WD 98/ 41029 PCT/ US98/ 04757
UPSAMPLI NG FI LTER AND HALF- Pl XEL GENERATOR FOR AN HDTV DOANCONVERSI ON
SYSTEM*Thi s patent application clains the benefit of U S. Provisional

Appl i cati on W9 es/£iede040, 517 filed March 12, 1997. The entir eciussd@ssy € of
U.S. Provisional Application No. 60/040,517 is expressly incorporated
herein by reference. 5 FI ELD OF THE | NVENTI ON
This invention relates to a decoder for receiving, decoding and conversion
of frequency domain encoded signals, e.-d - MPEG 2 encoded video signals,

into standard output video signals, and nore specifically to an upsanpling
and hal f - pi xel gmmmm\@ﬂﬁkﬁm@&@é& hi gh

resol ution video signal to W (Wﬁm %#) éﬁgﬁrtion out put vi deo

si gnal . BACKGROUND COF THE II%/E [ dn t he nllges States a standard, the
Advanced Tel evi g4 m&am’ﬁ-l&] ") n . AR 1 gi,t al
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st andar d i $0440547 fildd Matchd2s398Y. as t he MPEG 2 standard, proposed by 15
the Moving Picture Experts Goup (MEG of the International O ganization

for Standardi zattheentiré Gklosud of Yt S\rlovigional Ajspicstioncdo. 60/64D,31Mtis bxpbdsHN 2l
Standard (1S) publication entitled, "Information Technol ogy - Generic

Codi ng of Msomemted hareindy referenegsoci at ed Audi o, Recommendation H. 626",

| SO I EC 13818-2, -1 S, 11/94 which is available fromthe | SO.and which is

her eby 3 ncorporated by ref er enGELDLYOFFHE INYENTEGNon 20 the MPEG 2 digital
vi deo coding standard. The MPEG 2 standard is actually several different

standards. | n NPEsinvegtonrelgtesdp prdeeader foyredeiving; decodingdridrodyersion of
correspondi J.f T |, Ofy. X] of, the encoded i.nmgge. For
each profi : e,i %‘?‘l ?%xgé%t ‘ gvel % afg’ee’g’eyl?%@ S‘écgg%d Y@%f‘%?@gﬁgﬂﬁg to
output video signals, and more specifically to an upsampling and half-pixel generator of a
decoder which converts an encoded high resolution video signal to a decoded lower
10  resolution output video signal.

BACKGROUND OF THE INVENTION

In the United States a standard, the Advanced Television System Committee

(ATSC) standard defines digital encoding of high definition television (HDTV) signals.

A portion of this standard is essentially the same as the MPEG-2 standard, proposed by
15  the Moving Picture Experts Group (MPEG) of the Internatidnél Organization for

Standardization (ISO). The standard is described in an International Standard (IS)

publication entitled, "Information Technology - Generic Coding of Moving Pictures and

Associated Audio, Recommendation H.626", ISO/IEC 13818-2, IS, 11/94 which is -

available from the ISO and which is hereby incorporated by reference for its teaching on
20 the MPBG-2 digital video coding standard.

The MPEG-2 standard is actually several different standards. In MPEG-2 several
different profiles are defined, each corresponding to a different level of complexity of the
encoded image. For each profile, different levels are defined, each level corresponding to
a different image resolution. One of the MPEG-2 standards, known as Main Profile,

25  Main Level is intended for coding video signals conforming to existing television
standards (i.e., NTSC and PAL). Another standard, known as Main Profile, High Level
is intended for coding high-definition television images. Images encoded according to the



a different inmage resolution. One of the MPEG 2 standards, known as Mai n
Profile, 25 Main Level is i ntended for coding video signhals conformng to
existing tel evision standards (i.e., NISC and PAL). Another standard, known

as* Mai n Profywp9ogufgh9h Level is intended for coding hi gh def
tel evision images. | mages encoded according to the 8#@11%{3&&757

PCT/ US98/ 04757 -2 - Main Profile, H gh Level standard nay have as many as
1,152 active lines per inage frame and 1,920 pixels per line. The Miin
Profile, Main Level standard, on the othe-hand, defines a nmaxi mum picture
size of 720 E | xel s per |ine and 567 i nes per frame. At a franme rate of 30

frames 5 Peaftie,FHighiletel| standard auazthaye e many os 1,352 hitivedinasiparinagmve a
data rate ogigg h. 12,247,200 pi xels per second. By contrast,
I mages encode acco%ar}nxeggop%ﬁ%éml n Profile, Hi gh Level standard have a
maxi num dat a rat 0 ,or, 66,35 | s per .second.
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HDTV encoding in the United States is a subset of this sta
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differiMy gncodmg in the United States is a subset of this standard, having as many as 1, 080
lines per frame, 1,920 pixels per line and 2 maximum frame rate, for this frame size, of
30 frames per second. The maximum data rate for this standard is still far greater than
the maximum data rate for the Main Profile, Main Level standard.

The MPEG-2 standard defines a complex syntax which contains a mixture of data

15 and control information. Some of this control information is used to enable signals
having several different formats to be covered by the standard. These formats define
images having differing numbers of picture elements (pixels) per line, differing numbers
of lines per frame or field and differing numbers of frames or fields per second. In
addition, the basic syntax of the MPEG-2 Main Profile defines the compressed MPEG-2

20  bit stream representing a sequence of images in five layers, the sequence layer, the group
of pictures Iayer, the picture layer, the slice layer, and the--:m_aiéroblock layer. Each of
these layers is introduced with control information. Finally, other control information,
also known as side information, (e.g. frame type, macmblocié.ﬁauem, image motion
vectors, coefficient zig-zag patterns and dequantization information) are interspersed

25  throughout the coded bit stream.

Format conversion of encoded high resolution MaJn Proﬁle High Level pictures
to lower resolution Main Profile, High Level pictures; Mam Profile, Main Level pictures
or other lower resolution picture formats, has gained mcreased nnportance for a)

£

providing a single decoder for use with multiple existing v1deo formats, b) providing an
30 interface between Main Profile, high level signals and persqnal-.computer monitors or




of lines per frame or field and differing nunbers of franmes or fields per
second. In addition, the basic syntax of the MPEG 2 Main Profile defines

t he conpressed MPEG 2 20 bit streamrepresenting a sequence of inmages in
five | ayer sywoldg@arggauence | ayer, the group of pictures | aygepypddapamsy ct ure

| ayer, the slice layer, and the macrobl ock | ayer. Each of these layers is

I ntroduced with control information. Finally, other control information,

al so known as side information, (e.g. franme type, macrobl ock pattern, inage
nmoti on vectors, coefficient zig-zag patt®fns and dequanti zation
|nfornat|on) are interspersed 25 throughout the coded bit stream Format
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on the | ower resol utlon m)nltor TO effectlvely receive the digital inages,

a decod@r gnhenpensiverasdaiethaveasuficicatpewerta decode these digital signals in real time.

Consequently, a decoder which supports conversion into multiple low resolution formats

must minimize processor memory.

The MPEG-2 Main Profile standard defines a sequence of images in five levels:
the sequence level, the group of pictures level, the picture level, the slice level, and the
15  macroblock level. Bach of these levels may be considered to be a record in a data stream,
with the later-listed ievels occurring as nested sub-levels in the earlier listed levels. The
records for each level include a header section which contains data that is used in
decoding its sub-records.

Each macroblock of the encoded HDTV signal contains six blocks and each block
20  contains data representing 64 respective coefficient values of a discrete cosine transform
(DCT) representation of 64 picture elements (pixels) in the HDTV image.

In the encoding process, the pixel data may be subject to motion compensated
differential coding prior to the discrete cosine transformation and the blocks of
transformed coefficients are further encoded by applying run-length and variable length

25  encoding techniques. A decoder which recovers the image sequence from the data stream
reverses the encoding process. This decoder employs an entropy decoder (e.g. a variable
length decoder), an inverse discrete cosine transform processor, a motion compensation

processor, and an interpolation filter.



information rapidly. To be optimally effective, the decoding systens shoul d
be relatively 10 | nexpensi ve and yet have sufficient power to decode
these digital signals in real tine. Consequently, a decoder which supports
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PCT/ US98/ 0A%tgeved from the input it sireamibhyjhe EB\VHP0. Boxprecessing of pregiction images,a|
video geCogdh g s@iSthfifthcihils a memory 199 having reference frame memory 222, summing

network 230, and motion compensation processor 206a which may have a motion vector
processor 221 and half-pixel generator 228.

The ED 110 receives the encoded video image signal, and reverses the encoding
process to produce macroblocks of quantized frequency-domain (DCT) coefficient values
15  and control information including motion vectors describing the relative displacement of a
matching marcoblock in a previously decoded image which corresponds to a macroblock
of the predicted picture that is currently being decoded. The Inverse Quantizer 214
receives the quantized DCT transform coefficients and reconstructs the quantized DCT
coefficients for a particular macroblock. The quantization matrix to be used for a
20  particular block is received from the ED 110,

The IDCT processor 218 transforms the reconstructed DCT coefficients to pixel
values in the spatial domain (for each block of 8 X 8 matrix values representing
luminance or chrominance components of the macroblock, and for each block of 8 X 8
matrix values representing the differential luminance or differential chrominance

25  components of the predicted macroblock).

If the currenit macroblock is not predictively encoded, then the output matrix
values provided by the IDCT processor 218 are the pixel values of the corresponding
macroblock of the current video ilnége. If the macroblock is interframe encoded, the
corresponding macroblock of the previous. video picture frame is stored in memory 199

30  for use by the motion compensation processor 206. The motion compensation processor



prior art which processes an MPEG 2 encoded picture. The general nethods
used to decode an MPEG 2 encoded picture, w thout subsequent processing,
downconversi on or format conversion, are specified by the MPEG 2 standard.
The video degedisifhsystem5 i ncl udes an entropy .decoder (gddusha@47smhi ch
may include variable | ength decoder (VLD) 210 and run | ength decoder 212.
The system al so i ncludes an inverse quantizer 214, and inverse discrete
cosine transform (1 DCT) processor 218. A controller 207 controls the

vari ous conponents of the decoding syste'n5respon5| ve to the control
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are the pixe correspgon
differential pixel values is received and decoded segments of the stored image are

retrieved and upsampled, using a filter according to the prggent invention, to produce

15  decoded image pixel values which may be combined with thie decoded differential pixel
values to produce a decoded image signal. The upsampling-.-'ﬁlter according to the present
invention includes an upsampling filter having programmable coefficient values and a
plurality of filter coefficient sets, each coefficient set corresponding to a distinct
subsampling phase. The filter also includes circuitry whiéﬁ_- receives a motion vector from

20  the encoded image signal, processes the received motion vector to locate the desired
segment in the stored image and determines the subsampling phase of the desired
segment. In response to this determination, the circuitry réﬁ'ieves the desired segment
from the identified location in the stored image data, programs the filter with the
appropriate filter coefficient set and filters the retrieved segment to provide reference

25  image data which matches the decoded differential i unage data

According to another aspect of the invention, the motlon vectors in the encoded
video signal define the location of the desired segment w1_t1_1.a resolution of one-half of one
pixel position and the plurality of coefficient sets inc_ludeS_ éi:-_number 2N coefficient sets,
where N is the decimation factor applied to the decoded lmage to produce the subsampled

30  image.



macr obl ock of the current video inmage. If the macroblock is interframe
encoded, the correspondi ng nmacrobl ock of the previous video picture frane
is stored in nenory 199 30 for use by the notion conpensation processor

206. The nowoegismgPeEnsati on processor WO 98/ 41029 PCT/US98/04757

PCT/ US98/ 04757 206 receives a previously decoded macrobl ock from nenory 199
responsive to the notion vector, and then adds the previous nacroblock to
the current 1DCT nmacrobl ock (corresponding to a residual conponent of the
present predictively encoded frame) in-dmming network 230 to produce the
correspondi ng macrobl ock of pixels for the current 5 video image, which
is then stored Ascerdingdo angtheraspest of theinventian, theomotiofy vestorpin the oacodedd n\ARY

OF THE I'NVI gg a1 forink ma%aﬁbﬂxf%i&meg.mqmda#‘ﬁ%ﬁgo&wmaﬁ& filter

for a digita eo signal down conversion system | ownconver sl on
syst em dec ote pixal pbsitionatheyplwnlity &€ dosfficient seisgmeitderaoypmabes N coefficient isete0 | mage
and deci mates the decoded.signal tq.produce a,1Q subsanmpl ed | e.sjgnal.
Thi's. subsarfeetiNas e decietics fpf sl 38 B frodied dmpe oprodie tin haripict
recei ves enmesle@nd BRIt FEHIRE inbftide A linBarSbeRbhiorwhich hveigRRB hjatenPpxels ity al ues
relative to the earlier decoded i mage. Wien a subsequent” i mage signal

repr esent i nhe filtgreddesired segment 9l produce eutput pixelcvalugs whicharei displaced byswgrent s of
the storedg . L eye is | l.ter according to
the pr esent"%ﬁ%s&%“%‘hpre u%%?ﬁf@gﬁ%g&%e%@e& val ues whi ch may
be conbined with the, decod di fferential pixel |ues to produce a decoded
i mge signal . Tg@cﬂa?gﬁﬁﬂﬁgﬁf%fﬁﬁwﬁﬁ%%%&%{és W@gﬁ?&%@ent I on

i ncl udes aflleéiﬁﬁﬁiﬂéd&ﬂd&dbﬁ&ihﬁk@&b@@n@bﬂﬂ?ﬁmﬁfbﬁd&ﬁﬁiﬁm@aﬁ&fsa\i&'id&ﬁleémd a

plurality of filter coefficient sets, each coefficient set corresponding to
a di st ilthct multiple gpups gt eacificient 5oty qach group sperespppding, tpsenecqf the plurality,@fi ch

recei ves adEBHaﬁBnYa%&trQr from
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will become
apparent from the following detailed description, taken in conjunction with the
15  accompanying drawings, wherein:

Figure 1 is a high level block diagram of a video decoder of the prior att.

Figure 2 is a high level block diagram of the down conversion system as employed

by an exemplary embodiment of the present invention.
Figure 3A is a macroblock diagram which shows the input and decimated output
20  pixels for 4:2:0 video signal using 3:1 decimation,
Figure 3B is a pixel block diagram which shows the input and decimated output
pixels for 4:2:0 video signal using 2:1 decimation.
Figure 4A is a pixel chart which illustrates subpixel positions and corresponding
predicted pixels for the 3:1 and 2:1 exemplary embodiments. of the present invention,
25 Figure 4B is a flow-chart diagram which shows thé upsamplmg process which is
performed for each row of an input macroblock for an exemp]ary embodiment of the

‘present invention.



20 the encoded i nmage signal, processes the received notion vector to

| ocate the desired segnent in the stored i nage and determ nes the
subsanpl i ng phase of the desired segnent. In response to this

det erm nat i Gipoglgf@oCi rcuitry retrieves the desired segnent péf 7
identified location in the stored i nage data, programnms the filter with the
appropriate filter coefficient set and filters the retrieved segnent to
provi de reference 25 imge data which matches the decoded differenti al

i mmge data. According to another aspect-Df the invention, the notion
vectors in the encoded video signal define the |ocation of the desired
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segnent with a resolution on one-half of one pixel position, the plurality
of coef-'ficivmmwﬁmewmeﬂﬁmwﬂgwgﬁ-mge Nis the
decimation factor applied to.the decoded i mage to produce the subsanpled 5
i mage, and the filter further iPETAHERD ONer pol at or whi ch aver ages
adj acent pixels in the filtered desired segnent to produce _output pixel

val ues whi ch ar &hdiexghplaxycenihodisents ofthé invention decadetconventionah MBF Vpsignals
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groups of coefficient sets,. each _group corresponding to one of the
pl ural !¢y tandards, and provides the decoded signals as video signals having a lower resolution

than that of the received HDTV signals having a selected one-of multiple formats.

PDownconversion Decoder

Figure 2 is a high level block diagram of the down conversion system including

one exemplary embodiment of the present invention employing such a DCT filtering

15  operation, and which may be employed by an exemplary embodiment of the present
invention. As shown in Figure 2, the down conversion systein'includes a variable length
decoder (VLD) 210, a run-length (R/L) decoder 212, an inverse quantizer 214, and
inverse discrete cosine transform (IDCT) processor 218. In addition, the down conversion
system includes a down conversion filter 216 for filtering of encoded pictures and a down

20  sampling processor 232. While the following describes the ex?xnphry embodiment for a
MP@HL encoded input, the present invention may be practiced with any similarly
encoded high-resolution image bit stream.

The upsampling filter and half-pixel generator employé__g by the down conversion
system in accordance with the present inventibn includes an up—samphng processor 226,
25 half-pixel generator 228, and employs a reference frame memory 222. The
downconversion system also includes a motion compensation pmcessor 206 including a
motion vector (MV) translator 220 and a motion block genem@r 224

The system of Figure 2 also includes a display conversfbn block 280 having a
vertical programmable filter (VPF) 282 and horizontal progra@mable filter (HZPF) 284.



deci mation factors. BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her
features and advantages of the present invention will becone apparent from
the folkl owi ng detail ed description, taken in conjunction with the 15

acconpanyi ngy¢légdtbadgs, wherein: Figure 1 is a high | evel bpegkssbiagszam.of a
vi deo decoder of the prior art. Figure 2 is a high |evel block diagram of

t he down conversion system as enpl oyed by an exenpl ary enbodi nent of the
present invention. Figure 3A is a macrobl ock di agram whi ch shows the input
and deci mated out put 20 pi xels for 4:280 video signal using 3:1
decimation. Figure 3B is_a pixel block djagramwhjch shows the_inpuf and
deci mat ed omaxsplsy senversion black289 conyrrts dowamsampled imagesinto mmidmfﬂ Fi gure

oredi ot ed polapatealat lisBly b e Fiondr Rodfiiof B3l b Bifpcalinaefy | <TPOCC 19
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down- conver baving fower gesohtionithan tlaat oequired tasdispiaypa MR@HL pictutee Thoexemplaryil  and
' reference frame memory 222 stores the spatial pixel values corresponding to at least one
previously decoded reference frame having a resolution corresponding to the down-
10  sampled picture. For interframe encoding, the MV translator 220 scales the motion
vectors for each block of the received picture consistent wiih the reduction in resolution,
and the High Resolution motion block generator 224 receivgs'; the low resolution motion
blocks provided by the reference frame memory 222, npsamples these motion blocks and -
performs half-pixel interpolation as needed to provide motion blocks which have pixel
15  positions that correspond to the decoded and filtered differential pixel blocks.

Note that in the down conversion system of Figure 2 the downsampled images are
stored rather than high definition images, resulting in a considerable reduction of memory
required for storing reference images.

The operation of an exemplary down-conversion systehx of the present invention
20  for intra-frame encoding is now described. The MP@HL bit-stream is received and
decoded by VLD 210. In addition to header information used by the HDTV system, the
VLD 210 provides DCT coefficients for each block and macroblock, and motion vector
information. The DCT coefficients are run length decoded in the R/L decoder 212 and
inverse quantized by the inverse quantizer 214. '

25 Since the received video image represented by the DCT coefficients is a high
resolution picture, the exemplary embodiment of the present invention employs low-pass
filtering of the DCT coefficients of each block before decimation of the high resolution

- video image. The inverse quantizer 214 provides the DCT coefficients to the DCT filter
216 which performs a low—péss filtering in the frequency domain by weighting the DCT
30  coefficients with predetermined filter coefficient values before providing them to the



5 vertical conponents inplenented as cascaded one-di nensi onal | DCTs.

DETAI LED DESCRI PTI ON The exenpl ary enbodi nents of the invention decode
conventt onal HDTV signal s which have been encoded according to the MPEG 2
standard andvowps/fezst i cul ar, the Main Profile H gh Level (Mp&dmsosdadsrt he
Main Profile Main Level (MP@L) MPEG 2 10 standards, and provides the
decoded signals as video signals having a | ower resolution than that of the
recei ved HDTV signals having a selected one of nmultiple formats.
Downconver si on Decoder Figure 2 is a hig®1evel block diagramof the down

conversion S em i ncl one exe | ar nbodl nt of the present
i nventi on eﬂéﬁmsﬁﬁzf# ;;9 ¥’9 @ pregent o thip, filias,

I db resent invention. As shovvn | n
enpl oye yﬂ@ﬁﬂ%@&%ﬂheﬁ@%lm ﬁBcleE ?h‘iﬁp

Figure 2, onver si on syst m I nc es a variable | ength decoder

|(>1/\I;33<2313| s?r tre?gﬂ(l:om fieP ansﬁwggs}’g%arlg’&essor giﬁwifg@}?ﬁ%ﬁn ?Eg

down conver iverse ﬂ;sstemmosme inanisfarnn of ithefiltered IDCTE cosffitiehts.cThe2ddw samphngt ering

of encoded pic ownQ | in L ocessor, 32 V\hl
fol | owi Ag dg?E? &m‘é\‘ samplg iz oy Plikipating “iﬂhﬁﬂt t he

present i nvgdtbideip !pr’é&et&hﬁﬁéd‘ deithalioh Batid) Yhepefble! Stotikg ﬁi&%d&@kesolunon

hi gh-resolution inage bit stream The upsanpling fil ter and hal f - pi xel

gener at or enrstlwws BM@' fammmemaricsompareds Shat mhich wadd beinerded ta storetthe

present i nv 0 Li&ﬁ? anpl i ng processor 226, 25 hal f - pi xel
gener at or ilér oy }ﬁ‘npe?n?ence frame nmenory 222. The downconver3| on

system al so [ ncI es a ot i.on _co sa 206 incl udj not i on
vector (M) transt% tog of a1 n‘ﬂﬁy magﬁ"beg’{( é‘g‘ﬁ? PRPGPIVESHORHY, %ﬂbﬁh
Figure @ al plesdndidveitsh for giedithcd)frnsd\of tiid idodih® Stkinda@Pisidw dedcribed© 'Th itlhis
programabl e filter (VPF% 282 and horizontal programmable filter (HZPF)
284, example, the current received image DCT coefficients represent the DCT coefficients of

the residual components of the predicted image macroblocks. In the described exemplary

embodiment, the horizontal components of the motion vectors for a predicted frame are

scaled since the low resolution reference pictures of previous frames stored in memory do
15 not have the same number of pixels as the high resolution predicted frame (MP@HL).

Referring to Figure 2, the motion vectors of the.MP@HL bit stream provided by

the VLD 210 are provided to the MV translator 220. Each motion vector is scaled by the
MYV translator 220 to reference the appropriate prediction block of the reference frame of
a previous image stored in reference frame memory 222. The size (number of pixel

20  values) in the retrieved block is smaller than block provided by the IDCT processor 218;
consequently, the retrieved block is upsampled to form a prediction block having the same
number of pixels as the residual block provided by the IDCT processor 218 before the
blocks are combined by the summing network 230.

The prediction block is upsampled by the up-sampling processor 226 responsive to
25  a control signal from the MV translator 220 to generate a block corresponding to the
original high resolution block of pixels, and then half pixe_l values are generated - if
indicated by the motion vector for the up-sampled prediction block in the Half Pixel
Generator 228 - to ensure proper spatial alignment of the prediction block. The
upsampled and aligned prediction block is added in sumxhing network 230 to the current
30  filtered block, which is, for this example, the reduced resolution residual component from
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-8 - The display conversion block 280 converts downsanpl ed i mages into

i mges for display on a particular display device having a | ower resol ution
t hat the orivpppsdiezsrage. The down conversion filter 216 pE@EQhﬁQ%%¥¥OMhpaSS
filtering of the high resolution (e.g. Main Profile, H gh Level
coefficients in the frequency domain. The down 5 sanpling process 232

el imnates spatial pixels by decimation of the filtered Main Profile, High
Level picture to produce a set of pixell®ral ues which can be displayed on a
nmonitor hayving | ower. resolution than that required to dis&%g a MP@HL

pi cture. ThepEdiction blogk. Al procassingris dore epcvmagroblock by maerob it After pi xel

val ues cor, b'&ﬂp : | §|¥ @ e r ane
havi ng a rtgigﬂgﬁ??on cé(’)%t%g on m%%pﬁﬁwc‘i%- Eiﬁﬁggegn%l{@%x%% 2 For

i nt ﬁr L Ir anﬁhe;'ecmmnq;ad.h' wiacrobls . ckﬁﬁdmmt uiac_zﬁﬂmgd,;at i by_a?nﬁtdto:nmgmgtmeﬁés&&s f or
eac oc e recejved pigture consis Wi e reduction in

resol uti o??aa'ﬁé“é’ﬁ%eﬁfb’ﬁs %ﬁ%i@@ﬁﬁ?@%&ﬁﬁ%ﬁ%@@ﬁ%ﬁ%@r%@ ecei ves the
| ow resol %dﬁﬂmﬂ%ﬂ?r&h%ﬁw%ﬁblﬁﬁiﬁ@ﬂ%&ﬁ?ag&?f erence frame nenory 222,
upsanpl es these notion bl ocks and performs hal f-pixel interpolation as

needed t O Dfvay SApHHR TbPLoW FRSH SN F&hatidve Pi xel 15  positions that
correspond to tﬁgp cigcoded and fﬁ?ﬁgregt%i fferential pixel blocks. Note that

in the down comfygy %p'g,x,- <ol ﬂﬂﬁﬁ“f | S e stored
rat her than high éltsa | Ptﬁgcﬁ)tnﬁl& l’esgz?‘gy’ég‘ﬁﬁ'?%g [ @%&?g%irm‘?? ction
of menor y redugeithecmiiniber of pixels iythe cowneomyertedrinmge.. Figine 300 shods iths inpbt and
exenpl ary - qonyer si o st em af e present .invention 20 or
intra-fra%&%ﬂ“ﬁ’é‘ P?“ﬁfﬁ%é?@f‘ﬁ‘é%?%w Pnation,. Figase 3B showsdhged and
decodesl binpdk Rnd®détimitsd oepi pigsls fo? 4780 Shfoniiffes izS’DdééﬁﬁQioE HDTV
system the VLD 210 prO\a/_‘iﬁge.spDCT coefficients fci;?&each bl oc Y'g%l&}@l
macr obl oc I81ves the legand ddentifigation fortheLummance and Chrominance pixels of Figure 3A

and Figure 3B. The pixel positions before and after the down conversion of Figures 3A

and 3B are the interlaced (3:1 decimation) and progressive (2:1 decimation) cases

respectively.
15 Table 1
Symbol  Pixel

+ Luminance Before
Decimation

X Chrominance

Before Decimation

® Luminance After
decimation

A - Chrominance After
Decimation

For down sampling of the interlaced image, which may be the conversion from a
1920 by 1080 pixel image to a 640 by 1080 pixel horizontally éompressed image, two out
of every three pixels are decimated on the horizontal axis. Forthe exemplary 3:1
20 decimation, there are three different macroblock types after th:effdown conversion process.
In Figure 3A, original macroblocks were denoted by MBO, MBI , MB2. The down
sampled luminance pixels in MBO start at the first pixel in the original macroblock, but in
MBI and MB2 the down-sampled pixels start at the third and _fhe second pixels. Also the



I nformati on. The DCT coefficients are run |l ength decoded in the R/ L decoder
212 and inverse quantized by the inverse quantizer 214. 25 Si nce
the received video i mage represented by the DCT coefficients is a high
resol uti on Wwodsidi®e the exenpl ary enbodi ment of the presenpciiigtgiisPn
enpl oys | owpass filtering of the DCT coefficients of each bl ock before
deci mation of the high resolution video image. The inverse quantizer 214
provi des the DCT coefficients to the DCT filter 216 which perforns a

|l ow-pass filtering in the frequency dordin by wei ghting the DCT 30

coefficients with predetermned filter cqefficient val ues hefore providing
t hem t o t heuml pbdggyx—;qgmlgdplxelsmeachmacmblockarenotthesame In MBO, there are

PCT/ US98/ 04 ﬁﬁ%n l’ﬁ?ﬁﬁ"‘? g&% ol gt of the
present inven ter operat | I'S perlf or% on a bl oc@y bl ock

basi s. The@%m&eﬁfdﬁ@@ﬂm&mﬂmﬂtmh@mﬁe@aﬁﬂbzmy

perform ng_.an iqpver di screte,cosi ra sfor of the filt M

coef fici enf€ mﬂﬂﬁ?mr@“& ﬁmg é‘é"ﬂfﬁ@%p re
sanpl essi zggeyy el imnating spatial pixel sarrpl e vaI ues according to a
predeterm ned decimation ratio; therefore, storing the |lower resolution
picture uses a snaller frame nenory conggprd.to that which would be needed

to store the hi gher resol uti on MP@HL pi cture. The operatlon of an exenpl ary

enbodi nent of the pgowr (.,OHV(-frbI (0] 0 ISYVASY Y f [ ™j nvention for
predicted franes of=the—erReati-Ag=s oSS #&hn this
exanple, the curre Pré épresent t he DCT
coefficients of th nARhe eﬂimibnnonent of thd predictied i mage nacrobl ocks.
I n the described exNopéfiDywe Shmapledent ,|3 he horjizont al {gonponepts of the
noti on vectors for| ehdifskined Phels’ ame e
Offset of 1st Down 0 2 1
Sampled
Luminance Pixel
Offset of 1st Down 0 1 2
Sampled
Chrominance Pixel

For downsampling of the progressive format image the lnminance signal is
subsampled for every second sample horizontally. For the chrominance signal, the down-
10  sampled pixel has a spatial position that is one-half pixel below the pixel position in the
original image. |
Macroblock Prediction for Downconversion

For the exemplary downconversion process, since the reference frames of the
previous images are down sized in the horizontal direction, the received motion vectors
15 pointing to these frames may also be translated according to tﬁef_conversion ratio. The
following describes the motion translation for the luminance block in the horizontal
direction. One skilled in the art could easily extend the fo]lowii_xg discussion to motion
transiation in the vertical direction if desired. Denoting x and y as the current macroblock
address in the original image frame, Dx as the horizontal decimation factor and mv, as
20  the half pixel horizontal motion vector of the original image frame, the address of the top



scal ed since the low resolution reference pictures of previous frames
stored in nenory do 15 not have the sane nunber of pixels as the high
resolution predicted frame (MP@IL). Referring to Figure 2, the notion
vectors of whesMe@lL bit stream provided by the VLD 210 argmriseypged to the
W transl ator 220. Each notion vector is scaled by the W translator 220 to
reference the appropriate prediction block of the reference frane of a
previous imge stored in reference frane nmenory 222. The size (nunber of

pi xel 20 values) in the retrieved bl-d@k is smaller than bl ock provided by
the | DCT processor 218; consequently, the retrieved block is upsanpled to
form a pr deft pixebef the smation dlack in theerigmabimagailtameg flengtedasXH dn thedalf pixelual

bl ock provide t DCT processor 218 before the bl ocks are conbi ned by
t he sunmmi nué&ngst%ernk@gg . The prediction block is upsanpled by the

up-sanpling processor 226 responsiyg 10 25 a control signal fgxomthe W
transl ator 220 to generate a bl ockgé@b'%'f*é'g‘b‘ondi ng to the origi nafﬁ)ohi gh

resol ution bl ock of pixels, and then half pixel values are generated - if

i cat ed by b Bl g6y %o Kol ooe RS B BHYRkARPpRE, 1 7 the

Hal f Pi xel Genera 28 - toensure proper spatial align

pr edi c§i orand/bag ém address dpaotethasatt and§*ahayjbeedetermintdatsingreghdtionl(2).s added in
sumi ng network 230 to the current 30 filtered block, which is, for this
exanpl e, the reduced resol ution regi &8l . gbuponent from . WO 98441029
PCT/ US98/ 04757 - 10- the prediction H-Bsk? A1 processing is done on a
macr obl ock by macrobl ock basis. After the nption conpensation process is
conplete for the current, hkﬁh-resol uti.on, nacr.obl ock, the reconstructed

macr obl oc kKEhedivigion of cquation &) 13an, tsgen,division With HuRcalion-i ng processor 232.

Thi s process does not reduce the resolution of the inmage but sinply renoves
Because the exemplary filter 216 and down sampling processor 232 only reduce

the horizontal components of the image, the vertical oomponer_it: of the motion vector is

10  not affected. For the chrominance data, the motion vector is one-half of a luminance
motion vector in the original picture. Therefore, definitions for translating the
chrominance motion vector may also use the two equations (1) and (2).

Motion prediction is done by a two step process: first, pixel accuracy motion
estimation in the original image frame may be accomplished by upsampﬁng- of down-
15  sampled image frame in the Up Sampling processor 226 of Flgunes 2A and 2B, then the
half pixel Generator 228 performs a half pixel interpolation by ._averaging of nearest pixel
values.

The reference image data is added to output data provided by the IDCT processor

218. Since the output values of the summing network 230 convé;pond to an image having

20  a number of pixels consistent with a high resolution format, mcéc-vﬂues may be
downsampled for display on a display having a lower resolutio.ﬂé.é - Downsampling in the
down sampling processor 232 is substantially equivalent to subsamphng of an image
frame, but adjustments may be made based upon the conversioxi}ljatio. For example, in the
case of 3:1 downsampling, the number of horizontally downsa;ni?_led pixels are 6 or 5 for

25  each input macroblock, and the first downsampled pixels are noi;always first pixel in the
input macroblock. i



5 redundant pixels fromthe |ow resolution filtered i mage. Down Sanpling
for Low Resolution Formats Down sanpling is acconplished by the down
sanpling process 232 of Figure 2 to reduce the nunber of pixels in the
downconvert egoogRfige Fi gure 3A shows the input and deci mat egegdopgizsPi xel s
for a 4:2:0 signal format for 3:1 decimation. Figure 3B shows the 10 i nput
and deci mat ed out put pixels for 4:2:0 chrom nance type 2:1 deci mati on.
Table 1 gives the legend identification for the Lum nance and Chrom nance
pi xel s of Figure 3A and Figure 3B. The pl¥kel positions before and after the
down conversion of Figures 3A and 3B are the interl|aced 53: 1 deci mati on)

and progressi ve Afterpceuiting thei corectanetion predigtion block fyom the down-sampled image,

Ghr oni nance iSapEne fansed 6gbf the Corresponcite HreaRAGE vl B i il SRt © |

whi oh 1y B the. o o 000 by 1090, pikel I mage o a 640 by
1080 pi xel PR ed pigtuge, [Horexample; Hﬁ@%,?-)itd}aem@&gndf 1554?9“3’?‘% forhaxe gf@@r s are
deci mat gd Oﬁlréegelﬁ’gi ¥Whﬂ Abticn predictibt for EHEABWRbYvertted pictire. ﬁ@kﬁ%&? n,

there are t macr obl’'ock types after the do conver si
process. | nwhich iy &fifif\pixel reguined bynthe muition vketoxydn additionotodbe dowivBanpled31, MB2.

The dovn sagplcd 080G RL Kl er, tbERich! lbbisdl poiind kb ShecBhiSEd ubih '

ori gi nal
modulo arithmetic as described in the following. The subpixel positions are denoted as x,
as given in equation (3):
10 X,=[X2H)%(Dx) 3)
where “%” represents modulo division.

For example, the ranges of x, are 0, 1, 2 for 3:1 upsampling and 0, 1 for 2:1
upsampling. Figure 4A shows subpixel positions and corresponding 17 predicted pixels -
for the 3:1 and 2:1 examples, and Table 3 gives the legend for Figure 4A.

15 Table 3
Symbol Pixel
. Downsampled
Pixel
A Upsampled Pixel
0 Prediction Pixel
O Extra Right and
Left Pixels for
Upsampling

As previously described, the upsampling filters may be upsampling polyphase
- filters, and Table 4 gives characteristics of these upsampling polyphase interpolation
filters.



MB1 and MB2 t he down-sanpl ed pixels start at the third and the second

pi xel s. Al'so the WO 98/ 41029 -

PCT/ US98/ 04757 - 11 - nunber of down-sanpl ed pixels in each macrobl ock are
not the samewologyslgll, there are 6 down-sanpl ed pi xels hori zg ingdokarsP Ut - 5
pi xels in MB1 and MB2. These three MB types are repeating, therefore Mdul o
3 arithnmetic is to be applied. Table 2 summari zes the nunber of

downsanpl i ng pixels and offsets for each input nacrobl ock VMB0, MBl, 5 MB2.

Table 2: MBO VBI MB2 No. of- Hown Sanpl ed 6 5

5 Lum nance Pi xels No. of Down Sanpl ed 3 3 2

Chroni nance Pixels Offset of 1st Down Table4: g 2 1 Sanpl ed
Lum nance Pixel (ffset of J1st Down Q 1 2 Qarm ed
Chr om nance {Pi xel For downsanpling of the progrgssi \ﬂelfor [ he

| um nance si naI i s subsanpl ed for every second |sStpsaig For

t he chroni ngr Pl ¢
that is one- [N[Lmbeglof‘iuap perow the prxet—posTtion Idl te 5

Maximum number of horizontal downsampled pixels | 9 13

bosi tion

Next two tables, Table 5 and Table 6, show polyphase filter coefficients for the
exemplary 3:1 and 2:1 upsampling polyphase filters.

5 Table 5: 3:1 Upsampling Filter
Phase 0 Phase 1 Phase 2

Double Precision  |.0,1638231735591 |0.0221080691070 | 0.3737642376078
0.79 00589359512 | 0.9557838617858 | 0.7900589359512
0.3737642376078 |0.0221080691070 |{-0.1638231735591
Fixed Point (9 bits) |.0.1640625 (-42) |0.0234375 (6) 0.3750000 (96)

0.7890625 (202) |0.95703125 (244) | 0.7890625 (202)
0.3750000 (96)  |0.0234375 (6) -0.1640625 (-42)

Table 6: 2:1 Upsampling Filter

Phase 0 Phase 1

Double Precision | 0,0110396839260 | -0.1433363887113
0.0283886402920 | 0.6433363887113
0.9211433515636 | 0.6433363887113
0.0283886402920 | -0.1433363887113
0.0110396839260 | 0.0000000000000

Fixed Point (9 bits) | 0.01718750 (3) -0.14453125 (-37)
0.02734375 (7) 0.64453125 (165)
0.92187500 (236) | 0.64453125 (165)
0.02734375 (7) -0.14453125 (-37)
0.01718750 (3) 0.00000000 (0)

In a fixed point representation, the numbers in parenthesis of Table 5 and Table 6
10  are 2’s complement representations in 9 bits with the corresponding double precision
numbers are on the left. Depending upon the subpixel position of the motion prediction
block in the downsampled reference image frame, one corresponding phase of the



original imge. Macrobl ock Prediction for Downconversion For the exenplary
downconver si on process, since the reference frames of the previous inmages
are down sized in the horizontal direction, the received notion vectors 15
poi'nting to wbessloks anes nay al so be translated accordi ng tgep8s645Yersi on
ratio. The follow ng describes the notion translation for the | um nance

bl ock in the horizontal direction. One skilled in the art could easily
extend the follow ng discussion to notion translation in the vertical
direction if desired. Denoting x and y'd§'the current macrobl ock address in

t he origi nal e fra as ontal decimatjon factor and
nv[err] as ggl‘% 05%“‘?1'6 zﬁﬁ?afmﬁkﬁ?@ﬁpm?@?meﬁtﬁéd@@@l nal

| mage frampixdld\én Gddée isd bttaPeeusfe@@o teryéia8 377 P&% els in
PCT/ US98/ 04757 - 12- Ieftﬂ%m xel of tlﬁlee hot 1 on octalplx she or| I mage

franme, dendmage framy{Fon example;dn thesiasecof 31 idecimationyiaupaxitym(of)6 honzoﬂxuyr

| d th t
! Sek' Lt ar dowasampled pixels are produced %%Beg@?m%uf‘em E B eumioubd (om0t od oo
x* and §* rupyanigslinged dotizorntal pixeisige astdab pfotutehe ondmg mbkibr Bh&ﬁaﬂ Y* =

The division o equatlon Is an in r

::I(i vi si on witiogkvalpes 9?‘?%%? a%@émgtfﬂ@rm mere leftjan nglmmxﬂhm
he ver ti oo Sy doru ity Lo Shed e abily Wﬁ@%&a%ﬁol "the
chr om nanc @ixehmetion lestinationp 17 pixels are needaiie-getl haif pizels wiiichaure the average

values of nearest two pixel samples. A half pixel interpolator performs the interpolation

10 operation which provides the block of pixels with half-pixel resolution. Table 7A

iflustrates an exemplary mapping between subpixel positions and polyphase filter

elements, and shows a mumber of left pixels which are needed in addition to the pixels in

the upsampled block for the upsampling process.

Table 7A
Sub Pixel Polyphase | No. of Extra | Coordinate
Position Left Pixels Change
3:1 Upsampling | 1 1 X->x-1
1 2 1 X->x-1
2 0 0
2:1 Upsampling | 0 2 X->x-2
1 1 2 X->x-2

15

Figure 4B summarizes the upsampling process which is performed for each row of
an input macroblock. First, in step 310, the motion vector fof the block of the input
image frame being processed is tgceived. At step 312, the motion vector is translated to
correspond to the downsampled reference frame in memory., At step 314, the scaled

20  motion vector is used to calculate the coordinates of the reference image block stored in
memory 130. At step 316 the subpixel point for the bloc':k is détermined and the initial
polyphase filter values for upsampling are then detemuned at step 318. The identified
pixels for the reference block of the stored downsampled reference frame are then
retrieved from memory 130 at step 320,



notion vector in the original picture. Therefore, definitions for

transl ating the chrom nance notion vector may al so use the two equations
(1) and (2). Motion prediction is done by a two step process: first, pixel
accuracy notwoes/qaeds mation in the original inmge frane naypoeuvsssmng! i shed
by upsanpling of down- 15 sanpled image frame in the Up Sanpling
processor 226 of Figures 2A and 2B, then the half pixel Generator 228
performs a half pixel interpolation by averaging of nearest pixel values.
The reference inmage data is added to ouﬂﬁut data provided by the |IDCT

processor 218. e t out pu v Iues of e sunmi rk 23
correspond to a eﬁl‘l’ qﬂﬁﬁ S&FFB othe 'gogﬁﬁ\gﬁ?fm ith a
hi gh resol yh ﬁgﬁis 22, Wéh r@m@é:eﬁwup%nﬂemhﬁéesftﬂés@aﬁmgn a

di spl ay haV| ng a résol ufi on. Downsanhpling in. the down sanpling
processor Bdregistessith thetinitibl 3 oy pixebvadues. (Thes,udften fisesingsterf 324 therproeess r ane,

but adj‘ust nent s. ma be bas t he, convers . For exanpl e,
" the cas B A2 e a SR ebE PSP i 1 i BB o
pi xel s qr eeﬁxbeam{énmm Is. e all pixtiHiaveBednftbeated, thepkdiipléd BI6Ek Mownsanpl ed

pi xel s are not_ always first pi er in the input macrobl ock. V\D 98/ 41029
PCT/ US98/ 049mplete. 1Fpr.an exemplaryembadiment; 3 &7 by P pixel blogk isgetusied for the 3BPeN ock

pr a0 ot on Ob AR ol pASRD 3t a Bl for e Cosn, B pIa AR SRR,

accuracy i 328pindahe phase is qhedddpfordreownheslfrthdnphmrs ety thh)mglmmmbed
pi cture. For  ex , using.3:1 decingtion, it is desirgple,to have 1/3 (or
511165 < ImORALIOR seiaeioss O Anflotiten Tioe chepabot SR o28 SRHRIHDE b iash
pi cturg TRgIue &P, X&ind 2 for the filter loop period for exemplary 3:1 upsampling and to 0, and
1 for the filter loop period for 2:1 upsamp]_ing. ‘Where the left-most pixel is outside of a
boundary of the image picture, the first pixel value in the image picture may be repeated.

For an exemplary embodiment, the upsample filtering operation may be

implemented in accordance with the following guidelines. Fn-st, several factors may be
15  used: 1) the half-pixel motion prediction operation averages two full pixels, and

corresponding filter coefficients are also averaged to provide the half-pixel filter

coefficient; 2) a fixed number of filter coefficients, five for example, which may be

equivalent to the number of filter taps, may be employed regardless of the particular

downconversion; 3) five parallel input ports may be provided to the upsanipling block for
20 each forward and backward, lower and upper block, with five input pixels LWR(0)-

' LWR(4) for each clock transition for each reference block bemg combined with ]
corresponding filter coefficients to provide one output pixel, and 4) the sum of filter
coefficients h(0)-h(4) combined with respective pixels LWR(O)-LWR(4) provide the
output pixel of the sampling block.

25 Filter coefficients are desirably reversed because the--;nigl_:tiplication ordering is
opposite to the normal ordering of filter coefficients, and it mﬁy__-‘-_be desirable to zero some
coefficients. Table 7B gives exemplary coefficients for the 3:1 ﬁixpsamp]ing filter, and
Table 7C gives exemplary coefficients for the 2:1 upsamphngﬁlter



which is a first pixel required by the notion vector, in addition to the
down-sanpl ed notion bl ock, is determ ned. Then, subsequent subpi xel
positions are determ ned using nodulo arithmetic as described in the

fol'l owi ng. TNve o8Midaé xel positions are denoted as x[err] as

equation (3): 10 erri ?Q&qutu)
(3) 2 where "% represents nodul o division. For exanple, the ranges of
x[err] are 0, 1, 2 for 3:1 upsanpling and 0, 1 for 2:1 upsanpling. Figure
4A shows subpi xel positions and correspbﬁdlng 17 predicted pixels for the
3:1 and 2:1 exanples, and Table 3 gives the |l egend for Figure 4A. 15

Tabl e 3 Synbol Pi xel . Ta%msarrpl ed Pixel [err]
Upsanpl ed Ri-xek—=o Rradictiaon Lerrl Extra Right and Left
Pi xel s for JUpsanpl i niguieixgl e JM@FM%WE’MIS“W Y Sabpixd Ag Subpikel 55| may
psanpl | g |arE CRaE et bol 481 on 1| Leer s. | P o8] Pkozo. [T - ] oo
PCT/ US98/ 04757 44 223 202 149 202 223
6 51 96 149 -42 -18
0 0 0 =21 0 0
0 0 0 0 0 0
Reference | x -1 x-1 x-1 x-1 x X
Phase 01 00 10 01 00 10
Half Pixel 0 1 0 1 0 1
Table 7C
Subpixel O | Subpixel 1 | Subpixel 2 | Subpixel 3
Filter Coeff. 3 2 <37 -17
7 -15 165 86
236 200 165  |200
7 86 -37 -15
3 -17 0 2
Reference X2 x-2 x-1 x -1
Phase 0w 00 01 ' 01
Haif Pixel 0 1 0. 1
5 In Tables 7B and 7C, x_ is the downsampled pixel position defined in equations
(1) and (2), and subpixel position, x,, is redefined from equation (3) as equation (3’)
X, = (XH) % (2Dx) 3"

For chrominance values of the exemplary nnplementatlon, XH is scaled by two
and equations (1),(2) and (3°) are applied. In one embodlment  phase and half pixel
10 information (coded as two bits and one bit, respectively) i is used by motion compensation

* SUBSTITUTE SHEET (RULE 26)



- 14- Table 4: 3:1 2: 1 Nunber of Pol yphase Filters _ 3
2 Nunber of Taps 3 5 Maxi num nunber

of horizontal downsanpl ed pixels 9 13 Next two tables, Table 5 and

Tabl e 6, showomslsymbase filter coefficients for the exenpl ,égﬁmggg 2:1
upsanpl i ng pol yphase filters. s

Upsanpling Filter PhaseO Phase 1 Phase 2 Double Preci si on
-0.1638231735591 0.0221080691070 0. 3737642376078 0. 79 00589359512

0. 9557838617858 0. 7900589359512 0. 373¥B812376078 0. 0221080691070

-0. 1638231735591 Fixed Point (9 bits) -0.1640625 (-42) 0.0234375 (6)

0. 3750000 (PRovessorA220@nd half: gengrator 238 10f Figure 2B. For ezane srefezgrl bivcB 750000

(96) 0.0 G L ngeFi.l ter
Phage 0 P %aslg%@é%f@%%c‘f iy bk S el 85010 malv i
- 0. 143336388 rkidkel MABLSB 6ydddd Y p ﬂel@éﬁeaaﬁa&gﬁg@ gﬂg %gﬁ%’g@%&lm
0. 643336388711 02 6402920 1433363
0. 00000000088%H ﬁ%‘%ﬁgﬁﬁ :?TS ‘{%9"’5}1?%5? t%s Hive pixels; repeatingtyice; - 37)
0. 02734375 {iifiing theHab WP are Snd AGEAting I BIGH% é.ﬁs’r@h. THE i€ Rithdd nhah )
used for 2:1 decimation except that it is repeated once rather than twice. Input pixels are
~ repeated since decimation follows addition of the output from motion compensation and
half-pixel generation with the residual value. Consequently, for 3:1 decimation, two of
three pixels are deleted, and dummy pixels for these pixel values do not matter.

10 DCT Domain Filtering Employing Weighting of DCT Coefficients

The exemplary embodiment of the present invention is employed with the DCT
filter 216 of Figure 2 which processes the DCT coefficients in the frequency domain,
replacing a low-pass filter operation in the spatial domain. There are several advantages
in DCT domain filtering instead of spatial domain filtering for DCT coded pictures, such

15 as contemplated by the MPEG or JPEG standards. Most notably, a DCT d.omain filter is
computationally more efficient and requires less hardware than a spatial domain filter
applied to the spatial pixel sample values. For example, a spatial filter having N taps ma}-'
use as many as N additional multiplications and additions for each spatial pixel sample
value. This compares to only one additional multiplication in the DCT domain filter.

20 The simplest DCT domain filter of the prior art is a truncation of the high
frequency DCT coefficients. However, truncation of high frequency DCT coefficients
does not result in a smooth filter and has drawbacks such as “ringing” near edges in the
decoded picture. The DCT domain low-pass filter of the exemplary embodiment of the
present invention is derived from a block mirror filter in the spatial domain. The filter

25 coefficient values for the block mirror filter are, for example, optimized by numerical
analysis in the spatial domain, and these values are then converted into coefficients of the
DCT domain filter.



0. 02734375 (7) -0. 14453125 (-37) 0.01718750 (3) 0. 00000000 (0) In a
fi xed point representation, the nunbers in parenthesis of Table 5 and Tabl e
6 10 are 2's conplenent representations in 9 bits with the correspondi ng
doubl e precwﬁtgmuwgnbers are on the left. Dependi ng upon t hgridsitss!
position of e notion prediction block in the dowsanpl ed reference i mage
frame, one correspondi ng phase of the WO 98/ 41029

PCT/ US98/ 04757 - 15 - pol yphase interpolation filter is used. Also, for the
exenpl ary embodi nent additional pixels-o0-the left and right are used to
interpolate 17 horizontal pixels in the orlglnal i mmge frame. For exanple,

in the case of wmm&mmmmdmswﬁn Srdopwin Blteripgdn enlydhe| ed

5:o)s(glrrf)l ?LS,W%?’ pI xe s ar e‘%@é%ggg?no%ce he"&ﬁesﬁgn&uﬂg

nmot i on pr eddifdetion obbak by ¢ambiniglireiaontal 4d vefticanfilkernng filter requires nore
| eft and right pi xel s outside of the boundary for the filter to operate.

Since the e ar nt e i xel notion estimtion, 17
pi xel s are %P%@e‘gbﬁ% %@Eyeq?‘?%?ﬁg are the average val ues of
nearest two pixel s I xe terpol ator perforns the

i nt er poPation 1@6@%@?@!!@%@#3 {HY [the pressf inyentign, i derivgd frpm
hal f - pi xel %&%ﬁ@ﬁ&@%ﬁt@iﬂt&rb&%&%ﬁ&%%ﬁﬁm m@dmﬁigfa%wen

subpi xel positions and pdlyphase filter el éments, and shows a nunber of
| eft pi xel sblogk nﬁthanaagereramtusmwmxmaﬁm fromtpx@wpusddodcsuotiapmrgp@mpl ed

bl ook f ot t 0 up SRRl RLARES 8 vislsihlyor Mook {duRtalish which TRLRNRS e sl O
pmcesses boundary pixel values.
10 According to the first constraint, in the DCT based compression of an MPEG

image sequence, for example, N X N DCT coefficients yield N X N spatial pixel values.
Consequently, the exemplary embodiment of the present invention implements a DCT
domain filter which only processes a current block of the received picture.

According to the second constraint, if the filter is simply applied to a block of

15  spatial frequency coefficients, there is a transition of the filtering operation at the block
boundary which is caused by an insufficient number spatial pixel values beyond the
boundary to fill the residual of the filter. That is to say, coefficient values at the edge of a
block cannot be properly filtered because the N-tap filter has values for only N/2 taps, the
remaining values are beyond the boundary of the block. Several methods of supplying the

20  missing pixel values exist: 1) repeat a predetermined constant pixel value beyond 2
boundary; 2) repeat the same pixel value as the boundary pixel value; and 3) mirror the
pixel values of the block to simulate previous and subsequent blocks of pixel values
adjacent to the processed block. Without prior information on the contents of the
previous or subsequent block, the mirroring method of repeating pixel values is

25  considered as a preferred method. Therefore, one embodiment of the present invention
employs this mirroring method for the filter and is termed a “block mirror filter.”

The following describes an exemplary embodiment which implements a horizontal
block mirror filter that low-pass filters 8 input spatial pixel sample values of a block. If
the size of input block is an 8 X 8 block matrix of pixel sample values, then a horizontal



Posi tion | Left Pixels Change 3:1 Upsanpling O
1 1 Xx->x -11 2 1
X*- >x%x | 2 0 2.1 Upsarrpl ing O

0 X*¥- > x*-2 1

X* -> x*-2 1gvi?gure 4B summari zes the upsanpling process W}!" msssm
perf-ormed for each row of an input macroblock. First, in step 310, t he
notion vector for the block of the input inmage franme being processed is
received. At step 312, the notion vector-20s- translated to correspond to the
downsanpl ed reference frane in ms*rmré‘l At step 314, .the scal ed 20 not i on

vector is usiitering cenbe dpua ey anplying, e dlogkmeisrop ter-fe opelr romeofcR pixelsgmpls oc k

stored in S

det er mi ned a\%&%h%%b?tagﬁ&%g éﬁa%@ﬁfﬁ“t er hﬁﬁ@éﬁwmégﬁg%&t&ﬁggare t hen
determ ned aimpld w?@mgmmmmﬁmemmekm ,[orakde of
the stored downsarrp reference frane P%re then retrieved from rrem)ry 130

at step 320. mul tggmgmaybeaccom shed by filtering the rows and then filtering
PCT/ US98047, I P&Iecﬂl& irst pass at the filtering step 324, the
regi sters oftitzﬁgugﬂftoer may be |n|t|aI|zed at step 322, which, for the

exenpl ary enbodi t he

initial 3 or 5 p%%es é?rﬁ:lﬁ'g??g?gpf)h@e“ ngéa'teﬂex%ﬁg’bﬂ’&%wp%o ess

det er mi nes, thtoughep (Hd6p XOhaidfiter sps for arcéxemphivy nﬂnmﬁlmrd‘oe&nmdt pmbisch for

the exenpl ar odi nt |s | xel s | pi X a

Cpr ocessgg %@cﬁmﬂ%ﬁg& iﬁte?represente& I)ygpvaﬂxesﬁot?mougﬁi emput

f pixels are mirrored on the left side of group X0, shown as gro__up X1, and on the right

10  side of group X0, shown as group X2. The output pixel valie of the filter is the sum of
15 multiplications of the filer tap coefficient values with th*ejfcprresponding pixel sample
values. Figure 5 illustrates the multiplication pairs for the first and second output pixel
values. |

The following shows that the block mirror filter in the spatial domain is equivalent
15  to DCT domain filter. The mirror filtering is related to a circular convolution with 2N

points (N=8).
Define the vector x’ as shown in equation (4).
*'(0)=x(n)+x(2N-1-n); 0<=n<=2N-1 @)
In the case of N=8,
2 x*=(x0, x1, x2, X3, x4, x5, x6, 7, xT, xs'?":is x4, x3, %2, x1, x0) -

Rearranging the filter tap values h, through hy,, and denotmg the rearranged
values by h’

=(h7, b8, h9, h10, h1l, hi2, hi3, h14,__d; HO, hl, h2, h3, hd, h5, h6)

Therefore, the mirror filtered output y(n) is a clrcular convolution of x’(n) and
25  h’(n) which is given by equation (5). E

y(m)=x'(n) ® h’(n) ®
Which is equivalent to equation (6).



conpl ete. For an exenplary enbodinment, a 17 by 9 pixel block is returned
for the upper or |ower notion block. If all pixel's have not been processed,
t he phase is updated at step 328, and the phase is checked, for the 0
value. If t Is zero, the registers are updated for dsssyset of
pi xel valuegﬁjfggg?ing t he phase at step 328 updates the pﬁgggslo 5"’value
to O, 1, and 2 for the filter |loop period for exenplary 3:1 upsanpling and
to 0, and 1 for the filter | oop period for 2:1 upsanpling. Were the
left-nost pixel is outside of a boundarglef the inmage picture, the first

pi xel value in the inmage picture nay be_repeated. For an exenplary

enbodi nent, the upsanple filteri ng r I mpl enent ed
accordance with the follow ng gui d esk d’—xn[rs }lhgiveral factorsdi may be 15

used: 1) the hal f-pixel notion predi ctlon operation averages two full

pi xel s, and corresponding filter coefficients are also averaged to provide
t he hal f-pi xel filtewhereefnk]isatcircdlar motilaofi xt{ohdedr of filter
coefficients, five for exanple, which nay be equivalent to the nunber of
filter taps, may be errpl, gd,(hg a[ﬁ‘g_e_ﬁs of the particular downconversi on;
3) five parallel input® &' provided to the upsanpling block for 20
each forward and backwaph)=kena2NgFek vgper block, with five input pixels
LWR(0) - LWR(4) for each cI]ock transition for each reference bl ock bei ng

conbi negl Wi th CofyeRbrRdiolutibd B th ffiihl ddkith Shdwh i'eQUdAtR (5) Grbidnds

pi xel , and 4) the sumof filter coefficients h(0)-h(4) conbined wuth

respective mmmcmmn(ﬁpﬁm(m;hqﬁmwm Tonglorm @R'E) dayhain.h Definingl i ng

mircpl i carY@hat PR 76 e Sl e i il 3 BB BBRAET

coefficients, and it may be desi rab% me coefficients.,_ Table 7B
gi ves exerrplary coefficients for t N @S ing filter, andq')able 7C

gi ves exenpl ary coef f | CI eﬁt&) afn?er’t@eargth]é mg,ls,aor}p ,{IS%I“]; LJ(;)e;eépecﬁvely.

10 Equations (4) through (7) are valid for a filter with a number of taps less than 2N,
In addition, the filter is limited to be a symmetric filter with an odd number of taps, with
these constraints H’(k) is a real number. Therefore, X’(k), the DFT of x’(n), can be
weighed with a real number H’(k) in the DFT frequency-domain instead of 2N
multiplication and 2N addition operations in the spatial domain to implement the filtering

15  operation. The values of X’(k) are very closely related to the DCT coefficients of the
original N-point x(n), because an N-point DCT of x(n) is obtained by the 2N-point DFT

of x’(n) which is the joint sequence composed of x(n) and its mirror, x(2N-1-n).

The following describes the derivation of the DFT coefficients of the spatial filter,
H’(k), by assuming a symmetric filter having an odd number of taps, 2N-1, which is
20  h(n)=h(2N-2-n), and equivalently h’(n)=h’(2N-n) and h’(N)=0. Define H’(k) as in
equation (8).

Hl(k) = ZNE-: hl(n) 'WZNkn = h’(0)+2 Nil h'(n)-cos—nl?— (8)
n n=]

where W, = exp{-2nkn/(2N)}; and H’(k) = H’(2N-K).

The inventor has determined that the 2N-point DFT of x’(n), X’(k), can be
25 expressed by its DCT coefficients as shown in equation (9).
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- 17- Table 7B Subpixel 0 Subpixel 1 Subpixel 2 Subpixel 3 Subpixel 4

Subpi xel 5 Filter Coeff. 6 -18 -42 -21 96

51244 wod8/41029 202 149 202 223pcrrusesingrst Sl

96 149 42 -18 0 0 0 -21

0 00 0 0 0 0 0

Ref ence x*-1 x*-1 x*-1 x*-1 X* x* Phase

01 . 00 10 01 -22-00 10 Hal f Pi xel 0

L uboi xer S £y % s l}ﬂTabl e 7C Subpixel 0 Subpixe
u pi xe F. -

-17 }g(k) (}i)ewz,?‘ ot Qgg 236 200 ® 165 200

7 86 - 37 - 15 3 -17 2

Reference  X"2 whereadihi BCT coeffickent §f x @), dfk)iisﬁbéﬁﬁyequgnon(m) 00

In Tables 7B and 7C, x* is the dovm%@(glpl d pixel position defined in.
equations (1) and (2), afk)=SsDhp(nyeds B0, KYKk) | fori B<katfefli n€0)f r om
equation (3) as equation (3% x[err] (XH % 2Dx)

(3'") For chrom nance val ues of the exenplary inplenentation, XH is scal ed
by two and C(k)=0 elsewhere.

5 The values of X’ (K), the DFT coefficients of x’(n), can be expressed by C(k), the
DCT coefficients of x’(n) by the matrix of equation (11).
Won¥2.c(k) for  ksN-1

X'(k) = 0 for k=N 1)
Wy ¥2.c(2N-k) for N+1sk<2N-1

The original spatial pixel sample values, x(n), can be also obtained by IDCT
(Inverse Discrete Cosine Transformation) shown in equation (12).

nk(n+1/2)

10 x(n) = ——Z a(k)-C(k)- cos———=

(12)

where ou(k)=1/2 for k=0 and 1 otherwise.

The values of y(n) for 0< =n< =N-1, are obtained by IDFT of
X’ (KH’ (k) given in (13):

) 2N-1
}'(n)=§'ﬁ‘{ kzo X'(k)'H'(k)‘wzn-h}

15 =-2—lﬁ{ T O(k)-H'(K)- Wy 50412 4 5 _ (2N k). H/(2N -X)- W, -k(“’f"’)}
k=

k—N-H

L8 o)) - 2CEVD iy



and equations (1),(2) and (3') are applied. In one enbodi nent, phase and
hal f pixel 10 information (coded as two bits and one bit, respectively) is
used by notion conpensati on WO 98/ 41029

PCT/ US98/ 047wb osraidde - processor 220 and hal f - pi xel gener at opcpgshslysii gure
2B. For exanple, reference bl ock pixels are provided as U pixels first,

pi xel s next, and finally Y pixels. Uand V pixels are clocked in for 40
cycles and Y pixels are clocked in for 144 cycles. Reference bl ocks may be
provided for 3:1 decimation by providing23he first five pixels, repeating
twce, 5 shifting the data by one, and repeating until a row is finished.

The sanme net hod FagvaBesBLofeghationi(13)e are the spagials of thedDGE, of GB{BRt ed
once rat her-[?,%g \ ?pafil:ﬁﬂdén’n?i tﬁé‘r | | Lan foll ows
addi ti on of efbé‘%f}/%ﬁ rom no i%ﬁbgoﬂ%ensgflﬂ%n anye%ﬂﬁf‘ggfxi eglé:li%ugner ation
with the resfiequency-deinain.coéfficieatsirepredenting the idage tleck with HYEK) ahdihenf t hree

pi xel s are del.eted, .a H%u I X Gaf r these pixel values do pot natter.
10 DCT DoREHormEng fh@&ﬂ %gﬂgﬁ \)@ﬁ‘@ﬁ"u W“&?“%@F P%&e‘ﬁf“?s#h
exenpl arsy e | d6idinOf the present invention is enployed with the DCT
filter 216 of Figure 2 which processes the DCT coefficients in the

frequency domain badiinaak eﬂ@fa}% ' ﬁgngp a?ﬂgqﬂ b al
dormai n. There ar(e)nggi\i}eral adélfgirxl‘?g%e | B}% omaﬁtl |Itgﬁ£§$%§?g%d of
Epat ihal Ng(égm der?;d asby ﬁg;’bmwiﬂtﬂqmdéd opf)dhnmsisnalémg@a&fisymmletia:ﬁmasrpl at ed
y the r st ar ds. st _nota a opai.n filter.i.s
conput at i onSPP™ FERE0SF IR oLIRps W H’?L‘%‘ﬁ"@%%ﬁ‘d P’&‘%‘W&ﬁ"e@%‘ﬁ%ﬁi al
domai n filt afe inerehsed t 2N valils 5Ppiddidg Witk Sro AT fitieF sRfFcidR ard ¥iRhged 2

spatial filter having N taps nay use as many as N additional .
mul ti pl {%at pethat theriginal w@ﬂ&m&%gﬁe@gm zgroth peaitionsbinp left cirenlag shifth )

conpares t o AhGnHSEAls bf H3Feartitbld Rivkr%RbiRibntshrd Bfierttidled? SRl DET! LE7 -
coefficients are multiplied with the real number DFT coefficients of the filter; and 6) an
inverse discrete cosine transform (IDCT) of the filtered DCT coefficients is performed to
provide a block of low-pass-filtered pixels prepared for decimation.

15 The cutoff frequency of the low-pass filter is determined by the decimation ratio.
For one exemplary embodiment, the cutoff frequency is n/3 for a 3:1 decimation and =/2
for a 2:1 decimation, where % corresponds to one-half of sampling frequency.

A DCT domain filter in MPEG and JPEG decoders allows memory requirements

to be reduced because the inverse quantizer and IDCT processing of blocks already exists
20  in the decoder of the prior art, and only the additional scalar multiplication of DCT

coefficients by the DCT domain filter is required. Therefore, a separate DCT domain

filter block multiplication is not physicaily reqmred in a particular implementation;

another embodiment of the present invention simply combines the DCT domain filter

coefficients with the IDCT processing coefficients and applies the combined coefficients
25  to the IDCT operation.

For the exemplary down conversion system of the present invention, the horizontal
filtering and decimations of the DCT coefficients were considered; and the following are
two exemplary implementations for:



20 The sinplest DCT domain filter of the prior art is a truncation
of the high frequency DCT coefficients. However, truncation of high
frequency DCT coefficients does not result in a snooth filter and has

dr awbacks suwbosgiezs i Ngi ng" near edges in the decoded pict Ug@rushfersFT
domai n | owpass filter of the exenplary embodi ment of the present |nvent|on
I's derived froma block mrror filter in the spatial domain. The filter 25
coefficient values for the block mrror filter are, for exanple, optimzed
by nurerical analysis in the spatial dor#R, and these values are then
converted into coefficients of the DCT donmmin filter. WO 98/ 41029

PCT/ US98/ 04757 - 19 -I-M&2ﬁwmﬂ¥ma@0bnﬁemmm@mm domai n

filtering in only theﬁﬂﬁ-{zb &yon DCT domain filtering can be
done in either horizohta or ver I'cal direction or both by conbining
hori zontal and verti cal vati on Do.maln F|Lter
Coefficients 5 f V% eftPI@élby?go e

present invention is @mmmﬂinmcmggpnstral nts: flrst that the filter
process inmage data on a block by block basis for each block of the imge

Wi t hout susi ng i nfrakleBishews fhe DOP bRk AlifroP uﬁgg%&iﬂé{eﬁts fPapies fHed,
that the filter reduce the VISIbI|It¥ of bl oc bo aries which occur when
'8

the filter geobesdttheparenthesiyars it 3'sicomplemegtary representations Terfy”tof t he

For " exanpl e RE R B b br BARRRQTRE 2 300 4 cBpiklly UG "

Consequent | becanecthe xalnp isangre dhinol}i howevero bs isthowntb?fmé skillycii the Brt) IﬁB' enent s

gi Etcl_ r g? mal n L llitcgtgon\’\,r}J tlcxe coiumxnl cgeﬂolc estg %? the b(igcrkrbeyn \?altlgec E:d?cfatezl rﬂ? tlrxeeg Sal.nv ed

10 be easily implemented by adding the coefficient value to the coefficient multiplied by the
fractional value (remainder) of the filter value.

Table 8

3:1 Decimation 2:1 Decimation
H{0] 1.000000000000000 (511) 1.0000000000000000 (511)
H[1} 0.986934590759779 (505) 1.0169628157945179 (*)
H[2] 0.790833583171840 (405) 1.0000000000000000 (511)
H[3] 0.334720213357461 (171) 0.82247656390475 166 (421)
H[4] -0.0323463361027473 (-17) 0.46728234862006007 (239)
H[5] -0.0377450036954524 (-19) 0.10634261847436199 (54)
H[6] -0.0726889747390758 (37) -0.052131780559049545 27 .
H[7} 0.00954287167337307 (5) -0.003489737967467715 (-2)

These horizontal DCT filter coefficients weight each.column in the 8 X 8 block of
15 DCT coefficients of the encoded video image. For example, the DCT coefficients of
column zero are weighted by H[0], and the DCT coefficients of the first column are
weighted by H[1] and so on.

The above description illustrates a horizontal filter implementation using one-
dimensional DCTs. As is known in the digital signal processing art, such processing can
20  be extended to two-dimensional systems. Equation (12) illustrates the IDCT for the one-



According to the second constraint, if the filter is sinply applied to a

bl ock of 15 spatial frequency coefficients, there is a transition of the
filtering operation at the block boundary which is caused by an

I nsuf fici ent wyyghedespati al pi xel val ues beyond the boundar yci/gsdsiolisrt he
residual of the filter. That is to say, coefficient values at the edge of a
bl ock cannot be properly filtered because the N-tap filter has values for
only N2 taps, the remaining values are beyond the boundary of the bl ock.
Several methods of supplying the 20 m28i-ng pi xel val ues exist: 1) repeat
a predeterm ned constant pixel value bexond .a boundary; r epeat the sane
pi xel val ue dimensipnaleasp, Fapseapenily) eqpation (122 gf W“oﬂ‘“ﬁﬁl engighales of
t he bl ock tqﬂ? Iate previ ous and subsequent bI ocks of pi er val ues

adj acent to e’'processed bl ock. Wthout prior information on the contents
of the previous or subsequent bl ock, the m :(rorl ng rre; hodk)of repeati ng

pi xel values is comgﬁ er (2xd+Maeh od(2yRnhvaf or e,

enbodi ment of th gr‘@s’ew %{'ﬁ?ﬁ%m gﬁ%“ thp® mﬁpPorQy\g met hoélggr t he
filter and is termed a "bf'ock mirror filter." The fol | owi ng describes an
exenpl ary enbodi nent which inplenents a horizontal block mrror filter that
low-pass filters 8 input spatial pixgl; sanple values of a block. If the
size of input block is_.,an g 3(8 Ioc t ujw=0f pi xel sanple values, then a
hori zont al VO 98/ 4 HpsE CW (vyare 3.4/2

PCT/ US98/ 04757 -20 - filtering can bk ldo®®e*&ppl ying the bl ock mirror
filter to each row of 8 pixel sanple values. It will be apparent to one
skilled in the art that the filtering process can be inplenented by

appl yi ngst hewlieré f(aw)um@mmmmmm,mmwmﬁnmmm hat

tmjhlaal ]gl: lrr;agf:q%&ag Iterlggu‘mét%e achﬁ)llﬁﬂed br fI({tetl ng thﬁlerows and

coefficients C(u), C(v) are known, as are the values of the cosine terms, only the
transform domain coefficients need to be provided for the processing algorithms.

For a two-dimensional system, the input sequence is now represented as a matrix
10  of values, each representing the respective coordinate in the transform domain, and the
matrix may be shown to have sequences periodic in the column sequence with period M,
and periodic in the row sequence with period N, N and M being integers. A two-
dimensional DCT can be implemented as a one dimensional DCT performed on the
columns of the input sequence, and then a second one dimensional DCT performed on the
15  rows of the DCT processed input sequence. Also, as is known in the art, a two-
dimensional IDCT can be implemented as a single process.

Figure 6 shows an exemplary implementation of the filter for down-conversion for
a two-dimensional system processing the horizontal and vertical components implemented
as cascaded one-dimensional IDCTs. As shown in Figure 6, the DCT filter Mask 216 and

20 IDCT 218 of Figure 2 may be implemented by a Vertical processor 510, containing a

Vertical DCT filter 530 and a Vertical IDCT 540, and a Horizontal processor 520,
containing a horizontal DCT filter and horizontal IDCT which are the same as those
implemented for the vertical components. Since the filtering and IDCT processes are
linear, the order of implementing these processes can be rearranged (e.g, horizontal and



Figure 5 shows an exenpl ary correspondence between the input pixel values
x[err] through Xferr] (group XO and filter taps for an exenplary mrror
filter for 8 input pixels which enploys a 15 tap spatial filter represented

by .tap val uegolegmresd t hrough h[err]. The input pixels are mouseses7en t he

| eft side of group XO, shown as group Xferr], and on the right 10 si de of
group XO shown as group X2. The output pixel value of the filter is the.
sumof 15 nultiplications of the filer tap coefficient values with the
correspondi ng pi xel sarrpl e vaI ues. Figur4?s illustrates the multiplication

pairs for the firs seco u pi xe The fol l.,om ng shows
that the blVEHe ﬁﬂ’ﬂqgt‘i‘? W‘gﬂ?ﬂ‘é P"iﬁg‘n‘ﬁrﬁf 5;secand, PR WFEYRI® 8T o pCT
domain filtg, c%@oé&ioigﬁo i‘:k&thﬁdl—l@ﬁzdn‘ialﬁée%&s%f‘ﬁ@(s@coﬁh})cm ar convol ution
with 2N p0|nts fine the vector x' as shown in equation (4).

2N- f
)lilz(sn) ZX(n) x( ﬂltﬁgpmmmgléﬁlﬁnmﬁﬁn?%ﬁnxfggum6 theVerﬁéprd%e&Bxesﬂ?);ﬁ? 0

x3, x2, xl foﬂﬁi)ved?byaalbhcyl'ﬂrylspb&eQpehatmrSSOa}wh!QImhds[thwm]wstmdmlymnhpﬁﬂle]

and denotl the rearranged yal.ues b 8, h9 hl2
h13, hi4 Y?{““LEI&FF?&/YM““ &P@)bﬁ‘ﬂ%@mﬁ;"m g f}‘?‘l’é‘f‘%d

out put Y(n)bdﬁseat&hﬁ:fddkﬂheéﬂm bf evin ﬁén(b?)prﬁﬂﬁngﬁlebl&ldfﬁipmes@ih m
given by equation (5 y(n) x (n [err] h'(n) (5) i ch
I s equival € O@Z@Efaian WD 98/ 41029 i
PCT/ US98/ 04757

The encoded video block, for example an 8 X 8 block of matrix values, is

received by the Vertical DCT filter 530, which weights each row entry of the block by

10 the DCT filter values corresponding to the desired vertical decimation. Next, the Vertical
IDCT 540 performs the inverse DCT for the vertical compo_xﬁents of the block. As
described previously, since both processes simply perform a matrix multiplication and
addition, the DCT LPF coefficients can be combined with the vertical DCT coefficients
for matrix multiplications and addition operations. The Vertical processor 510 then

15  provides the vertically processed blocks to the Transpose Operator 550, which provides
the transposed block of vertically processed values to the Horizontal processor 520. The
Transpose Operator 550 is not necessary unless the IDCT operation is only done by row
or by column. The Horizontal processor 520 performs the weighting of each column entry
of the block by the DCT filter values corresponding to the desired horizontal filtering,

20  and then performs the inverse DCT for the horizontal components of the block.

As described with reference to equation (12’), only coefﬁcients in the transform
domain are provided to the processing algorithms; and the operatlons are linear which
allows mathematical operations on these coefficients only. The operations for the IDCT,
as is readily apparent from equation (12*), form a sum of products. Consequently, a

25  hardware implementation requires known coefficients to be §tored in memory, such as a
ROM (not shown), and a group of multiply and add circuits (not shown) which receives
these coefficients from the ROM as well as selected coefﬁci§nts from the matrix of input
transform coordinates. For more advanced systems, a ROM-accumulator method may be
used if the order of mathematical operations is modified accordmg to distributed

30  arithmetic to convert from a sum of products implementation to a bit-serial



-21 - 2N-1 y(n)= [err] x'[n-k].h'(n) (6) k=O where x'[n-k]
is a circular modulo of x* (n) and x'[n]=x'(n) for n> =0 x'[n]=x"(n+2N) for
n<0. 5 - The circular convolution in the spatial domain shown in-

equation (5)weoessmaponds to the scalar nultiplication in thg 'ﬁ%
Fourier Transform (DFT) domain. Defining Y(k) as the DFT of y ?

equation (5) becones equation (7) in the DFT domain. Y(k)=X (k) - H (k)

(7) where X (k) and H (k) are the DFTs of x'(n) and h'(n) respectively. 10
Equations (4) through (7) are valid for-2¥<filter with a nunber of taps |ess
than 2N. In addltlon the filter islimted to be a.symmetric filter with

an odd nu nﬂ@i’ legrentagign. Sygh techniquss areleseribed im,for example, StanleyoAl Wiiteper .

Ther ef or e, unber H (k)
in the DFT equeorxl%ylz}ﬁéorral n i nswﬁcﬁﬁﬁ&nﬁg&%%%grﬁaﬁwﬁ‘aﬁw i on

oper at i ons IEEEt ASSPMagazie, dnimal989t, whidhptﬁaamanta@eof bymhiétriBginlthe  Oper ation.
The val ues of X 9‘% ar e ver Ose‘l‘@\:‘ﬂ ted tg the DCT coefficients of the

ori gi nal N-SHPHEAUGRS O %3 e gmy of products implempntationed by t he

2N- poi nt DFT of _x which is the joint sequence conposed of x(n) and its
mrror,”x( 2N 1- HAM|W cgbal-the present faveation, \the PET f@ier operatipmr

ffi t filt
havi ng. an oy e SoRbiRaRFne kot @ pCT AT RS Hob el i HBllery, | *
equi val ent |since thefiltering and iversa dransfoid) opemtimslarehﬂdat khe filter cveffitientsimay ( 8) .

2N-1 bec:.oml:medwuh'\éixéL %c:gntsgﬁiw][DET(tg)foﬂ Jm&d(&az ‘Lserr] A (n) cos

(8)
the art, the modified IDCT, and hence the combined IDCT and DCT downconversion
10  filtering, may be performed through a hardware implementation similar to that of the
simple IDCT operation.

While exemplary embodiments of the invention have been shown and described
herein, it will be understood that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will ot_:(_ﬁur to those skilled in the art

15  without departing from the spirit of the invention. Accordingly, it is intended that the
appended claims cover all such variations as fall within the scdpe of the invention.



n= n=1 where Werr] = exp(-2[err]kn/(2N)}; and H (k) =
H (2N-k). The inventor hasTdeternined that the 2N-point DFT of x'(n),

X can be 25 expre its DCI coefficients as shown in equation
< i

P

X

(

(k).

9 WO 90439

i Usos) OATRT AR L\ 1,. WHII y PRI 2n+1)
(k)= T[err] x'(n)Werr] V\[err] "l etr]£x(n).cos (9) n=0
n=1 ON whereas the DCT coefficient of x (n), C(k), is given by
equation (10). N1 [err]k(2n2B)- C(k)= [err] 2x(n).cos
=Werr] . X (k), for Oferr]k[err]N-1 (10) n=1 2N and
C(k) =0 el se ig Clajmed: The val ues of X (k), the DFT coefficients of
X' (n), can be expressed by C(k), the DCT coefficients of x'(n) by the

matri x &f equat i onUpsampling\filter q:lmgitm for afdigital vided sgm]l Iﬂowmdo(ﬂe)smn system O

k 2N
firThe Bri g%?dgcﬁ’gﬁ%w}ye?n ‘%‘%wlgqe"r@%h’r?%g aﬁ? errL by

| DCT (| pverthe dedoded agﬁﬂ@@ ??Txmﬁmwm&eklgﬁﬂqmquaﬁs%s( 12). 1
+
[N;arlr ] (k¥}. C(yeferense [ineurlgre] nm decgdmg a subsequently received encoded image signal that is

5  encoded as differential picture element (pixel) values relative to the earlier decoded
6  image, the upsampling filter circuitry comprising:

7 a programmable filter having a plurality of programmable coefficient values;

8 a coefficient memory which holds a plurality of filter coefficient sets, each
9  coefficient set corresponding to a distinct subsampling phase;

10 image access circuitry which receives a motion vector from the encoded image
11 signal, processes the received motion vector to locate a desired segment in the stored
12 image, retrieves the desired segment from the stored subsampled image signal; and

13 control circuitry which determines the subsampling phase of the desired segment -.
14  from location information provided by the memory access circuitry and programs the

15  programmable filter with the coefficient set that corresponds to the determined

16  subsampling phase;

17 wherein the programmable filter filters the retrieved desired segment to provide
18 reference image data which corresponds to the decoded differential image data in image
19  pixel position.

1 2. Upsampling filter circuitry according to claim 1, wherein:

2 the motion vectors in the encoded video signal define the location of the desired
segment with a resolution of one-half of one pixel position;

w

the plurality of coefficient sets includes a number 2N coefficient sets, where N is
the decimation factor applied to the decoded image to produce the subsampled image,
each coefficient set corresponding to a distinct combination of subsampling phase and half

NSy W b

pixel position;



N k=0 N where [err] (k)= 1/2 for k=0 and 1 ot herw se. The
val ues of y(n) for 0 < =n < =N1I;are obtained by IDFT of X (k)H (k) given

in (13): [err] WO 98§, ;
PCT/ US98/ O4woiosm1@d8 - T E!Humuw equation (13) arepttesspeisyal -
val ues of the IDCT of C(x)H M ore, the spatial filtering can be

repl aced by the DCT wei ghting of the input frequency-domain coefficients
representing the image block with.H (k) and then performng the IDCT of the
wei ghted values to reconstruct the filt@Ped pixel values in the 5 spatial

g?ggiag:[s ﬂ\?eﬁ'ﬂ) dicggnt Qf _thedgexeg;%l ﬂ‘rsyspgl ch m'gﬁégrg{)fg‘i.el eri nsgqggnttfpo%l
ahioh 15 | SRR o RER pirided by e e A e 10 N
val uesltby pesitiomfyomyithéymotion vectoraind ipnagrams thepregrasinable filter with ¢her oefficientied 10
721+ "2 el e it g ek fod e ASHSARARS T °
the red - number SOVPSEBENE Sk HATchSy sPHEARE R A LAmRIG, | nver e di scr ot e

cosine transform (I DCT) of the filtered DCI coefficients is perforned to

provi dét a bl ockthsmmetion vesters injthe enceded yiden sig o ithidessed 15
The cut.of f G EQHERAF ' Sidet.ernm ned by the deci mation
ratio. 3!gor Sé%ng&g%tg‘% ti(gir?%’oog’l ment ,%f%ﬁéeﬁ%ltﬂg?‘@@r@guency Is [err]/3 for a
301 degj mation gladlel fidHe? include a linear interpolator, responsive to the motion vector,

5  which selectively averages adjacent pixels in the filtered desired segment to produce

6  output pixel values which are displaced by one-half pixel position from the pixel values of

7  the filtered desired segment.

1 4, Upsampling filter circuitry according to claim 1, wherein the video signal
2 downconversion system is configured to decimate the decoded video signal by one of a
3  plurality of decimation factors and wherein:

4 the filter is programmable to decimate the decoded video image by one of a
5  plrality of decimation factors;

6 the coefficient memory holds multiple groups of coefficient sets, each group
7  corresponding to one of the plurality of decimation factors;

3 and the control circuitry is responsive to the decimation factor and the location

9  information provided by the memory access circuitry to program the programmable filter
10 with the coefficient set that corresponds to the decimation factor and determined sampling
11 phase.

1 5. Upsampling filter circuitry according to claim 4, wherein the decimated video
2 signal is decimated only in the horizontal direction and the programmable filter is a one-
3  dimensional finite impulse response (FIR) filter. '

1 6. Upsampling filter circuitry for a digital video signal down conversion system

2 which decodes a digitally encoded video signal representing a video image and decimates
3 the decoded signal to produce a subsampled image signal that is stored for use as



for a 2:1 decimation, where [err] corresponds to one-half of sanpling

requi renents to be reduced because the inverse quantizer and | DCT .
processi ng owassEtees al r Gl | l ﬁ') i n the decoder of PCEUSHBIOMST art ,
and only the additional 3 mmmu ﬁ]l“ “m‘tion of DCT coefficients by the
DCT domain filter is requited. ¥Yhetefbred, a separate DCT domain filter

bl ock multiplication is not physically r@qui red in a particul ar
I npl ement ati on; anot her enbodi nent of ' ‘present invention sinply conbines

the DCT domajn filt fficients with DCT, ing.coeffici
and appfi oceloce ke Bl o gredth Lombieagetd ety SR pdP upRTat B,

exenpl agy QR ififeréntial ﬁmk@émémt(ﬁﬁel?w;ﬂﬁemlahwm&a iixliet Aol i zont al
filtering an ecimations of the DCT coefficients were considered; and the
fol | owi Aig cmage,tbe vpsampling filtengitculiey eomprising: f or : WD 98/ 41029

PCT/ US98/ 04757 -24 - 1. 1920H by 1080V interlace to 640 by 1080 interl ace
conver sfon ( Hor iazpmogminn@ble filter haing a plurality of pegranimable cogfiicieny values;ve t o 640

by 720 progressive conversion (Horizontal 2:1 Decimation) 5 Tabl e 8
shows tlge DCT blimaje #6cess@irchitdytwhtich( seedigdsta motioncveetor; thatsdefines tha locatibreof3 t he

nunbers in the parenthesis are 10, bit 2 oppl enent ary. represent at i Qns.
The =« Sof 498 Beaed SPERRRAL b2 TR¥pLuisR S onp Bolk gF 0og HEe el i thy ool —
conpl engnt nﬁe.sgﬁlg@ﬁgéa&b & fiesifed MBLiVRVeLtoritd 106RIe deiRdl sepmBARYRS . as S

known by o In the art, the nultiplication of the colum
coef f i cilent store im#ge, idtrieves the desized sepmentifrom thet stated subisanapled image signal;

12 a cocfficient memory which holds a plurality of filter coefficient sets, each

13 coefficient set corresponding to a distinct combination of subsampling phase and half

14  pixel position; and

15 control circuitry-which determines the subsampling phase of the desired segment
16  from location information provided by the memory access circuitry and programs the
17  programmable filter with the coefficient set that corresponds to the determined -

18 subsampling phase and half pixel position;

19 wherein the programmable filter filters the retrieved desired segment to provide
20  reference image data which corresponds to the decoded differential image data in image

21  pixel position.

1 7. Upsampling filter circuitry according to claim 5, wherein the video signal
2 downconversion system is configured to decimate the decoded video signal by one of a
3 phurality of decimation factors:

4 the filter is programmable to upsample the decoded video image by one of a
5  plurality of upsampling factors, each upsampling factor corresponding to one of the
6  decimation factors;

7 - the coefficient memory holds multiple groups of coefficient sets, each group
8  corresponding to one of the plurality of decimation factors;

9 and the control circuitry is responsive to the decimation factor and the location
10  information provided by the memory access circuitry to program the programmable filter



10 be easily inplenented by adding the coefficient value to the
coefficient nultiplied by the fracttonat val ue (remainder) of the filter

val ue. Table 8 3: DeC| 2:1 Decimtion H 0]
B ooooooooooqa,@f. Wm'lwmﬂm!&%Hwooooooo (511) H| 1]PCTAISS8/04757
0. 986934590759779 (505) 945179 (*) H 2]

0. 790833583171840 ( 405) 1. 0000000000000000 (511) H 3]

0.334720213357461 (171) 0. 8224765639Q475166 (421) H[ 4]
- 0. 0323463361027473 (-17) 0. 46728234882006007 (239) H] 5]

-0. 0377450036954524 (- 19) 0. 10634261.847436199 (54
-0. 0726889W¢ﬂ8@@¥@@ﬁ¥¥ﬂ9“ﬁﬂm mnvmwyéa 138 %a§L$¥¢PW$ﬂsmnmnm

0. 009541% %%%1:,37307 (5) -0.003489737967467715 (-2) These hori zont al
DCT fil ficients weight each colum in the 8 X 8 block of 15 DCT

coefficients of gh I acients
of co: ul?m zero %%W@g%{/%ﬁﬁgwﬁ Woﬁ?ﬁgﬁe% Edé :‘l rst
colum gre Mﬂ?&ﬁrﬁﬁeﬂah{gﬂl\&msighabﬁowril'hmvaﬂsmneystmwmqhdwudaslaldlgtaﬂat es a
hori zont al ter inplenentation us one- Nnsi o ch%i s known

in the 8i giangpded;videg) signabrepeesenty gér ﬁd&%ﬁgﬁ%ﬁ s‘g%‘e ext ended
t t | -
o oa oggﬂ-ﬁ&&@% Sl SifsampioH Zhag) whizein b lshiSshplcs SmhgdbSis kngT %fés%s&ggg

-25 - dsnmencefeemt imageadatcinriecaging s subsequentht feovivediancyded;image sigeal Wick igener al
two di mgn5|ecl)lna a%)%jl-fferennal picture element (pixel) values relative to the earlier decoded image

7  before the decoded image was subsampled, the upsampling method comprising the steps

8 of:
9 receiving a motion vector from the encoded image signal;
10 processing the received motion vector to locate a desired segment in the stored
11  image,
12 retrieving the desired segment from the stored subsampled image signal; and
13 determining, from the location of the desired segment, a subsampling phase of the

14 desired segment;
15 selecting, responéive to the determined subsampling phase of the desired segment,
16  one set of coefficients from a plurality of coefficient sets, which one set of coefficients is
17 to be used to filter the retrieved segment; and
18 filtering the retrieved desired segment using the selected set of coefficients to )
19  produce réference image data which corresponds to the decoded differential image data in
20  image pixel position.

1 9. A method for upsampling according to claim 7, wherein:

2 the motion vector defines the location of the desired image segment to one-half

3  pixel resolution; and

4 the selecting step selects a pair of coefficient sets responsive to the subsampling

5  phase, representing the subsampling phase and the subsampling phase shifted by one-half

6  pixel position; and



[err] 5 where f(x,y) is the spatial domain representation, x and y are
spatial coordinates in the sanple domain, and u,v are the coordinates in

t he transform domai n. Since the coefficeients—€tu), C(v) are known, as are

t he-val ues ofwhbgsessi ne ter ransf orm domei N coRirhdsesspés nNeed
to be provided for the proce EB] i im "ml For a two-di nensional system
the i nput sequence is now regm rix 10 of val ues, each
representing the respective coordinate in the transformdomain, and the
matrix may be shown to have sequences :perd2edic in the colum sequence with
period M and periodic in the row seguenge W th period N, N and M being

i ntegers? A two- thit methed Sirther camprisehthosteprafl enent ed as a one di nensi onal
DCT performed on the colums of the input sequence, and then a second one
di mensi odal DCT pdentifying; desponsivectotie motiomseatdr, pheecad{ficient setaf shedpainefu t
sequence, Al so.. as. i s kno in the, ar t.wo- di nensional [LDCT can be

i mpl enenf ed Qefficlent Wgﬁ \gﬁ%ctg&gusﬂ @Uﬁ'@ ﬁgtegﬁ%%gp !&P‘Qﬁ%ﬁ?&ﬁ%ﬁe‘?m%h ation
of the fipl t gfatsff Or down-conversion for a two-di nensional system processing
the horizontal and vertical conponents inplenented as cascaded

one-di nensi onal | DCTs. As shown in Figure 6, the DCT filter Mask 216 and 20
| DCT 218 of Figure 2 may be inplenented by a Vertical processor 510,
containing a Vertical DCT filter 530 and a Vertical |IDCT 540, and a

Hori zontal processor 520, containing a horizontal DCT filter and horizontal
| DCT which are the sanme as those inplenented for the vertical conponents.

. Since the filtering and | DCT processes are |linear, the order of

- inplementing these processes can be rearranged (e.g, horizontal and

. W98/ 41029 PCT/ US98/ 04757
- -26 -



vertical DCT filtering first and horizontal and vertical |IDCTs second, or
vi se-versa, or Vertical processor 520 first and Horizontal processor 510
(second)). In the particular inplenentation shown in Figure 6, the Vertical
processor S510wicresispgzboved by a bl ock Transpose Qperator 550, pei§oanssh t ches
the rows and colums of the 5 bl ock of vertical processed val ues provided
by the Vertical processor. This operatioH gay be used to increase the
efficiency of conputation by preparing t é7vl ock for processi ng by the

Hori zontal processor 520. The encoded.V|deo;bIock, for exanple an 8 X 8

bl ock of matrix values, is received ] Vertical DCT filter 530, which
wei ghts each row entry of the block By 10 :the DCT filter val ues
corresponding to the desired vertical ‘deci mation. Next, the Vertical |DCT
540 perforns the inverse DCT for the vertical conponents of the block. As
descri bed previously, since both processes sinply performa matrix

mul tiplication and addition, the DCT LPF coefficients can be conbined with
the vertical DCT coefficients for matrix nultiplications and addition
operations. The Vertical processor 510 then 15 provi des the vertically
processed bl ocks to the Transpose Operator 550, which provides the
transposed block of vertically processed values to the Horizontal processor
520. The Transpose Cper:tor 550 is not necessary unless the | DCT operation
is only done by row or 0 520 perforns the
wei ghting of each colu entry of the block by the DCT f| ter val ues
corresponding to the desired horizontal filtering, 20 anpd then perforns
cthe inverse DCT for the] horizontal conponents of the&l ock. As descri bed
with reference to eguat on (12"), only coefficient ﬂh the transform domain
~are provided to thedprakessing algorithns; and—t+etepeyations are |inear

whi ch al |l ows mat hena al\ gperations on these [ T |cient; only. The

- operations for the 1D as [gs readill y appareng affefluation (12'), forma
- sum of products. Conseqgjentl & a 25 har dwar €} i rrplérrent ation requires
~known coefficients Eo bk JROM ({ not shown), and a
c group of nultiply ahd h recelves
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t hese coefficients fromthe ROM as wel|l as selected coefficients fromthe
matrix of input transform coordinates. For nore advanced systens, a

ROM accuiul at or nethod nmay be used if the order of nmathematical operations
is rmodified agposdiod® to distributed 30 arithmetic to convgdigdekeais Sum
of products inplenentation to a bit-serial WD 98/ 41029

PCT/ US98/ 04757 -27 - inplenentation. Suca ;echniques are described in, for
exanple, Stanley A Wite, Applications o( Distributed Arithmetic to
Digital Signal processing: A Tutorial Review, |EEE ASSP Magazi ne, July,
1989, which take advantage of symmetries in the conputations to reduce a
total .gate count of the sum of products inplenentation. 5 In an
alternative enbodi nrent of the present invention, the DCT filter operation
may be conbined with the inverse DCT (1 DCT) operation. For such an

enbodi nent, since the filtering and inverse transform operations are
linear, the filter coefficients may be conbined with the coefficients of
the IDCT to forma nodified IDCT. As is known in the art, the nodified

| DCT, and hence the cggbi ned | DCT and DCT downconversion 10 filtering, may
be perfornmed through o that of the
sinpl e | DCT oper atgon. e invention have

been shown and des¥rji-bies it will be understood that such
enbodi nents are proViflgl| by way of exanple only. Nugeroys variations,
- changes, and substi tj8&phs will ocgur to those sk'lﬁ%d in the art 15
© Wi thout departing ;E’r e spirit §f t he invep.t.i. n_Accordingly, it is
. intended that the gppehded cl ai ns gover all spch va1iﬁti0n3 as fall within
" the scope of the i == BN
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WD 98/ 41029 PCT/ US98/ 04757 - 28 - \What
Is Clainmed: 1 1. Upsanpling filter circuitry for a digital video
si gnal down conversion system 2 whi ch decodes a digitally encoded video
si gnal repreg)idsisigeoa Vi deo image and decimates 3 the decqaegse ‘?
produce a subsanpl ed i mage signal that is stored for use as 4 erence
I mge data in decoding a subsequently rﬁéz%ved encoded i mage S|gnal that is
5 encoded as differential picture ele (pi xel) values relative to the
earlier decoded 6 i mge, the upsa g filter circuitry conprising: 7
a programrab : a 5 of, programmabl e coefficient val ues;
a ds a plurality of filter
‘ tf cgeresponding to a distinct
S i%gcuitry whi ch receives a
si'ffal , processes the received
|n Lhe stored 12 | mage,
&P subsanpl ed i mage signal ; and
gibthe subsanpl i ng phase of the
n provi ded by the nenory

coefficient
subsanpl i ng
noti on vecto
notion vecto
retrieves theg
13

desired segmgy
access circu

- coefficient {§
17

grammable filter with the

e
(

gterm ned 16 subsanpl i ng ph ;
n filters the retrieved desirss;
d
1
g
I

. segnment to py _ v dta which corresponds to the

- decoded di f i eht Lagelqatalih deil19 pixel position. 1 EEL
- Upsanpling foltericiricdi try {accorting tiol¢l aim1l, wherein: 2

~notion vectof$ (nlthd dndoddd]vidko] si dnal] define the Iocation of the Wi,
"~ desired
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3 segnent with a resolution of one-half of one pixel
the plurality of coefficient sets includes a nunber 2N coefficient sets,
where Nis 5 the decimation factor applied to the decoded i mage to

produce the syhsgmshsd i mage, 6  each coefficient set corrqiiaR@ieEsi 0
di stinct conbination of subsanpling phase and half 7

position; 4

pi xel position;
WD 98/ 41029 PCT/F 8/ 04757 -29 - 8 t he
control circuitry determ nes the subsanpli’ng phase of the desired segnent
from?9

the location information provided by the nenory access circuitry
and the half pixel 10 position fromthe notion vector and prograns the
programmabl e filter with the coefficient 11 set that corresponds to the
determ ned sanpling phase and hal f pixel position. 1 3. Upsanpling
filter circuitry according to claim1l1, wherein: 2 t he notion
vectors in the encoded video signal define the |ocation of the desired 3
segnent with a resolution of one-half of one gixel position; and 4
the filter further includega |inear interpolafor, responsive to the notion
vector, 5 which selectiv@ly averages adjace@t pixels in the filtered
desired segment to producedp &output pixel | ue® whith are displaced by
one- hal f pixel position fr t he pi xel val uesxof 7 the filtered desired
“segnent. 1 4. Ups ling filter circBitry according to claim1
wherein the video signal 22 downconversion temis configured to
: deci mat e t he decoded vi deo” ignal by ona@of a 3 plurality of decimation

" factors and wherein: 4 the filter is progranmmable to decimate the
: decoded vi deo image by one of a s plurality of decimtion factors;
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6 the coefficient nmenory holds nultiple groups of coefficient

sets, each group 7 corresponding to one of the plurality of decimtion
factors;, 8 and the control circuitry is responsive to the
deci*mati on f agheguisy the location 9 information providedeﬁ?ﬁggmﬂgpnry
access circuitry to programthe progranmable filter 10 wth e
coefficient set that corresponds to the i mation factor and determ ned
sanpling 11 phase. 1 5. Upsangﬁfng filter circuitry according to
claim4, wherein the decinmated video 2 signal is decimated only in the
hori zontal direction and the progranmable filter is a one- 3 di mensi onal
finite i npul se response (FIR) filter. 1 - 6. Upsanpling filter
circuitry for a digital video signal down conversion system 2 whi ch
decodes a digitally encoded video signal|re %gmﬁg apwi-gew i mage and
deci mates 3 t he decoded signal to prodfice a anpl edl i mage signal that
is stored for use as WD 98/ 41029 PCT/ US98/ 04757 - 30
- 4 ref erence i nage data in decoding a ntly received encoded

i mage signal that is 5 encoded as differ§ | ement (pixel)

subseq

values relative to the earlier decoded 6] MaRMSLATTOR U ping filter
circuitry conprising: 7 a prograpmable filter having a plurality of
programuabl e coefficient val ues; 8 I mgg access circuitry which

receives a notion vector, that defipes. the locai¥ on of 9 t he desired

segment with a resolution of one-half @fr civRoRATESHF PREBicORN. {from t he
encoded 10 inmge signal, processes thnnmenebmmﬂmmnsm@nnmﬁptC%‘ﬁ34locate a

desired segnment in the 11 st ored W“rege—ret+eres—the—destred segnent
fromthe stored subsanpl ed i nage signal; 12 I a coefficient nenory
which holds a plurality of filter coeffici ‘
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13 coefficient set corresponding to a distinct conbination of subsanpling
phase and half 14 pi xel position; and 15 control circuitry which
determ nes the subsanpling phase of the desired segnment 16 fromlocation

information p §oe Dy the nenory access circuitry and prog 7
pr ogr ammabl e ?Qyter with the coefficient set that correspondé@ﬁgﬁ%ﬂ234
determ ned 18 subsanpl i ng phase and halé,plxel posi tion;

wherein the programmable filter filters t d retrieved desired segnent to
provide 20 reference inmage data which corresponds to the decoded
differential inmage data in inmge 21 pi xel position. 1 7.
Upsanpling filter circuitry according to claim5, wherein the video signa
2 downconversi on systemis configured to deci nate the decoded vi deo
signal by one of a 3 plurality of decimation factors: 4 t he
filter is programmable to upsanple the decoded video i mage by one of a 5
plurality of upsanpling factors, each upsanpling factor corresponding to

one of the 6 deci mation factors; 7 the coefficient nmenory hol ds
mul ti pl e groups of coefficient sets, each group B corresponding to one of
the plurality of decimation factors; 9 and the control circuitry is

responsive to the decimation factor and the location 10 information
provi ded by the nenory access circuitry to programthe programmable filter

WO 98/ 41029 PCT/ US98/ 04757 11  with the coefficient set
that corresponds to the decimation factor and determ ned sanpling 12
phase. 1 8. A nethod for upsanpling data representative of a

stored, subsanpled digital

— - —— — St
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2 image for use in a digital video signal down conversion system which
decodes a digitally 3 encoded video signal representing a video i mage and
deci mates the decoded signal to 4 produce the stored subsanpl ed inage,
wherein the ﬁglgm;ed image is stored for use as s referengeriswaesrdata in
decodi ng a subsequently received encoded i mage signal which is 6 encoded as
differential picture elenent (pixel) valAf@s relative to the earlier decoded
i mge 7 before the decoded i nage was subsanpl ed, the upsanpling nethod

conprising the steps 8 of: 9 receiving a notion vector fromthe
encoded i mage signal; 10 processing the received notion vector to
| ocate a desired segnent in the stored 11 inmage, 12 retrieving the

desired segnment fromthe stored subsanpled i mage signal; and 13
determ ning, fromthe | ocation of the desired segnent, a subsanpling phase
of the 14 desired segnent; 15 sel ecting, responsive to the
det ermi ned subsanpling phase of the desired segnent, 16 one set of
coefficients froma plurality of coefficient sets, which one set of
coefficients is 17 to be used to filter the retrieved segnent; and
filtering the retrieved desired segnent using the selected set of
coefficients to 19 produce reference i mage data which corresponds to the
decoded differential image data in 28 i mage pi xel position. 1 9. A
met hod for upsanpling according to clfaim 7, wherein: 2 . t he notion
vector defines the |ocation of ++e¢l | mage segnent to one-half 3
pi xel resolution; and 4 t ecling step selects a pair of
coefficient sets responsive to th ggnpk;ng 5 phase, representing the
gea sh
x
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_(57) Abstract _ 3
WOTOH
. * A video down conversion system comphant with the Ad- "RE "
-] vanced Television Systems Standard (ATSC) includes a decoder
“which dacodes 2 Main Profile, High Level (MP@HL) image and
- employs a downconversion processor to produce a standard defini- s

tion video signal. The system stores a subsampled image in order

- to reduce memory reqmrements and employs an upsampling filter I 5 coommuge oF DREACIION .

to generate reference image data from the stored, subsampled im-~
-age. The reference image data spatially correspond to the image
data produced by the videéo decoder before:it:is subsampled. The
:upsamplmg filter uses different filter coefficients based on the sub-
] 'samplmg phase of the stored image and the half—pixel indicator in
the motion vector which is used to locate the’ downsampled refer-
ence image data in the stored subsampled image.




