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This application is related to the foll ow ng patents and patent

appl i cations: (1) U.S. Patent Application Serial Nunber
08/ 708, 388, entitled "Mwving 10 Picture Canera with
Universal Serial Bus Interface,” filed on Septenber 4,
1996, for Peter H Hsieh and Shyh-Rong Wang, and (2) u. S.

Pat ent Application_Ser / 83, en "Digltal

Moving and Still ﬁﬂra@gﬁﬁ%ﬁmé w&’l deo

Canera," filed Januargy, %mﬁﬂw bgm-@e gaan Gadjali. 15
The abgve-listed paten? appl i cat1ons are aSSI gned to lf:ige sane_assi gnee as
this application and are incorporated herein by reference.
Field of the Invention The present invention pertains to

communi caRelated-Applieations vi deo signals, for 20 exanple, for use in real
time, interactive conmunications. Background of the Invention

Several techni qgs, @x@adbﬁqmlﬁ@a 16 ﬂ@féﬂl@ﬂnﬁ% pitents GATPARESAptlicatibnieo t O

pr oduce a co essed video signal and Tor decoding such a conpressed

s sonr ot b ¥-S opaRanAbbddh 3 Rhbnber88/708, ¥, \Ahied Fhoving

and Associ at ed

10 Picture Camera with Universal Serial Bus Interface,” filed on September
4, 1996, for Peter H. Hsieh and Shyh-Rong Wang, and
(2)' U.S. Patent Application Serial Number 08/792,683, entitled “Digital
Moving and Still Picture Camera Adaptor for Moving Picture Video
Camera,” filed January 29, 1997 for Peter H. Hsieh and Hasan Gadjali.
15 The above-listed patent applications are assigned to the same assignee as this application

and are incorporated herein by reference.

ield of the Inventi

The present invention pertains to communicating compressed video signals, for

20 example, for use in real time, interactive communications.

ackeround of Inventi

Several techniques are known for encoding (i.e., compressing) video to produce
a compressed video signal and for decoding such a compressed signal. See ISO/IEC IS

25 13818-1,2,3:Generic Coding of Moving Pictures and Associated Audio: Systems, Video
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PCT/ US99/ 03417 and Audio ("MPEG 2"). FIG 1 depicts an encoder 10 and
decoder 12 cording to an MPEG- 1, or MPEG 2 main pro{}j | ng -
and decodinSggé"t"’é dard. An original digital vi deo si gn%*@sﬁs}&#ﬁ]}outted
to the encoder 10. The video signal V is organized into macr obl ocks.

Each macrohl ock i na of | um nanc r,.of 5
chrom na 18?‘5‘8 k(gﬁjpégg'?l )bl Wi%ém&% %&%‘cga ra@ %4&)%1@)8?12?2 %(:&%E toan o np
macr obl ocks are only spatially encoded by spatjal encoder 14 of the, encoder
10. O herMPE&bmrdﬂK’ECI;mefé@modmgwnd qdinghrandard. Adceriginal digity
spatial encoder 14 and tenporal encoder 16 of the encoder 10.

Macr obl ocfiged bighalaVeisGputtetioft thel drigoder 10.eRhedeided signal i Vpist rganided dntol y vi a
output Ato the spatial encoder 14. (Such output is 10 shown as achieved

by a sw tlg?%&@o%%ifrpor aI gblhgﬂ)ingﬁﬁgé fg%t}{ﬁérr& IR REd Bloc £humber of

;
signal s, y encoded rnacr obl'ocks are 1 nputted to the
subtractor 18 of the tenporal epncoder 16 to produce prediction error
macr obf ocGasominages &l"F’@n g??%%c‘é‘“r‘n&@'{‘fﬁyoeggmé% outputted via output B
to the spatial encoder 14. The spatial encoder 14 I ncludes a discrete

cosi ne t r ansf o3ome macroblucks$areoniyespatiallyencoddddiykspetialencodend 4 of themncoders t o
spatial frequency coefficients. The spatial frequency coefficients are

quant i zedjPYOmer macrdblGHkS areSbotk SpAtANY ahé MNEstaBy eAddldied Sising spafiEl encoder

predeterm ned "zig-zag" or "alternate scan” ordering).

I n
tenporal | y, encodi n Q It i ek, i | f
cach - T4 O EntalleAEE TR e BndiBE 10, MRCARIGCRY il ook onhy Pty T
subtracted fromthe to-be- 20 _encoded nmacroblock in the subtractor, 18.
The sel ecanicadedarepuipustedcdiresty via peppbAKto the spatial epgodspndd. SushPutpykis one

or nore pictures that precede and follow a to-be-encoded pi cture may
be desogrshbae ssachizved dyceswiteh 18 eidhrmay beiimplepreattidctsing sofasarepcontksl ar e

signals, etc.) Temporally encoded macroblocks are inputted to the subtractor 18 of the

temporal encoder 16 to produce prediction error macroblocks. Prediction error

macroblocks are outputted via output B to the spatial encoder 14. The spatial encoder 14

includes a discrete cosine transformer 20 which converts each block of each macroblock

15 to spatial frequency coefficients. The spatial frequency coefficients are quantized by a

quantizer 22 (and scanned according to some predetermined "zig—zag'; or "alternate scan"
ordering).

In temporally encoding a macroblock, a prediction macroblock is selected for each

to-be-encoded macroblock, which prediction macroblock is subtracted from the to-be-

20 encoded macroblock in the subtractor 18. The selection of a prediction macroblock may

be made as follows. One or more pictures that precede and follow a to-be-encoded

picture may be designated as reference pictures from which prediction macroblocks are

selécted. (Herein “picture” means field or frame as per MPEG-2 parlance.) Such



selected. (Herein "picture" means field or frane as per MPEG 2 parl ance.)
Such 2 WO

99/ 43147 wo 99143147 _ PCT/US99/03417
PCT/ US99/ 03417 reference pictures are encoded and decoded using the
encoder 10 (and may thensel ves have been tenporally encoded). A

search i Eef@&hf:@?i&ﬁﬂed: frencHdedvaid @RbEed Gifg EeCéhchddi! 10 @nd may tHethseHegt i fy
t he macrobl ock therein that nost closely natches the to-be-encoded

Then sel it dhed BEvkRa el SERiCA Suht forrdkiled o St VRN, RtclREE RAE" ' °

macr obl ock., . The tgreedi ct bi)n .macr obl ock ma% be | pocated in a reference
pi cture thadentiy 1Bgcmagnoblock. therein hat qnestcelgpedy matches, the riorbenencodedt ur e
that follows the to-be-encoded picture or may be an interpolation of

mul ti pl emasmebloak béthedodedataied pictiret i This best ratdhinganacreblobk fis them seledtéd er ent
ref erence picture. In sonme pictures, called P-pictures, the prediction
macr okl o ' I gl i hg

o ot ufes S BEHRIGE oifsomdck (3 e 3 bBlcRbdRd BuRRRbIG. TPTEe BrEBEHHIT

B- pi ctures, e preqiGgti Jmacr pbl ock, candj dat es ,may be sel ected.from

5 bt ecedRtrobIoc B gt B RTF R Dt PSR th S hE PRSP Picsfor

ot her pictures, called I-pictures, no prediction is formed. Rather,
each maca otfexsnke pictusa ithat Sellawstheto-be-encedadopictire osmay bepa intgrpglation of
encoded macrobl ocks are sonetinmes referred to as "intra 15 nmacrobl ocks",

wher eas fRitiphd aoAilpR) sfididhté Predtin MaCrobIstRS, SRAr RHINOS Idsfférest reference
sonetinmes referred to as "inter macroblocks"). In addition, if no adequate

predicti bdal.e. ca iha P
br °B i cogure: SR BRLARS AT PURGAT the bred UK plaBt oo GRAIHS iy
The tenporal encoder 16 includes @ decoder 24. The decoder 24 inCl@tlljlges a
20  d8quemlyjoziginaitsin ofe QFJROLERIESSANE PIBIeL (O AndnteRpalation tgreos), Imethepati al
encoder 14. The

pictures, called B-pictures, the prediction macroblock candidates may be selected from

a preceding or following picture (or an interpolation thereof). In yet other pictures,
called I-pictures, no prediction is formed. Rather, each macroblock is only spatially
encoded. (Such spatially only encoded macroblocks are sometimes referred to as "intra
15 macroblocks", whereas motion compensated temporally encoded macroblocks are
sometimes referred to as "inter macroblocks"). In addition, if no adequate prediction
macroblock candidate can be found for a macroblock in a P or B picture, the macroblock

may be spatially only encoded.
The temporal encoder 16 includes a decoder 24. The decoder 24 includes a
20 dequantizer 26 for dequantizing the coefficients output by the spatial encoder 14. The
dequantized coefficients are inverse discrete cosine transformed by an inverse discrete
cosine transformer 28 to produce pixel values. If the decoded macroblock was only

spatially encoded, the decoded macroblock may be directly stored in a picture memory



dequanti zed coefficients are inverse discrete cosine transfornmed by an

I nverse discrete cosine transfornmer 28 to produce pixel values. |If the
decoded nv&b(;?),,gﬁl; was only spatially encoded, the decqgedysmmsal! ock
may be directly stored in a picture nenory
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predi ction error “macro appropria on nac

is retrieved fromthe pictur nory. 30 s descri bed el ow),, apd
Lddeq 1 o FEROPRALD B BB AR hricHect RO B R Femaam 30 (B5dcseriped
macr obl ock of pixels thus formed is stored in the picture nenory 30 via
out put D; below) antl|added 4o ithe: dgcoded | predictionl errormacothlock in af addérB2.nCEhe

pictures are stored in the picture ~ nmenory 30. The
sel ect i onmatroblknsfepixelsi thits Faaiedbis tdrell Sin b ipRitid ﬁ’iémt)?‘ BOWSa oliffut Xt
t o- be- encoded nmacrobl ock of the currently encoded picture is

I nput t @d | O - ' r.. al so
rocei vas Pftsftediey.uy QRS Hhitotigels ofibrerdp® Ptk SRR REIR ik
that may be used to predict the next to-be-encoded nacrobl ock.

|11 ust r at PEFY 3@he notion conpensator 34 uses a bl ock matching technique
to identify the best mat ching macrobl ock (or interpol ated nmacrobl ock)

from t he ref er Theselgutioh of theprediction madkoblotklisghievedsascfollows .cThahekteo-be-
mul ti pl e candi date prediction macrobl ocks are extracted fromthe

15 Ench oL TACRDIRLE DPIE iy DL P pichy el e R RS D

15 Each can edi ction nacro ora pect
racr obl ook ShF BIOHAR EOFPERRIR: e Bffives fom RUPIREE FIFRISHIBISH dabeof
t o- be-encoded bl ock) and are spatially shifted relative to the to-be-
10 reference pictures that may be used to predict the next to-be-encoded macroblock.
Ilustratively, the motion compensator 34 uses a block matching technique to identify the
best matching macroblock (or interpolated macroblock) from the reference picture(s).
According to such a technique, multiple candidate prediction macroblocks are extracted
from the available reference pictures and compared to the to-be-encoded macroblock.
15 Each candidate prediction macroblock is shifted temporally with respect to the encoded
macroblock (because the candidate prediction macroblocks originate from a different
picture in time than the to-be-encoded block) and are spatially shifted relative to the to-be-
encoded macroblock in increments as low as ' pixels. The candidate prediction
macroblock that best matches the to-be-encoded macroblock is selcctgd as the prediction
20 macroblock for temporally encoding the to-be-encoded macroblock. The prediction

macroblock is identified by its temporal and spatial shift, referred to as a motion vector

MYV. The motion vector MV is outputted from the temporal encoder 16. In addition,



encoded macroblock in increnments as low as [err] pixels. The candi date
prediction macr obl ock that best natches the to-be-encoded nmacrobl ock
i s sel ect aoag4ie prediction 20 macrobl ock for tenporally raTcushiongdizhe

t o- be- encoded macrobl ock. The prediction macrobl ock is identified by
its tenporal and spatial shift, referred to as a notion vector W. The
noti on veutbra Mabtiosn/ gadtprtM¥dnfayobe tsheed €eqgor &l piovared aferidyy 30) &sididteon,
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bi ot ure. nacaeates of the figiich HakidMbctAehe adKalFRng Bietof defodtr 04,

macr obl ock wh decodi.ng the picture in decoder 24. he -

Spat 1 al Iy encohsisHAdals snbedednge:bbioak anf SREFas esrer masrablack asfRrient
data and the notion vectors W are furthernore entropy encoded by

r un- | eveldataand the metion vectorsiivhare furthiermoss entTopy ehwodedrby rom-levieh rediable . a
buffer 37 that nodel s the occupancy of a buffer of known size at the

decodes . 1dptReadoder 86\1aThe AatadiHoBe stofedOinl 4 BUffEETSthaOnodels the 3tAphAGMOOT

underfl ow, the nunber of bits produced per encoded nacrobl ock or

predicti 0 0 djus usj a y 39.
(1 adi & pitren”be KRS o8 of (i deddBeP Tnesbiitine BiaP g BBl b BErF d0RL B
appended before the begi nning of A 10 se| ected encoded pictures.) The

conpr ess&YeW%oOfsPB‘?F&HO%i‘BEtW ofh bYs prodused Jpersencoded Jpacsablogk @4 a a
channel (which may be a transm ssion nmediumor a digital storage

medi un r eredictioreerroramacroebiotk may be e pstetivsing ssduantipdriadaptori 38 ¢ ,(Inmadditipn, et c. )
to the decoder 12. (For sake of breviity, the encodi ng of audi o data,

and the ‘jﬁ(étﬁfb%%ﬂ ib@%k%p(?ed and SMing A GESC6E Ypithted BefoR thO begighisSof N 2

system | dyer stream such as a trafsport

~

10 selected encoded pictures.) The compressed video signal (bitstrcém) thus produced is
outputted via a channel (which may be a transmission medium or a digital storage
medium/record carrier, such as a magnetic disk, optical disc, memory, etc.) to the
decoder 12. (For sake of brevity, the encoding of audio data, and the encapsulation of
the compressed video and audio signals in a system layer stream, such as a transport

15 stream or program stream, and a channel layer format, have been omitted in this
discussion.)

The decoder 12 has a buffer 33 in which the received compressed video signal is
temporarily stored. The bits of the compressed video signal are outputted to a variable
length, run-level decoder 38 which performs the inverse operation as the variable length

20 encoder 36 to recover the motion vectors MV and macroblock and prediction error
macroblock coefficient data. The motion vectors MV and macroblock coefficient data
are inputted to a decoder subcircuit 40 which is analogous to the decoder 24. The

decoder subcircuit 40 decodes the video to produce decoded video DV for presentation.



15 stream or program stream and a channel |ayer format, have been omtted

inthis di scussion.) The decoder 12 has a buffer 33 in
whi ch thewbaf,ﬁ'by@d conpressed video signal is t enpor ar pdbussoangs The
bits of the conpressed video signal are outputted to a variable

| ength, run-Ilevel decoder 38 which perforns the inverse operation as the

vari abl e | engtyjpged %P&Pﬁ%vi@@» §daldbﬁ&2‘\;1§?efshe(sﬁ@t}i0?fuyﬁﬁi?r§. MreBIA

macr obl ock and predictionh error obl o coefficient data. The

notion vegtors MW, an robl pck coefficien ar.e .l t to a
decoder * SiBAPeb PIABALNTGRD: AN e Ghsato BOMERG s passiil (590
decoder subcircuit 40 decodes the video to produce decoded video DV for
pr esent afRIGn2 shows a spatial scalability encoder 42 and decoders 44 and 46. TFhe spatial
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PCT/ US99/€hi4biifty encoder 42 may be ddnboucted kingplp a8 \fblik®Ss. SBaVido Sighal it yprred- See
B. HASKELL, A. PURI . NETRAVALI, DI A TAL VI DEG AN | NTRODUCTI ON TO

& A
MPEG . ~ : E S | ity
encodd 152 sRuiehlontfis 86 b Uecdpmior 48 colpratec Ve SpR rhRIneRa VAR Y )
may be constructed sinply as follows. A videQ signhal is inpytted- ., 5
spatial obthepadeo signal.eA %wea gk basglayer gacqdsr ;15&3 the levcéﬁgﬁﬁs%&q vgrsion
resol uti on version of the video signal. A |ower or base |ayer encoder
12 encodes tiehdddoosigmat swprodiicsa loaverilayer or baseolay¢rroompressed gidgoaignablLbVoduce a
| ower |ayer or base |ayer conpressed video signal LLV. The base | ayer
CONpr ess qfe \HagteRya @hfiredsbd/video Sightl LYVasd fhiidaemndepindénttiedadarnie andd
presentabl e video signal. 10 Next, an enhancenent” | ayer conpressed
vi deo si gnal V.is formed as fol |l ows. The full resolution version of
t he vi de%r?f:ﬁtﬁ e‘\ﬁ‘fossqﬁ?rggdi ctively encoded in the spatial

10 Next, an enhancement layer compressed video signal ELV is formed as follows.

The full resolution version of the video signal V is predictively encoded in the spatial
enhancement encoder 51. However, each temporal prediction macroblock produced by
the motion compensator 34 of the spatial enhancement encoder 51 is inputted to a
subtractor 52. The base layer compressed video signal LLV is decoded in a decoder 12
15 and interpolated in a spatial interpolator 50 to the full resolution of the original video
signal V. This base layer decoded video signal, which is reconstructed from the base
layer compressed video signal, contains reconstructed macroblocks which are used as
spatial predictors. That is, the reconstructed macroblocks are fed to the subtractor 52
where they are subtracted from corresponding temporal prediction macroblocks produced
20 by the motion compensator 34. (The spatial prediction macroblocks may be weighted by
subtractor 52 before they are subtracted from the temporal prediction macroblocks). The
prediction error macroblocks thus formed are then spatially encoded as described above

to form an enhancement layer compressed video signal ELV.



enhancenment encoder 51. However, each tenporal prediction macrobl ock
produced by the notion conpensator 34 of the spatial enhancenent
encoder SWwogusputted to a subtractor 52. The base | ayerrusosmpmsessed
video signal LLV is decoded in a decoder 12 15 and interpolated in a
spatial interpolator 50 to the full resolution of the original video

si gnal V. Thi Ndehatl bothrthe eabarementipgers aghbhse laher ndoderset@natirdicamd from
t he base | ayer conpressed video signal, contains reconstructed

"h

macr obl 0g #‘ED It"'qt%hnat'e Thit s L

reconstruéﬁ matcrta(gzl‘gc ?I%br%?e boﬁP e sm%tra t?%&r%gg 'hﬂls\lﬁeérangéﬁ?ﬁg'y are

subtracted from correspondi redi ction macr GKsS produced 20

byt ho. maPtoh AR EBbaer 1051 ﬁ@%é SBIHE ARIRPIAT Jia it o REP3HY

t enpor al tpstae cefevencagictutdsoiok perfofihing block muatching at bothethedraserdayestandck s

thus forned are then spatially encoded as descri bed above to form an
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formtenporal predictions. This neans that a spati al scal ability

encoder Yilewisignad: A£irst tyme ofidecades ddeunes aclecoder @oof similar constpcsionyas

| ayer anghow# in BIGane detude diy €ie)base layer compressedvided ﬁsIIQI,VCtﬁ oduce are

perm ssible for the spatial scalability profile encode eo signal.

shown in ode on ayer corrpresse deo signal LLV to

pr oduce DVL.. A second

wei ght ed by subtract or 52 before they are subtracted fromthe
enhanoenggharlcamest 1@9egzressed vi deo signal ELV.
6
Not e_t hat. ha nt r base

| ayer encoder?v‘fbtyz?ﬁﬁonggfigs are pelgﬁnﬁﬁlﬁﬁg%{gl aﬁﬁcf&é’%ﬁ?@éaf ggc‘g#g bot h
to store reference pictures for perform ng block matching at both the base
A first as

%ﬁpgegﬁdgﬁggg&gdé& bF&eﬁxé’r gxag&;‘é Shal BVAL. A Hééoﬁg t?/?é" of HHE&deP 46
type W ggqufg ,bloglsm%{e {azllseelll)lléryco(xjn%?'gs%g v1 eo 31g|na¥ i"L\}’ xglrz]z%l:ement layer

compressed video signal ELV. A base layer decoder 12 of the decoder 46 decodes the
base layer compressed video signal LLV. A spatial interpolator 50 interpolates-the base
layer decoded video signal to the full resolution of the original video signal V. An
enhancement layer decoder 53 decodes the enhancement layer compressed video signal.
15 An adder 54 selectively adds (weighted) reconstructed macroblocks of the interpolated,
decoded base layer video signal to prediction macroblocks reconstructed from the -
enhancement layer compressed video signal in order to reconstruct an enhanced fidelity
enhancement layer video signal DVE.
FIG 3 shows an SNR scalability encoder 56 and decoders 58 and 60. The encoder
20 56 is very similar as before with the following differences. As before, the spatial encoder
has a quantizer 22 which outputs quantized coefficients to a run-level, variable length
encoder 36. The quantized coefficient signal is dequantized by a dequantizer 26. The

dequantized coefficient signal is subtracted from the original coefficient signal (outputted



10 decodes both the base | ayer conpressed video signal LLV and the

enhancenent | ayer conpressed video signal ELV. A base |ayer decoder 12
of the de £i; decodes the base | ayer conpressed vi o9 LLV:

. 0€GPE /4 . g’?ﬂ‘ 9 17
A spati al |ﬁt%er pol ator 50 interpol ates the base | ayer deco ecfa\?ﬂl deo

signal to the full resolution of the original video signal V. An
h . . I id
anal . HemhEGHERAETBHRE LASRINEE AN Sn L ARNRIS b AR el e v 000

macr obl ocks of the interpol ated, . d ded hase | ayer video, sign to
D et ot | oRRaREs S BRRIZH B8 B JSSO AUERiAeF S (o Rroduce  QMEHRTAER Sighal o Fhe
conpressed video signal in order to reconstruct an enhanced fidelity
enhancenequattizge error dignakisgnatlepslmnd variable length endoded in h sacondnrughevel,
scalability encoder 56 and decoders 58 and 60. The encoder 20 56 is very

simlar agafifflOleng édtolidre3d'ol | owi ng differences. As before, the spatial
encoder has a quantizer 22 which outputs quantized coefficients to a

run-1level, variable | encodar . {i f£1Cl

si gnal \Si s dequgﬁ?i‘gegaﬁ%kg %feg‘t?a T ""zoégl Q%:%d?%g% %mdgé‘%’gﬁﬁs;%eééscge tci ent
signal is subtracted fromthe original coefficient signal (outputted

7 dequantjger 39/ whighy receives the quantized coefficients outputted form quantizer 22 and

PCT/ US99/ 03417 fromthe discrete cosine transformer 20) in a
subt r act odedithntiZdsethem! dThesdepoder 661450 has a seporatidermelntizer P24 thdt remtives the
second quanti zer 22' to produce a quantizer error signal. The

ti : e ) : 2Bl . q
T beg aEiféd BB Blefricicht ity 6 déghu P29, LT BhquaBHLR it TiRee CEOT:
t he tenporal ,encoder, 68.0f the encod 56 first ti 26
oy ch T eobre AETERE, PRt SEge ate Fhm e Soshtien o ag adier. 2 THEFesh & ang

10 the encoder 56 is the same as in FIG 1.

-

The encoded signal outputted from the run-level, variable length encoder 36 of
encoder 56 is a fully independently decodable base layer compressed video signal LLV.
Such a signal can be received at a base layer decoder 60 which has a similar structure as
decoder 12.

15 The encoded signal outputted from the variable length encoder 36' of encoder 56
is an enhancement layer compressed video signal ELV which can only be decoded in
conjunction with the base layer compressed video signal LLV. An enhancement layer
decoder 58 has two run-level, variable length decoders 38, 38' for run-level and variable
length decoding the base layer compressed video signal LL'V and the enhancement layer

20 compressed video signal ELV, respectively. These decoded video signals are then fed
to dequantizers 26 and 26', respectively which dequantize these signals. Adder 70 then
adds the two dequantized signals together prior to inverse discrete cosine transformation.

The remainder of the decoding process is similar to before.



dequanti zes them The decoder 66 al so has a second dequantizer 22' that

recei ves the quanti zed error coefficients outputted from quanti zer
22' and dewpigeMsiges them These two dequanti zed coef f ipcrarsv9msgnal s
are then added together in an adder 70. The rest of 10 the encoder 56 is
the same as in FIG 1. The encoded signal outputted fromthe

run-level, varMPBEG2aseohds Loaadartitiéhing profile atd aaeporsd scalability profile.
|ndependently decodabl e base | ayer conpressed vi deo S|gnal LLV Such a

:It ?Bglt urgﬂg’@&&ﬁ%‘é@%@b@@ﬁ%& ﬁy(ﬂ*seﬁ‘é&?fl@ enco\é%g 5| gna {’I?é(;d from

the vari abl e he(r;‘(jgth encoder 36! of encoder an enhancement Iayer
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wi th the base | ayer conpressed video signal LLV. An enhancenent | ayer
decoder $®rthers which saxves| solely to distinguidhecloserquahtizition desfiiciest legds, is formed
run-1evel and variable | engt h decodi ng the base | ayer conpressed video

si gnal 5 Liioamntnhiiepithflags ﬂﬁarés@ét?ﬁde@ﬁgnﬂoﬂéﬁﬁsSQQ réﬁx&iﬁ&er&ifﬂﬁ@bnﬁh&l

respectively. These decoded video signals are then f to dequanti zers

26 and 26 L ze these al 70t

adds the eflﬁf) e?%%#@@%f% ngseq%J‘g%‘{ RUPPISPSS ‘“5%‘9?\%6@ é%?fgi %{o E’f?om ne
transformation, The remai nder of the decoding process is simlar to
bef or e. temporal scalability profile, an original video signal is decimated in time to form a lower \\pD
99/ 43147

PCT/ US99/&8gdral resolution video signhPEThelowes eehpcrabreslttiorpoides signal is@npoded | e

andatenporal scalablllty profile. In the data partitioning profile,
the bits; Géh'égtshﬁﬁ’ﬂ foakba& £ §nelfighfl téntxoéd}ﬁ‘ﬁ%solunon Viddo© 2
| ow preC| 5| on por | on an preci sion extension-por e precision

ext enfd o signal, and a low fidelity decoded base layer video signal are inputted to an enhancement

layer encoder. The decoded reference pictures of the low fidelity decoded base layer
video signal are used in addition to the decoded pictures of the enhancement layer
compressed video signal for forming predictions.
Each of the scalability layers has been proposed for purposes of providing two
15 levels of resolution or quality using the same bitstream. Base layer decoders can only
decode the base layer compressed video signal to produce a lower fidelity decoded base
layer video signal. Enhancement layer decoders can decode the base and enhanced layer
compressed video signals to produce an enhanced fidelity decoded enhancement layer
video signal. Nevertheless, both a base layer decoder and an enhancement layer decoder
20 can decode the same bitstream.
It is desirable to use a computer as a video communication terminal. Low cost
cameras are available which can produce high quality color and monochrome digital

video. The problem is that the bit rate of such digital video signals far exceeds the



portion, which serves solely to distinguish close quantization coefficient
| evel s, is fornmed 5 into an enhancenent | ayer conpressed video signal,
wher eas ttwa&ﬁﬁﬁhnder of the original encoded vi deo S%@ﬂ%k%ﬁﬁﬁﬁs a -
base | ayer conpressed video signal. According to the enpora
scalability profile, an original video signal is decimated in time to form

| ' _ ; . S '
a ' OWer  maximurh 94R3%h éltﬁ@é@ &dngg:g‘{é S8 o5k : gpgxés;BgﬁI Jé);!,rﬁ}ﬁ erl Cvefitional

resol ution video si I'S enco ehcoder simlar to
encoder 12. - The orjgin te ral. resolution video ,10 .signal, and a | ow
Tl 1y Seiuronicie thisdroRlspunthida deing pamer ot #BiRRristary dtariags dnd Kdrent

| ayer encoder. The decoded reference pictures of the low fidelity decoded
base | ayeapture card thatl isocanngeted tathe aosgpitérrburddi ti on to t he decoded pictures
of the enhancenent |ayer conpressed video signal for formng

predictions. yU.S. Patent Apph@fionOSeridle Nvsalggrydg, 388 '@H%S/?bﬂ?&é??fbﬂ&&@posed
for purposes of providing two 15 levels of resolution or quality using the

sanme hitsiream e | ayer decoders can onl ..decode the base | ayer
conpr 9 BErpR OGRS {Rese APBftAEiohs BRSF = Frmer it REEIn.Pibod: or o5
| ayer video signal. Enhancenent |ayer decoders can decode the base and

enhancedencpgder adaptor for-d peavestienal yidge samern al ke ¢amess withcmcedere an ercoder

fidelity decoded enhancenent |ayer vi deo signal. Nevertheless, both a
base | ayadaptsrdfasean dnetfave thatfiscompitant withythe Uddvepsit Seridd BusqUSBy sndéardhe sane
bitstream It is desirable to use a conputer as a video

eam | _ | ter as a |
o otuce RropPg B Dalversaf SeffTBus SoecifROE VR0 TE 13056 FAGVIRBLEL,) o

igs that g}]s?en? il&@éga%gwggq%g&hdi eisto?lcafxllielqaea(\)ttaschgxggll: grc ﬁéctuer)ég _e ?l?tfsu:[ag\e/ely,
PCT/ US99/ 03417

10 the system 100 can be used in a real-time, interactive moving picture communication

application, a real-time non-interactive picture communication application, a still or

moving picture capture application, etc. As shown, a camera 110 is connected to a

computer system 120 externally to the housing 156 of the computer system 120. The

computer system 120 illustratively includes a cpu bus 122, a system bus 124 (e.g., a PCI

15 bus) and an I/O expansion bus 126 (e.g., as ISA bus). Connected to the cpu bus 122 is

at least one processor 128 and a "north” bridge or memory controller 130. The north

bridge 130 connects a cache 132 and a main memory 134 to the processors 128 on the

cpu bus 122. The north bridge 130 also enables data transfers between devices on the

system bus 124 and the memories 132 and 134 or the processors 128. Also connécted

20 to the system bus 124 is a graphics adapter 136. A display monitor 138 may be

connected to the graphics adapter 136. As shown, an Ethernet adapter 160 may be

connected to the system bus 124.

10



maxi num data input bit rate of any port on a comon personal conputer.

Conventi onal solutions to this probleminclude using a canera with a
propri et ave 99/4d1er f ace and vi deo capture card that i sarssemsdd to
t he conputer bus. U S. Patent Application Serial Nos.

08/ 708, 388 and 08/ 792, 683 propose 5 alternative solutions. These
appl i cati ons Qompoted ta thedi® reaparsidn busli26lis a idiskanamnekyr 140amdamerface, suglncoder
adaptor for a conventional video canera. The canera wi th encoder, or

encoder 3s 4 IDEYARHAte, NAXRdRM 15¥, Hnlidhpul §&licdsS14206Rh| ANteyBbird i43%and
Uni versal Serial Bus (USB) standard. See Open HCl, Universal Seri al

Bus Speci fi ' 1. 0. Jan. 1996, . FI G 4 sh 0 i
shown wiBE” (AeCe erkespprat idoend ot it Bay oo beGRRERAR 1y
10 the system 100 can be used in a real-tine, interactive noving picture

comuni dche {USB hub 15Qp pAlsenonaectedhbetegen thensystepnbush 124 ard thed/Qiegpansion
communi cation application, a still or novi ng picture capture

app! i sattugrn26aé & soutl beidgevi48 ar @ kxidgel 1Dhd Soutpbrided P48 émabRs data tra@sferut er
system 120 externally to the housing 156 of the conputer system 120. The

(oG - pobliebauieeyoh ine B Apaiiial pLE T8 5830 SRR P8 st VAR ) 24

Connected to the cpu bus, 122 is at. | east one processor, 128 and a
"north" USBdge O'éiie\ﬁeﬁmme 8YHt6TB Ppe 124, 3Plustratdvely,acrording tofthe myentiong theonnect s
a cache 132 and a main nenory 134 to the processors 128 on the cpu bus
122. Theouthy bridgerl48 gésolifi€ludéssoUSBanbd$0d e WEB hab 4650 hhednwsrmote\serigls on

t he system bus 124 and the nenories 132 and 134 or the processors 128.
Al'so co t faRes [ Shifes

di spl ay%ﬁi ?Sohr ﬂ%géﬁ?racéﬂ%gwgoe conng(]:{tag% %ﬂlﬁgﬁgraphﬁgqggggt@@%fg As

igOWTO ac%nggc %Elnrﬁgy gg & a{[d%rtot]éﬁ)? e:rIPe)fnakiﬁf to the h%ggllgg ﬁ%g%fttﬁ)e :t:(;]z%pu S:Eyes entl).us 124.

Hlustratively, the USB hubs 150, 117, 168, 190 and cables 119 form the USB bus 200.

The camera 110 is shown as including an imaging device 111, such as-a tube,

CMOS photo sensor or CCD, on which video images are incident. The imaging device

111 converts the image to a motion picture video signal representative thereof. The video

15 signal is converted to digital form in ADC 113. The digital signal outputted from ADC
113 is received at a bit rate reduction circuit 115. The bit-rate reduction circuit 115 may

be a programmable frame rate/resolution reduction circuit. Advantageously, however,

the bit rate reduction circuit is a programmable video encoder. The bit rate reduced
video signal is outputted to a USB hub circuit 117. The USB hub circuit 117 has a serial

20 port 118 that can output the video signal as a serial bitstream via cable 119. The cable
119, which is plugged into the connector 154 (extcmaﬂy to the computer housing 156),
delivers the video signal to the serial port 152 of the hub circuit 150 in the south bridge

148,

11



WO 99/ 43147

PCT/ US99/ 03417 Connected to the 1/0O expansion bus 126 is a
di sk menpdyy ¢ 4nd i nterface, such as an | DE interfaggriRoiRdpm 158,
and i nput c?ew ces 142 such as keyboard 144 and nouse ggg
(Al'ternatively, the keyboard 144 and nouse 146 may al so be connected to

the USB hub 15ﬂ§) reﬁuggoﬁeﬁa?ecmq ggtgeggbagﬁgg%ﬁsﬁét@g%é Oﬁeh/ O

expan5|on IS a SOUt sout

bri dge 148 bl es transfers en de e the I/0O ansi on
bus. 126, SERGHARS SO %ﬂagfae%qd@e%tg BE Rebelved b e OB soa not 05 "o
the systembus 124. Illustratively, according to the invention, the
south br Mymuuemarasmon standatds suchsSBMREG-1,50PEGH2, HIS63 heto. j151) bhalsed)h)e or
nore seri al ports 152 that are connected to standard USB conpli ant

ConneCtOrtﬁe&ﬁ4afeQedﬁHti©hoﬁcuitQISQ@Bﬂ&ﬁbitﬂé\vm%Ns rade totally externally to
t he housing 156 of the corrputer system | ustratively, the USB hubs

150, 7, 168,y The
caner ;51110 is s%tg\%a%g%lﬁ%% udi né’ c‘&lfa?‘ ﬁl@%eﬁ%@oﬂk‘sni%?d 1534u% th%gu%s ]tsob

CMOS photQ,s r , I ch _vi deo | mages are.incident, The |mag| ng
device 117, 108 supBors <=<-1tlﬁrgf\l'3h trangder: of siendei on aqdmn o {randsrrisiegKdeo
representative thereof. The video 15 signal is converted to digital form
i n ADC 13%#nalsHeomlithy kubl 115 tortke hubut §1)) datadndy berrdisrred from S hits 15¢toatheed at
a bit rate reduction circuit 115. The bit-rate reduction circuit 115 may

be a pr O%Bri‘ﬁlezfintEfs?EE%dg‘%ﬁ@{/fﬁ% agaévaaa ﬂ&@&e&&h&@eﬁx li Sy hﬁ% Pith g&gusl 'z

however rate reductlon CIrCUIt IS ogr amra

d el d d a_USB hub
i cur 4% Dot [CorORTRARRS e videp Spigiter L3 qr'e%ﬁl“ 1 Vien Snfer o

out put the vi deo signal as a serial bitstreamvia cable 119. The cable
119, lthi dASicen pe prpgeamingd to encedeths videodn camplignes withrramumber of compressipuit er

housi ng 156), _ delivers the video signal to the serial port 152 of the
hub ci r c¢tanddrd® sudh dsh#l.263)IMPBG-IMPEG-2, JPEG - motion JPEG, etc. Furthermore,

within any given standard, different parameters may be adjusted such as quantization step
sizes, inter/intra decision thresholds, group of picture formats, bit rate, etc and different
encoding options, such as arithmetic coding, may be selected.

15 Advantageously, a microphone 162 receives an audible sound and converts it to
an audio signal in real time as the camera 110 receives an image. An ADC 164 digiﬁzes
the audio signal and an audio encoder 166 encodes the audio signal. Hlustratively, a USB
hub circuit 168 receives the compressed audio signal and transmits it in bit serial form
from serial port 170 to the hub 117, interspersed with the video signal outputted from the

20 camera 110 and any other data signal transmitted on the USB 200.

The hub 150 receives the bit rate reduced video (and illustratively the compressed
audio signal). The received signals may be transferred via south bridge 148, system bus

124, and north bridge 130 into one of the memories 132 or 134. From there, the video

12
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PCT/ US99/ 03417 The reduction of the bit rate by the video
encoder l4b9enasiares that the video signal has a suffi BCEMmISPYOI4DIV
enough bandw dth to be received by the USB serial port 152. Vari ous

conpressi on standards such as MPEG 1, MPEG 2, H. 263, etc. nmay be used by
the bit sai/er awtio'signahmay bepirocedded Byothenprockssom28y iedgo emiog padtected Bsing
Note that the USB 200, in particular, the serial ports 118 and 154 of the

hubs 150 A t syl di i ; | n
additio nm% STk g\rn S fion w&e’%ﬁg eo ' liiﬂﬁ%srssiﬁg’t’ gfb’s.‘ %%%afﬁhgﬂﬁﬁﬁ&i‘?? Q{g%bltsrrr]lg& hub

erring vi n
150, data may be transferyed fraomthe hub, 150, t he 7 b

i nt er spetEnBs WH%‘“G&Z’Q&“E#@?FA‘@%W&“XW@W 1iqgg 30, Syster s rﬁgu%ﬁm a
transfers can be used to progranm adjust the video encoder 115. For
exanpl e, addpeer\li6Band an ctivenet ngtvork tdra farende remetg videmsanferensingosystemhto0yi deo
I n conpliance with a nunber of conpression st andards such as, H. 263,

MPEG 5, B ﬁi%g atEtfifectu?Blak Fhe HAEE cofiferendihly EYWREATIOG, (i.e., havity & Rbmpary gi ven

standard rent paraneters nmay be adjusted such as quantization step

2t ¢ and Bioree, 20; Bl g 1Y, CAUStHRveH. 3t SaaRich; HhE HAPFRLG vileb 01O

selected. 15 Advant ageousl y, a mi crophone 162 receives an audi bl e
sound anand/encampressed apdio signals can bg awtpytied Jimporty bridgs 130, 8ystem b aner a
110 receives an inmage. An ADC 164 digitizes t he audi o signal and an

audi 0 engsilie brid §6148)d¢0 exparsivnahndi 1265 irgdedn. 158! dnd st public ¢eléphona neBRrk to  hub
circuit 168 receives the conpressed audio signal and transmits it in bit

serial T @My, ex}d,ol’:cje Vid 'oal:oxﬁare:%g égs(ysfénﬂ h@OhUtInléJOéhér”érﬁﬁédlﬁfeﬁﬁ%W th

t he vi deo signa putted fromt camera 110 and any ot her data
signal transmtted, on the USB 200 . . . The h 1 recejves,t he
bit rif ecomapRessed WepAnd/of fomnressed audip \?bﬁ“ﬁlstfﬁ‘?‘%%‘r?g rﬂéélg‘éh?gb are oupRied
signal). The received signals may be transferred via south bridge 148,
syst em bdirectly to the Ethernet adapter 160 or modem 158, both of which can be connected to

the USB 200.
A compressed video and/or compressed audio signal may be received from the far
end, remote video conferencing system 100’ at the near end, local video conferencing
15 system 100 shown in FIG 4. The compressed video and/or compressed audio signals may
be received at the Ethernet adapter 160 or at the modem 158. A compressed video and/or
compressed audio signal received at the Ethernet adapter 160 may be transferred via
system bus 124 and north bridge 130 to main memory 132 or cache memory 134.
Alternatively, if the compressed video and compressed audio signals are received at the
20 modem 158, the compressed video and compressed audio signals are transferred via the
1/O expansion bus 126, south bridge 148, system bus 124 and north bridge 130 to the
memory 132 or 134. From there, the processor 128 may separate the compressed video

and compressed audio signals for further processing such as error correction, decryption,

13



124, and north bridge 130 into one of the nenories 132 or 134. Fromthere,

t he video 12 WO
99/ 43147

-
PCT/ US99/ d%ﬁf”/‘""“ and/ or audi o signal may be processed lgCT seggl%?'r“(l)"cessor
128, e.g., error protected using an error protection code encoded,

I f neces g n

out putte [ r?cg&ﬁi%l é exegqagfg Vi apﬁﬂ)%%%p‘g&r?% (n%%how%)sx{mjm ,orﬂx%tgd
Et her net 0 and an et ernet n tvvqr to a_far _end, renote
vi deo corfPé‘i’%WéF%Bﬁ/i%‘é?ﬂ ]R%%nmrg Prleast the video signaldeceding In yetanofheneo
conferencing system 100 (i.e., having a conputer system 120" and
canera 1kmbodingntea special progessor farperfarthing wideotdeeodingymay be éntludedevith the
and/ or conpressed audi o signals can be outputted via north bridge 130,

system b'-%iaﬁ;lﬁés adapter 136Ub wiieh moﬁﬁﬁessbd GiRyREral Rikiedly kraBsferfed¢e. 158 and

a public ephone network to far end,” renote V|deo conferenC|ng

system 1 ed video,an

conpr ok dtom B, 135 oF ERY 3#%5@5@9 5.y GSTPRE Ba5% lgpAli aitettea
directly to the Ethernet adapter 160 or nodem 158, both of which can be
connect edo the graphics adaptesd 36 dor is present thereat). Ahe graphicsdapter 436 oulpttsghe
conpressed audi o signal may be received fromthe far end, renote video

conf er encleogiedyddednsigital on e disslay ewnitend38. O addivoslaie de¢gdded @tgiondgnal 5
system 100 shown in FIG 4. The conpressed vi deo and/or conpressed audi o

signal s t r dem
158 A combs receiyd AERE ehinicladaiter OB\l iRRh Flodidedor ShnaliBa iR T 1.
Et her net ad 16Q be transferred via system bus 124 and north
bri dge 13‘@3 3@?@&@%@?@@ 132 or cache nenory 134. Alternatively, if
the conpressed video and conpressed audio signals are received at the 20
modenl@58, t hdndbeitesatise \digitad videt captyre esntediment] a digi¢al adrsanatog video
transferred via the

signal produced by a camera 110" is outputted to an adaptor 180. The adaptor 180 has

a video encoder 195 with a built in USB hub 190. The USB hub 190 is part of the USB .

200. The video encoder 195 encodes a digital version of the received video signal in an

analogous fashion as above, and transfers the compressed video signal via the (USB hub
15 190) and USB 200 to the computer system 200.

The system 100 therefore provides an economical and useful manner for providing
video communications on a personal computer system 120. In a typical home or
business, the communicating systems 100 and 100' typically use modems and the
telephone network to communicate. Recent advances enable duplex communication of

20 up to 33.6 Kbits/sec using an ordinary voice connection, assuming that a “clean” (i.e.,
low noise) circuit is established between the systems 100 and 100' and both systems 100

and 100’ have compliant modems with such capability. Sometimes, a single ISDN

14



|/ O expansi on bus 126, south bridge 148, system bus 124 and north bridge
130 to the menory 132 or 134. Fromthere, the processor 128 may

separ at e tweam@ressed vi deo and conpressed audi o si gne¢ USIVO3#LTr t her
processi ng such as error correction, decryption,

13 WO 99/ 43147 .

PCT/ US99/ éstrhtation is used teacutrydtheoddengcordererces)ahérely yfforlisgap ita 129 Kibjtesec
processor (not shown) nmay be connected to the system bus 124 for

per f or m ngyraheh EGminubitativh deo signal decoding. In yet another
enbodi nent, a special processor for perform ng video decodi ng may be

I ncluded with the Laraphics apter 136 to which.t conpressed vi deo
Slgnal 1's-di r e syl oy bR i BfeCieVB! Seonpteisions e BB BEfAL e
adapter 160). The decoded video signal is transferred to the graphics
adapt er 13me( low latensyccompressad moying piphregridgshsignala ddoving niamrmmggi_t he
decoded video signal on the display nonitor 138. In addition, the decoded

audi o si gftem such compredb@d videoesigedls \Have td) Qarge dmines SFUB@haly lgdcéptible
outputted to a | oudspeaker contained in the display nmonitor 138. 10

In the al B £l Al @y Mib e ' | glp.al:.0 | og
vi deo é&ﬁéki%%sr%al? agér‘%é%b eSdiéESa‘} gfaggspnéﬁgqelg}éo\ﬂgé’%%gﬁlﬁ@dﬁ t%)e?étﬁ cél&gg?or
180. The adaptor 180 has a video encoder 195 with a built in USB hub
190. The USB hub 190 is part of the USB 200. The vi deo encoder 195
encodes a digital version of the received video signal in an

anal ogous f ashimadditionatopresentimgl (displayingras thehlocalsysters Hiidedoded pictasidf vi a
the (USB hub 15 190) and USB 200 to the conputer system 200.

The syst o HaflotclyasidifiiheRionirdlea1 e6 SRAATICR a tbsitaBIE b pRREAIcchRHd

provi di ng vi'deo” co I Cat1 ons on personal conputer “system

typi C% hpqg&gsrof the locally originating video signal. For example, the display screen of the

In a

display monitor 138 may be divided into two areas or-may display two windows. The
first window or area displays pictures decoded from the remotely originating compressed
video signal. The second window or area displays pictures decoded from the locally
originating compressed video signal (which locally originating compressed video signal
15 is also transmitted to the remote system 100'). The problem is that the displayed pictures
of the locally originaﬁng compressed video signal are reconstructed from the very same
locally compressed video signal that is transmitted to the remote system 100'. As noted
above, the communication channel over which the locally originating compressed video
signal is transmitted has a limited bandwidth. As a result, the locally originating
20 compressed video signal must be highly compressed so that fidelity degrading
compression artifacts are introduced into the reconstructed pictures. While such
compression artifacts (in the pictures reconstructed from the locally originating

compressed video signal) must be tolerated at the remote system 100’ considering the

15



busi ness, the conmmunicating systens 100 and 100" typically use nodens and

t he t el ephone network to conmmuni cate. Recent advances enabl e dupl ex
comuni catyw@@iia7 20 up to 33 6 Kbl ts/sec usi ng an ordi nary Y:‘Ph&%/ouw
connection, assumng that a "clean"” (i.e., | ow noise) circuit
establlshed between the systems 100 and 100" and both systens 100 and
100" hav eppammth AniitdHIAe OF thel ddinrhiifiarfciPdianhdi fom WHIEH hETocallf ofiglidtifig' SON

PCT/ US99/ ecti.on, i s used ta cgrty, the videqQ conference,

t hereby a $°§“o‘;’ és sed vidso Sgﬁggg %ﬁlﬁd/ Saeh'c amelobaPaW‘ Eﬂn%?‘ﬁﬁla? 8gt ¢xisf at

At such Iow bit rates, a high |level of conpression is needed to produce a
real - the logalsystemnlQavisracyis damincaliy eviginating gompressedevidealsignali gHials,

Movi ng pi ctures decoded S from such conpressed video signals have a large

anount  of suchrdegtadagiensc apfidélity of locallye aispragéds Itpmﬁneg treéoﬁmtecﬁﬁ% fichlly.act s
degrade the video signal and | ower |ts qua | In a d|t|on

to presge y cqede ctures

the r e?m[% %}g%@gl%ﬁa ésg&i ﬂa‘?&egg e bg g'ﬁ'aljlﬁ& %@ g ‘g@g{a&%% S e to
present decoded 10 plctures of the IocaIIy originating video signal. For
exanpl e, ‘W?&c‘?ﬁ%rﬁt ay screen of the di splay nonitor 138 nmay be divided
into two areas or may display two w ndows. The first wi ndow or area

di spl ays pi ct ult ésamielhjedt of tier presenh inventiant ®l overvoingithatlisadyanagey efxhe Brior

vi deo signal. The second wi ndow or area displays pictures decoded fromthe
| ocally art. originating conpressed video signal (which locally originating
conpressed video signal 15 is also transmtted to the renote system 100').
The problemis that the displayed pictures

.r

10 Summary of the Invention

This and other objects are achieved by the present invention. According to one
embodiment, a method is provided for presenting, i.e., displaying video on a local
monitor and a remote monitor. A video signal is produced, e.g., by a video signal
source. The video signal is encoded by a video encoder to produce a first compressed

15  video signal. Using the first compressed video signal, the video signal produced by the
video signal source is also encoded to produce a second compressed video signal. Both
the first and second compressed video signals are transmitted to a local terminal. At the
local terminal, the first and second compressed video signals are decoded, e.g., using a
decoder, to produce first and second decoded video signals. A first decoded version of

20 the video signal is produced from a combination of the decoded first and second video
signals. Only the first compressed video signal is transmitted to a remote terminal via
a communication channel, whereby the remote terminal can recover a second decoded

version of the video signal from only the first compressed video signal.
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of the locally originating conpressed video signal are reconstructed from

the very sane | ocally conpressed video signal that is transmtted to
t he renot gygysixagr 100 . As noted above, the comuni cat ipeiragdvegsnah over
which the locally originating conpressed video signal is transmtted

has a limted bandwidth. As a result, the locally originating 20
conpressed vi dgomay Geapp mtedbmemoﬁhhuméxﬁmrcﬁmdbmebﬂﬁe Ibt4l@hd r¥mote

degr adi ng corrpre55| on art ifacts are introduced into the reconstructed
pi ctur esy r}%g,‘h nﬁ#}%ﬁ gﬁﬁ;] t

reconstruc ?ro t es}l or| gﬁﬂaﬁ-{(’iﬁﬁtfﬁ-st(éd%#xggsgg dﬁ%naglbut

nmust be tol efated at ther Ssyste 100 si der.i ng

15 not the se o%pmpr: fgp;zgo video signal as well. evertheless, e commumcauon

PCT/ US99/ 03417 bandwi dth limtations of the conmmuni cati on channel
f r om whi chanredbétweai the emcodgraatiilogal terminal does hpvecmeficient bimdwddthtalcairy
recei ved, such channel bandw dth constraints do not exi st at t he

| ocal sy ot tneOfirsY lafid deddrid éd?@prtzstealdﬂed)élgﬂmeatwgu&p Qafii gnal .
Thus, such degr adations in fidelity of locally aye pi ctures

reconstr oca il nat i ess.ed VI deo at the |ocal
system 3’6@5’:‘# é‘é&%@“ﬂﬁtﬁ veisiets q%ﬂh%@’@ngé)é inating pictures using; ; o
an obj ect of the present invention to overcone the d| sadvant ages of the
prior  both the first and Gespndheamprsssedrdden signalsonOn the other hand, thei already ot her
obj ects are achieved by the present invention. According to one

:rﬂlagg :a Ime ehcodad TRE(WEhpressed 0idesl eignilas ap4ibib® fortémple- tﬁansmﬁhsfdat t@)thé Geribtdeo on
terminal.

10 According to another embodiment, a method is provided for encoding a video
signal including 'producing a video signal containing a sequence of original pictures, e.g.,
using a video signal source. The video signal is encoded, e.g., using an encoder, to
produce a first compressed video signal. In encoding the original video signal to produce
the first compressed video signal, motion compensation temporal encoding is used for at

15 1least a part of the original video signal. Spatial encoding is also used to encode the
original video signal to produce the first compressed video signal. The first compressed
video signal is then both spatially and motion compensation temporally d_ecoded, e.g.,
using a decoder, to produce a decoded video signal. Each pixel of each picture of the
decoded video signal is then subtracted from a corresponding, spatially and temporally

20 aligned pixel of a picture of the original video signal to form a difference video signal.

The difference video signal is then encoded using only spatial encoding on each picture

of the difference video signal.
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nonitor and a renote nonitor. A video signal is produced, e.g., by a video

si gnal source. The video signal is encoded by a video encoder to
produce a npressed 15 video signal. Using the fi r%ﬁg@ ed -
vi deo si gn‘;gprﬁhﬁfeiqu deo signal produced by the vi deo sigha /é%a?ce S
al so encoded to produce a second conpressed video signal. Both t he
first and seco # nsmited to a l.ocal
termnal . At ¢ Ag i B dBpREed, 4R el Bl S AT IOE e e 36

vi deo signals ar decoded ysi ng decoder, to produce first
and secontPRE mhgr%nth&mmsse@étf&éem@émwﬁ is the seqpadyi deo

signal is produced from a conbi nation of the decoded first and second vi deo

signal s. videg gsipmalf nots transmitted swe they ireimotes keynrhali s Aocerding ttd egkt t anotherenot e
termnal via a communi cati on channel, whereby the renote term nal can

recover aefBediftfentof fbfibd for preéé’ﬁflﬁg Aababd Gidkb QP sprovidkd ORifR lana! he

frrst conpr essed Vi deo si gnal .

peT) UsSo) 5919 colpressed'vido sigpals axe repgived At 8 decqdes: The decoderspatially iapd

channel between the |ocal and renote termnal s may have sufficient
bandwi dt Hmptor eempensaiion temporallyrdseedss dhe fird sompregsesl videnusignal to praduce ahe
second conpressed video signal as well. Neverthel ess, the conmuni cation

channel bfisneesoded @ideb e ThE sécomd!cohfirdisbdyidde Qi‘gnﬁﬁ‘é Spatiallyidet it to
bandwi dth to carry 5 oth the first and second conpressed” vi deo signal s.

ver ot ons BiPyedf fooh hRiay @%c%edpr@ R B P
second conpress vrdeo sr On the other, hand, the already
encoded fB! %feu‘g‘ﬁ d‘P%ﬁ Ooxgly &ﬁﬁ‘l’dqu"I‘af?Paﬁlg%?é e 2 correspoRding tempareHy ssi on

to the renote term nal . According to anot her enbodi nent, a
met hod0i sandr spatidByl alignede pinmtierm’xel of theofirst decoded video signal to reconstruct a

reconstructéd video signal. The reconstructed video signal is then presented (i.e.,

displayed).

Brief Description of the Drawing

15 FIG 1 shows a conventional MPEG-2 compatible encoder and decoder.
FIG 2 shows a conventional MPEG-2 spatial scalability encoder and decoder.
FIG 3 shows a conventional MPEG-2 SNR. scalability encoder and decoder.
FIG 4 shows a video communication system employing cameras and PC’s as local
and remote terminals.
20 FIG 5 shows a video communications terminal according to an embodiment of the
invention.
FIG 6 shows a video encoder according to an embodiment of the invention.

FIG 7 shows a video decoder according to an embodiment of the invention.
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signal including producing a video signal containing a sequence of original

pictures, e.g., using a video signal source. The video signal is
encoded, ewg 99/44ffyN0 an encoder, to produce a first cop@fpsmrdsy deo
signal. In encoding the original video signal to produce the first

conpressed video signal, notion conpensation tenporal encoding is used for
at 15 . Bbn d1ehe Theknffdh Vi deo signal. Spatial encoding is also
— o origrnal

used to encode = video signal to produce the first
conpressed video . signal . The f.irst. conpressed, . video signal,is then
both spati al | y?%r{g‘sn’gﬁ‘isgﬁu%rﬁge § YL ‘Br"éﬁiﬂls’@&@léd%t&,w& ned to be

using a decoder, to produce a decoded video signal. Each pixel of each
pi ct ure oprogressively scanned oa dginfertpeed. s Thwm lea¢hspichee of b videotsignal isanframe.
correspondi ng, spatially and tenporally 20 aligned pixel of a picture of

the ori gi Halwever]ahe $hestiontio ehodlty gpplichblerteriagridtste 9ides $iilals having fitlde
difference video signal is then encoded using only spatial encoding on each

picturg picmresquﬂW—ﬁ 9@%@&95&%:263 spatial and motion compensated

17

PCT/ US99/ 03417 ] As npy be appreciated, this technique may be
used to pleBwgEdl epepding modelarg used iifhe illustration,ln these mogelse spatial prgoding

wherein the conpressed difference video signal is the second vi deo
si gnal noincludess disttetzicdsinet thensformmasent arthogoml trangformy sl iquantizer ymd emtropyher
enbodi nent, a nmethod for presenting a decoded video signal is provided.

Fi rst d : ' ' | der.
| rst - an éncodﬁlgfs ?\gﬂ%h Wﬁﬁé&érﬁﬁo?ﬁ%n&&ﬁ?ﬁ?gﬁgﬁéf«gxﬁ% %{@?‘ﬁ ec%%gﬁ— er

The decoder sp not 1 on conpen odes t he
Lot OB LR B B Mo sty b 588 Bt e
10 according to a motion vector. The prediction macroblock is therefore not temporally
aligned with the to-be-encoded macroblock that it predicts because the prediction
macroblock originates from a different picture than (i.e., precedent or subsequent-to) the
picture containing the to-be-encoded macroblock. Furthermore, at least one prediction
macroblt;ck is also not spatially aligned with the to-be-encoded macroblock it predicts.
15 This means that the prediction macroblock does not begin and end on the same rows
and/or columns of pixels within the reference picture as the beginning and ending rows
and/or columns within the to-be-encoded picture of the to-be-encoded macroblock.
FIG 5 shows a video communication terminal 300 according to the invention. The
terminal 300 is a local terminal. The local terminal 300 is connected via an inter-terminal
20 communication channel 322 to a like remote terminal 300'. The communication channel
322 may be implemented in a network, local area network, telephone network, terrestriél

network or satellite broadcast network (the air or space), etc.
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produce a second spatially only decoded video signal. An adder adds each
pi xel of each pi cture of the second spatially only decoded video
signal to woogusgspondi ng tenporally 10 and spatially ali gpeguzosbidie
pi xel of the first decoded video signal to reconstruct a

reconstructed video signal. The reconstructed video signal is then

presented (i.e.The local teftnfiial 39@ dhcludes a video BEhatfsolReF10P Sk asn frb@idg aw ng
15 FIG 1 shows a conventional MPEG 2 conpati bl e encoder and decoder.

FIG 2 sho i pat Lal I L] der d decoder.
FIG 5 shorevieRECHE CMesTnolliia. B o) Tl oo iBiRL G J3E00
FIG 4 shows a videg communi cation system enpl gyi ng caneras and PC s as

| ocal signglspurcerd é’%‘*‘rﬁfm&'mwtmg video m@lg) amenceder 312¢ dkhe video
comuni cations term nal according to an enbodi nent of the i nvention.
FI G 6 showignal illitratieely dsl eontimwuos dind geal-tinsencaptired| and ehcoded bhemay uRBtteon.
FIG 7 shows a video decoder according to an enbodi nent of the invention.

18 5 prelimindifly%Y "bP#iide" encoded in non-real time, stored in a digital st :
PCT/ US99/ 52117 y Det ai | ed %elsncl%qlnpl{efuon gTs ?ﬁe lflrillvdel 1tta|l on 8¢ medium

In this ill ration.qf 1hednvention, .the,vi.deo sjgnals are presuned to be
progr essi \%ﬁ&';hgrbgmgg%fzfc.d:}l‘ g}ﬁgc%@alﬁﬁgg}u@cqp ?@Fﬁ@éﬁtoﬁﬂ‘é‘%i@go
signal is a frane. However, the invention is equally applicable to

i nt er | acedagreldocksi gridesencademgl? iepteties the video signal to produce a base layer

compressed video signal LLV_| and an enhancement layer compressed video signal

ELV_]l. The base layer compressed video signal LLV I and the enhancement layer

10 compressed video signal ELV ], though shown as separated, are advantageously
multiplexed together into a single stream or signal.

These signals LLV_1 and ELV_] are transmitted through a housing 314 of a

computer system 324. Illustratively, the combined bit rate of the LLV 1 and ELV 1

signals is sufficiently low to be time division multiplexed and serially transmitted via a

15 USB type of connection. The signals LLV_1 and ELV 1 are received at a decoder 316.

The decoder 316 spatially and motion compensation temporally decodes the signal LLV 1

to produce the decoded base layer video signal DLV _1. The decoder 316 also spatially

only decodes the signal ELV_1. The decoder 316 adds each pixel of each picture of the

decoded ELV_] signal to a corresponding spatially and temporally aligned pixel of a

20 picture of the decoded DLV _1 signal, i.e., in the same row and same column of the same

sequential picture. This produces the decoded enhancement layer video signal DVE_].

Meanwhile, the base layer compressed video signal LLV 1 is also (demultiplexed

and) transferred to a transceiver 320 which can be an RF broadcast transmitter, 2 modem,

20



5 pictures. In addition, the MPEG 1, MPEG 2, or H. 263 spatial and notion

conpensat ed tenporal encoding nodel are used in the illustration. In
t hese nodwiosg9/48pat i al encodi ng i ncl udes a di screte cORGCTIESI9r03419f or m
as an orthogonal transform a quantizer and entropy encodi ng. Mbtion

conpensated tenporal encoding is perfornmed on a macrobl ock or sub-
pi ct ur e hamtworkwdepter nett hdhertembiscdiverB20aranshlits the base hayteh comppessa videand
spatially offset 10 according to a notion vector. The prediction

macr obl Ogjgnaf 1INE19bOhE rBfbtel RFBAaRDY' via the cBlrinttiifichtith dhahkd 329; bepencoded
macrobl ock” that iT predicts because the prediction macr obl ock

originates fron1 ffere ure t han pr.ecedent bsequent to)
Che " Sl R, s e, eI e Enbnirbied RS SEBRALEN..F HHEF TOF o

| east one predlctlon macr obl ock is al so not sgatlally al i-gned mnth

t he to- beemaedentinghdP@ byiadhe campupighden channgl 3224 Therbasedayescompressed

predi ction macrobl ock does not begin and end on the sane rows and/ or

col umss gfdepl LW bioFiginats TiRing i vemold @iiingl 300’ ik ad@diageusly dbpd:t@ndl ng
r ows and/ or col"urms wi thin the to-be-encoded picture of the

Lor i nal (300" AEREPR NS Bicsepied) rea tme eapisi) ind MBI b ABRIGRFHELEEY 07,

termnal. The |local terninal 300 |sa§onnect ed via an inter-termnal 20
cormuni ¢ &RilBHASE AEsReaE abthe regote terminal d8Qt e terminal 300' . The conmunication
channel 322 may be inplenmented in a network, | ocal area net wor k,

t el ephone net Vitheldecoder 326 recebdes the base layerwidso cammﬁsedl kighal Ikil:‘barcfmmlthmet wor k
(the air or space), etc.

Wz@%ﬂé&é&derslsdec des the base | d L
pcw usooEEsTe °Qdes, the base layer comgpressed vid 85‘%*“vlrdeo si gnal

te )10 alyproied pafR t‘ﬁ@ﬁ?yarﬁ%cgw g B b R 2 4By

decoded video signals, namely, DVE _1 and DVL_r are then presented, i.e., displayed,

on the display monitor 318. The decoded video signals DVE 1 and DVL _r may be
displayed in different halves of the display screen of the display monitor 318.
Alternatively, the decoded video signals DVE_]l and DVL _r are displayed in different

15 (dynamically moveable and adjustable) windows on the display screen of the display
monitor 318.

The local terminal 300 may be physically implemented in hardware using the
camera 110 or 110" and personal computer system 120 of FIG 4. In such a case, the
video signal source 310 may be implemented using the imaging device 111, or camera

20 110", hard disk 140, etc., the encoder 312 may be implemented using the bit rate reducer
115 or processor 195, the housing 314 corresponds to the housing 156, the transceiver
320 may be implemented using the modem 158 or Ethernet adaptor 160 and the display

monitor 318 corresponds to the display monitor 138. The decoder 316 can be
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signal source 310 outputs a locally originating video signal to an encoder

312. The video signal illustratively is continuous and real-tine
captured apgogas@sed but may also be 5 prelimnarily or petfsbdsgir
encoded in non-real time, stored in a digital storage nedium and t hen

pl ayed back. The video signal is digitized and formatted i nto bl ocks and
macr obl ockssiediBit &%a%eé 2dse 1480154 Poly se
| ayer ﬁﬁp 8onpr¢esse ﬁodeoog%srzgﬁgf _Pyalgg’ %%%ﬁgﬁ%gﬁ.grﬁggﬁggéﬁ 3
conpressed vi deo

. S | . . ElLV 1. The b d yvid [ I
DV 1 ancanatistSHinE Benting ceant conpected fn PRS 658 Wiknes 128 F24 o141 TBe nough

shown as separated, are advantageously mul ti pl exed together into a
si ngl e stlogally origiwatingicompressed video signalh bEY $ apdh ELY [ maybeaimputiid\tolther e
transmtted through a housing 314 of a conput er_ syStem 324.

Il ust r at dacotsr, 3 liehwda esa"OSBedobi t rate of the LLV_1 and ELV_1- si.gnal s

Is sufficiently lowto be time division nultinpl ex'e'd'-ahd serially

transniktted vi . Q0. . The si s..LLV 1. ELV 1
are r g};ei ved a$°§s“8i”@o’8éﬁ§ élé%ﬁmgiéﬂhgeé%, g@a%l;&g&%’ tg%]g"l“é' éféﬂgﬂ%bt i on
conpensation tenpagrally ,decg‘%es the signal LLV 1 to produce the
decoded H3gsedingAnd preyedHng autig) However, spitableciizuitsy, sueh as micrephanedi62y
only decodes the signal ELV_ 1. The decoder 316 adds each pi xel of each
pi ct ur e odontpressor 166, UBB:20(; éxteind] Ioudsppakdrs boloadspeakees pidisplaomenitér 188, y and
tenporally aligned pixel of a 20 picture of the decoded DLV_1 signal,

L. e, 1N 4BeSAE 4 AuYy BB tsaPAPaalibiT aRhe! he same sequential picture.
Thi s produces the decoded enhancenent |ayer video signal DVE 1.

Meanwhi | e, the,basg,l ayver .co essed videoq, signal,. LLV | S.a) so

(demul ti pl exed?s notedélﬁéye,ttﬁ% ARSYPPY* 3 dﬁfaa‘i%?c%fi‘@eﬁoms% Paibee an
RF broadcast transmtter, a nodem

20 10 other hangythe gomgmumnication channel 322 may have a duplex transmission bit rate that

PCT/ US99/ 03417
is no higher than 33.6 Kbits/sec. At least part of the bandwidth must be allocated to

DES

audio. Thus, each signal LLV_]and LLV_r might be allocated much less than 5% of the
maximum bandwidth of the USB. Thus, a substantially higher bandwidth can be
supported for the connection between the encoder 312 and the decoder 316. A large
15 amount of excess bandwidth may be allocated to the locally originating enhancement layer
compressed video signal ELV_1. As such, the decoded enhanced video signal DVE 1
reproduced from the locally originating enhancemént layer compressed video signal
ELV_1 and the locally originating base layer compressed video signal LLV_1 can have
a very high fidelity (depending on how much of the excess USB bandwidth not used for
20 LLV_lis allocated for ELV_]) in comparison to the decoded base layer video signal
DVL _r reproduced from the remotely originating base layer compressed video signal

LLV_r (or the locally originating base layer compressed video signal LLV_! alone).
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a network adaptor, etc. The transceiver 320 transmts the base | ayer
conpressed vi deo signal LLV_ 1 to the renpte term nal 300" via the
comruni cWOEW43HaAnnel 322. The transcei ver 320 al so RCIQRINEMIZ base
| ayer conpressed video signal LLV r fromthe renote term nal 300
via the conmuni cati on channel 322. The base |ayer co essed 5 vi deo
signal LLV_r Hptfgm@&tth%dﬁm5&6m‘mﬁt§t@u¥@€ﬁﬂ%ﬁem%¢@MWUSIy
depicts (when decoded and presented) real-tine captured and decoded

novi ng pLEWULEELVAEandLLV r. It &thersfgre dusirablens simiplifi) ¢he mnmgtcﬁrmal
300 The decoder 316 receives the base | ayer video conpressed

Si gnal t he
base | aléelg C%tf‘r%g{eﬂgég possglélg tES>I %%%@oé%%ng g%h%brgglgg{ggd’ft@égﬁ%ggf?ﬁel ity)
decoded base Iayer vi deo aI DVL r, The two | oc decoded vi deo
si gnal s, ARATEIE f&ﬁ’i’ shipent of fue IERtion, ditis s e@lewed@y siggp

on the d| spl ay m)nl tor 318. The decoded video signals DVE 1 and DVL_r may

be 5 emtodingasmtl decoding fofthertsignal BIsV df Wikiled a Sporeycanplisatedodncbéiiagdi spl ay
noni tor 318. Al ternatively, the decoded video signals DVE 1 and DVLr

are dis %ﬁmﬂﬂw ét a&bﬁxieeﬁﬁe tmighCconddrve Bafdvidth M&a@éiﬁ%_aﬂem?ﬂﬂc&ﬁ&ﬁ%ﬁ

w ndows on the display screen of the d| spl ay

The | ocal term 300 o rrente in hard ng t he
caner & FAPREEd et e I SR Grithe fecold Brretogtpt b PR fadfi,

case, the vi deo signal source 310 mag be i npl emented using the |mag| ng
devi ce 1derodest ehanrgedyvideo signgl DVE; 1 thgi URB haga veztcf:xcess Isapasify oddeh BRY may be

i npl emented using the bit rate reducer 115 or processor 195, the

housi ng tl dlleeasde sp@BINS 1t 0 Thhe, haimphgeddoding ehibigas o eirstdtecture that3ig0 nmay
be i npl emented using t he nodem 158 or Ethernet adaptor 160 and the display

”D”' 19" aAidchabl {0°F RS dbbodibifredhighebr TRRitLAhre fdbtifiet s AEEAE ofB§BCAN DE

bandwidth in favor of conserving encoding and decoding resources and simplifying the
encoder and decoder architectures. The invention also conserves memory space.

FIG 6 shows an encoder 400 according to an embodiment of the present invention.

The encodef 400 includes a base layer spatial encoder 430, a base layer temporal encoder

15 460 and an enhancement layer encoder 470. The spatial encoder 430 includes a discrete

cosine transformer 404, a quantizer 406, a quantizer adaptor 420 a run-level, variable

length encoder (NOT SHOWN) and a rate buffer (NOT SHOWN). The temporal

encoder 460 includes a spatial decoder 440, a motion compensator 416 and a subtractor

404. The spatial decoder 440 includes a dequantizer 408, an inverse discrete cosine

20 transformer 410, an adder 412 and a picture memory 414. The enhancement layér

encoder 470 includes the dequantizer 408, inverse discrete cosine transformer 410, the

adder 412, a subtractor 418, the discrete cosine transformer 404, the quantizer 406, the

quantizer adaptor 420 a run-level, variable length encoder (NOT SHOWN) and a rate
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PCT/ US99/ 03417 | npl emented in the processor 128 and nenory 132,
134, the gyophiungy adaptor 136 or anot her suitabl e depeglussh/g@igrcui t’
connected to one of the busses 126, 124 or 122. The | ocal | 'y

originating conpressed video signals LLV_1 and ELV_1 may be inputted to the

decoder Iifferi(NOThSHOMENZO®A. block formatter 402N alsd\proivided but tmay Besorhittedifrr € f or
detecting, encoding, transmtting, receiving, decodi ng and presenting

audi o. Haoye ' ' (ﬁ'l'H'a . rﬂnﬁ' 162,

conpr essor Y?go s%’éfgg%?agferngw}%ig?paégé%rs %@B oggspeakers of displ ay
nmoni t or 138, etc., of Fl 4 may be used as i.bed abpve.

As noted aboveFTORWRIOAEE thebas @aﬁmm e e SEe LY | o RRNAIRS. On
the 10 other hand, the conmunication channel 322 pay have a dupl ex

t ransm sdndke ¢ricoderatOcofiffiGk 1. The sighal flow forghe baseliayer3®mpretised vidsesignal - | east
part of the bandw dth nust be allocated to , audi o. Thus, each signal

LLV_1 ainds khotus byitsiftiings it FI® 62t BigitalGled 9Sis inghRd 304k b i mum
bandwi dt b ofohey Uan, ep MEEIG o g antial ly r’f?gher R pIbdC formatter 4T

PUPPOr oSt S PRRSEIER R Ay SRR Ao bndiileR 1

ori gi nati.ng enhancenent | ayer conpressed video signal ELV_1. As such,
t he decodBdsedeniethdebeenerdedsirgmes apwEnputted to (the sybiracter 404nanchanotiona| | y
originati ng enhancenent | ayer conpressed video signal ELV_1 and the

| ocal |y @oimpesisatorrid6lofsiee temyporal encuder $66:d Ifdndaieqadte heddidtion mactablotia ise
a very high fidelity (depending on how nmuch of the excess USB bandw dt h not

e 1o o e b bSBEIAS oY o ARIRRRIR AR IRBRETTSY,
R gt K IR RS P K AR
416 identifies the selected prediction macroblock by a motion vector MV that is provided
for output. If the to-be-encoded macroblock for which the prediction is formed is in a
reference frame, the motion vector MV is also used by the decoder 440 of the temporal
encoder 460 for reconstructing the reference frame. Subtractor 404 subtracts each block
1§ of the prediction macroblock from a corresponding block of the to-be-encoded
macroblock.
A switch selects the blocks of the prediction error macroblock outputted from the
subtractor 404 via output B or the blocks of the to-be-encoded macroblock via output A.
The switch always selects the blocks of the to-be-encoded macroblock for I-frames and
20 selects the blocks of the to-be-encoded macroblock in other frames if no adequate
matching prediction macroblock can be found therefor or if a decision is made to
nevertheless force the macroblock to be only spaﬁally encoded (as in the case of intra-

slice refresh).
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PCT/ US99/ 03417 Note that the decoder 316 nust sinultaneously
decode t hwes9Bt#Tal s, nanely, LLV_ 1, ELV 1 and LLV r.PGRUSN/OBHE, ef ore
desirable to sinplify the decodi ng of these signals as nmuch as

possible to reduce the processing requirenents of the decoder 316.
According to @h@tshbﬁteébglﬂﬁ arerfliscrete cpsing trersfenmed in disceets cosinerfrangiogmey,
sinplifying the 5 encodi ng and decodi ng of the signal ELV_1. Wile a nore
conpl i cayeq. erBueni ¢ufficient ist gaimtizgd einoquantizbt 406t using radiistabio qaeantizing

bandw dth in produci ng an enhancenent | ayer conpressed vi deo signal

ELV_1 th e driaftil 24 dubstPlek tsdep si

decoded g%%%ﬁ%%@%ygsgg%s%éﬁgfé%@gﬁ ,B#ﬁéemﬁsﬂas t<3§"\/asqt excesspcsézpea(():rity

whi ch may . be allocat to ELV 1. Thus, .a sSinple encodi echni que or
archit ectyil#*’é‘t@ﬂasthes}a‘:ti’ﬁ' iﬂ% Autzer scale chf?ﬁll%swg%ﬁﬁ Q&u&eﬂ E&hé‘g %31'“9-
architecture justifies this sacrifice of USB bandwi dth in favor of
conseryi tayeeby qdantigenadaptor 420 nsing parameters demated ' quscale " nglherngefficientsencoder
and decoder architectures. The invention al so conserves menory space.

FI G 6 shei RBaRES Aicaftiyl G\t 44tb & sefudne a6LoRdIOE S6AS prefietbhifin® QS Pig

I nventi on. The encoder 400 includes a base | ayer spatial encoder 430,
a base Iage te{lpor I (énrcoder 15 460 and an enhancenent | ayer encoder
470. The® B&?' ERVOFEF 430 i ncl udes a discrete cosi ne transforner

404, a quantizer 406, a quantizer adaptor 420 a run-level, variable
| engt h encodermrdmo@@awfmﬁpﬂféﬁ engedes 440 decpsies shermlgrencefames af dhe,|

encoder 460 includes a spatial decoder 440, a notion conpensator 416 and a
subt r act @ase layer édidpredded vidunt sighal d eXhectprantiZdd base layde masrabdepkaoveffiotentst08, an

I nverse discrete cosine 20 transformer 410, an adder 412 and a picture
menoryy 444 thd Hearfidt 3C QG2 &Y & dequantizer 408 (which uses the same quantizer
parameters, such as q_scale | as the quantizer 406). Dequantized coefficients are inverse
scanned back into blocks. The blocks of dequantized coefﬁ;:ients are inverse discrete
cosine transformed in inverse discrete cosine transformer 410 to produce blocks of
(macroblocks of) pixel data. If the macroblock thus produced was previously only
15 spatially encoded, a switch selects the macroblocks outputted via output C. If the
macroblock was both motion compensated temporally encoded and spatially encoded
(i.e., is a prediction error macroblock), the appropriate prediction macroblock therefor,
identified by the motion vector MV associated with the decoded prediction error
macroblock, is retrieved from the picture memory 414. The retrieved prediction
20 macroblock is added to the decoded prediction error macroblock in adder 414. The sum

thus produced is outputted via output D and selected by the switch. The reconstructed

macroblock selected by the switch is stored at the appropriate location of the picture
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encoder 470 includes the dequantizer 408, inverse discrete cosine
transfornmer 410, the adder 412, a subtractor 418, the discrete cosine
t ransf or new04943141 he quanti zer 406, the quant i zer adappPoOrT/USSHN3a17 '
run-1level, variable | ength encoder (NOT SHOAN) and a rate

23 WO 99/ 43147

PCT/ US99/1oguory 414 corresponflingrto (it@elagOspitial lodation kpikeirnomt amet colB@n) andil so
provi ded but may be omtted if the video signal is already formatted

into bl OCtkﬁlpafHﬂléﬁaﬁbﬁlQih@%netowhichitcones?d?fdQﬂUCti0” of the base layer
conpressed video signal LLV_1 occurs simTlarly as I n the encoder 10

of FIG 1. The s&ign 0 t he bas el Conpr ess i si gnal - 5
i s shown by thﬂﬁ F%@E’L? ﬁ/f E?% lgyer[ﬂ\{jlu 4 éeg%%e[{g)’i @enPEFg‘uqit-ﬂgﬁ? Bug?ﬁ’ée'fﬂ ock
formatter 402 which forms the digital video into blocks and

macr obl oceale preamsiers Acssaled] arsometinnosriors MV, asiwellng jother bigrarehibal flage aatkd
frames are inputted to the subtractor 404 and notion conpensator 416
of thes5t dduaifiers ¢suchossr segfibnce| picturep degtobleckp reed i layerdicadre ranid! faps) iase
found for the to-be-encoded nacrobl ock by the notion conpensator 416, then

the bl oC efmiribflxd ithd8 bRECRY & doftibrelead AP GEndl 18104 Wil Giffngifes %%1?% s o

404. The notlon conpensato n les-theé se I on

macr obl ock ti C t. 1.s provided for output. If the
to-be-en6%5@%“ﬂﬂg$éﬁﬂ@gﬁektﬁﬁ*%&%%Pﬁﬁgbpngiction is formed is in a
reference frane, the notion vector W is also used by the decoder 440 of
the tenporal The gengratinacof the enliapcement daysr comprassed video signaldElcé usinge.
Subtractor 404 subtracts each block 15 of the prediction macrobl ock from

a corr esphe dhhhcbnefiiertodét 470 RB-otr @aeAB&H The dequiibatY0B dequantizes the A
switch selects the blocks of the prediction error macrobl ock outputted from

t he E)? O(H(a§€\:’/ %@gﬁ{agﬁt{bf%i é@ef'ﬁc%ﬂt Rt (?_IOJf l}oﬁ?ré}ér%ﬁgcsﬁ%est Ql?d ﬁ(?xi—lbe%ér%ﬂge()ded

macr o

¢D

frames. The inverse discrete cosine transformer 410 inversely discrete cosine transforms
the dequantized base layer macroblock coefficient data to reconstruct both macroblocks
of pixel data and prediction error macroblocks of pixel data. If the macroblock thus
produced was only spatially encoded, it is selected by the switch via output C. On the
15 other hand, if the macroblock is a prediction error macroblock that was both motion
compensated temporally encoded and spatiéllly encoded, the prediction error macroblock
is outputted to the adder 412. The appropriate prediction macroblock therefor is retrieved
from the picture memory 414 as identified by a corresponding motion vector(s) MV. The
prediction macroblock is added to the prediction error macroblock and is selected by the
20 switch via output D.
It should be noted that the dequantizer 408, inverse discrete cosine transformer
410, adder 412 and picture memory 414 are part of the decoder 440 of the base layer

temporal encoder 460. The decoder 440 performs the same functions described above
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The switch al ways selects the bl ocks of the to-be-encoded macrobl ock for
|-frames and 20 selects the blocks of the to-be-encoded nmacroblock in

ot her fraf¥Q9/MIAL adequat e mat chi ng prediction macr obFSERP¥E e

found therefor or if a decisionis made to nevert hel ess force the
bl ock I iall ' h foi -

gf‘ ?:(r:ce)' rg?q@gﬁy%% 1%?&:1' ncsé%gnlle%. eerg e?gn%g fx(a?r?esltﬂust regoﬁ:s%rsugteg ar!c Qtto;e in the

WO 99/ 43147

PCT/ US99/iGmfe’memory 414 for use ifHorminggredictidriso dkshonldebenated that-depodingcfor

transfornmed in discrete cosine transforner 404. Each coefficient is

quanti z e%ﬂ;rggérw % ?Eﬂ&&ﬁﬁé)ﬁmﬁéh @Eﬁg%ﬁdﬁﬁn@oﬂﬂ' pridictiond in the bae14)EPhfidS such

as a qua ro-x or, nore | ortantly, a quanti zer step siZe or

"quantizer scale factor. ' The quantiz scal e factor is. specifical

ad) st e PEppREesi Shtkrating e sRARERE R nyRE Binthr drlonined SpnfigRenss i THAL o
denoted "qg_scale 1". The coefficients t hus_produced are scanned out

i nt o a5 sdsueHcfamescof thenbaseolagenarepresarataictadne gingla timeafpr use indhoth|ther nat e
scan) order. The decoder 440 of the tenporal encoder 460

decodes tdmanicefrehElage entadde 470 hind the base laydrasmporal eicodersoe ewkever Condy
signal. The quanti zed base | ayer macrobl ock coefficients 10 of the franes

are dequ ' ' | ] '

par amet oGl ftathed 3R 3tcl e ipde b £l A BRI WBR " Einporal
coefficients are inverse . . scanned back_ into bl ocks. The bl s of
dequant i ﬂ@l%@mﬁ"??ﬁ@ﬁa pregiction forpatio ¢ bpse layer te@BQ’iahEn‘iqdﬁﬁgg(ir nmed in

i nverse discrete cosine transformer 410 to produce bl ocks of

(macr obl ocks oAj egphieicrabipek isl selected bysthe shiitoh Kandpessiplyostoreddn whespiptuze i ousl y
only 15 spatially encoded, a switch selects the macrobl ocks outputted via

out puf g C.mérhory¥14), the selected macroblock is outputted to the subtractor 418. The subtractor

418 also receives the temporarily and spatially aligned original version of the same
macroblock from the input video signal V and produces a difference macroblock.—Stated
another way, assume that the input video signal V is formed of original macroblocks
MB(x,y,t) where x is a horizontal pixel position of the original macroblock MB(x,y,t),
15 y is a vertical pixel position of the original macroblock MB(x,y,t) and t designates a
particular frame (or picture) of the original vigleo signal containing the original
macroblock MB(x,y,t). Each original macroblock MB(x,y,t) is encoded into a base layer
encoded macroblock MB,,(x,y,t). This base layer encoded macroblock MBy, «(x,y,t)
is decoded to form the reconstructed macroblock MBpy (X,y,t). The subtractor 418
20 subtracts this reconstructed macroblock MB,,(x,y,t) from the original macroblock
MB(x,y,t) to form a difference macroblock MB(x,y,t), where MB,(x,y,t)=MB(x,y,t)-
MB,,, (x,y,t). This is done for each original macroblock of the original input video

signal V, i.e., for each x, y and t. Note that the subtraction performed by the subtractor
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macr obl ock was both notion conpensated tenporally encoded and spatially

encoded (i.e., is a prediction error nmacroblock), the appropriate
predi cti owome43ndyl ock therefor, identified by the notirpoTAIS0B117 W
associated wth the decoded prediction error macrobl ock, is retrieved

fromthe picture nenory 414. The retrieved prediction 20 macroblock is
added t 0418és perforthed apeordingtto ordisary aiatrix eadbédog ixelbypitel bagis4 . Thilsgtheum

t hus produced is outputted via output D and selected by the switch. The

r econstr yghtholumn aifP Pt Ske JGARELP o baltl pixet! $1°MBS,, B P1P dnd! tieh
appropriate’location of the picture

25

per/ Usooramspeuding poxet o Mffgxy.0 from g P, St e vyt o

| ocation (pixel row and colum) and enporal location (the frane to
whi ch it pxsl rof 3aelh aracroblock of each frarm:h(@lmrqhmesmrctqﬁaﬁem theebasg layeri-zed
coefficients, denoted Q1, the quantizer scal e paraneters qscale_1

and ng i eBmpRsied vidddsigma LISV || igspatialty bnd tediparly dlighed Witithé pikel obthe

identifiers (such as sequence, picture, nacroblock, etc. |layer headers and
flags) a er conpressed video signal
LLV?l)V\/m m(%%eﬂsémpﬁgrgn\%ﬂl&&ﬁsgxﬂﬁﬁ e8! 1 such as NPEG 1 PEC 2

H. 263, etc. aneratlon of the enhancenent | ayer conpressed
vi deo signal gy diffgrencs macto ork frmed e thish fashiopoare, thery (liscsetp gpsine

descri bed. The dequantizer 408 dequantizes the 10 base |ayer macrobl ock
coef fi ci eransfoamed Gn 1diséreteo tosine ftransformers 484ete produceodifferérmeemaeroblock
frames. The inverse discrete cosine transformer 410 inversely discrete

COSi ne 1 caérftiehi®ata. The dfff&e&@%@%ﬁl&&%o@ﬂﬁﬁnﬁ%ﬂ@ foffR&d 1! gﬂfuz@&g i fngCi ent

data to reconstruct both nmacrobl ocks of pixel data a I on
error) J G Rt 2 KFod ot XRhnftd! But 'ihto! ACsIREAERP! OQhahdlii? scale parameters

"q_scale_e", which generally will be different (in particular, more fine) than q_scale 1,

W

are outputted from quantizer adaptor 420 to quantizer 406 for controlling the
quantization. The quantized difference macroblock coefficients, denoted Q_e, and the
parameters q_scale_e are then formed into an enhancement layer compressed video signal
15 ELV_l. In forming such a stream, the quantized difference macroblock coefficients may
be entropy encoded (e.g., run-level and variable length encoded). Additional indicator
and flag information (é. g., picture, sequence, macroblock headers and flags) may be
inserted into the enhancement layer stream. While no strictly defined syntax and
semantics are provided herein for such addition indicator and flag information (and,
20 unlike the base layer compressed video signal, none are strictly defined according to a
well-known prior art standard such as MPEG-1, MPEG-2, H.263, etc.), a similar syntax
and semantics as used in the base layer compressed video signal or in some other type of

enhancement layer compressed video signal (spatial, SNR, temporal or data partitioning
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produced was only spatially encoded, it is selected by the switch via
output C On the 15 other hand, if the macroblock is a prediction error
nmacr obl ocWO99d814%as bot h noti on conpensat ed t enpor al IRFTERIYG7 and
spatially encoded, the prediction error nacrobl ock s outputted to

t he adder 412. The appropriate prediction macrobl ock there | etrieved
f r om t hesealabilifty bmay $g pyedsin the,enhapesment jaygr eampre N&Bé!@?@i}ﬁl é’ﬁ’th
vector(s) MW. The predi ction macrobl ock is added to the prediction
error magynhk @ad sendnfics arel withimdtheyordivary 2Rilkin this avti and arepthergfore not

It should be noted that the dequantizer 408, inverse discrete cosine

t ransf or . , adder 412 and picture nenory 414 are part of the
decoder gﬁ%"(‘))]pdpﬁfe%gase_layer ~ tenporal encoder 460. The decoder 440
2? forms the %\?qﬁ% fugﬁtgﬁigxsl cgﬁgggsht?&d ana&jr%l teemporal prediction are used to encode

PCT/ US99/ 03417 but only on reference frames. The reference, franes
t hus rsec tresenhancement dayes compressed Yideo signal BL ¥ ki Ratherygnrotion eompansiiian j n
form ng predictions. It should be noted that decoding for pur poses of
- gener at i pEmporal @ecodigdRNEsed @6 decddeomalbape &fliet compressed video Isipuel Lhyel, and
for purposes of generating the enhancenent |ayer can be perforned

si mul tang i | a tfally ‘alighdd fashion
reconstr Wgﬁ%&émg%lfl%o %gnrréel% (s)f;iﬂttag{eerdl, gﬁ%g%&pérﬁgy Q&&E’p& engar}g%msnt Iayer
encoder 470 and 't he base | ayer tenporal_ encoder 460. ver., onl
referencﬁmmlgaﬂaévﬂeﬁﬁwa¥¥t?ggﬂb?éiffﬁ’@% ?‘%F&ﬁgdﬁ?"é"%y&%‘ﬂy used
for tenporal notion conpensated prediction formation in the base

| ayer t egjpanbis tiesmoonty spatially encoded. As such, thsercadér 40(cdassinot keddstogiskeds ed by
the switch (and possibly stored in the picture 10 nenory 414), the

sel ecfed HREHRRAREN RySUtdhpreadd Viddd SighstbEL ¥t fid Ad Snenlhls §pabé iR etieor

picture memory 414 need be allocated for frames (pictures) reconstructed from the
enhancement layer compressed video signal ELV _].

After constructing the base layer and enhancement layer compressed video signals,
the encoder 400 multiplexes these two signals together in a fashion that enables them to

15 be easily distinguished and demultiplexed.

The decoder 500 can operate according to the well known manner described above
for decoding the remotely originating (low fidelity) base layer compressed video signal
LLV_ r. In addition, the decoder 500 decodes the locally originating base and
enhancement layer compressed video signals LLV_] and ELV_] as follows.

20 FIG 7 depicts a decoder 500 according to the present invention in greater detail.
A bitstream including the base layer compressed video signal and the enhapcement layer
compressed video signal is demultiplexed by a demuitiplexer 502. The demultiplexer 502

can produce a base layer compressed video signal LLV_1 for output to the transceiver 320

29




418 al so receives the tenporarily and spatially aligned original version of

t he sane macr obl ock fromthe i nput video signal V and produces a
di f f er encevoesed3odsl ock. St at ed anot her way, assune th&®CcTUsssjosqat
video signal Vis fornmed of original nmacrobl ocks MB(x,y,t) where x is

a horizontal pixel position of the original macroblock MB(x,y,t), 15 vy is
a verti cdFI@iSxeln addition, dhe démultiplexeri SP2rseparates outithoerdtrdph(encoddd) quantizéd

designates a particular frame (or picture) of the original vi deo
si gnal CQRRbRicint$igndR F theibase layer and@ﬂiaﬁéé:ﬁedf 18R toptassed=¢deo Qg
macr obl ock MB(x,y,t) is encoded |nto a base layer eﬁ%odg%orraéc Iock

decaded LY o b 1B uodicleaBRy B i Snfi st i ra%n}mrsyme?cgla& ract or

418 20 subtracts this reconstructed nacrobl ock MB[err](x,y,t) fromthe
ori gi nal apdct seale s for the basp(layey and enhanesmens layer faompressedryideobsignals,

MBlerr](x,y,t), where MB[err](x,y,t)=MB(X,y,t)- : I\/BD[err](xyt) Thi s
i s dore frespeettwaly.ori gi nal nacrobl ock of the original input video

signal V, i.e., for each x, y and t. Note that the subtraction perforned by
t he subtractor : :

IO 99/ 43147 The entropy encoded quantized coefficients of the base layer and enhan%Zment

PCT/ US99/, 03417 er f or med, age in matri x math
on & i x AYFE 1P sigrals 22 outeghyb S0 €ROPY (VAHAblF Rt R AR Braler SRhar €

I dentical for each pixel of MB[err](x,y,t) and the correspondl ng

pi xel of TheeEriropy decodendMcproguces shesquiantizedit differetermanioblock taefficients Qe&ch
pi xel of each macrobl ock of each frame (picture) reconstructed fromthe

base | ayef the eShancefipritclagacconmienes viea! sigdal add ife Gtz Mdcrvbtbckeiraor al |y

al igned wi th the pixel of the or|g| nal video'signal V fromwhich it
| s suby [ng dinthis
fashl on P&ﬁﬁ?n RS 21081({35 negieMs =tra g?’g‘@g@&%ﬁa Sgé‘\ggt e cosine

transforner 404 to Enpducg,ﬂdl fference_ macrobl gck .
e quantized difference macroblock coefficients Q e and the quantized

macroblock and prediction error macroblock coefficients are inputted to a dequantizer
506. The quantizer scale parameters q_scale 1 and q_scale_e are also inputted to the
dequantizer 506. Using the quantizer scale parameters q_scale_e, the dequantizer 506
15 dequantizes the quantized difference macroblock coefficients Q e to produce the
dequantized difference macroblock coef_ﬁcients. Using the quantizer scale parameters
q_scale ], the dequantizer 506 dequantizes the quantized macroblock and prediction error
macroblock coefficients Q_I to produce the dequantized macroblock and prediction error
macroblock coefficients. The dequantized coefficients of signals Q e and Q 1 are
20 scanned out according to some predetermined order to pro&uce dequantized blocks of
difference macroblocks, macroblocks and prediction error macroblocks. The dequantized

blocks are then inverse discrete cosine transformed in inverse discrete cosine transformer
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coefficient data. The difference macrobl ock coefficients thus formed are

quanti zed usin 10 quantizer 406 (and scanned out into a
Quant i zerWOSME4Par anet er s "g_scal e_e", which gener aﬂs@ﬂ%s?ﬁﬁ%"e

different (in particular, nore fine) than g_scale_1, are outputted

quant i zat | oi08 eRan spouly fer B Bt PaRbiokRE hRobhRli & medision

Qe, and the 0garaneters g_scale e are then formed into an enhancenent
| ayer conpreseraaciodlasksi gnal 15 ELV 1. In forming such a stream the
guanti zed difference macrobl ock coefficients may be entropy encoded
(e.g., run-Ievel Thedesoded bisedayee visleb signalis éahined Asl dltowesn Bach spatially decoded

and flag information (e.g., picture, sequence, nacrobl ock headers and

flags) may Beero logl;iri]{gl)%b’gkg'% V2 bitpht'e tﬁ’l‘&ﬁggﬁﬁ@ﬁfchla@_ﬁ e%tﬁﬁfrﬁ@tﬁa mtdtiodlo

strictly deTine semant | are provi erein for such
addi tion _i ndi cator, and, fl I nf.ormati on (an 20 unlike the e ayer
conpr esséd Baelespatialjy decodeg prediction error. VOgE’F}‘ ﬁ%ﬂ“t%%?ﬁf iaﬁae{ gﬁg Oudo?
wel | -known prior art standard such as MPEG 1, MPEG 2, H 263, etc.), a

simlar syntmaxe motiomnecesraviVi assosiateds sdthi thet spatially eddcaged prestiglians $exor
vi deo signal or in sonme other type of enhancenent | ayer conpressed

vi deo sign j ttd P Al Fictueé H@heryPSI2 ifdf BidpdSes of retrieving the
28 nat PBRIckare S P Sty pipoSes of 1 &

PCT/ US99/ 03417. . | ahi Li L.

conpr essed BYGiHI0B; %%?@E@?‘Eﬁé%ﬂﬁg%g&og ;ﬁﬂ%é&én‘%%spgﬁa&gﬁ&ggﬁ g%og} k\?mékteir’?i n
the ordinary skill in this art and are _therefore not, descr.i bed

her ei n. also outputted\is adden310. nbheredden 71@ addscthe Rredéntion rarardnaczehleskfo the

prediction are used to encode 5 the enhancenent |ayer conpressed video
si gnal HpV_fetrilrédpRedictior nadroblotk enforin areconstructed macroblock. The reconstructed

macroblock is outputted via output D through the switch. Each reconstructed macroblbck
of a reference frame is furthermore stored in picture memory 512.
Each spatially decoded difference macroblock is outputted from the inverse
discrete cosine transformer 508 to the adder 514. The adder 514 adds each spatially
15 decoded difference macroblock to its corresponding spatially and temporally aligned
macroblock reconstructed from the base layer compressed video signal and outputted
through the switch. The sum thus produced is the enhanced reconstructed macroblock
of the decoded enhancement layer video signal DVE 1. Such enhanced reconstructed
macroblocks may be temporarily aggregated in a display buffer (not shown) until a full
20 frame of the decoded enhancement layer video signal DVE 1 is decoded. The decoded
frame of the signal DVE | can then be displayed.
Below, Table 1 shows the signal to noise ratio for the chrominance and luminance

components of selected frames of a video signal reconstructed from a base layer
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LLV_1,

decoding is used to decode the base | ayer conpressed vi deo signa
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whi ch decoded vi deo signa
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The decoder 500 can operate
Eacho framec bas #9-t he

| ayer conpressed video signals LLV_1 and ELV_1 as

b, 1, e rbrsliity SR ool Rk Splyodrd el

eam | nc

@ent

ayer

LLV_1 for output to the

Instead, the decoded macroblock is reconstructed as the pr&liction

(FIG 5).

I n additi on,

separates out the entropy encoded quantized

t he denul ti pl exer 502
coefficient signals of

LLV 1

2nd BN 1L he motion vootoro M anBIRY. quonti-borseatoparareters
q_scal e_1 Frame # | Type | SNR-Y | SNR-C, | SNR-C, | Intra MB | Inter MB | bps
0 I 34.52 42.33 41.39 99 0 13944
3 P 34.18 42.67 41.62 62 1232
16 P 34.20 42,78 41.60 55 1224
15 |12 P 33.99 43.07 41.47 67 2032
24 P 34.10 42.83 41.54 63 1464
30 P 34.23 42.60 41.78 80 1920
33 P 34.38 42.33 41.62 78 1984
36 P 34.34 41.98 41.61 75 1872
20 |42 P 33.82 41.44 41.43 1 81 4352
54 P 35.39 41.32 41.39 2 70 4568
60 P 34.88 40.56 40.14 3 62 5544
63 P 34.51 40.18 39.83 5 63 5768
66 P 33.97 40.60 39.57 72 5464
25 |72 | 34.11 40.78 39.62 1 66 3784
84 P 33.56 40.45 39.69 76 4608
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Table 2 below shows similar simulation results for a video signal constructed

using the enhancement layer compressed video signal according to the present invention.

Table 2
15 | Frame # | Type | SNR-Y |SNR-C, | SNR-C, |Intra MB | Inter MB | bps
0 P |4951 |[50.84 |508 |0 99 81608
3 P 4939 |50.68 |50.61 |0 99 82600
6 P 4948 |50.60 |50.55 |o 99 82528
12 P (4940 |50.80 |s50.67 |0 99 . 81640
20 |24 P |4951 |5063 |s052 |o 99 83328
30 P [4946 [50.73 |50.78 |0 99 80416
33 P 49.41 |5070 |s5073 |o 99 79200
36 P 49.47 |s0.81 |s5075 |o 99 78784
42 P 49.43 |50.66 |50.64 |0 99 78952
25 |54 P 49.65 |51.17 |51.15 o 99 58928
60 P |49.64 |51.04 |51.04 |0 99 65824
63 P 49.58 |51.02 |5073 |o 99 69912
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As can be seen, the luminance signal to noise ratio in the decoded enhancement

layer video signal DVE is about 15 dB higher than in the decoded base layer video signal

DVL. Likewise, the chrominance signal to noise ratio in the decoded enhancement layer

video signal DVE is about 8-10 dB higher than in the decoded base layer video signal

DVL. The video bandwidth requirement increases from 30.98 kbps, for a the base layer

20

compressed video signal LLV_1 alone, to 798 kbps, for both the enhancement and base

layer compressed video signals ELV_1and LLV_]. The increased bandwidth requirement

is greater than the bandwidth of a plain ordinary telephone system dial-up connection

under current modem technology. However, the increased bandwidth requirement is well

within the 12 Mbps maximum bandwidth of the USB.
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conpressed video signal in a sinulation. Table 1 also |nd|catesgéE§ﬂ2

rate need® Py3147 transmt respective frames of such a

frame type, and the nunber of nacroblocks which are spatially onIy
encoded, denot "Intra MB", ,or baqt atla and o ally
encoded, denotﬁ\?a bpy discysgion iginten ‘éﬁ%ﬁnf’?%r@eﬂ% Lrlhgse

macr obl ocks. Quanti zed coefficients need not be provi ded for each
macr obl odlaving dedinary skill in Bhe ant maysdevizstivmerous altehaative edibodiments without

macrobl ock contains only zero val ued coefficients, no coefficient data
i's i ncl udegarkifg fffn GRNPIESHRISCYPE 6PthEi FBNEWing Vaifb S macr obl ock.

| nst ead, t decoded macrobl ock” i s reconstructed as the prediction
macrobl ock. 10 Table 1 Frame #
Type SNR-Y SNR-Cb SNR-Cerr] Intra MB Inter MB bps 0 -1
34.52 42. 33 41. 39 99 0 13944 3 P
34.18 42. 67 41. 62 62 1232 6 P
34. 20 42.78 41. 60 55 1224 15 12 P
33.99 43. 07 41. 47 67 2032 24 P
34.10 42. 83 41.54 63 1464 30 P
34. 23 42. 60 41.78 80 1920 33 P
34. 38 42. 33 41. 62 78 1984 36 P
34. 34 41. 98 41.61 75 1872 20 42 P
33.82 41. 44 41. 43 1 81 4352 54 P

35. 39 41. 32 41. 39 2 70 4568 60 P
34. 88 40. 56 40. 14 3 62 5544 63 P
34.51 40. 18 39.83 5 63 5768 66 P
33.97 40. 60 39. 57 72 5464 25 72 P

34. 11 40. 78 39. 62

|_\

66 3784
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84 P 33.56  40.45 39. 69 76 4608
?F%T/ Us99/ oVX@f?/\‘/*\g‘*?g/ 43Hmmnml I“umu |IHNR- Y SNR-(err] SNRPcmtspsy/oam a MB

Inter MB bps m s 33.51 40. 13 40. 07 72
3544 93 P 33. 61 40. 14 39. 89 =

3528 96 P 33.63 Adabms 39.93 HA§BE

2928 102 P 33.82 40. 34 40. 20 TH‘S SHSETAGE@

1896 5 Théa thhimed mvEnt10n1s34 15 40. 53 40. 65

1344 120 34. 46 40. 52 40. 21

iggg 1. 123A metgod for pg% gtgng v1c%§ éxg a locﬁg nﬁntor and a remote E%omtor

1648 . 40..54 39. 99

Io44 10 comBfsing: @  Proyligs s videxsigml, 40, o1 o1 - . |
1648 Table 2 bel ow shows simlar sinulation results for a video

si gnal Sconst ruted encodingssaidyvidbe signalcoproduce al firgecompregsed sddeb sigetdp si gnal
according to the present invention.

Table 2 15 F(@m‘l#usﬁg I@@xdsﬁﬁt Kompﬁ%RdQQEcF ];1 Sg&gﬁaﬂg baid Wti&é%g%@nal'tﬂt er MB

bps 50. 84

81608 50. 61 0 99
82600 prodéce a second Igompresa% \Z@eo sxgé% 50 55 0 99
82528 50. 80 50. 67 0 99

81640 20 4(d) tralimﬂttmgmﬂ's@d first andssecond gmpyessed vigleo signals to@ local
83328
terminal,

10 (e)  at said local terminal, decoding said first and second compressed video
signals to produce first and second decoded video signals, recovering a first decoded
version of said video signal from a combination of said first and second decoded video
signals, and

® transmitting only said first compressed video signal to a remote terminal
15 via a communication channel, whereby said remote terminal can recover a second

decoded version of said video signal from only said first compressed video signal.

2. The method of claim 1 wherein said step (c) further comprises the steps of:
(c1) decoding said first compressed video signal to produce said first decoded
20 video signal,
(c2). subtracting said first decoded video signal from said video signal to produce

a difference video signal,
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5 Bomdd i umg@m gmuu o, i .
P 49. X‘P 99/ 33‘67 81 99 78784 PCT/US99Y3417 P
49. 43 50. 66 50. 64 78952 25 54 P
49. 65 51. 17 51,15
49 64 51. 0 4(:3) §le)b§pat1alljoencodmg salgghﬁ‘erence v1dqg>5<s@1&l to produc@ssald seconcb
49, 58 51.02 50.73 0 99 69912
33 video s\gnabo/ 43147
PCT/ US99/ 03417 Frame # Type SNR-Y SNR-Cerr]SNR-Clerr]intra MB
Inter MB bps 66 P 49. 58 50. 80 50. 60 0 99
77160 49,51 50. 81 50. 68 0 99
;gggj 3. The meth&l of claﬁg Z%heremgg s%g step (,icg) gagh pix% of said first %g‘pded
84368 5 93 50. 59 50. 39
83984 5 videogignal is subq.acted frozrga §pp.t1ally gyl tpmporally gliged pixed of said video ggnal
83728 102 P 49. 53 50.79 50. 42 0 99
81744 114 P 49. 43 50. 76 50.61 0 99
79136 120 49. 48 50.77 50. 82 0 99
;Z;g?g 19, 1?215 method &F claim fgvhﬁém saxg 8te§icl) fuélger% mprisgs the steps of: gg
79832 . . 50. 93 50, 68 9
77744 14 c:21a) spatlally decq@r_l& Bach mgq;olglgck an gpcl; ‘prechctpn error macrqjgock
77960 15 As can be seen, the |um nance signal to noise ratio in the

decoded eofibaid ficsisompressed video s1gna1 and
10 (c1b) temporally decoding each spatially decoded prediction error macroblock by
identifying a prediction macroblock therefor using at least one motion vector associated

with said prediction error macroblock, and adding said identified prediction macroblock to

said spatially decoded prediction error macroblock.

15 5. The method of claim 2 wherein said step (b) comprises quantizing said video signal

using first quantizing scale parameters associated with said first compressed video signal
and wherein said step (c3) comprises quantizing said difference video signal using second

quantizing scale parameters associated with said second compressed video signal.

20 6. The method of claim 1 further comprising the steps of:

(cl) priorto step (d), multiplexing said first and second compressed video signals

together, and
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| ayer vi deo signal DVE;sabout 15 dB hi gher than in thaﬂd@c%ﬁA A eBEIEder
vi deo si gnal DVL. om nance signal{to n Lo ini
t he decod&ﬂ%ﬂ#ﬁé_ﬁcen’entH!wmmﬁ"”"ml!gm signal DVE is abo $99/0387hi gher

than in the decoded base” | ayert vi"de® st gnal DVL. The vi deo bandw dth
requi rement increases from 30Q0.98 khps, for a the base |ayer 20 conpressed
vi deo signal LKV 1 pricsie step ée)ydamuliplexingsaidfirshandrecent videe sigasls ghspidase

| ayer conpressed video signals ELV_1 and LLV_1. The increased bandw dth
requi r endotal terminals greater than the bandwi dth of a plain ordinary

t el ephone system di al -up connection under current nodem technol ogy.
However, the increased bandwi dth requirenment is well within the 12
Mops maxi mum bandw dt h of the USB.

34 99 4314@1 . . y

PCT/ US99/ 341 7The method of ¢lgim 1 fucther spmprising the $tePS 9ft ended to be nerel y-

illustrative of the invention. Those having ordinary skill in the art may
devi se5numer oud) al trseeiving adhishenmepressed vida signaltfrons eqid remote terminal ehsaid pi ri t
and scope of the follow ng clains.
local terminal,
(g)  decoding said third compressed video signal to obtain a decoded third video
signal, and
(h)  displaying both said decoded third video signal and said first decoded

10 version of said video signal simultaneously on the same display screen.

8. The method of claim 7 wherein said first decoded version of said video signal is
displayed on a first part of said display screen and depicts locally originating images and
wherein said decoded third video signal is displayed on a second part of said display screen

15 and depicts remotely originating images.

9. The method of claim 7 further comprising the steps of:
@) receiving an audio signal from said remote terminal at said local terminal,
@ decoding said andio signal to obtain a decoded audio signal, and

20 (k)  presenting said audio signal at said local terminal.

10.  An apparatus for presenting video on a local monitor and a remote monitor
comprising:

e e 38
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clained i QR is: ll ll Nluﬁphod for presenti 387
noni t or a‘?l Gl)g;‘d?ern)te ru! I HI““““ rising. (a) providing a video
si gnal , (b) encodlng said video signal to produce a first

conpr essed Vi @90 SiaGAddo signal source for providing a video signal,

(b) . anencoderconnected to said video signal source, said encoder encoding said
video signal to produce a first compressed video signal, and using said first compressed
video signal to encode said video signal to produce a second compressed video signal,

5 (c) a decoder at a local terminal and connected to said encoder, said decoder
decoding said first compressed video signal to produce a first decoded video signal,
decoding said second compressed video signal to produce a second decoded video signal,
and combining said first and second decoded video signals to produce a first decoded
version of said video signal, and

10 (d)  a transmitter for transmitting only said first compressed video signal to a
remote terminal, whereby said remote terminal can recover a second decoded version of

said video signal from only said first video signal.

11.  The apparatus of claim 10 wherein said encoder further comprises:
15 a second decoder for decoding sa.iél first compressed video signal to produce
said first decoded video signal,

a subtractor connected to said video signal source and said second decoder
for subtracting said first decoded video signal from said video signal to produce an
difference video signal,

20 and a spatial encoder connected to said subtractor for only spatially encoding

said difference video signal to produce said second video signal.
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(c) using said firgjt signal , encoding sali dRE'pgm[};i gnal
to roduce a s lmﬂmmﬂﬂlmclﬂf. deo si gnal ,9

transmtt r?g9 WHY sai d*fiT st ald Secbnd corrpressed vi deo sW(ﬁ?é‘l’%g F’é‘“& | ocal
termnal, 10 (e) at said local termnal, decoding said first and

second c d vi deo als t uce rst and second, decoded
Second COb! ©SIBdtuEg e | LSk Lab NN Syl bl h £52

si gnal fron1a conmbi nation of said first and second decoded vi deo

si gnal s, dgeefled video signal from g spatially andstemporally alighed pixebof saidsyideo pignals sed
video signal to a renote termnal 15 via a conmmuni cation channel, whereby
said renote term nal can recover a second decoded version of said
video signal fromonly said first conpressed video signal. 2.

The nethod of claim1 wherein said step (c) further conprises the steps of:
(cl) decoding said first conpressed V|deo S|gnal to produce said first
decoded 20 vjdeo sign subtracting said first
decoded VPdeo e@ﬁﬁW%P&ﬁF?HP&I\WW §?‘6ﬁ‘éﬁ°‘@6‘°ﬁ?®ﬂt§‘€@m comprigesy|j f f er ence
vi deo signal, 36

(c3) only spatial Ia,spamidebodg'fsespdndlyf&eeochngmchmkmlﬂm@mﬂeaahmedldmme sai d
second vi deo signal .

error macroblock of said first compressed video signal,

a picture memory for idefxtifying a prediction macroblock for each spatially
decoded prediction error macroblock using at least one motion vector associated with said
10  prediction error macroblock, and
an adder for adding said identified prediction macroblock to said spatially
decoded prediction error macroblock,
wherein said picture memory and said adder temporally decode each
prediction error macroblock of said first compressed video signal.
15
14.  The apparatus of claim 11 further comprising:
a quantizer for quantizing said video signal using first quantizing scale
parameters associated with said first compressed video signal and for quantizing said
difference video signal using second quantizing scale parameters associated with said

20 second compressed video signal.
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3. The met hod of l)mjml; ﬁammnn said step (c2) dach pRERLAGHD said
first decwo®d431475 v btracted froma sp 3417

tenporal ly aligned pixel of " sai d ‘vi deo signal . 4, The net hod of
claim2 wherein said step (cl) further conprises the steps of:
(cla) spH.i al The apparatusef daohl hwhereil saddk errvoderanultippaxesl said ifivst and second

macr obl ock of said first conpressed video signal, and 10

(c1b) te&ﬂ?ﬂ[{r@és‘:d/vﬂ%gghﬂg tepReHer, SR WiRkdiy ssiadeslsidr aéﬁqlnptlé:&e sSiEfREt and

macr obl ock fying a prediction nacrobl ock therefor using at

| east one n_vect.or. as with said pred| ction error

macr obl otK; f&?‘.‘ S, E a%%ﬁ‘%&"ﬁ@?ﬁ%d predi ction macrobl ock to said
spatially decoded pred| ction error nacrobl ock. 15 5. The net hod of

claim2 wherein said step (b) conprises quantizing said video signal
using first quantizing scale parameters associated with said first

conpr §ssEsl Viméﬁaﬁﬁﬁ@dofclalm 1@Asthehesmbrisiagi d step (c3) conprises

quanti zing said difference video signal using second quanti zi ng scale
paranmeters associ m 0

The net hod of cI a| %Fe%e&g%ﬁﬁ@ée%ﬁ%??@g%& e?s%?%d gg&lﬁl&?%dmmm%( cl)
prior to step | pl exi n% said first and second conpressed vi deo

si gnal s terminial at@@étlﬁgal ter

37

a display screen at said local terminal,
wherein said decoder decodes said third video signal to obtain a decoded
10 third video signal, and said display screen displays both said decoded third video signal and

said first decoded version of said video signal simultaneously.

17.  The apparatus of claim 16 wherein said first decoded version of said video signal
is displayed on a first part of said display screen and depicts locally originating images and
15 wherein said decoded third video signal is displayed on a second part of said display screen

and depicts remotely originating images.

18.  The apparatus of claim 10 further comprising:
a receiver for receiving an audio signal from said remote terminal at said
20 local terminal,
an audio decoder for decoding said audio signal to obtain a decoded audio
signal, and

a loudspeaker for presenting said audio signal at said local terminal.

—_— et T el —— — 4 1
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(d1) prior to step ng said first ang seccRrEpL\Ango si ghal s
at said 0.9 31I f)cal mwnﬂm@" "m ,m‘l The net | a1 her
conpri si n‘a PR3 eps (f) receiving a third conpressed
video signal fromsaid renote ter m naI at said | ocal termnal,

(9) de¢@di n se ain a decoded third
vi deo 19 %grﬁg‘:hgdggﬂaé}‘ QO&BQB i s(iigna? g%npgﬁﬁ% E)}Teas&/?pﬁgo%ot h sai d decoded
third video signal and_ said, first decoded versi on of  said video signal
si mul t aneous| {@on PrRYIdinga videosignal 5%1?"%‘&#118353‘1“5303 of origina} RiStHES, hod of
claim7 wherein said first decoded version of said video signal is

di spl ayed on @)fi r sbcqding sanf viden siguhl sppaducsecr fisthcanpreskedivideo sigmab| said
originating i mages and wherein said decoded third video signal is

di spl ayeg egefenc%eﬁfg%rmﬁngaihe%@epg o@'sél@étﬁbélffeg-fﬁp%&lly]ﬁoﬁdﬂc Eé&hﬁn gapotely

originati I mages met hod claim 77 turther conprising

the step | Vi ng,.an_a fromsaid renote
t er mi Mal fe&ft as%ﬁrHOQS&dand?%gﬁ{gﬂgpd spal yencgdmg s"’(lﬁlil)v“{g’o b&‘@gdi ng said audio
signal to obtain a decoded audio signal, and 20 (mﬁ presentl ng
sai d audio si (Mal apatiallydandcmptiorr edmpsnsation temporatly deonding, Faidatfirst f or
presenting video on a |ocal nonitor and a renote nonitor conpr|5|ng:

38 compressed video signal to produce a decoded video signal containing decoded, presentable

pictures,
(d)  subtracting each pixel of each picture of said decoded video signal from a
10 corresponding, spatially and temporally aligned pixel of an original picture of said video
signal to form a difference video signal, and
(e) encoding said difference video signal using only spatial encoding on each

picture of said difference video to produce a second compressed video signal.

15 20. The method of claim 19 wherein said step (b) further comprises quantizing said
video signal using first quantizing scale parameters associated with said first compressed
video signal and wherein said step (€) comprises quantizing said difference video signal
using second quantizing scale parameters associated with said second compressed video
signal.

20
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sai d vi deo signal*td producesa «i1rst conpressed video signal, and
using said first conpressed vi deo signal to encode said video signal
to produxie a Agreppdatasforrenssdiny ¥ vilieo skinghedmprisifg: (c) a decoder at
a local termnal and connected to said encoder, said decoder decodi ng

said first conpres ks ' . q,?&- 0%idd tﬁjiﬁﬁ{ﬁdf gﬂ%oo i gnal ,
decodi ng said seco% %ﬁg‘?gégﬁég@%@éﬁ“@gﬁa tgl%ira{)%nce a se%(()frél eci?)ded
vi deo sigpal , . and conbining said first and second decoded vi deo

si gnal s ERAH PSS first decoded version of said video signal, and
10 (d) a transmtter for transmtting only said first conpressed
vi deo signal to a atemporal emoter formatioratompénsatedienyporally emoodiag saidivideal can
recover a second decoded version of said video signal fromonly said
firstgvi ,si gnal . 11. The apparatus of claim 10 wherein said
encoder further conprises: 15 a second decoder for

decoding said first_c ressed. videao.signal .o produce . . said f.i,rst
decoded vi deo si gn"’aflfa%gpem & fof encoting g‘“&lvé&eg lfg@ag& 89“3%%}?80‘f"é]g sif said

vi deo signal source and said second decoder for subtracting said
first ddewpewl encgder toingeduce rdbsh commessedivisleaisignal, to produce an
di fference video signal, 20 and a spatial encoder

connected to sai d sddebiadbspafislly @idlidotidhadondehyatipaasbogilly decodiag daid
difference video signal to produce said second video signal.
first compressed video signal to produce a decoded video signal,
10 a subtractor for subtracting each pixel of each picture of said decoded video
. signal from a corresponding spatially and temporally aligned pixel of an original picture
' of said video signal to form a difference video signal,
wherein said spatial encoder also encodes said difference signal in

conjunction with said subtractor to produce a second compressed video signal by spatially

15 only compressing said difference video signal.

22.  The apparatus of claim 21 wherein said spatial encoder further comprises a
quantizer for quantizing coefficients using first quantizer scale parameters associated with
said first compressed video signal, in producing said first compressed video signal and for
20 quantizing coefficients using second q@&a scale parameters associated with said second

compressed video signal, in producing said second compressed video signal.
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?:—Egl’ of 3’8%’@%‘%& The +Hﬂwﬂﬂ&m'ﬂﬂust"glgqnéll wg%egnspatiwlysggwa“"

tenporally aligned pixel of said video signal. 5 13. The appar at us
of clai 1 erewn d _second decoder further conprises:

a spati zTIZ%dec w@&f‘ggbﬁf?'gﬁ%f’&%%%f‘ﬁﬁda s@é@%‘&%{nﬁnd each
prediction error, macrobl ock of said first conpressed video signal,

a picture nend®y fdeceiviegdirstynd gecondconipresseshvidee sighalack for each spatially
decoded prediction error macrobl ock using at | east one notion vector

associ ated wi t(b) saispatidily andedictionoRomipenyatioh Ctetiposally, dedbelding said first

an adder for adding said identified prediction nacroblock to said spatially
decoded Lk d : . : wherein said

pi cture %éﬁg#égiﬂadg%lgﬁ%gggwg%(Elf)irrsathe?/o%fgcvcl) é)sé%cﬁlf prediction-error
macroggt ock of said first conpressed video signal. 15 14. The
apparatus of claim 11 further conprising: a quanti zer
for quantizing said video signal using first quantizing scale

par anet ers asgoci atspatialiytdecatingisafid secbnd compresssé dideo signalto producamnstcond
quanti zing said di fference video signal using second quantizing scale

par amet ega AR PARBIYA {ded SgHlal, 20 second conpressed video signal.

(@  adding each pixel of each picture of said second spatially only decoded
video signal to a corresponding temporally and spatially aligned picture pixel of said first
10 decoded video signal to reconstruct a third decoded video signal, and

(e)  presenting said third decoded video signal.

24.  The method of claim 23 wherein said step (b) further comprises dequantizing said
video signal using first quantizing scale parameters associated with said first compressed
15 video signal and wherein said step (c) comprises dequantizing said difference video signal

using second quantizing scale parameters associated with said second compressed video

signal.

25.  The method of claim 23 wherein selected reference pictures of said first decoded
20 video signal are stored for predicting other pictures of said first compressed video signal
but no pictures of said second decoded video signal are stored for predicting pictures of said

second compressed video signal.
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40 The apparatus of claim 10 whereiln saigemnpcoder
mul ti pl e f| rsu g H”m eu conpressed vi dee—g prcal ,
and vvher sal deco wﬂ uﬂﬁi | sal d first and ﬂ@%&’%%g Vi deo
signal s at said local terninal! The appar atus of claim10

further £0 %IZ Oﬂgaratus or resenméﬁ recons%ucted%n&@&ﬁgf(ﬁ Ffa‘iisufgce' ving a third

corrpressed Vi I gna roms sai d | ocal

termnal, and . di spl ay screen aid l.ocal

ter mi nal a decoder or spatially gag s Hon SRR OB SRRSO BEd Bt ¢ g

vi deo S|gnal to obtain a decoded 10 third video signal, and said display
screen chompiresped wisieh signabitododuted fitst decomptressed ividenl signd, and for spatiadlyf i r st
decoded version of said video signal sinultaneously. 17. The

appar at UfecBliing! 81 $bcdiid \WagippésBed dided isightl 48CHaMHce/ & SbandOpARIlY i
si gnal I's displayed on a first part of said display screen an

depic Qca r. g images and 15 wherein said decoded th|rd vi deo

Si gna% iﬁ“m" %ﬁ?‘ag onsqérh@econd part of said d| spl ay screen and

depicts renotely origi nat| Qg The appar at.us of_ cl a| m

10 further conpri sanggder for dmgeachpmel of eachpaptvré@éuswérsemdm%lﬂmw

audi o signal from sai d renote termnal at said 20 local termnal,
decompressed video signal to a corresponding temporally and spatially aligned picture pixel

—

of said first decompressed video signal to reconstruct a decoded video signal, and
a display screen for presenting said decoded video signal.
10
27.  The apparatus of claim 26 wherein said decoder further comprises a dequantizer for
dequantizing said first compressed video signal using first quantizing scale parameters
associated with said first compressed video signal and for dequantizing said second
compressed video signal using second quantizing scale parameters associated with said

15 second compressed video signal.

28.  The apparatus of claim 26 further comprising 2 memory for storing selected
reference pictures of said first decoded video signal for predicting other pictures of said first
compressed video signal and for refraining from storing any pictures of said second

20 decoded video signal for predicting any other pictures of said second compressed video

signal.

29. A bitstream produced by the steps of:
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an audi o decoder for decodi ng said iﬁdl o signal to obtain aﬂmcp@ggd aud

o S aroon MMM F<seeir o 5o i
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(a) providing a video signal containing a sequence of original pictures,

(b)  encoding said video signal to produce a first compressed video signal, said
step of encoding comprising the steps of selectively temporally motion compensating at
least a part of said video signal and spatially compressing said video signal,

5 (c) spatially and motion compensation temporally decoding said first
compressed video signal to produce a decoded video signal containing decoded, presentable
pictures,

(d  subtracting each pixel of each picture of said decoded video signal from a
corresponding, spatially and temporally aligned pixel of an original picture of said video

10 signal to form a difference video signal, and
(e) encoding said difference video signal using only spatial compression on each

picture of said difference video to produce a second compressed video signal.

30. A decoded video signal produced by the steps of:
15 (@  receiving first and second compressed video signals,
(b)  spatially and motion compensation temporally decoding said first
compressed video signal to produce a first decompressed video signal,
©) spatially decoding said second compressed video signal to produce a second
spatially only decompressed video signal, and
20 (d) adding each pixel of each picture of said second spatially only decompressed
video signal to a corresponding temporally and spatially aligned picture pixel of said first

decompressed video signal to reconstruct a decoded video signal.
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