,
1) and myyy(k, 1)} are provided to the motion compensated
predictor, The MBSA and the motion vectors mre also
provided 1o the channel encoder for encoding and transmis-
sion. The MBSA decision contained n the P, Q sd R
registers can be further compressed to fewer bits for -
missjon using variable length coding techniques or varios
other technigues.

The motioo vectors in the composite motion block can
also be compressed and encoded for transmission. This
M&m:mummmmm

lacent tend to correlated, nesr
e s tem bighty except

Given the composite motion vector block (CMV) shove,
the motion compensated predictor reads from the reference
frame data stored in the frams buffer. The read address is
geoerated by offsenting the curremt pixed address by the

molion vector ( , and responsive to the bock sire
assignment data for ing the size of the pixel block from
the reference frame.

An exempizry implementation of the motion compen-
saied predicior is illustrated in F1G. 9. The composite motion
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vector and the mtiwhlnckudpmmdﬂmpoﬁded.m
the block sedector 120. In response, to each of the motion
vecion of the composite motion vector the block selector
Jocstzs a block of pixel data from the reference fame of
pixe] data, and in response to the block size sssignment data
the biock selector sclects the tixe of the pixel block from the
reference frame of data. The selected blocks of pixe! daia are
to a biock combiner 122 that orders the Bock of
pixel data in the ocigiza) frame format, The ordered pixel
data s then 1o a pixe] block bruffer 124 that buffers
the ordesed pixed data 50 a1 to provide a complete fume of
pixel deta to sommer 22 (FIG, 1).
Let (k, 1) be the current pixe] address of the current frame.
In ocder 1o generxe the prediction pixed Ik, 1, ) from the
reference frama [(K, 1, ) slored in

f

Tk Lpd Grisas, bearg 1)

This predicted pixel dats Is provided to sioumer 22,

The predi fanction Is schimcted
from the ioput pixel daia intensity fonction o provide the
displaced frame difference (DFD) which Is calculated by the
equation:

DDA,
where §(x, ¥, 1) is the prediction picture generated by the
motion compensated predictor ay hove,

The displaced frame difference (DFD) s encoded 2nd
tansmived slong with the composite motion vector. The
transmission of the DFD requires fewer bils than the original
frame of data, became of its Jower energy cootent. The
trunsrigyion of the DFD informaton and the composite
motion vector in place of the encoded frame of data repre-
seoty & significant compression of date.

The previous description of the prefermed embodiments is
provided to ensble any persoo killed in the art (o make o
ne the presen invention, The various modificutons to these
cmbodimenty will be readily apparent 1o those skilled in the
n, and the generic principles defined hesein may be applied
1o other cmbodiments without the wa of the inventive
faculty, Thus, the present invention is oot intended to be
limitzd to the cmbodimests shown hereln tat is to be
accorded the widest scope consistent with the principles and
nove] features discloted herein,

We claim:

1. Ap imezframe video comprestion sysiem comprising:

a firg motion predictor having an input for receiving &
block of pixel data and having an cutput for providing
a firat image prediction;

a first distortion catculator baving a firsl input for receiv-
ing said block of pixel data and having 2 second input
for feceiving said firt imege predictioo snd having an
output for providing a Brat distortion valoe;

1 leayr one additional motion predictor provided in par-
allel with aaid firt motion predictor baving an inpot for
recciving said hlock of pixe! data and having an output
for providing additiona) image predictions;

2 second distortion calentstor having a firet foput for
moxeiving said block of pixed dats and having & second
input for recelving said additiona} image predictions

3

L)

end having a first outpot for providing & second dis--

tortion valoe:

an epcoding format eelector having s first inpot coupled to
said fimt ditortion calculator outpul aod having a
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of claim 2 wheein sxid & least

predictor bas a second output for providing a first motion
vectar,
8. The system of claim 1 wherein said & least omo
additional motion predictor bas a second output for provid-
ing additional motion vectors,
9. The systom of clxim i frther comprising & weighting
valuc muhtiplier dizposed between said frst dixtortion cal-
culator and said cocoding formxt sclector.
10. Ao intexframe video compression system comprising:
firt ootion mezns for recelving a block of
video data and for comparing szid block of video data
with blocks of pixel data of a first hlock size to provide
displaced frame difference (DFD) blocks, and for mes-
suring distortion values for sxid DFD blocks, and for
selecing & most sirailar block of pixel data of said fire
block sizo in accordance with sxid dstoction values for
said DFD blocks 1o provide s first motion vector, & Brst
DFD block snd » firt digtostion value;

additional motion compensation means {or receiving sxid
block of video data and for comparing said ock of
vidoo data with a plurality blocks of pixe) dxta of &
socond block size to provide second DFD blacks, and
for measuring distortion vatuca for tald secood DFD
Hocks, and for selecting a set of most similer block of
pixel data of said sccond block size in sccondxnce with
szid distortion values for said second DFD blocks 1o
provide a et of additiocs) motion vectors, u set of
additional second DFD biocks, and a second distortion
value,

decision means for comparing said firw distortion value

end axid second distortion value aod for selecting an
::odin;fminmvﬂhuidmmpﬁm;
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encoding means for selectively encoding said first motion
vector and said frst DFD biock and said szt of addl-
tional motion vectors and 3aid second DFD blocks in
accordance with suid selected encoding fonmat,

11. The system of claim 10 wherein xaid block of video
daia is an NoN block where N ia an integes, and wherein axid
first block size is NxN.

12 The system of claim 11 wherein said block of video
data is 8 3DE2 bock and wherein first block size is 3DA32,

13. Tho systeon of claim 11 wherein said second block size
is N/2=N/L

14, The syst2m of claim 10 wherein said blocks of pixel
dama of a first block tize comprise pixe! data from a previoos
frame of pixel dua

15. The system of claxim 10 wherein said blocks of plael
daty of a first block size are combinations of pixe] data from
previous frames of pixel dat.

16 The system of claim 10 whezein said decision means
performs said comparison responsive to & welghting format.

17. The system of claim 10 further comprising a weighi-
Ing means for receiving said additional distortion valus by a

weighting format

18. An interframe video compression method for com-
pressicg a block of video data comprising the steps of:

comparing said block of video data with blocks of pixe!

dxta of » first block site to provide displaced frame
differeace (DFD) blocks;

measuring distortion values for said DFD blocks;

sclecting & most similar block of pixel data of aaid first

block size in accondance with said distortion values to
provide a firt moton vector, s first DFD block and a
firt distortion vajue;

15

14

comparing sxid block of video daia with a plurality blocks
of pixel data of a second block size Lo provide addi-
tional DFD blocks;

meaniring distortion values for said DFD blocks;
sclecting a set of most similar block of pixed data of axid
second block size in sccordance with said distorticn
valoes for said additional DFD blocks to provide 1 sa1
of additiona) motion vectors, a set of additiona) DFD
blocks and g stcond distortion value;

selecting an encoding format in sccordance with said Gt
distoerion vatue and sxid second distortion valoe; and
selectively encoding said it motion vector sad said fim
DFD block and said set of additional motion vecton
and said set of additional DFD blocks in accortmce
with said selected forma,

19. The method of ciaim 18 wherein said hlock of video

data is an N>V block, where N is xo integer, and wherein

said first block size is NxN.

20. The method of claim 19 wherein said block of video

data is » 3262 block and wherein first block size i3 3DG2.
21. The method of claim 19 wherein s2id sccond block

size s N/DINS2,

22 The method of claim 18 wherein said blocks of pixed

data of a first block size comprise pixel dats from & previons

frame of video daia.

23. The method of claim 18 wherein said blocks of pixed

data of a first block size are combinations of blocks of dam

from previous frames of video data

24. Tte metbod of claim 18 further comprising the step of

weighting said sdditional distortion value by a predeter-

LA B
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