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DESCRIPTION

A MOTION VIDEO COMPRESSION SYSTEM WITH -
MULTIRESOLUTION FEATURES

: BA:CKGi!OUND OF THE INVENTION

FIELD OF THE INVENTION
The preseht invention relates to (he ficld of data compréssion and, more particularly, to a

systegﬁ and_.techniﬁues for compressing and decompressing digital motion video signals at

_a multiplicity of scales. The techniques expand on algorithms similar to the emerging

MPEG standard proposed by the International Sfandards_ Organization’s 'Moving Picture

. Experts Group (M P.EG).

ENVIRONMENT .

Technological advances in digital transmission networks, digital storage media, Very

-f?‘:lLarge'S.cale Integration devices, and digital processing of video and audio signals are

' éonv'et"ging to m?ke the '.tran§n'1ission and storage of digital video economical in a wide va-

riefy of applications. Because the storage and transmission of digital video signals is cen-

tral fo many applications, ahd because an lmcompressed representation of a video signal .

) 'reqmres a large amount of storage, the use of digital video compression techmques is vital

to this advancmg art In this reg'xrd several international stamlards for the compressxon

-of digital video signals have emerged over the past decade, with more curre.nt.ly u_nder de-

velopment. These standards apply to algorilllms for the (ransmission and storage of com-

Ny _pressetl digi(al video in a variety of applications, including: vuleo-telephony and

tcleconl' encmg, luoh quality digital televnmn tr‘msxmssmn on coaxial and fiber-optic

networks as we.ll as broadcast terrestnally and over direct broadcast satellites; and in

inferactive multimedia products on CD-ROM, Digital Audio Tape, and Winchester disk

drives.
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Several of ﬂlese st'mdards involve algori(!nns based on a commion core of compression

techniques, e.g., the C CITT (Consultntwe Commx( tee on lntem'\(lonal Tc!egr'tph) and
Telephony) Recommendatlon H.120, the CCITT Recommendation H.}6I and the

ISO/IEC MPLEG standard. The MPEG algonthm, has been devcloped by the Moving
Picture Experts Group (MPEG), part of a ioinf technical committee of the International
Standards Organization (ISO) an'd'the International Electrotechnical Commission (IEC).
The MPEG. committee has been dc\'eiobing a draft standard for the mulﬁnlexed;' com-
pressed representation of video and associated audio signals. The standard specifies the
syntax of the compressed bit stream and a method of decoding a digital v:deo signal at one
level of spatial. resolntlon This draft standard will be referrred to as the MPEG-1 stand- :
~ard or algonthm, in oriler to dlstmgulsh it from newer algontllms now under discussion
by the same committee. The MPEG-I draft standard is described in document ISOIIEC
JTCI[SCZ WG!I MPEG 91/090 of May 1991. '

As the present invention may b'e applicd to ext_end thc'functions of an MPEG-I decoder
&to produce a mllllipiicitv' of video resolutions from the same comnressed Dbit stream, some
pertinent aspects of the MPEG-1 “video compressxon algorlthm mll be rev:ewed. It'is to
be noted however, that the mventlon can also be applied to o(her video codmg algorithms

which share some of the features of the MPEG algorithm.

The M PEd-! Video Compression A!gorithnx o
“To begin with, it will be understood that the compression of any data object, such as a page
of text, an imaée, a segment of specch, or a video sequence, can be thought of asa series.
~ of steps, n;;ludmg Da decomposmon of that object into a collection of tokens; 2) the
represenfatmn of those tokens by binary strings which have mmmnl length in some-scnse;

and 3) the concatenation of the strmgs in a well-defined order. Steps 2 and 3 are lossless,
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i.e., the ongmal data is ﬁllhfully recoverable upon reversal and Step 2 is known as
en(ropy codmg (See, eg., T. BERGER, Rate Dmorlmn Theory, Englewood Cliffs, NJ

Pleutlce-!-lall 1977, R. McELIECE, Thc' Theory of Information and Coding, Reading,

MA Addison-Wesley, 19715 D. A. HUFI‘MAN “A Method for the Coustruction of
Minimum Redundancy Codes,” Proc. IRE, pp. 1098-1 101, September 1952; G. G.

LANGDON, “An Introduction to Arithmetic Coding,” IBM J. Res. Develop., vol. 28, pp.
135-149, March 1984) Step I 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 information, allowing relatively large errors where they are not

- likely to be visuaily signiﬁcaht and carefully representing aspects of a sequence to which

the human observ'er is very sensitive. The tecllniques employed in the MPEG-1 algorithm _
for Step I can be described as predlctwe[mterpolatwe motlon-compensated hybrid

DCT IDPCM codmg Hnl‘fman codmg, also known as variable length coding (see the

: abov.e cited Huffman 1952 paper) isused i in Step 2. Although, as mentloned the MPEG-1

standard is really a specxr ication of the decoder and the compressed bit stream syntax, the

following description of the MPEG-1 specification is, for ease of presentation, primarily

from an encoder point of view.

~ The MPEG-I video standard specifies a coded representatioh of video for digital storage

media, as set forth in !SO-IEC JTCL/SC2/WGI1I MPEG CD-11172, MPEG Committee

L Draft, 1991. The algorithm is designed to operate on non-inferlaced component video,

although it can be extended to operate ﬁvi(h interlace video by combining two consecutive -
interlaced fields into a single picture. Each piéture has three components: luminance (Y),
red color difference (C,), and hlue color difference (Gy)- The C, and G, components each

have haHf as many samples-as the ¥ component in both horizontal and vertical directions.
i . ' .

-Further, the algorithm operates with a single level of vidco resolution.

YO 991 178



L;yered Structure of an MPEG-1 Sequence

Au MPEG-1 data stream consists of a video stream and an audio stream which are
packed, toig’:(her with sys(ems‘ information and possibly other hi(s('rcaﬁls, into a systems
-data strt.uim (hat can he regarded as layered. Within the video layer of the MPEG-1 data

.stream, the compressed data is further layered. The highest layer is the Video Sequence

Layer, containing control information and parameters for the enfire sequence. A de-
.scription of the organization of the other layers will aid in understanding the invention,
" These layers of the MPEG-1 Video Layéred Structure, are shown in Figureé 1-4. Spe-
cifi dlly the Figures show: -

Fugnre 1: Groups of Pictures (G OPs)
Fi lgure 2: Macroblock (MB) subdmsxon ofa plcture.

. o o

Flgure 3: Shce subdmsmn of a picture (gxample).

F:gure 4: Block subdmsu'm of a macroblock.

The layers pertain to the operation of the compression_ aléorithm as well as the composi-
"E-'ﬁon of a .compresse'd bit streami. As noted, the highest layer is the Video Sequence Layer,
'con(ammg con(rol information and parameters for the entire sequence. At the next layer,

‘a sequence is subdivided into sets of consecutive plctures, each known as a Group of Pic-
tures (GOP). A general illustration of this layer i ls shown in Figure 1. Decoding may begm
at the start of any GOP, essentially independent of the preceding GOPs. There is no limit -
-to the number of pictures whicl may be fn a GOP, nor do there have to be equal numbers

* of pictures in all GOPs.

The third or Picture layer is a single picture. A general illustration of this layer is shown
% :

in Figuré 2 Decodmg may begm at the start of any GOP; esscutnlly the Juminance com-
. ponent ol' each picture is subtlmded into 16 x 16 regions and the color dlfference compo-

nents are subdivided info 8 x 8 regions spatially co-sited with the 16 x 16 luminance
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regions. Taken together, the co-sited Iuminance region and color differepce regions make

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

»

Between the.Picture and MB layers is (he fouith or slice layer. Each slice consists of an

arhitrary or optional number of consecutive MB’s. Slices need not he uniform in size within

‘a picturé or from picture to picture. They may be only a few macroblocks in size or extend

* across multiple rows of MB’s. as shown in Figure 3.

An MB is a fundamental layer to which various attributes can be associated as will be seen

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

 chrominance blocks as seen in Figure 4 Al of these b_lo;:ks are.of size 8 x 8 in Mi’EG-L

Preserving the structure and attributes of an MB (not necessarily its size) across'a multi-

plicity of picture resolutions is one of the goals (-)f Iihi_s invention. .

‘Within a GOP, three types of pictures can appear. The distinguishing difference among

_the picture types is the compression method used. /ntramode pictures or I-pictures are

compressed independently of any other picture. Althoug!:x there is no-fixed upper bound on
the distance between I-pictures, it is expected that they will be inferspersed frequently .

throughout a 'seqilel'lce to facilitate random access and other 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, predictively motion-compensated pictures (P-pictures)
and bidirectionally motion-compensated pict ures (B-pictures), will he described in the dis-

cussion on motion compensation below. A general illusiration is shown in Figure 5.
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Motion Compensation .

Most video seqt.lences_ exliibit a high degrec.qf.cé.rre!ation l)c.twee.ﬁ consecutive pictures.

A useful me'_thod- to remove this redundancy prior to coding a picture is ”motioﬁ compen-
sation”. Motion compensation requires some means for ﬁmdelixig and estimating the mo-
tion in a scene. In MPEG-1, each picture is partitioned info macroi)lo'cks aﬁd each MB
is compared to 16 x 16 reglons in (he same general spatial loc'ltlon in a predicting picture
or plctures. The reglon in the predicting picture(s) that best matches the MB in some sense
is used as the predlctlon. The difference befween the spatial location of the MB and that

of it’s predictor is referred o as a motion vector. Thus, the ot_:ip_uts of the motion esti-
mation and compensation for an MB are motion vectors and a motion-compensated dif-

ference macroblock. These can generally be_' compreségd more than ﬂyé original MB itself.
Pictufes which are prctliéﬁvely motion-com['nensa,tt.}_.'d using a single predicting picture in the

past, i.e.,'l'onva.rd-in-time in the sequence, are knowm as P-pictures.

" In MPEG-I the time interval between a P-plcture and its predlctmg ptcture can be greater

than one ptcture interval. For pictures that fall hetween P-ptcfures or befween an I-picture
and a P-plcture, back“ard-m-txme predxctlon may be uscd in addition to forward-ln-txme
prediction. Such pxctures are known as lndlrectlona’lly motlon-compensated pictures (B-
plctures). For B-pictures, in addition to forward and backward predlctlon, mterpo]atwe
mot.ioh conrpénéation is allowed i-n which the predicfoi' is an average of a block from the
previous preﬁictiug picture and a block from the {uture p.red.icting. picture. In this case, two

molion vectors are needed.

The use of. bidirectional motmn compensat:on leads to a two-level motion compensaflon

structurq:;"as depicted in Figure 5. Each arrow indicates the prediction of the. plcture

’ tonchu}g the arrowhead using the picture touching the dot. Each P-picture is motion-

Compensated using the previous P-picture (or I-picture, as the case may be). Each B-
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. picture is motion-cputpcnsaled'by’the P- or I-pictures immediately before au(!_af_'ter it.

These prc(iictiug pictures are sometimes referred to as “anchor” pictures.” No limit is .

specified in MPEG-1 on (he dlstance betwech anchor pictures, nor on the distance betiveen

J-pictures. lu fact these parameters do not have to be coustaut over an enhre sequence

Refernng to the distance bctwecn I-pictures as N and to the distance between P-pictures

" as M, the sequence shown in Figure 5 has (N,M) = (9,3)

»

- It should the_rel‘ure be understood that an MPEG-1 sequence consists of a series of I-

pictures which may have none or one or more P-pictures sandwiched hetween them. The
various I- and P-pictures may have no B-pictures or one or more B-pictures sandwiched

- befween them, in which latter event they are anchor. [iiétures.

D Transformatlon and quantnzahon of an MB

One very useful image compressnon techmquc is transfarm codmg (See N.S.J AYANT

and P. NOLL Digital Coding of Wavcfarms Prmcrples and A ppltcatrons t2 Speech.and

_theo, Englewood Cliffs, NJ: Prentice-Hall, 1984, and A. G. TESCH ER,“Transform
lmaﬁe Coding,” in W. K. Pratt, editor, Image Transmission Tec!m.iquc__s_,'_m;.' 113-155, New

- York, NY: Academic P_res's,'l979.) In MPEG-1 and several other compression standards,

the discrete cosine transform (DCT )- is the transform of choice. (See K. R. RAO and P.

\YIP, Discrete Cosine Transform, Algorithms, Advantages, Applications, San Diego, CA:

Academic Press, 1990, and N. AHMED, T. NATARAJAN, and K. R. RAO, “Discrete”
Cosine Transform,” IEEE Transactions on Computers, pp. 90-93, Januafy 1974.) The

compression of an I-picture, for example, is aclueved by taking the DCT of the blocks of

lmmmncq;nd chrommance pixels within a MB, quantizing the DCT coefficients, and

_,.‘Huffmau coding the rcsult Similar pnncnples apply to the compression of P-and B-

. pictures except that, in these cases, the DCT may be applied to the dif! ference between the

blocks of pixels within an MB and their corresponding motion-compensated-prediction.
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.. The- DCI’ converl(s a block of n x n.pixels into an n x n set of transfonn coefficients. The
. DCT Is ‘very useful in compression applications, because it tends to concentrate the energy
of the block of pixel data into a few of tl_le DCT coefficients, and further, the DCT coef-
ficients are ilearly independcnt of _each other. Like several of the international compression
standards,. the MPEG-1 algoritlum uses a DCT block stze_of 8 x‘8, which corresponds fo
the size of 'the blocks wifhin an MB. It is one purpose ot‘ this invention to use DCT s of

' larger and ;maller sizes so as to scale the size of an MB thus suppomng plctures of mul-

tlple resolutlons

The next step is quantization of the DCT coefficients, which is the primary source of - .

_ lossiness in the M PE¢-I algorithm. Denoting the elements of the two-dimensional array

. of DCT coei'l'icients bY oy where 72 and # can range from 0 fo 7, aside from trunmtion

Lor rol.mdingzcorrect:ions', quantization is achieved by dividing eac!r DCT .coefﬁcient G by

!,.w,..,, x QP, thh #,e Deing a welghtmg factor and QP bemg the quantlzer parameter. The
. 'wexghtmg ‘factor w,,, allows coarser quantxzatlon to be apphed to the less visually sngmf-

Py fcant coefficients. There can be two sets of these welghts, one for I-pictures and the other
for P- and B-nictllres. -Custom weights may be transmitted in the video sequence layer.

' :'I'lle quantlzer parameter QP isthe prlmary means of trading off quahty vs. bit-rate in
MPEG-1. It is important to note that QP can vary from MB to MB within a plcture. It
is also nnportaut to note that in this invention it is possible to choose either to provide
separate \s'eiéllt matrices for the DCTs of other sizes, or (o provide weight matrices of

different sizes which are mathematically related so as to facilitate decoder processing.

Following tha_n(ization, the DCT coefficient information for each MB is organized and
coded, q‘§i"rf‘g a set of Huffman codes. The details of this step are not essential to an
tinderstanding of the invention so that no description will be given, but fo.r- further infor-

- mation thereon refcrence may be had to the previously-cited HUFFMAN 1952 paper.
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Macroblock Attnbu(es due (o Motion Compensatlon
lt will be apprcclated (hat there are three kinds of motion compensatlon which may be
apphed to MB’s: forward, backw. ard, and mterpolatwe. The encoder must select one of
these modes. For some MBs, none of the motion compensation modes yields an accurate
prediction. In such cases., the MB may be selected for intramode coding as with I-pictures.
Thus, de.pendihg on the motion compensation mode, MBs can be of the .following types:
o forward »
. backward )
¢ interpolative
e intra
Also in P-pxctures, dcpendmg on the value of the motion vector, MBs can be either of the
' type wnth motion vector zero or of the non-zero type. These types together with the re-
"qmred motlon vector data are coded with every MB as overhead data. The exceptlons are

' sklpped MBs, as w:ll be exp!amed below.

Macroblock Attributes due to Transformation and Quantization
As discussed previously, the QP parameter can be changed on an MB to MB basis. When
this change takes place addltlonal MB types are used to indicate that a iiew QP should

be used. The new QP value itself is transmitted together with the MB.

After applying the DCT and quanfization to the blocks within ah MB, it may result that
sowme of the blocks containi only zeros. These blocks do not require further data to be

coded and age signalled by a, so called, coded block pattern code. This code represents
& i )

additional overhead.
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l‘mally whenever MBs confam no additional new mfonnatmn, they can also be skipped.
To convcy this information an MB address is also transmitted together with every non-

skipped MB.

_lt should be noted then that M 83 carry with.(hcm a series of atributes that need to be
described by including overhead data with each coded MB. It is one object of this in-
vention to preserve the identity of MBs across a multiplicity of scales such that the over-

head is inc)ygled only once, except pex_'haps for the reflinement of some parameters such as

the accuracy of tlie motion vectors.

THE PROBLEM
It should be _um_!erst.bod, therefore, from the foregoing description of the MPEG-1 video

hlgoﬁthm; that the purpose of thé MPEG-1 standard is to specify the sfnta:& ofacom- -
' pll'esset.l _bit. stream con;espondjug to a video sequence, and to specify the methodé used to
d_é_t_:ode the sequence atia} single level of sp:atial résoluﬁon. The problem to which the

f _pr'éls.eﬁt inve:ntion is addressed is exfending ihe specification of the synfax and the décoding
ﬁxét_héds of MPEG-1 so that digital video sequences can be decoded and encoded at a
lﬁulﬁplicit'y of scales. Fo.'r present éllrposes, two styles of scaling are distinguished:

. ‘Resolution Scaling: .Thi's refers to the abilit.y of generating a bitstregr'r'l that can_iJe
decoded at a m.ul(iplicify of spatial resolutions by selecting different portions of the
bitstream. This feature is desirable in soine applications where multiple video windows
must be displayed in a flill resolution screen. It is also desirable because it 'permits the
implementation oI‘ decoders of varying degrees of complexity, such that very simple

decoders may be poss:ble that decode only the lower spatial resolutions.
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2. _Bi;stre:im Scaling: This refers to the ability of gelueraﬁng_a bitstream in which some
cc;ded bits can be disregarded, and a usable image still results. A resolutioﬁ scalable
algorithm is also a bitstream scalable algorithm; however, bitstream §caiing is inter-
preted in a more narrow sense here. Bitst.ream scalability is intended to mean décom-
pressing fo full resolution always. Thisis a useful feature for graceful degradation ot.'
{he quality of decompressed video when some of the compressed bitstream data are

corrupted hy noise.

The present invention is tlirécfed to éxtcnding the MPEG-I decoding methods i_n _prder to
support these two forms of scalabilify, by providing a method and apparatus wlﬁch sup-
x-)ofts resolution and bitstream. scaling by ltierarghical coding of the 8x8 DCT f:omponents.
The mefhod is flexible: one or m;n'c of these resolution scales can be stacked ui; to support
many ‘I])[IllC‘l(lons The evact number of hlerarclncal layers is left to the designer of the

encoder or the requirements of the apphcatlon ln addition, this invention addresses the

. problem of extendmg the syntax and methods of MPEG-1 such thit the attributes of a.
macroblock are preserved across the various hierarchical léyers.
PRIOR ART
There are innumerable articles in the technical literature on the subject of hierarchical
coding techniques, which are relevant to the subject matter of thé present invention. Many

of these references deal with the subjects of subband coding and pyramid coding. Two

recenf books that review these subiects are:
. ”Subband Image Coding,” J. W. WOODS, editor, Kluwer A cademic Publishers, 1991.

¢ “Digital Image Compression Techmques,” M RABBANI and P. JONES, SPIE Op-
tical Enﬁ:neenng, Bellingham, WA, USA 1991.

The follomno three documents are believed to be the most relevant prior art to this in-

vention:
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e #Alternative to the hier: arclucal scheme,” Ch. GUILLEMOT T. N’GUYEN and A.
LEGER, ISO/JTCI /_SCZ/WG8, JPEG N-260, February 1989. '

"o #Setup of CCIR 601 mulfi-purpose coding scheme,” PTT RESEARCH, the

Netherlands, ISO/IEC JTCI/SC2/WG11 MPEG 91051, May 1991.

° ”Compaﬁbie Coding of CCIR 601 images: Predict the prediction error,” PTT RE- -

SEARCH, the Netherlands, ISO/IEC JTCI/SC2/WGI1 MPEG 91/114, August
1991. ' '

The first documen( describes a hierarchical scheme for compressing mul(lresolutlon stlll

_images, in which the DCT coef ﬁclcnts of the lower resolution i mlages are used to predlct

the higher resolution DCT coef fi aents This scheme differs from this invention ln that
DCT s arefhx ays of the same size. In addltlon, there is no consxderatlon ol‘ applymg the-

scheme to compressmg video segmenled into blocks of pxxels with common attributes.
The second, and parhcularly the third, document descnhe a scheme that resemb!es the .

_pnwent mventlon “hen apphed to two layers of resohmon . The purpose of the scheme in

_ these teachings is to utilize two levels of resohmon scale such that pictures compatible with

the CCIR 601 format as well as the MPEG 1 SIF format are generated. There is no at-

tempt to generalize further the techmque for a coder that is scalable in reso!utlon and

:

- bitstream. Furthemwre, the attributes of a Macroblock are not preserved across the two

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

specified at the 16x8 block level rather than the 32x16 CCIR 601 Macroblock level. This

means that this attnbute cannot be shared by the resolution scales. Also, no details are

. provided on how other attributes are handled.
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OBJECTS 3
In contrast to the foregoing prior art systems and algorithms, it is an object of the present :
invention to pro'vidc 2 flexible syntax and .cncdtlingltleéo_ciing archilecture for combressing '
video sequences, which permit the decoding of video at a m_ultifalicity of spatial resolution

and -bitstream scales.

It is another object of the present invention to provide a system and algorithms for sup-

portmg a mulhphcnty of scales in a “ay (ha( extcnds the existing syntax and methods of

* the MPEG-1 standard. Such extensions are perl'orme_d with a minimum of additional

overhead information.

It is a furthér object of the present invention to‘provide encbdcr and de.t_:oder implementa-
'(lons in kecpmg with t(he sys(em and algon(hms of (hc mventlou.

SUMMARY OF THE INVENTION

1

. The present mvenllon m\olves a svstem and methods for proccssmg a stream of video im-

' age da(a in such manner as to creale a represcntatxon for vuleo dah that multlplewes data

correspomlmg to resolution or bitstream scales. This representation is such that the iden- "

- tity of the basic MacroBlock (MB) structure of MPEG-1 is preserved across all resolution

and bitstream sc'.a!es. Figuré 6 shows how the MB identity is prcser;'ed by scaling across

~ four levels of resohmon. It is important to preserve this ldentlty because an MB is asso-

- ciated with a series of attributes wluch contnbute to the amount of overhead data i incor- -

porated in an MPEG-1 compressed data stream By preserving the MB identity across
multlple resolutlons and bitstream scales, these scales can share this overhead thus re-

quiring it to be included only once in the data stream.

Fa
&

YO 991 178 ———//

eet Has Been Reflaced

T



- 14 -

Preservmg ‘the MB identity also simplifies s:gml' canllv fhe denvatlon of motlon estlmatlon
veclor data for all resolution scales other than the lughest resolutlon. Essentlally the mo-
tion vector.data corresponding to any resolution scale can be dem'ed from the highest re-
solution motion vector d.ata by appropriately s'ealixlg i.t down. For example, the x- and

y-m'otion-.vector components at 1/4 resolution are 1/2 the co'rrcsponding full resolution

components. Altemnatively, the full resolutlon motion vectors can be denved by appropri-
ate scale up of lower resolution motxon vectors In (he latter casc, an addltlonal correctlon

*may be added at the higher resolunon sc'ile to mxpuovc the precision of the’ motlon vector

data. .

A second aspect of this invention is tlmt the methodology for codmg an MB is also pre-
serVed As noted ahove, in MPEG-I an MB is subdivided into six 8x8. blocks of luminance -
an(l cllromm'mce ml‘onnatlon, each block being coded usmg the 8x8 Discrete Cosine
Transl'oml (DCT) In the present techmque, e'lch scaled MB is alslo divided mto six sul)-
‘Blocks of lummance and chrommance mforma(lon, each sub-block bcmg coded using a

§DCT of appropriate size. Thus l'or the 1/4 resolu[xon MB in Fig. 6, a DCT of size 4x4
would be u:ed lncldentally, it should be noted that stch 4x4 DCT, for example, can be

s

denved from the corresponding 8x8 DCT coefficients in a vanetv of ways, such that no

‘explicit nnplemcn(a(lon of a 4x4 DCT is required.

Finally,__a third aspect ol' this invention is related to the methodology for generating the
DCT block data needed for reconstnxc('ing a picture at a targ'et resolution scale. In the
inventive techhique, the DCT coefficient dafa at any resolution or bitstream scale are

eoded by ;l_alxdard differential coding techniques using the DCT data ol' a hierarchically

lower séale as predictors.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figures {-4 .il!u.strate layers of compreséed data within the video compression layer of the
MPEG-1 data stream, i.e., Figure 1 depicts the Grc;ups of Frames or Pictures (GOP’s),

Figure 2 deplcts the Macroblock (MB) subdivision of a picture, Flgnre 3 depicts.an

e_xemplary Slice subdivision of a frame, and Figure 4 depicts the Block subdivision of a
Macroblock. ' '

_Flgure 5 lllustrates the two—level motion compensatlon among plctures in 2 GOP employed

{m ﬂxe MPEG—I standard

Fiéuré 6 illustnte's how macroblocks are scaled at various resolution scales acéord.ing to

“ﬁth'e present mventmn Note that macroblocks can also be scaled to resolutions lugher than
the full resoluflon shown in the ﬁgme.

N (%:.: -_

I'lgure 7 lllustr'ltes the lucrarclucal prediction of DCT cocl'i’ c:ents correspondmg to the

1

- scales shown in I‘lgure 6 o ‘

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

. of Figures 6 and 7. Note that several of the blocks could he discarded if only one resol-

ution scale is desired as an output.

Figure 9 is a block clfagra'm of a decoder with bit-stream scalability.

o

o

Figure 10 is a block diagram of an hierarchical decoder with dequantization prior to pre-

diction.
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Figure 11’ is a block diagram of a flexible scalable video compression encoder implemen-

tation that can be used with the prese;,nt invention.

Figure 12a is a block diagram of one version of Transform Unit that can be used in the

‘flexible scalable video compression encoder implementation of Figure 11.
4

Figure 12h is a block diagram of another version of Transform Unit that can be used in

the flexible scalablé video compreséion encoder implementation of Figure 11. .

- Figure 13a is a block diagram of one version of a Hierarchical Prediction Unit that can

be used in the flexible scalable video compression encoder implementation of Figure 11..

LR

Figure I2bisa block diagram of another version of a Hierarchical Prediction Unit that
. ’ . . ’ . . . !
scan be used in the flexible scalable video compression encoder implementation. of Figure
AL
&

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

£

Before presenting a descriptién of the particular implémenta(‘ions of the present invention,

it should be explained that the wide range of applications in which digit.al-video is expected
to play a'r’:l?, imposes many conflicling requirements for video compression ;ﬂgorithms.

These conflicts are mianifested in terms of standards compaﬁlﬁlit ¥y encoder and deéoder

" implementation co-mplexi(y,' {uncfionality, image quality, efc. It is believed that these

z
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éonﬂicrirré reql_xirements cannot be satisfied by a single coding algorithm, but instead re-
fuire a ﬁcxiﬁle architecture of algorithms which can be .matcllerl to the requirements of the
speci('c application. Such ﬁexibilitv may be used to satisfly many of these conflicting re-
qmrements, while still preservmg a great deal of compatibility amongst the different man-
lfeﬁtatwns of the architecture. It is believed, for example, that while different encoder
lmplementahons may be needed for different applications, it should be possible to lmple-
ment a single decodmg device which can decode all bitstreams that conform to the flexible
archltecture. It is also believed that such a generic decoder should not he excessively

complex. One ob]ect of thts invention is to-provide such a generic decoder.

rsgeme

 :Several applications will henefit from resolution and bitstream scalability features as de-

Tasd

* Beribed ahove. The methods and apparatus of the invention support resolution and _
bitstream scaling by hierdrchical coding of 8x8 DCT components. Although DCTs of
e:oilxer sizes could be rrsed, the'ilreferred embodiment starts with 8x8 DCTs because that is

-the choice of several standard compression algorithms.

For resolutlon scaling, the invention may be used to provide, for example, up to four levels
- of resolution. The lowest possible resoluhon is attained by coding the equlvalent of the
upper lel‘l componen( of an 8x8 DCT block; this resolution is 1/64 of the ongmal resol-

| ution. Next{ a resoluhon of 1/16 of the original resolution may be obtained by coding of
the equivalent of the upper Icft 2x2 coefficients of the DCT block. Coding of the equiv-
alent of the upper left 4x4 coefficients leads to a resolution of 1 /4 of the origil:lal resol- "
ution. Finally, the coding: of :dl 8x8 cocfficients leads to the full resolution video. |

;,f ) _

" Given 'a.ij.},e'd resolution, the ,illvention otlppoxis bitstream scaling by codin'g multiple hi-

erarchi_ca-l layers at (he same resolufion. But, with progressively finer quantization factors,

these layers would result in video of (he same spatial resolution and of incresing quality.
' YO 991 178
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In tlus case, the first and lowest Iayer of the hierarchy is coded wnth coarse quantlzatnon -

and the higher Iayers are coded wnth quantlzatlon of increased precision.

“The architecture is flexible: one or more of these hierarchical layers can be stacked up in
“order of increasing rgsolution or ﬁrecision, such that the reconstructed coefﬁciet'nts at one’
Jevel of resolution are used to bredict the correéponding coefficients at the next level of
fesolutidn. Except for the lqwest hierarchical layer, transfonn cégfﬁcients in any iajrer are
coded differentially with respect .to their prediction. An encoder might be chosen, for ex-
ample, to genera.t.e a bitstream that only cont.ain§ data for the full and the 1/16 résolutioh
.sca.tles- In such case,. the coefficients at the 1/16 resolution laj;er would be used to predict
tlle coeff' cients at thc full resolutlon layer. Altemalwely, for bitstream scalablllty, _ |
coarsely quantlzed sct of 8x8 DCT coef! ficients in one layer can serve as predlctlon for the _

'-.-E_-.correspondmg set of 8x8 coefficients in the next layer, which are more f' nely quantlzed

: T he basic characteristic -of th_ekarchitectur-e of the invention is that the identi:ty of 'thé
‘%Ma;:roBl(_:ck (MB) structure of MPEG-1 is preserved acro_ss\ all resoluti\on and i:recision
e layers. Figure 6 shows this fegnfuré for the case of coding with four levels of resolution. It
‘is-important to preserve this iilgn(ity because,.as noteﬂ in the description of the MPEG-1
. algorithm, an MB is associated with a series of aftributes whiéh contril}ni_t; to the amount
of overhead data incorporated in a compressed data stream. Preserving the MB idenfity
permits the reuse pl‘ this overhead data for all hierarchical layers. For example, the motion

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

ution motion vector data by appropriate scaling.

_Mu!ﬁplexii‘ljg'of scaling layers
P
Although not the subject of this invention, it is important to note that, before trans-

" ission or slorage, (he data for the various scales must be multiplexed by an encoding
YO 991 178
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:.dev'ice. There are many options for implementing this multiplexing. For example, the data’
for a full picture at each level of hierarchy could be catenated in the order of. iﬁéreaeed e
_resolution and prec:s:on. It will be understood that the data contains signals l’epl'esentatwe
:of information relatetl to the picture elements or plxels of the wdeo images being handied.
These signals are typically electrical signals that are processed in appropriate electronic
.dewces, such as video cameras, omputers, and ancx“nry eqmpment as will be thoroughly

K famlllar to and understood by those of skill in the art.

'jQijgn__timtioll of resolution and bitstream scales

|e 1;referred embodiment, the quantization of each hierarchical layer uses the same .

‘ nces specified in MPEG-1. Thus, the DCT data for the v'mous resolution scales is
;de ved from the full resolution 8x8 DCT matrix. If the MPEG 1 quantlzatlon matrix
_elghte is denoted l)y Q8, the matnx of weights for lower resolution DCTs are denved'.
as fellows:

. Quantizer DeT Factor
at iIxt " 178 q8
Q2 2x2 /4 @8
Qh . 4xlk 1/2 Q8

It should be noted that the present invention also covers the case where generic

quantization matrices are used at cach scale, but this only makes the decoding device more

complex.

I-iier.achicgl’fyrediction of resolution and bitstream scales
”, :
In the preferred emhodimen_t, DCT coefficients in a hierarchical layer are used to predict

the co'rrcsponding cacfflicients in the next layer of the hierarchy. An example is illustrated
Y0 991 178



in Figure 7 wherein a hierarchy of 4 re_solutfon layers is sho_wn. The prediction algorithm
is a simple one-to-one mapping' of the properly seal_e'd coefficients. However, it sheuld be -

noted that other prediction algorithms could be used again at the cost of increased com-

plexity.

‘Provisions for rate control of hierarchical layers

In .the preferred embodiment the quantization parameter of MPEG-1, QP, is used at the -
‘lowest Iayer of the hierarchy. QP parametere at other layers of the hierarchy are specified
with reference to this lower hyer QP. For example a lngh layer QP. parameter could be

specified to be twice the lower Iayer QP.

Scalable decoder implementations '

“The invention- inp';)lves an architecture with a flexible number of hierarchical layers.
tHowever, for ease of explanation; two three-layer decoders that exemplify ‘the resolutiqn
{:gnd bitstream scalability fehtures.will.be described. The decoder apparatus, which is shown
in Figure 8, sﬁppor(‘.s 2x2 (low), 4x4 (mediumj, and 8x§ (high) resolutiop.écales. Decoders
with.only one target resolution scale can be implemented by eliminating the boxes. in Fig-
‘ure 8 that are not necessary to achieve the targ_'e_t. After eni'ropy decoding and demulti-
plexing the compresserl data for the threc resolution scales, (here will be for every 8x8

block data, corresponding 2x2 and 4x4 block data, all of which are necessary to build the

final 8x8 matrix of DCT coefficients.

- In the prefé'ifred embodiment, the fol[owmg stcps are follnwcd to ‘arrive at the full resol-
ution 8x8 DCT coefficients. Aﬂer dequanllzmg by the gp, quanllzatron parameter of the
2x2 layer, the low resolution 2x2 blocks are used as a ]nc(hctmn (o the four lowest order

coefficients of the corresponding 4x4 blocks. These predictions are stmmed to the de-
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quantlzed 4x4 cocfﬁcrents where dequatlzatlon of the 4x4 coefficients i is performed by the-
qlu quantlzatlon parameter. The results of the prev:ous sum are smnlarly used as predlc-
tion to the 16 lowest order coefficients of the corresponding 8x8 blocks. These predictions
are summed to the dequantized 8x38 coel'ﬁclen(s, where dequantxzatlon of the 8x8 coelfi-

cients is performed by the gps quantization parameter. .

Note ttlat the DCT coefficients are only dequantized by quantization parameters as the
final matrix of coefficients is rebuilt. Dequantization by the quantization matrix of
._\retgllts is only _neede_d'once the final resolution is reached. Ttﬁs feature is possil_)le be-
. cause, in the preferred embodiment, the matrix of weights at the-various scales are pro-

portlionally related as explained above.

_The f' nal 8x8 matrix of coefﬁcrents can now be used to reconstruct the full resolution
plcture usmg MPEG-I techmques, mcludmg motlon compensated pred:ctlon. Referring
to Figure 8 in this regard, it wnll be appreclated that at the full resolufion level the 16x16
quCP umt represents a genenc MPEG-1 Motlon Compensatlon Prediction unit operating
on ‘an MB the IDCT box'is a umt for performing a standard MPEG-I 8x8 inverse
transforma(xon; and the QS-' l_)ox represents a. unit for performing inverse quantization

by the correspom_ling MPEG-1 matrix of weights.

“To decode video pictures at other resolution scales a similar procedtrre is followed, except
that the l'rocess of summmg predlctlons to dequantized coefficient data stops at the resol-
ution at’ w!uch it is desired to decode. The operation of dequantization by a matrix of
weights, rey'esented by Q4-1, and Q2-1, uses the sc'lled matrices of the preferred em-
bodlment '[he opcntlon of inverse transformation is performed by using a transform of
the aPDlOpnate size. Thus for decoding at l/4 resolution a 4x4 inverse DCT should be

sed. The one-dimensional DCT matrices appropriate for decoding at the (hree “scaled”
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ﬁsolufiens s;fpported are:

CPET(Ix =1 B

DCT(2 x 2) = ==
T2 1 =1

1.60 1.31 1.00 0.5k
1.00 0.54 —1.00 —1.31
1.00 —0.56 1.00 1.31
1.60 ~1.31 1.00 —0.54

DCTM x &) ,,_%_

Botli‘ the DCT (!xl) and the DCT (2x2) are tnv:al and should be easy to lmp!ement, even

in so%vare.

%'FI?’-"S'!iSﬁIdéﬁ“e iloted that MCP units at other resélutions share the same motion vector data,
MVAto generate motlon compénsated predlctlons for the scaled MBs st the various resol-
&hﬁon tscalés. .Of speual note is, that when usmg moﬂon compensatlon techmquw, the full

i:“ plution’ motlon vector should be scaled appropnately to match the decoder resolution.

f-,

'Elus ‘has been descnbed previously.

-K‘decéde_f that implements bitstream scalabiiit)' is shown in Figure 9. The operation of
this deéeder is very similar to that of Figure 8, except that only 8x8 operations are used
‘to produce output pictures of increasing levels of quality. For this reason the various units
(e.g., 081, lDCTs; and MCP, etc), can be phyéically implemented by single hardware and

shared by the various hierarchical layers.

Finally, an alternative decoder implementation .that is not pari of the preferred embod-
iment, but xq,feepmg with the invention, is shown in Figure 10. This decoder operates in
the same manner as that in Figure 8. ‘However, it permits any quantwatlon weight matri-
~ ces to be used in the various hierarchical layers. Tt also implements generic means of pre-

dicting DCT coefficients from a lower hicrarchical layer. - In this sensec P2 is used to
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: predlct 4%4 i:o-efﬁci_ents from 2x2 coefficients, and P4 is used to predict 8x8 coefﬁcients-

m4x4 coefficients. There are many prediction algorithms that may be used, including

%:ﬂi_g'_.;ne'f-to-oné' mapping of the preferred embodiment.

"l?c der implementatrons

ﬁ‘er"é"are ."rni:njr_ possible, implementations of encoders compatible with the decoders of the

pF&ent im'ention described above, howéver, by way of example, two such encoders, each
oT whlch ls onTy ‘designed for resolutxon scahng, w ill be described. The general structure

' ofa three resolution layer encoder is shown in Figure 11. The encoder is divided into three
* parts. ‘f'l‘he ﬁrst part is a transform unit which takes the digital wdeo input and outputs_
: ’.5 .,_D.GT--data for the three resolution layers: d(8x8), d(4x4), and d(2x2). - The second part is

!'-.-18‘

an-e

31”' "tlzed drfferentlal DCT data at all resolution layers: q(8x8), q(4x4), and q(2x2). “This

:ﬁgtﬁtp “s multlplexed and entropy coded in the third unit to genererate the final com-

[ ’ﬁF&ed "wdeo. The predlctlon unit also generafes reconstructed DCT data: b(8x8), b(4x4),

rarchical predlctlon unit which takes the tranform umt’s DCT output and outputs

and (\(2)(2), wlnch is fed back to the transform unit to complete the Ioop ol' typical hybrid
. -_-transfonu codecs. _ -~

z

.-I'rgnre 12a shows a snmple lmplementatlon of the transform unit. In this lmplementatlon
“the 8x38 1ayer contains elements which are also part of I\'IPEG 1 encoders and more ge-
-nencally, p'xrt of motion compensated hybnd transform encoders. The upper branch con-
_tams: a summer () to generate a motion compensated prediction dlfference, a forward
. 8x8 DCT transform to generate the 8x8 transfoml cocfﬁments of said predlctlon differ-
'.ence, and ,d’fxm( for quantization by a matnx of weights (QS) The output is a set of
partially- QHanuzed DCT coefﬁclents, d(8x8). The return or feedback branch receives a

set of par(nllv reconstructed DCT coefTi icients, b(8x8), and then processes them with the

fo"mung unifs: an inverse quantizer for the matrix of “cmhts (08-9 and inverse DCT
YO 991 178.
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‘transformer (IDCT 8x8) that reconstructs the prediction dlfferences; a Sllmm gt
: '-i;--“"* i, "”"‘“ﬁ_
" reconstructed predlctlon differences to tlle ‘motion compensated Pfedlcﬁon*ﬁ,fswmi’

-structing the original pictiire data; and ﬁnally, a Motion Compensatlon PICdICﬁOIr: e . '

urut to generate a prediction for the next picture. In MPEG-1 this MCP unit Derites
on 16x16 MBs as shown in the Figure, but other block sizes could be used, In'{ ls‘fim- |
plementanon of the transform unit, the d(2x2) and d(4x4) coefficients are snmply extracted
from the corresponding 8x8 coefﬁc:ents. It should be noted that itisalso pomble to demve '
t..h"' d(2x2) and d(4x4) coef ﬁcnents through other reduction or weighting algorithms apphed

__-_:to the 8x8 coefTicients.

iNote that because there is no feedback loop in the lower resolution scales, this encoder ﬁll '
E'resuit id'accumulhtioh of quanlization and motion compensation errors at these mofution_
igcales. The error, however, mll be natural!y reset back to zero whenever a new Group of
Plctures starts. Wlnle the quahty of the lower resolution Iayers will be llmlted by this ac-
lrcumulatlon of errors, the s:mpl:c:ty of the encoder makes this approach attractive. In

Epartlcular, -if what |s required is only bltstream scalability, this.approach is all that is

needed

EPIRCTEN

‘Another implementation of the transform unit is shown in Figure 12b. This version is

Z'Similar to the one in Figure 12a, however, d(2x2) and d(4x4) are generated by similar, but

fcomplete!)' independent loops operating at cach resolution scale. In this sense, the M "and

;I-I; units are used to filter and reduce the resolution of the mput video by a factor of 1[4

‘m each case. In this manner each layer takes an input of the appropriate resolution. - All

iol’eratlons such as DCT ) quantization, and MCP are also scaled accordmg to the resol-
‘Ution of thd‘l’ayer

o
W,

;M a ‘cost ol' mcreased complexity, this version would generally produce better quality
Tow

'l'esomllon pictures than those produced by the unit in !‘lgme 12a. In this case, coding
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» n-o . - r, that the results
:e. ITOI'S ill t accumulate more than one plcture [lCI’IO(l Note, howeve »
wl mo in the lmentlon,
16 tion estlmatlon can be shared by all resolution lOOpS smce,
fOf the 16x16 m y

y
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CLAIMS

g"f-”&"é of :'codmg attnbutes compnsmg codmg dcclswns, mofion compensation vectors, and

'mtlon parameters; and

i

A me(hod as in clalm 1 wherein sald information on said set of attributes is such that
fhld attnbutes are appropnately modifiable (o confonn to the scale of said scaled macro-

.blocks upon decompression of said associated information.

"fo"““"g the operatlon of inverse transforma(lon ouly at the target scale said

in\'erse tr
an,
sro"“a“"“ operating on final transform coeﬂ' cient data, said final transform

'l’ﬁcmul : .
data fqr a target scaled macroblock being derived from transform coefficicnts
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* ¢ L M s *

[EPRPRRPPEFIVEY



L) ™S epLaceD

1~ 27 -

he correspondmg scaled macroblocks in all low

er scales and the transform éoefﬁ(:ient :

-method as in clalm 1 wherem said producmg step comprises mtenmxmg mformatlon

P,}“E‘

§a

varmble number of resolution scales vuth a vanable number of bitstream scales, -

method as in clalm 1 further comprising the step of omxttmg some of the sca!ed
.cr_oblock (MB) data when found in error
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