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DES C-R IP TI 0 N 

A MOTION VIDEO CoMPRESSION SYSTEM WITH· 
MuLTIRESOLUTIOH FEATURES 

BACKGROUND OF THE INVENTION 

FIELD OF THE.INVENTION 

The present inventi~n relates to me field of data compression and, m~~e particularly, to a 

syste~ and. techniques for compressing and decompressing digital motion video signals at 

. a multiplicity of scales. The "techniques expaml on algorithms similar to the emerging 

Mt_>EG standard proposed by the International Standards. Organization's .Moving Picture 

Experts·~roup (MPEG). 

ENVIRONMENT 

Tedmological advances in ~i~ita.l tra1'smission nenvorks, (1igital storage media, Very 

. l\· Large. Scale Integration de\ices, and digital processing of video and audio :signals are· 

t. 

. converging "to m~ke tlle_·tran~ritission and storage of digital video. economical in a wide va­

r_iety of applications. Because ~he storage and transmission o~ digital ~deo signals is cen­

tral to n~any applications, and because an unc~mpressed representation of a \ideo signal . . . 

_requires a large aniount of storage, the use of digitar video compression t.e.clmiques is vital 

to this advancing art. In this ·regard~ several intemational st.andards for tl~e compression . . .• 

·of digital video signals have emerged over the past d~c~<le, wifh more currently qnder de-
. . 

veJopment. These standards apply to algorifhins for the transmission and storage of com:. 
. . . . 

pressed digital video hi_ a variety of applications, including: video-~elephony and 

t~leconf~~ing; 11igh quality digital t~evisi~n transn~ission on coaxlal aml fiher-opt.i~ 
net.works as.well as broa~lcast terrestrialiy and over clirect broadcast satellites; and i~ 

interactive mulUmcdia _products on CD-ROM, Digital Audio Tap<-., ancl \Vinchester disk 

drives. 
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Several of t~1ese sfandanls -involve ~JgorUhms based on a common core of compression 
. . . 

t~cf~tiques, e.g., the (:CITT (Consultafh•e Committee on lntemational Telcgra11hy an~I 

Telephony) Recommendafion H.l~O, ~he CCITT Recommendation H.,,261, aml tile 

ISO/IEC MPEG st.andard. The MPEG algorithm, has been developed by t.he Moving . . . . . 

Picture Experts Group (MPEG), part of a joint technical committee of the International . . . . ... . . 

Sta~(Jards Organizatfon _(ISO) arid the ll)fe~ational Electrotechnical Commission (l.l~q. 

T11e MPEG. comrnitt~ has been d~'·eloping ~ draft standard for the multiplexed~· com- · 

pressed representation of video and associated audio signals. The standard specifies the 

syn~x of _the compressed bit stream and a method of decoding a digital video signal at one 

level of spatial resolution. This draft standard .. \Viii be referrred to as the MfEG-1 statid­

anf or algoritl~m, in order to d_isfing~isb it from new.er algorithms now under discussion · 

"by the same com'Jllittee. The MPE~-r draft standard is described _in ~ocument ISO/IEC 

JTCl/SC2WGi1 MPEG 9t/090 of·May 1991. . . . .. 
I·. 

A.s the prese~f inventio"11 may be applied to extend the"functio~s of a~ MPEG-1 decoder 

t:-to produce a rnuUiplicity of lideo resolutions from the same com~ressed .bit stream, some 
. . 

pertinent aspects of file MPEG-1 'video compression algoriti1m will be reviewed. lfis to . . . . - . . 
be noted~ ho\vevcr, th_at·the invention can also be apptic(I to other video1.~9ding algorithms 

. . . . . .. . . 
which share some of the featnre5 of the MPEG algorithm. 

The MPEG-1 Video Compression Algorithm 

To begin with, it wit~ h~ understood that t.l~e compres.5ion of any data object, such as a page_ 
. . 

of t·ext, an image, a segment of speech, or a \•ideo sequence, can be thought of as a series 
. . . . . 

of steps, including: I) a decomposition of th.at object into a collection of tokens; i) the 
~ . . . 

represenfati~n of tho~e tokens by binary strings which have minimal _length in some·~cnse; 
and 3) tli.e concatenation of the strii1gs in a well-defined order. Steps 2 and 3 are lossless, 
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i.e., the ~ginal data is foif"hft.dly recoverable ~rpon reversal, and Step 2 i~ known as 
. . . . . . . 

enh'opy co~ing. (See, e.g., T •. BERGER., Rat~ Distorlioll Theory, Englewood Cliffs, N.J: 

rrenfice-Ha.~I, 1977; R. McELIECE, The Theory of h~formati<Jn 011d Coding, Reading,· 

MA: Addison-\Veslcy, .f97J;· D. A. HUFFMAN, "A Mc.-Uiod for Ute Constnrdion of 

Minim1~m· Redundancy Codes,n Proc •. IRE, pp. f098-l IOJ, Se1>tember 1952; G. G. 

LANGDON, ~An lnf·roduction to Arithmetic Coding,n IBM J. Res. De~elop., "Vol. 28, pp. 

135-149, March 1984) Step 1 can be either lossless or lossy in general. Most video com-. . 

pression algorithms are lossy. A successful lossy compression algorithm eliminates re­

dundant and irrelevant infonnation, allowing relatively large errors where they_are not 

likely to be visually significant and carefully· representing aspects· of a sequence to which 

the huma(! o~~erv"er is very sensitive. The techniques employed in fhe MPEG-1 algorithm . .· . 
for Step I can be descfi,bed ~ predicti:ve/interpolative motion-compensated hybrid 

DCT/DP~M coding. Huffman roding, also ~nown as ·"Variable length coding ~see tile 

abo1·e Cited Huffman 1952 paper) is used in Step 2. Although, as mentioned, the MPEG-1 

standard is rea,lly a specification of the decoder and the compressed bit stream syntax,-the 

~ following description of the M~.EG-1 speci~cation is, for ease of preseq~ation, primarily 

from an en~oder point 9f. 'tiew • 

. The MPEG-1 video standard specifies a coded re11resentation of video for digital storage 

me<Iia, as set forth hi ISO-IEC .JTCl./SC2/WGI l MPEG CD-It 172, MPJ;:G Committee 

·. -:Praft, 199 ~. The algorithm is design~d to operate on non-inf erlaced component video, 

although it can be extemled. to operate '~·ilh interlace video by combining ·two con$ecutive · 

interlaced fields into a single picture. Each picture has three components: luminance (Y), 
' I 

red color difference (C,), an(I blue color difference (C1t)· The Cr ancl c,. components each . ' 

ha\•e h~ as many sm111>Ics·as t.he )'component in both horizontal and vertical <lirections. 
-?· . . 

·Further, the algorithm operates with a single le\•e1 of \'idco resolution. 
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Layered Strncturc of an MPEG-J Sequ~nce 

An MPEG-1 data sf-ream consists of a video stream and ai1 audio streal!' \\tbich are 

packed, to;cher with sysfems. information and possibly other '1i(strea~s, in~o a systems 
.· ..... 

. da(a stre.am Chat can be regarded as laY.ered. \Vithin the vicleo layer of the MPEG-1 data 

stre.-nn, the compressed data is further layered. The bighest layer is the Video Sequence 

Layer, .containing control inf omiation and parameters for the entire sequence. A de-

-scription of the organi7.ation of the other layers wi'I aid in understanding the invention. 

These layers ·or the M PEG-1 Video Layered Structure, are shown in Figures 1-4. Spe­

cifically the Figures show: 

Figure I: Groups of Pictures (GQPs). 

Figure 2: Ma~r~block (MB) subdivision of a picture. 

Figure 3: Slice subdivision of a picture (~xample). 
I 

Figure 4: BIOck subdivision of a macroblock. . . 

T~1e layers pertain to the opei:ation of the compressio~ algorithm ~s well 3:S tl~e composi­

~ tio~ or a compressed bit stream. As noted, the ltigbest layer is the Video Sequence Layer, 

· confaining control infonnation and parameters for· the entire sequence. At the next layer, 
. ' 

. a sequence is subdividecl into sets of co~ecutive pictures~ each known ~.a Group of Pic-

turc.'i (GOP). A general illustration of this layer is shown in Figure l. Decoding may begin 

at (.he start of any GOP, essentially independent of the preceding GOPs. There is no limit · 

.to the number of pictures whicl! may be in a GOP, nor do there lla\•e to be equal numbers 

'> of pictures in all GO Ps. 
.. ....... -

The f.hird or Picture layer is a single picture. A general illustration of this layer is shown 
~ . . 
~ . I 

in Figure· 2. Decoding may begin at the: sta11 of any GOP; essentially the luminance com-

J>onent of e.ach pidure ·is sul~dh-idecl into 16 x 16 regions and the color difference compo­

nents are subdi"icled into 8 x 8 regions spa(ially co-sited with (he 16 x 16 luminance 
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regions. Taken togeHter, the co-site~ luminance region and color difference regions make 
. . . . . . 

up the fifth layer, known as a macroblock (MB). 

,,, 
Def.ween thc.Pich1re ancl MB layers is Che fourth or :;lice layer. Each slice consists of an 

arhitrary 9r 01>tfonal number of consecnf h·e MB's. Slices neccl not. be ~mifonn in size witbin 

·a picture or from picture to picture. They may be only a few macrobtocks in size or extend 

across multiple rows of MB's. as sho\\'11 in Figure 3. 

An MB is a funda1i1ental.Jayer to which various attributes can be associated as wi~I- be seen 
. -

below. The basic stmcture of an MB consists of four luminance blocks and two 

cbrominance blocks as seen in Figure 4. All-of these b~o~ks are.of size 8 x 8 in MPEG-~. 

Preserving_ tl1e stmcture a~d attrltiutes of an l\18 (!lot n~cessaiitf its size) across· a multi-
. ~ . 

ptidty of picture resolutions is one or tl~e goals of thi~ invention .. 

r . . . , 
W:itldn a GOP, three types ·or pictures ca_n appear. The·distinguishing di~crence among 

the p_icture types is the co1npression method used. l11tramode pictures or'·I-pictures are 

compressed inde-pendently of any other picture. Allhougi1 there is no· fixed upper bound on 
• • • I • 

the distance betwee~1 I-pictures, it i~ expected that they \viii be interspersed freq~en~Jy . 

tltroughout a seqt1ence to faciliCate randOIIJ access and of.her special modes of operation • 

. Each GOP must start with an I-picture and additional I-pictures can appear within the 

GOP. The other types of pictures, predictfrely motio1Z-compe1Z.'iatcd pictures (P-pictures) 

and bidircctimzafo• moti<_m-compcnsated pictures (D-picf.ures), ,\·ill be describe,) in the dis­

~~1ssio11 on moHon com1>ensaU011 below. A_ general illustration is· shown in Figure 5. 
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Motion Compensation 

Most video sequences exhibit a: high degree.oLcorrelat"ion between consecutive p.ictures. 

A userul m~thod to remove (his redundancy prior to coding a pidure is 0 motion compen­

~tionn. Motion co1111>ensatio11 requires some means for moclelirig and estimating the mo­

tion in a scene._ In MPEG-l, each picture is partitioned in1o macroblocks and.each MB 

is compared to 16 x J 6. regions in the same general spatial .lo~ation in a predicting p~ctttre 

·"" or pictures. The region in the predicting picf.ure(s) that besf: maf.d~cs the MB in some sense 

is used as Ute prediction. The difference befween the spatial lo~aCion of the MB and ~ltat 

of it's predict9r is referred tO as a mtJtioll vector. Thus·, the 0~1f p_uts of the motion_ esti­

mation and compensation for an MB are motion vectors and a motion-comp·ensated dif-
. . 

ference macroblock. These can generally be compressed more than Ute original MB itself. . . . . .·. . 

Pictures wbiclt are preclictively motion-compensat~d ttsing a single pred_icting picture i.n _the 
. . . 

paSt, i.e., fonva~-in-time i.n the sequence, are kno~'D as P-pi~tures •. 
.. · 

In MPEG-J, the time interval IJetween a P-picture and its pr~dicting picture can be greater 

-~- than one picture intenal. For pictures that fall ~ehveen P-pictures or between an I-picture 

and a P-picture, backward-in-time predi~tion may be used in addition to fonvard-in~time 

P.l."ed~ctio~. Such pictures ar~ known as bidirectfona11y ·mo~ion-compensated pictures (B­

pictnres). For B-pictures, in addition to forward and I)ackward prediction, interpol~t.ive 

mot.ion compen~at.ion is allowed in which the predicto~ is ·an average of a block from the 

previous predicting 11idure ancl a block from the futqre predicting picture. In (his case, two 

motion vecfors are needed. 

The· use of bidirectional moti~n. compensatio~ leads to ~ ~wo~level motion compensatio~ 
structt~~-~s de1Jicted in Figure ~- Each arro'v inclicates tl~e prediction of the.1>i~ture 

·.· touchi~g the arro\vhead using 'the picture touching the dot. Eacl1 P-picture is motion­

COntJJensated using the Jlre,•ious P-picture (or I-picture, as the case may be). Each B-
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. picture is motion-c~mpe11sated·by' the P- or 1-pidures h~mediately berore ami_a~ter it." . . . 

These pre<iidi~g pictures are s~mctimes ~eferred to as nancl1or' pictures.· No limit is 

specified in ·MPEG-1 o_n fhe distance betweef1 ancltor. pictures, nor on flte distanc~ behveen 

·I-pidures." In 'fact, these p~ramete~ do not bave to 1Jc ~onstant_o,•er an entire sequen~e. 
Ref erring. to the dist~nce bet.ween I-pictures as N and to. fhe distance between P-pktures 

as }.1, Che sequence shown in Figure 5 bas (N,Jl.f) = (9,3). 

·"" It should Cht;refore be underst()ocl that an MPEG-l sequence consists of a series of 1-

pktures which may have none or o~e or more P-:pictures sandwiched between them. ~be 
various I- ano P-picf.ures may llave ·no n.:pictures or one or more ~-pictures ·s~nd'\viched 

. . .. 
: between them, in which latter event they are anchor. pictures. 

. . i . . . 

One very useful image compression tecl1niqnc is transform coding. (See N. S. JAY ANT . . . . .. . . . . 
·{~ and P. N?LL, Digi(al Cod_ing of i.vavefo~ms, Principles and App~ication~ '"Speech.and 

_r?ideo, Englewood Oiffs, NJ: Prentice-Hall, 1984~ and A. ·G. TESCHER~""'Transfonn 

Image Coding,n hl \\'. ·K. Pratt, editor, Image Transmission Tecln~iquC:S, pp~ 113-JSS, Ne~ 
.. . .. . . i . .. . . 

. Y.orl_(, NV: Academic ~r~," 1979.) In MPEG-1 and several other compression standards, 
. . 

the ~iscrete cosine transfom1 (DCT) is the transform of choice. (See K. R. RAO and P • 

. YIP, Discrete Cosine Tran.sform, Algorithms, Advantages, Applications," San Diego, CA: 

Academic ~ress,°19_90, and N. AHMED, T. NATARA.JAN, and K. R. RAO, noiscrete"' 

Cosine Transfom1t IEEE Transact.ions on Computers, pp. 90-93, .January 1974.) The 

_compression of an 1-picf ure, for example, i~ achieved by ~aking the D_CT of the blocks of 

lumi.nan~~ncl ~hrominance pixels 'vithin a MB, qu~nti.zing the ~CT coefficients, and 
.... 

~· Huf_f mat~ co~ing the result. Sin1ilar princiJlles apply to the compression of _P- and B-

pictures .except t.hat, in these cases, the DCT may be applic.(I to th~ diffe.rence between the 

blocks of pixels within an MB and their corresponding motion-compcnsated-precliction. 
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The-OCT.converts a block of n x n_.pixels into. an n x n set of tr~n~om1 coe~cients. The 
. . . . . . . ~ . . . 

. DCT;is"\•ery userui in compression applicaCfons, because it ten<ls to conce~trate the energy 
; 

.of the bfock of pixel data.into a few of tbe OCT coefficients, ·and ft~rther, the DCT coef­

ficients are ne~rly indepe1idcnt of ~acb other. Uke several of Ute intem_ational compression 

standanls, the MPEG-l algoriUun uses a OCT block size of 8 x 8, which corresponds to 

the size or"tlte blocks wi(ltin an MB. It is one purpose of this invention to use DCTs of 
. . 

· larg~r and.~matler sizes so as to scale fhe size ~fan J\1B thus support~ng pictures of mul-
. .~ . . 

tiple resolutions. 

~1c next step is quantization of the OCT coefficients, which is t_he primary source or· 

lossiness in the MPEG-1 algorithm. Deno.ting the elemen~ of the two-dimensional array 

. ~f -Dc;r coeflidenfs by c,.,;,, \\'l1ere m and n can range from 0 to 7, ·aside from truncatio~ . . 

· .: : or rounding correctio_ns, quantization .is achieved _by dividing each DCT coefficient c_ by 
. ., ... . . · 

; -"'~ x fl,.~, with H'~ being a weighting factor .~nd QP being tbe quantizer pa~meter •. The 

. · · \~eighting-~act~~ Wmn allows c~arser .qua~ti7.ation.to be appll~d to the l~ visu~Ily sig~if-
·t leant coeffici~ts. There can be two se~ of these weighf:s~ one for 1-pictur~ and the other 

for P- and B-pictt!~es. ·Custom wei~l1ts may be tran~itted in the video sequence layer. 

· Tlie quantizer parainet.~r QP is the primary means of trading off quality vs. bit-rate in 
• • . • . t 

. . . . . 
M~EG-1. It is important to note that QP can vary fro_m MB to MB witlJin a picture. It 

. . 

is also important to not.e that in this im•ention it is possible to choose either to provide 

sep~rate: welght matrices for the DCTs of other sizes, or t.o provide weig~t matrices of 

different sizes which are mathematically related so as to facilitate de~oder processing; 
. . . ~ 

Followin·g q~1~~fizat.ion, the DCT coefficient infom1ation f~r each MB is organiz~d and 

coded, l!_p.fg a set of Huffman codes. The details of t.llis ste11 are not essential to an . 

tihderst~n<lh1g of t.he illl'ention so that no description will be gh·en, b~1t f ~r further infor-

. mat-ion thereon refcre11ce maybe had to the pi·e,iously-citc.d HUFFMAN 1952 paper. 
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Macroblock Attriln~f es ~ue (c_> MoCion Compensation · 

It will be ap1>~eciated f.ltat ther~ are three kincfs of motion co1111>ensation whicb may l1e 

ap~lied (o MB'S: (onva~, backward, and interi>olative. The encoder nmst_select one of 

tl~ese modes. For some MBs, nor~e of the motion compensation modes yields an accurate . . 
prediction. ln such cases, the MB may be selected for intramode coding as witJl I-pictures. 

Tims, dependii1g 01i the motion co1~1pensation mode, MBs can be of the following types: 

.· . 
• backward 

• inf er11olative 

• ·intra 

~lso in P-pictures, dc1>endi11g on the value of the motion vector, MBs can be either of the ..... .. . . 

t~p~ with motion ve~tor zero or of tl1e no~1-~ero typ~ These types togethe~ with the re­

qtiired motion vector data are coded with every MB as overheJid data. The"exceptions are . . .. : ~ . 

· skipped MBs, as wiU be explained below. 

tr· 

Macroblock Attributes due t~ Transformation and Quantfaation 
. . . .,. =-· 

As discussed pre,iously, the QP param~ter can be changed on an MB to MB basis. When 

this change takes place additional MB types are used to indicate that a new QP should 

be used. The new QP value itself is transmitted together with the i\1B. 

After applying the OCT and quantization to the blocks within a~ MB; it may result _that 

some of the blocks contahi only zeros. The5e blocks do not require further data to. be 

coded and ap: signalled by a, so called, coded block 1>attem code. This code represents 
~-

additional o\·e~head. 
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.Finally '~henever MBs contai~1 no additional new infonnation, they can also be skipped. ·· 

To convey this infonnatfon an MB ad~ress is also Cransmifted together ~\'ith every non­

skif>ped M H. 

_It should be noted then that MBs carry witll (hem a series of attributes that need to be 

described by inclmling overheacl clata wi~h each coded MB. It is one object of this in­

vention to pres~n·e tl_1e identity of J\1Bs across a mt~Uiplicity of scales such that .. tJ~e over-· 

head is incl~ed only oncf'., except pf'rhaps for tl1e refinement of some parameters such as , . . . 

me accuracy of the motion vectors. 

THE PROBLEM 

It should be _un~ersf.ood, therefo're, from the foregoing description of the MPEG-1 'Vldeo 

~lgorith~~ that tbe purpose of tl1e J\1PEG-t standard is to specify the synt.ax of a ~om- . · 
. . . 

. pressed bit stream cor~espond_ing to a Video sequence, and. to specify the methods used to 

decode the ·sequence a( a single level of spatial resolution. The problem to 'vhich the 
. . . : . j . •. • 

· present invention is adclressed is extending the specification of the syntax and the decoding 

:t~thods of MPEG-J so that digital video sequences can be decoded and encod~d at a 

multiplicity of scales. For prese~t purposes, hvo styles of scaling are distinguished: 

1. ·Resolution Scaling: This ref~rs to the ability of generating a bitstream that can be 

clecoded at a multi11licity o~ spatial resolutions by selecting different portions of the 

bitstream. Th~s fe.ature is desirable in some ~pplications where multiple video windows 

m~st be displayecl in ·a full resolution screen. It is also desirable because it ·pennits the 

implementation of decoders of ''arying degrees of complexity, such that very simple 
. . 

decoders may be possible that decode only the lower spat.ial resolutions. 
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2. .Bitsfream Scaling: This refers to the ability of generating _a bitst~m in which some 

coded bUs car~ be disregarded, and a usable i_mage still results.. A resolutio~ scalable 

algorithm is also a bitstream scalable algorithm; however, bitstream ~eating is inter­

r>reted in a mo~e narrow sense here. Bitstream scalalJility is intended to mean decom­

J>ressing to full resolution always. This is a useful feature for gracetul degradation of 

f.he quality of <lecomJJressed video wl1cn so~c of fhe comJJressed. bitstream d~ta are 

com1ph.•d by noise. 

The present invention is clirected (o extending the MPEG-1 dcco<Jing methods in order to 

su111>ort these two fonns of scalability, by providing a method and _apparatus which sup­

ports resoiufion and bitstream scaling by hierarchical coding of the 8x8 OCT components. 
. . 

Tlie mefbod is flexible: one or more of fhese resolution scales can l1e stacked up to support ,,,,, . . 
many applica~ions. ·The. e~act number of hierard1icat layers is ieff t~ th~ designer of the . . 
enc~der or the reqnirnnent.s .of the application. In addition, this invention ad<lresses the 

. p~oblem of extending the syntax and methods of MPEG-1 such th~t the attributes of a ... 

macroblock are preserved across the _various hierarchical l~yers. 

-~ ·. 

PRIPR ART 

There are innumerable articles in the fechnical li~eraflire on the subject of hierar~bical 

coding techniques, which are relevant to the subject matter of the present ·invention. Many . 

of these referen~es deal with the subjects of subband coding and pyramid coding. Two 

recent books that re\iew these subjects are: 

• "Subba~d Image Coding," .J. ·w. WOODS, editor, Kluwer-Academic Publishers, t99L 
. . 

• "Digital Image Compression Techniques,'' l\1. RABBANI _~nd P •• JONES, SPIE Op-

tical E"J!neering, ·BeJJingham, 'VA, USA_, 1991. 
,. 

The follo,~·ing_three documents are belie\•cd to be the most relevant (Hior art to this in-

vention: 
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. . 
• · · HAlternative to the hierarchical scl~eme,n Ch. GUILLEMO~, T. N'GUYEN, and A. . . 

LEGER, JSQ/.JTC1/SC2/\¥G8, .JPEG N-260, Febmary 1989. 

• usetu1> of CCIR 601_ 11urlfi-p11r1>ose codin_g scheme,H_ PTT RESEARCH, the 

·Netherlands, 150/IEC .JTCl/SC2/\VGf I MPEG ~l/051, ·May i991. 

•• "Compatible Coding of CCIR 601 images: ~redict the prediction error,0 PTT RE- . 

SEARCH, the Netherlands, ISO/IEC .JTCl/SC2/\VGll MPEG 91/114, August 

1991". 

Tite first document describes a hierarchical scheme for compressing multiresolution still 

. images, in which ti1e OCT coefficients of the lower resolution images are used to predi~. 
the higher resolution OCT coefficients. This scheme differs _from this invention i~ that . . . . . 
D~s are JI ways of the same size •. In a(ld_ition, there is ~~ cons!defcition ~r appl~i~g the· ·. 

scl1e01e t~ c~Jnprcssin~ video segmented into: blocks. of llixeis with common·attrib1ites. 
The second, and pal1ictdarly the tf1ird,, docu.ment d~cribe a· ~ci1eme that resembles the . 

.. . . . I. . . . 

.~resent invention_ ·when ap1>lied to two layers of resolution., The purpose of the scheme i~ 
these teacldngs is to utilize two levels of resolution scale such that pictures _c;ompatible with {: . . . . . . 
tlJe CCIR 601 fom1at as well as tlte IYIPEG-1 SIF format are generated. There is no at-

. . 
tempt to -generalize further the tec1mique for a coder that is scalable in resoiution and 

I 

· bi~stream. Furthem1ore, the attributes of a Macroblock are not preserve.d across the two 

scale levels, specifically motion compensation vectors at the higher resolution scale are 

specified at tl1e 16x8 block level rather than the 32x I 6 CCIR 60 l Macroblock level. This 

. means that this at.tribute cannot be _shared by the re5~Iution scales. Also, no defails are 

provided on how of.her attributes are handled. 
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O.B.JECTS 

In contrast tO the foregoing prior art systems and algorithrns, it is an object of the present 

invention to provicle a flexible syn("ax ancl encocling/<1e~o~ling architectu~e for compressing 

lideo sequ~ces, which permit the decocling of video at a 111:ultiplicity of spat.ial resolution 

and -bitstream scales. 

It is another object of the present hn•ention to p"ro,•ide a system and algorithms for sup­

porting a multipl_icify of sc_ales in a. way that extends the existing "syntax and methods of 

the MPEG-1 st.anclard. Such extensions are perfonne.d with a minimum of additional 

overl~ead. inf om1ation. 

It is a further object or the present in\·ention to provide encoder am• decoder implementa.: 
.. . . . "" .. . . . 

· tions in kee1>ing with (he sysf"em a1~d algorithms of t1_1e in~enti~n. 

SUMMARY OF Ti-IE INVENTION 

.,. The present inve~1.t.ion invoh•es a system and methods f ~r processing a stre~m of video im-: 

·age dat~ in such manner as t~ create a repre.5entat~on for ,1c1~0 c~ata· that multiplexes data 
correspomling to re.5ofotion or bitstream scales. "This repr~e1d:ation is such ~hat the iden- · · . •. . 

tity of the basic Macro Block (MB) stmchire of MPEG-1 is presen•ed across all resolution 

and bitstream scales. Figure 6 ~hows how t.he MB identity is presened by scaling across 

four levels of resolution. It is important to preserve this identity because an MB is asso­

ciated with a series of attributes which contribute to the amount of overhead data h~cor­

porated in an MPEG-1 compressed data stream. By preserving the MB identity across 
. . 

mu~tiple resolutions and bitstream scales, these sc~les c.i.n share tbis overheacl, thus re­

qui~ng it to be inclmled only once in the data stream . .,, 
i· 
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Preserving "the MB identity also simplifies s_ignificariHy ti1e derivation of motion estimation 

\•etf.or data fo~ all resolution scales other than the .highest resolutio~. Essentially the mo-
- -

tio!t vect~r data corresponding to any resolution scale can be deril'ed from the highest re-

solution motiou vector data by appropriately scaling it down.· For exam1lle, tlte x- aml 
' . 

y-motion-vector compotients at I /4 resolution are I /2 the corresponding full resolution 

components. Alternatively, the full resolution motion vectors ·can be derived by appropri­

ate scale up' of lo\"l'er resolution motion vectors. In the latter case, an additional correctioi1 
I • 

~may ~e added ~t the higl1er resolution scale to impro\'e the precision o( the· mof ion vector 

data •. 

A second aspect of this invention is that the me(hodology for coding an MB is also pre-

. serted. As noted above, in M PEG-I an· MB is subdhicled into six 8~8. blocks of luminance 
. .. ...: . . 

. and -clirominance inf onnation," each iJiock being coded using Che 8x8 Discrete Cosine 
. -. : ·, . . ' . ' . 

·. Tra~fom1 (OCT). In ti~~ present tecl~niqu~ each -scaled l\'.(B is also divid~d into Six sub-

. blocks of lumin~nce and cltrominance informaf:ion, ~ach sub~block being coded using a 

~-OCT of appro1>riatc size. Thus fo~ the t/4 resoluti~n l\1B in Fig. 6, a OCT or size 4x4 
. . . 

would be use~. Incidentally, it should be note~ that such 4x4 OCT, for example, can be 
~ . . . -

clerived Jfom the corresponding 8x8 OCT coefficients in a variety of. w~ys, such that no 
. . " 

·explicit im11kmcntaCion of a 4x4 OCT is required. 

Finally,_~ third aspect of this invenUon is r~lated to the methodology for generating the 

OCT block data needed for reconstmcting a picture at a t.arget resolution scale. In the 
. . . 

inventive· technique, the OCT cocfficie~t data ~t any resolution or bitstream scale are 

co<led by stamla~d diff erent.ial coding techniques using the OCT data of a hierarchically 
. _.p· . 

lower scale. as p~edictors. . 
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.BRIEF DESCRIPTION OF THE DRA \VINGS 

Figur~ i ;4 illu~trate layers or compressed data within the video compression layer of the 

~PEG:-1 data sf:r~m, i.e., Figure J depicts tile G~oups or Frames or Pictures (GO P's), 

Figur~ 2. depicts (he Macroblock (MB) sul><livision of a picture, Fig~1re 3 depicts.an 

e~e1~piary Slic~ st1b<li~isio11 of a f ~me, and Figure 4 de1>icts the Block subdivision of a 

Macroblock • 

. Figure 5 illustrates t.he two-Je\•el motion compensation among pictures in a GOP employed . . . . . 

in1J1e MPEG-1 standanl. 
<~ . 

· Figure ·6 .illustrates how niacrolllocks are scaled at variou~ resoluf"ion sc;tles ac~ordfng to 

'.:''.~~~ .. ~rese~t lm•ention. No~e that macrobiocks can also be scaled to r<'solutions itigher than 
•• ·1 ;. • • • • 

: . the full resolu~ion ;liown in the Figitre . 
.. 

-~··· 

:_"Figure 7 illustrates t.h~ hierarcl_1ical prcdicHon of OCT coefficients correspo.ndilig to the 

: scales shown in Figure 6 . 

..,,. 
Figure 8 is a block diagram of a decoder that can decode three of the four resolution scales 

. . " . 

.. : of figur~ 6 ai1d 7. Note that sel'eral of the blocks could be discarded if only one resol-. . 
·ution _scale is _desire<i as an out1>ut. 

Figure 9 is a block diagram of a deco~er with bit-stream scalat1ilU"y. 

-~· 

Figure· I~. is a block diagram of an hierarchical decoder wit.h dequantization p1ior to pre­

diction. 
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·. 
figure 1 1 · is a block diagram of a flexible scalable video compressfon encoder implemen­

tation that can be used wit.h t.he present invention. 

Figure t2a is a block diagrain. of one version of Transform Unit that can be used in the 

·flexible scalable video com11ression encoder implementation of Figure 11. 

~ 

Figure J_2b is a block diagram of another ''ersion of Transfom1 Unit t~1at can be used in 

tl1e flexible scal~ble video compres~ion encoder implementation of Figure f 1 . 

. Figure t3a is a block diagram of one version ~fa Hierarchical Prediction Un~t that can 

;be used·i~ the flexible scalable video compression encoder implemen(atio~ of Figure 11 •. 
. . . 

Figure 12b is a block diagram qf another version o.f a Hierarchicai Precliction Unit that 
. . ! 

'.°tan be.used in· the nexible s~lable video ~omprc.ssion e~coder im1>1emet1tation of Figure 
.. 

.. ··11. 
~ .. 

-. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
,.· ... 

Def ore J>resenting a descripti~n of the partktdar intpl~mentatfons of the present invention, 

it sltoutd be explained U1at· the wide range of applications in which cligit.al video is ex1>ectecl 
,;' . . 

t.o play a ·role, imt>oses many conflicting requirements for video compression algorithms. 

These conflicts are mariirestecl in terms of sfail<lards compatil;ility,. e.ncoder and decoder 

hn1•1cmentafion c~mplexity; fu~1cfionalily, image quality, etc. It" is helieve<l that these 

·.~ 
-e· 
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.&nmcting reqt_li~ements c~nnot be satisfied by a single coding algorithm, but inst~d re­

tfuire a flexible archi~~ctur~ of algorithms \~hich can be _matche'I to the requirements ·or tlte 

,specific appticatfon. Such flexibility may be used to satisfy many of these conflicting re­

quirements, _while still preserv~ng a great deal of compatibility amongst the differ".llt man­

ifeStations of the arcltitecb1re. It is believed, for example, that while differeht encot1er 

imple~1entations may be nee<Jed for different applications, it should be possible to imple-
'· .. 

~~ta.single decoding device which can decode all bitst:reains that conform to tl1~ flexible 
. . 

~i~hitecture. It is also believed that such a generic d~coder should not be excessively 
. J=r~~·,:=. ·. 
~~J11plex~ One object of this invention is to ·provide such a generic decodei: • 

.... ,,~- .... 

'.Several° ap11lfcations will ben~flt fr~m resolution and bitstream scalability features as de-
. .' ~ ·~·;, ~ .. . . . . . 

~ij~_ed abo.ve. · The methods aml _appa~tus of the invenUo~ support resolution and 

J>lt.St~ seating ~~· llieni.rchi~al coding of 8x8 OCT components. Althougb DCTs of 

~:~thcr sizes-~ould be ~~sed, tbe'preferfed ~mbodiment starts with 8x8 DCTs because that is 
.. . . . 

',the choice· of se\•eral standard compression algorithms. 

t' 
F~r resolution scaling, the im·ention may be us~d to provide, for example,'~(> to four l~vels 

. . . ,,.·. 
· of resolutio·n. The lo\Vest possible resolution is attained by coding the equivalent of the 

.upper left co~1>oi1ent of an 8x8 DCT block; this resolution is t /64 of the original resol­

_ution. Next a resolnfion of 1/16 of t_he original resolution may be obt"ained by coding of 

the equh·atent of the upper left 2x2 coefficients of t_he OCT block. Coding of the equiv-
: . . . 

a lent of the upper left 4x4 ·coefficients leads to a resolution of 1 /4 of the o~gii1al ~esol- · 

ulion. Finally, U1e coc~ing· of all 8x8 coefficients leads fo the. full re5olution lideo. 

~ ,. 
Given a.fiVd resolution, t_hc .lrn•ention ~uppor1s bitstrc:un scaling by coding multiple hi-

/ . 

erarchi«;:al layers a~ the same resotufion. Duf., with progressively finer quantization factors,· 
' . 

th~se layers would resulfin ~iclco of ti1e same spatial resolution and of incrcsing quality. 
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~ 
Jn this case, the first and lowest layer of t~1e hierarchy is coded with coarse quantization .. · 

and tile higher layers are coded with quanti~tion of increased precision. 

The architecture is flexible: one or more· of these hierarchical layers can be stacked up in 

·order of increasing resolution or precision, such· that the reconstructed coefficients at one· 

· level of resohrtio_n are used to predict the corresponding coefficit:nts at the next level of 

resolutiOn. Except for the lowest hierarchical layer, transform co~fficients in any iayer are 

coaed differentially with respect to their prediction. An encoder might be cho~ for ex­

ample, to generat.e ~ bitstreaii1 that only contain~ data for the full .and the 1/16_ resolution 

scales. In such case, the coefficients at the 1 /16 resolution layer would be used to predict 

'·the coe{ficients at. .the full resolution layer. Alternatively, for bitstream scalabilicy, a . . 
. ·coarsely quantizecl set of 8x8 DCT coefficien~s in one layer can sene as predicti~n for the 

, .. corresponding set of 8x8 coefficients in the next l!lyer, which are more finely quantized • 
. . 

· ;,The basic characteriStic of the architecture of the invention i~ that the identity of the 

. l'fa~roBlock (MB) s(mctu_r~ of MPEG-1 is preserved across' an resolut~on ~~d precision 

· ~- l~y_ers. Figure 6 ·sho\\•s this fe~t~re for the case of coding with four levels of resoiution. It 

"is-important to preserve this id~ntity because, as noted in the description of the MPEG-1 . ·, · ... 
algorithm, an MB is associated with a series of af"tributes which contribute to the amount . ' . 
or overhead data incorporated in a com1>ressed data stream. Presen'ing the MB identity 

pemlits the reuse of this overhead data for all hierarchical Jayer5. For example, the motion 

vector data corresponding to any resolution scale can be derived from the highest resol-. . 

ution motion vector data ~>Y appropriate scaling. 

_Mtdtiplexjifg·or scaling layers 

Although not the_ subject of this invention, it is important to note that, before trans­

mission or sforag~, (he data for H1e various scales must be multiplexed by an encoding 
YO 991 178 
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'"device. There are many options for implementing this multiplexing. For example,_ the data. 

for a full picture at each level of hierarchy could b~ catenated in the order of. inheased 

. resolution and precision. It will be understood that the data contains signals _represei1tative 

.~ ofinf onnation relate'l to the picture elements or pixels of the. video images being bandied. 
I • • • 

Tliese signals are typically electrical signals that are processed in appropriate electronic . . . . 

d_evices, such.as video cameras, com~uters, and _ancm~ary e_quipment as will be thoroughly 

:, f a~ili~r to and ~mderstood by those of skill in the art. 

·Qij~n~zation of resolution and bitstream scales 
. .... ~ .. ·~ 

! .:;;~.~.(':·-··~··:~:-.· ~--· ... . 

'··-'''t~X~n:·~~i~ preferred embodiment, the quantization of each hierarchical layer uses the same. 

;pj~itj~ specified in MPEG-1. Thus, th_e DCT data for the various l"esolution ~cales is 
~~ .. -~-.·~1:.· >~~~::. ·. . 
.~eij_yed from the full reso~ution 8x8 DCT matrix. If the MPEG-1 quantiµtion matrix 

~t~~~i11~·is denoted by Q8, the matrlx of \\'eights for l~\ver resolution DCTs· ~re d~rived .. 
•' .• 

;~''"roilows: 
~ ~·· ... . . 

Quantizt;r 

Ql 

Qi 
Q.l.i 

DCT 

lx t 

2x2 

lfxli 

Factor 

1/8 Q.8 

1/lf Q.8 

1/2 Q.8 ' .. 

It should be noted that fhe presenf· invention also covers the case where · generic 

quantization ma~rices are used at each s~ale? but this only makes the decoding d_evice more 

complex. 

Hie~achicpJ1>redicUon of resolution and bitsf·ream scales 
. ,,,,.,. \ 

.· 

In the.- prt>ferrcd t>mbodimen~, D~T coefficit>_n!s in a hierarchical layer are used to prt>dict 

fhe corrcs~onding corfficients in the next layer of f.hc. hierarchy. An example is illnstrafed 
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bi figure 7 wherein a hierarchy !)f 4 r~olution layers is sho_wn. ~he predictiqn algorithm - . . . . . . . . . . . . .. 

is a ·simple one-to-one mapping of the properly sca~e~ coefficients. However, it should be 

noted that otl1er prediction ;1.lgoritln~t5 could be used again at the cost of i_ncreased com­

plexity. 

. . 
·provisions for rate control of hierarchical layers 

Jn the preferrecl embodiment the quantization parameter of MPEG-1, QP, is llSed at the · 

·1owest layer of the ltierarchy. QP parameters at other layers of the hierarchy are specified 

wHh reference to this lower layer QP. For example, a high layer QP.parameter could be 
. .. ... 

specified to be twice t.he lower layer QP. 

· .Scalable decoder im1ilementati<m~. 

The invention involves an architecture with a flexible mimber of hierarchical layers. · 

·tHowever, for ease of explanation, two three-layer deco<lers that exemplify ·the resolution 
(' • o I • • 

:and bitstream scalability f ea tu res will be described. The deco<ler apparatus, which is ShO\vn 

in Figure 8, stippo1ts 2x2 (low), 4x4 (medium), and 8x8 (high) resolution.scales. Decoders 
• . • . . .. t 

~·ith -only. o!le target resolution s~ale can be ir~1plemented by· eliminating the boxes in Fig­

ure 8 that a~e not necessary to achieve the target. After ent·ropy decoding and demulti­

plexing tl1e compressed data for the three resolution scales, (here will be for every 8x8 

bfock data, corresponding 2x2 ·and 4x4 block data, alt of which are necessary to btiild the 
. . 

final 8x8 matrix of OCT coefficients • 

. In the prefd'red emhocliment, the following ·steps arc follo\vccl 10 ·arrive at the full resol-
. ~ . . . . 

~ition 8~8·. D~T coefficients._ After dequanHzing by the qp2 quantization parameter of the 
. . . 

2x2 layer, me low resolution ~x2 blocks are used as a 1>redictfon to the four lowest order 

coefficients of the corresponding 4x4 blocks. These predictions arc snnnned to the de­
YO 991 178 
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qt;antized·4~4 coefficients, wl~~re ~~qnatization o.f the 4x4 c~efficients is perfonned by .the. 
. . . . .. . . 

qp4 quantizat!on para~eter. The resul~ of the previous sum are_sin1ilarly used as predic­

tion to the 16 lowest order coefficients of the corresp~nding 8x8 blocks. These predictions 

are summed to the ~equantized 8x8 coefficient·s, where tlequantiza~ion of the 8x8 coeffi-. . 
dents _is perf onned by the I/Pa q~tantization parameter. . . 

Note that the DCT c~efficients are only dequantized by· quantization· parameters as the 

fin~I matrix of coefficients is rebuilt. Dequantization by the quant·iZa.tion matrix of 
·. . . . . 

.. weights is only _neede~ ·once the final resolution is reached. This feature is possi~le be-

. cause, in the pref erred· e_mbodiment, the matrix of weights at the various scales are pro­

portionally related as explained abol'e . 

. : .. 
...... ,· 

~<-' . .. : . . . . ' . 
'Tile· final 8x8 matrix of coefficients can nolV b~ used. to reconstruct the full resolution 

rtii~~re usi~g MrEG-i · tec~miques, i.ncl~tdin~ rn~ti~n compensated prediction. Ref erring 
:· . . . . . . 

'.!~Figure 8 in this regard, it \Viii be appreciated tJ,at at the full resolution level the 16x16 
r .. ·=- • "" . • • 

MCP unit re11resents a generic MPEG-1 Motion Compens~tion Prediction imit operating 
~ .. . . . .. 

on ·an MB; ·the IDCT box· is a unit for perfom1ing a standar~I MPEG-1 8x8 inverse 

transforma«ion; ancl the QB-·· box · rep~esents a. unit for perf onning inverse quantization 

by the corresi>onding MPEG-1 matrix of weights. 

'To decode ''ideo 11icf ures at other re~olution scales a 'similar t>rocedure is followe.d, except . . 

that the pro'cess of summing predictions to dequanfized coefficient data stops at the resol-

ution af wlti~h.· it is desired to decode. The opcra<ion ~r dequantization ·by a matrix of 

weights, repesented by Q4- •, and Q2- ', uses the scale<I matrices of the preferred em­

b~dfn1e11t: ;p1e oper~tion of inverse transfor~nation is.performed by ~sing a transforni of 

the ap1n~i;ria(e size. Tims for decoding at 1 /4 resoluUon a 4x4 in"erse "QCT shoulcl be 

used. The one-dimensional OCT mat.rices appr~priaf<e for decoding at the three "scaled" 
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apotutions ~pported are: 
.. ' ·: . 

DCT(l x 1) •. 1 

DCT(2 x 2)... l [' 
. .J2 I 

[

1.t>G 1.31 

1.ee e.54 
OCT(lc x le) • t · ,_ . . 1.ee -e.s-. ·. . 

1.ea - 1.31 

1.00 &.54 J 
-_~;ea -1.31 

-1.00 t.31 

t.ee· - a. Sli 

.J6ttf:fh~ DCT(lxl) ·and tbe DCT(2xl) ~re trivial and slJould be easy to implement, even 

~~~- . . 

' 

f'iff•i0ii14..;b~ noted that MCP units at ot1~er resolutions share the same mo~ion vector data; 
f . . . 

~MV~~~/geilerate ·.notion ~ompen~ted p~edictio.ns for the scaled MBs at the various resol-
. . . . -

~lu1P.le&:: <ir sp~clal note is. that \Vite~ ~Sing mof ion compensation t~chnique5, tlle full 
r .. .. -. . 

~Jtllion· motion. vector should be seated appropriately to match· the decoder resolution • ... 
l --~ .: .... 

~~:bas been descri~~ 11reviously. 
~ 

·A·decode_r that implements bitstream scalability is shown in ·Figure 9. The operation of 

this dec~der is very similar to that of Figure 8, except that only 8x8 operations are used 

.to produce outputpictures of increasing levels of quality. For this reason the various units 

(e.g., QS- 1
, IDCT~ and MCP, etc), can be phy~ically implemented by single hardware and 

st:tared by the various hierarchical layers. 

Finally,· an alternative . decoder implementation that is not part of the prererred embod­

iment, but iq.:fee1>i11g with the.invention, is shown in Figure 10. This decoder operates in ,,,,,, . . . . 

the same n\an~er as that in Figure 8. Howe\'er, it pennits any quantization weight matri-

ces to be used in the l'arious hierarchical layers. ·It also implements generic means of pre­

dktiug OCT coefficient·s from a lower hierarchical layer. · I~. this .sense P2 is used to 
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:_'I)[~~~~· ~j4 ~effic~ents (rom lxl co~fficients, and P4 is used ~o predict 8x8 coeffid.ents 

.;:~~m~4~4 c~efficients. There are many prediction algorithms that may be used, includf ng 
~:.. ·: ·---~' t . • 

i tlie·.~·~&to-o~e-mapping of the pref erred embodiment. 
....... ~·· .... •., ... ·. . 

.. Th.~fi'ar~ ·.many. possible, implementations of encoders compatible \~ith the decoders of the 
·.:. ~-- '•'• ·, . . .· . . 

. :iftes~~t '1ri,~ention described above, how~ver, by way of example, two such encoders, eacb 
I 4 " o 

! .~T.'wiiicl1Js oiiTy ·d~igned for r~olution scaling, will be·described .. The general structur~ 
.•.. ,• . . 

~ ·.:or ~:'.ili~ee re5o1utiori ·J~yer eJtcoder is shown _in Figure 11 ~ The encoder is divided into three 

~}pairs. {n~ ·ni-st.part ·is a transform unit which takes the digital Video. input and outputs 
;..... . . . 

~ ;l;lar::data for the three reS<>tution layers: d(8x8), d(4x4), and d(2x2). ·The second pan; is 
."'' '\..·- -·.·:•· '"-;,;. . . . . .. . . . 

j· ~J~~rarchical prediction unit which bk~ the tra~fom1 unit's oq. output, and outputs. 
. . . . 

~~~zed differential DCT d.ata at all resolution layers: q(8x8), q(4x4), a~d q(2x2) .. This 

( .,LoJ;~~9t~.,5· m~iti~~~xed· ~nd. entropy coded in the third unit t~ .genererate the final com­

['i~~:'liideo~ The predi~tion unit also generates reconstructed OCT data: l>(8x8), i,(4x4), 
. . . 

; · alfcfi1(2x2), which is fed back to tl;e transform unit to complete the ioop ~r typical hybrid 
. . . . : 

.Jransfomt codecs. " .. 

Figure Ila sho\vs a simple implementation of the transforni unit. Jn this implementation 

.the. 8x8 laye~ contains elements which are also part of MPEG-1 encoders and more ge­

nerically,' part of motion compensated hybrid .fransfonn encoders. The upper branch con­

tains! · a summer (L) to generate a motion compensated prediction difference; a fonvard 

· 8~8 DCT transform ~o generate the 8x8 transfo.m1 coefficients ·of ~aid preqidion differ­

.. ence; and ~nit for quanf:i1..ation by a. matrix of weights CQ8). The output is a set of .. ,,,, ' . . .. 

parhall_Y·'quantized DCT coefficients, d(8x8). The return or feedback branch receives a 

set ~f 11artia1ly reconst111dcd DCT coefficients, b(8x8), anci then processes them with the 

following "f • · · um s: au mverse quantizer for the matrix of weights (QS- 1) and inverse OCT 
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:ti-ansfom1er (IOCT ~x8) that reconstmc~ the prediction differe~c.es;·a ~~~ 

·reconstructed 1:1rediction differences to the _motion compensated prediction>l~#ffj 
. . . . ... -..... ,:.· {'i_'·~· ........... ~,. 

. structing the ·original pictirre data; and finally, a Motion Compensation P~i~8·~~l 

unit to generate a predictio~ for the next picture. In M~EG-1 this MCP uni~.:~~~ 
• • . • .._ .. '(.i.:-_'i' 

on J6xl6 MBs as shown in the Figure, but other block sizes could be used! Iidiiii-,ii\-~ 
.; . . ~ • - s· . . 

plement.ation or the transfonn unit, the d(lx2) and d( 4x4) coefficients are simply extractect~ 
. . 

from the corresponding 8x8 coefficie,nts. It should be noted that it is also possible to deriv~~\ 

. the d(2x2) an~ d(~x4) coefficients through otl1er reduction or weighting algorithms applied' 

.to tl~e·8x8 coefficients. 

iNote Chat because there is no feedback loop in the lower resolution scales, this encoder will · 
~ . . 

;resuit in· accu111ufatioi1 of quantization and motion compensation errors at these resolution . r. . 
i-~·· -~ •.. . . .. . . 
~~JC$· . The error, 110\Vevei:, wi~ be nat_urally reset back to ~ero \\'hen~ver a new Group of 

~rjctures starts. w11ne the quality or the tower resolution layers ~·m be iimiteci by this ac­
~~u~u1~tion of errors, the si~~li.city of the encoder makes this approach attractive. In 

~rt~cula~, ·if what is requlrecJ is only l>itstream scalability, this. app~oach. is all that is 
I • • • 

~needed. · 

:'I.· .... 

/~~other implernen(·ation of the transfonn unit is showi1 in Figure I Zb. ~his version is 

:similar to the one in Figure 12a, however, c1_(2~2) and d(4x4) are generat.ed by similar, but" 

:._completely. indepemient loops operating al each resolution scale. In this sense, die H4 ·and 

/Ii units are used ~o filter and reduce the resolution or'tbe input video by a factor of 1/4 
; . . . . 

;in each case. In this manner each layer takes an input of the appropriate resolution. ·All 
•'· 

~o~crations such as OCT, quantization, amt MCP are aiso scaled according to the resol-

\1tion of t~~~ayer. . 

t;li ... I 

; .. ~t a :cost of. inc.reasecl complexity, this ''ersion wotlld generally produce better quality 

low-resolur · 
· ·· 1011 1nct.ures Chan those 1noducect by the unit in Figure I la. ln t.his case, coding 
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'erro·rs-will not accumulate more tl~an one picture period. Note, however,-that the results 

~ofthe 16xl6 motion estimation can be shared by all resolution loops-since, in the invention, 

/_motion vectors are one of the attributes share~ by MBs at all scales. This implementation 

\~:~~ore- appropriate -for applications where the quality of tt1e low ·resolutio-n video is im-
~- - . . . 
~rt~nc··, 

;':1hg~i'.~·.13a shows one implementation of ~he ltierarchical prediction unit. First the. bierar-
: :\°:'L ·: ~- • • . • 

?CJil(:iHp'fediction differences for the 4x4 and 8x8 layers are generated in the summers. 
-.:~- .. .. . . 

·"fi-Y~rs are the~ quantized by their respective ·quantizer paramete~_ and the results are 

t ·~"'.,,,,, ... ,..:' .. ~~~:·q(lx2), q(4x~), and q(8x8). These results are also inverse qu~riti~d by the 

) . .,.~~if#p6nding ·quantizer parameters and then added in the two other sununers to generate. 

t,"f4.!~I~~~ll!_ r~on~ructed b{2xl)~ b(4x~), and b(8x~) data, whicl~ is fed back· to the 

r~Sf~"frifu~it.:··.F~gure l3b sbows a re.amingemerit of the same elements wlJich can be used 

: l~i.ri'.'."~Jt~matiie implementati~n f ~r tbe hierarchical· pre~iction unit 

. ··0:N·-~~,_.:., ... ,,. . ' . . . 
L_ ~-~~~sl~ould be noted that on~ skilled in.the·art can design further encoding _alternatives that 
L' _: . ·. . ... 

~~&•!~:rc~inpaUble with me decoding methodology and architecture or the present invention. 

,. 

' 
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C·L A IMS 

THIS SHEET HAS ·Bf:EN 
REPLACED 

lfi'/,f;{'''irtethod for producing a compressed video ~ata representation that is capabl~ up~n 

~1~:i~~~n of being dlsplayed on a video screen at a multip~icity of hierarchical sc;ales 
-.·:.-· .. ·;. . . 

; ctu~e resolution and/or quality, comprising the steps of: 
~"'1oo.~~-.... :...~:··!· ...... ,.,.· .. ·. . 

ifP-,fj~iJ.g.videf:> pi~ture element data·signals indicative of spatial block units, macrobloc~, 
~,.... . ._ ··: . . . . 

titilfn1·aci'oblocks having associated therewit.h information o~ compressed picture data and 
rc,Yoo-..~";~! ... ' •. "' 

,tset'~c>n~odin~ ~ft~~utes comprisi~g coding decisions, motion compensation vectors, and 

ii:i~~(i~tioli parameters; anct . · · : r· ... ; :: .. ···-·;:•·: . . 
. ,,~">.-..:•:.'. •. ~ .. ,.~ .. ~·:·.. . : . .. . • • 

. Xfti:l.ll~~jf f~r ~ch of said mac~oblocks, a, corresponding scaled macro block afevery other 
~- . •· . . . . . 

' ... e· ·:f.&ti~ niultiplicity su~h that the same c~ding attrlbu(es are shared by said ·scaled 

"

if'btocks. · .... ~~-~,····'·•·· . 
.. 

_.c: 

.-. . -~""!·o ........ • • .. • 

~~,~~t~d as in c~aim l \Vltereln said ~ompressed picture ~ata associated with a given 

~tn~~r9bJock correspon~·~ tci quanfiz~d transform coeffici~nts of the appropriate scale. 
: ··-· 

~t°'A'"method as in"cJaim I wherein ~aid information on _said sef of attributes is_ such that 

~t'cfittrib11tes ;re a1111ropriately modifiable (o confo~n to the scale of said scaled macro-. . 

~blocks upon decompression of said associated infonn~fion. 

~~- . 

i~l~.,~efho~ as In claim l further comprising the step of selecting a decompression target 

CS.cate ·a~~rfomting the ·ope~ati~n of inverse transforma<ion ~nly at the ~arget scale, said 
.. .. . v 

~f~\•ers~ fransfom~afion OJ>eraf:h~g 011 final lransforrn. coefficient data, said final (·r~nsfonu 
~e-~cieuf (lata f~r a (argcf: scaled macroblock being de1ivecJ from transfomt coefficients 

~ .. 
.~ . .. 
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' (_ 

;-f tiae "corresponding scaled iµacroblocks in ·all io\ve~ ~cat cs and the" transf onn coeffident . 
~-·'·"'' ... 

. . . ~~tii .. ·c;faiae target scale. 

~1,$.'.:~~etho<I as in claim I . ~vh~rein ~~d pr~d~cing step comprises i~tennixing ·inf onnation . lon'a'·variable number of resolution scales ''ith a .. variable ni1mber of.bitstream scales. 
Ii'·'" . < . • • 

•• . . 

~~A:fue~hod_ ~'in clalm' I ~urtlJe~ comprising ·the st~p _of ·~miftlng some of the ~caled· ~ .. ~~~r~b~ock (MB.) data when fo'!lnd in error. : 

f. 

,.· .... 
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