WO 03/ 026296 METHOD FOR SUB- Pl XEL VALUE | NTERPOLATI ON PCT/ FI 02/ 00729 The
present invention relates to a nethod for sub-pixel value interpolation in
t he encodwogsamdselecodi ng of data. It relates particul arl yCTiRd2/00z29 5
exclusively, to encoding and decodi ng of digital video. Background of the
invention Digital video sequences, |ike ordinary notion pictures recorded
on film 10 conprise a sequence of still images, the illusion of notion

bei ng created b dIS i ng the i he other at a relatively
fast frame MET LSEIJEI; 'XELt\ﬁAgggimigr&Pw ond. Because of the
relatlvelyfast frarre rate, images in consecutive franes tend to be quite
simlar and thus contain a considerabl e anmount of redundant i nformation.

For exanpl eThexptagentmvehtors celatesraya mﬁmd m ssbrpixeltvalueinepolationdit s, such
as background sce
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i n which case enents~of the i mage have the same kind of notion. In
many cases, th| s 20 neans that t he overall change between one video frane
and the ne k r Etrh " O course, this depends on the nature of the
novenent . géQ'é'Fé)P et'mée'? W er the novenent, the greater the change
from one frarre to the next. Simlarly, if a scene contains a nunber of

novi ng el enents, the change fromone frame to the next is |Ike|P{ to be
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each pixel i's’'rep esente a certaln nunber bits, WO 03/026296 2
a considerable amount of redundant information. For example a typical
15 scene may comprise some stationary elements, such as background
scenery, and some moving areas, which may take many different forms, for
example the face of a newsreader, moving traffic and so on. Alternatively,
the camera recording the scene may itself be moving, in which case all
elements of the image have the same kind of motion. In many cases, this
20 means that the overall change between one video frame and the next is
rather small. Of course, this depends on the nature of the movement. For
example, the faster the movement, the greater the change from one frame
to the next. Similatly,‘if a scene contains a number of moving elements, the
change from one frame to the next is likely to be greater than in a scene

25 where only one element is moving.

It should be appreciated that each frame of a raw, that is uncompressed,
digital video sequence comprises a very large amount of image information.
Each frame of an uncompressed digital video sequence is formed from an
30 array of image pixels. For example, in a commonly used digital video format,
known as the Quarter Common Interchange Format (QCIF), a frame
comprises an array of 176 x 144 pixels, in which case each frame has

25,344 pixels. In turn, each pixel is represented by a certain number of bits,



PCT/ FI 02/ 00729 whi ch carry information about the |um nance and/or col our
content of the region of the inmage corresponding to the pixel. Commonly, a
so- cal | edwBWU¥02€206 our nodel is used to represent the | um REmEFR02600T29

chrom nance content of the image. The | um nance, or Y, conponent
represents the intensity 5 (brightness) of the inmage, while the col our
content of the image is represented by two chrom nance conponents,
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can be reduced with an acceptable reduction in image quality.

The lower spatial resolution of the chrominance components is usually
attained by sub-sampling. Typically, a block of 16x16 image pixels is
20 represented by one block of 16x16 pixels comprising luminance information
and the corresponding chrominance components are each represented by
one block of 8x8 pixels representing an area of the image equivalent to that
of the 16x16 pixels of the luminance component. The chrominance
components are thus spatially sub-sampled by a factor of 2 in the x and y
25 directions. The resulting assembly of one 16x16 pixel luminance block and
two 8x8 pixel chrominance blocks is commonly referred to as a YUV

macroblock, or macroblock, for short.

A QCIF image comprises 11x9 macroblocks. If the luminance blocks and
30 chrominance blocks are represented with 8 bit resolution (that is by
numbers in the range 0 to 255), the total number of bits required per
macroblock is (16x16x8)+2x(8x8x8) = 3072 bits. The number of bits needed
to represent a video frame in QCIF format is thus 99x3072 = 304,128 bits.



3 This neans that the anount of data required to transmt/record/ display a
vi deo sequence in QCIF format, represented using a YUV colour nodel, at a
rate of 3Wofsares6 per second, is nore than 9 Mops (m || i oRCHIFIGR/(0Z9
second). This is an extrenely high data rate and is inpractical for use in
5 video recording, transm ssion and di splay applications because of the
very |large storage capacity, transm sdi on” channel capacity and hardware
performance required. If video data is to he transmtted in re%‘-tima over
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r et ai ni ng MERCERPRUITSthge 20 quality. Video conpression nethods are
based on reducing the redundant and perceptually irrelevant parts of video

sequences. The redundancg in video sequences can be categorised into
spatial , tdhpidealdaiads ipbettransniiied iniierlding overspdixed linecaeivpakichi s t he

termused to de i e L atl . ' | | within a
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link, the available bandwidth can be as low as 20kbits/s. This means that a
15 significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video
sequences over low bandwidth communication networks. For this reason
video compression techniques have been developed which reduce the
amount of information transmitted while retaining an acceptable image

20  quality.

Video compression methods are based on reducing the redundant and
perceptually irrelevant parts of video sequences. The redundancy in video
sequences can be categorised into spatial, temporal and spectral
25 redundancy. 'Spatial redundancy’ is the term used to describe the
correlation between neighbouring pixels within a frame. The term ‘temporal
redundancy’ expresses the fact that the objects appearing in one frame of a
sequence are likely to appear in subsequent frames, while 'spectral
redundancy’ refers to the correlation between different colour components

30 of the same image.

Sufficiently efficient compression cannot usually be achieved by simply
reducing the various forms of redundancy in a given sequence of images.



PCT/ FI 02/ 00729 Thus, nost current video encoders also reduce the quality of
those parts of the video sequence which are subjectively the | east

| mpor t antwolog/oxeé ti on, the redundancy of the conpressedPe¢irgae/dor®9- st ream
is itself reduced by neans of efficient |oss- Iess encodi ng. Typically,
this is achieved using a 5 technique known as 'variable | ength coding'
(VLC). Modern video conpression st andaftds, such as | TU-T recomrendati ons
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sequence ar ure 3 of the acconpanyi ng drawi ngs. As can
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be seen fr Sequence starts with an INTRA or | frame 30.
In Figure 3, arrows 33 denote the 'forward' prediction process by which P
WO 03/ 026296 5
15 Compressed images which do not make use of temporal redundancy
reduction are usually called INTRA-coded or |-frames, whereas temporally
predicted images are called INTER-coded or P-frames. In the case of
INTER frames, the predicted (motion-compensated) image is rarely precise
enough to represent the image content with sufficient quality, and therefore
20 a spatially compressed prediction error (PE) frame is also associated with
each INTER frame. Many video compression schemes can also make use
of bi-directionally predicted frames, which are commonly referred to as B-
pictures or B-frames. B-pictures are inserted between reference or so-called
‘anchor’ picture pairs (I or P frames) and are predicted from either one or
25  both of the anchor pictures. B-pictures are not themselves used as anchor
pictures, that is no other frames are predicted from them, and therefore,
they can be discarded from the video sequence without causing

deterioration in the quality of future pictures.

30 The different types of frame that occur in a typical compressed video
sequence are illustrated in Figure 3 of the accompanying drawings. As can
be seen from the figure, the sequence starts with an INTRA or | frame 30. In
Figure 3, arrows 33 denote the 'forward' prediction process by which P-



PCT/ FI 02/ 00729 franes (labelled 34) are formed. The bi-directional

predi ction process by which B-franes (36) are fornmed is denoted by arrows
31 a and w0 0B/0262pespectively. 5 A schematic di agram of anPeTamq/®729i deo
codi ng system using notion conpensated prediction is show in Figures 1
and 2. Figure 1 illustrates an encoder. 10 enpl oyi ng noti on conpensati on

and Fi gure 2 illustrates a correspondlsng decoder 20. The encoder 10 shown
in Figure 1 conprises a _Mtion Fiel tlon 1, a Mti Field
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conpri ses aedfpectively. Conpensat ed Prediction block 21, a Prediction Error
Decodi ng bl ock 22, a Denultiplexing block 23 and a Frane Menory 24. 15 The
operating principle of video coders using notion conpensation is to
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Demultiplexing block 23 and a Frame Memory 24.

15
The operating principle of video coders using motion compensation is to
minimise the amount of information in a prediction error frame E, (x,y),
which is the difference between a current frame I (x,y) being coded and a
prediction frame F,(x,y). The prediction error frame is thus:

20

En(xsy)zln(x’y)_Pn(x’y)- (1)

The prediction frame P,(x,y)is built using pixel values of a reference frame
R (x,y), which is generally one of the previously coded and transmitted
25 frames, for example the frame immediately preceding the current frame and
is available from the Frame Memory 17 of the encoder 10. More specifically,
the prediction frame P,(x,y) is constructed by finding so-called prediction
pixels’ in the reference frame R, (x,y) which correspond substantially with
pixels in the current frame. Motion information, describing the relationship
30 (e.g. relative location, rotation, scale etc.) between pixels in the current

frame and their corresponding prediction pixels in the reference frame is
derived and the prediction frame is constructed by moving the prediction



6 PCT/ FI 02/ 00729 pixels according to the notion information. In this way,
the prediction frame s constructed as an approxi nate representation of
t he currewO oBoareg using pixel values in the reference fPamFEI02lie29
prediction error franme referred to above therefore represents the

di fference between the approximte 5 representation of the current frane
provi ded by the prediction frame and t®e current frame itself. The basic

advant age provi ded by video encoders that use. notiop conmpensated
predi cti on Ri¥¢lg@gce o the matiopHy "&‘at'%n%‘a&é’"t WG &%Bﬁf-‘ﬁ’é@@”d&%’@?i ption
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notion infornmatron require ormits 10 prediction together with the
associ at ed pixeldialtésin te cefererfoer framieo henpradictiopr edor frame eafegedftpane.

However, due to the very | arge nunper i xel s in frame, it.i ener al |
not ef fici MO0 thnggr t"ep éﬁ%@&%’%ﬂﬁﬁo?’ﬁé‘?’?@% ha)er %%%rhxﬁ%(tgl to th)é
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ar ger

divided into I mage segments Sk’ and notion information relating to
the segnentsrars ftaresdtselit Ehe thasicadvantage rproviged dpavigee, engodesh that
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divided into smaller” blocks, each smal|er block bein _pég?vi df}ﬁ wth its
own noti on fepfesemingolh. INTHRSMof dhe; HTQS'Pﬁatnfﬁrrﬁn@éQ!hlrﬁgu'f d8 @ 11§ m of

ti t - - . i d
e T PRIt oBpines i nfe atbbeatdll Bréffort ey IR DS in the 270, e
at | ocati orpredictipnienrdriiameurrent frame 1,,(x, y) with respect to a pixel

in the reference frame Rn (x, y) . The notion vectors [Ox(x, Yy), Dy(x, y)]
are calculated in the Motion Field Estination block 11 and the set of

ot on veot e i S8 ety RN OE of pidl i & fiamE Plls beReraas the
current vi dest éfficieat its temsaoiif separaby notion infeimaticrofel aathk pbfelitosthepper
eft- h%d Cé)erc%%re?. mslfgéd,i i ?ngsitd\?i%e\é\ﬂcgdo’léwgzg&ge?nes, the current frame is
divided into larger image segments Sx and motion information relating to the
segments is transmitted to the decoder. For example, motion information is
typically provided for each macroblock of a frame and the same motion
information is then used for all pixels within the macroblock. In some video
20 coding standards, such as H.26L, a macroblock can be divided into smaller

blocks, each smaller block being provided with its own motion information.

The motion information usually takes the form of motion vectors
[Ax(x,y), Ay(x,y)]. The pair of numbers Ax(x,y) and Ay(x,y) represents the
25 horizontal and vertical displacements of a pixel at location (x,y) in the

current frame 1,(x,y) with respect to a pixel in the reference frame R, (x,y).

The motion vectors [Ax(x,y),Ay(x,y)| are calculated in the Motion Field
Estimation block 11 and the set of motion vectors of the current frame
[Ax(), Ay(")] is referred to as the motion vector field.

30
Typically, the location of a macroblock in a current video frame is specified
by the (x,y) co-ordinate of its upper left-hand corner. Thus, in a video



PCT/ FI 02/ 00729 7 coding schene in which notion information is associ ated
wi th each nmacroblock of a frame, each notion vector describes the
hori zont avoanai2629erti cal di spl acenent dx(x,y) and Ay(Xx,y) Pefi/Fan2moxl
representing the upper |I|eft-hand corner of a macroblock in the current
frame 1,,(x,y) with respect to 5 a pixel in the upper |eft-hand corner of a
substantially correspondi ng block of prediction pixels in the reference
frame R' (X, (as shown in Figure 4b). Mtijon.estimation is.a
conput at i or%qy%ﬂi vie whigh Eelen é‘T‘Prg?eéPé‘nd% aggagiate W?t!? % Nand, for
exanpl e, 2 AALRbRoRRG! abfraie, R indios WctorNydsbritieseire hBrizorkdr At frame
(as shown in Figure 4a), the objective of notion estimation is to find an
N x N pi xelverlical displacdraenteAeqrey)c and riwte, y) lefta pixat wpsesemtingctharuriesri sti cs
of the macroblock in the current picture accordi ng fo so criterion. This
b
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t he geonetry of the block to be matched and that in the reference frame do

not have to be the sane, as real-world objects can undergo scal e changes,
as well as rotation and warping. Howeve{yb. i.n 20ﬁ3urre&t i nternational video
codi ng st aratior es§majion s arcarapyighanalypintersivedasl. FLensad'qe'e8%el ow)

and t hus fiﬁ‘%ﬂerﬁc(:]xggggr@r f?'?%gi?@g}élé sﬁH%Fé fdha?ﬂ?éblobl@'%?ﬂp’risiﬁ@ NPkd]r to

achi eve the Dbest ¢ e of a matc e whole of " the reference

frame sgloul gix&I8 inancahedt frageeway shéwh Snimgarepaa); tthe abjetiviet o2mationoses t 0o
hi gh a conputational burden on the video encoder. Instead,  the search
region i s resiimatianeds to finsgiaonN x P ppe! feskndn tthe wiewngsal fraggathan  of

Rl o e A s
encoder 10 4czordingdecsstae @ReridrheThiptdriveviorecanrbd,ifer exampledadsum afhe
ot i on modcAbsalvier gTaicsciAD) HEWRRN e eikals al e PirkgeblggiRne “ar e re
VO 03/ 4236298, Rt/ FlMe a34%h8 block of pixels in the reference frame with which it is

compared. This process is known generally as 'block matching’. It should be

noted that, in general, the geometry of the block to be matched and that in

the reference frame do not have to be the same, as real-world objects can

undergo scale changes, as well as rotation and warping. However, in

20 current international video coding standards, only a translational motion

model is used (see below) and thus fixed rectangular geometry is sufficient.

Ideally, in order to achieve the best chance of finding a match, the whole of
the reference frame should be searched. However, this is impractical as it
25 imposes too high a computational burden on the video encoder. Instead,

the search region is restricted to region [- p. p] around the original location

of the macroblock in the current frame, as shown in Figure 4c.

In order to reduce the amount of motion information to be transmitted from
30 the encoder 10 to the decoder 20, the motion vector field is coded in the
Motion Field Coding block 12 of the encoder 10, by representing it with a
motion model. In this process, the motion vectors of image segments are re-



8 expressed using certain predeterm ned functions or, in other words, the
notion vector field is represented with a nodel. Alnost all currently used
not i on vewDms/0td2eé d nodel s are additive notion nodel s, comrpiryEeegowot h t he
followi ng general forrmula: 5 N1 &(x,Y) =1 aif (X Y) =0 (2) M1 Dy(x,
Y) =1 blgl(x,Y) =0 (3) 10 where coefficients a; and b; are called notion
coefficients. The notion coefficients®re transmtted to the decoder 20
(information stream 2 in Figures and 2). Functions /; and g, call ed
noti on fi elKXPHAZIEY UBIRGC ERH ,prgﬁlﬁg‘eé%”%icfb{ﬂm%lshof’omt ﬂg‘eén‘%g’@r qéﬁd
decoder. A kit ' ithi ) ) ¥ent usédn be
constructe gfs?%gé%:@ f%d g%z?@?gggﬁygwgﬁdébﬁbedﬁémo?tuﬂﬁﬁpns‘pAs t he basis
functi ons ametitmoentor dield niedels are dditivei mptidnnhodele, eoroplying withdhe t he
decoder 20,, only the notion  coefficients need to be transmtted to the
encoder, tHBEO‘?’%’QLQﬁ’WéaItfHHn”@rmunt of information required to represent the
motion knformation of the frame. 20 The sinplest notion nodel is the
transl ati onal notion nodel which requires only two coefficients to
describe th (m)tio Ve toss of each segnent. The values of notign vectors
are given b&.‘ SV “sz)%xv ao 25 Ay(x,Y) = bo (4) This nodel is (@dely used
in various internattonal standards (1SO MPEG 1, MEG 2, MPEG 4, |ITUT
Reconmendati ons H. 261 and H. 263) to describe

Ay(ey) = S bgi(x,y) 3)

i=0

10 where coefficients a, and b, are called motion coefficients. The motion

coefficients are transmitted to the decoder 20 (information stream 2 in
Figures 1 and 2). Functions f, and g, are called motion field basis

functions, and are known both to the encoder and decoder. An approximate
motion vector field (Ax(x,y),Ay(x,y)) can be constructed using the

15 coefficients and the basis functions. As the basis functions are known to
(that is stored in) both the encoder 10 and the decoder 20, only the motion
coefficients need to be transmitted to the encoder, thus reducing the

amount of information required to represent the motion information of the

frame.

20
The simplest motion model is the translational motion model which requires
only two coefficients to describe the motion vectors of each segment. The
values of motion vectors are given by:
Ax(x,y)=a

2 Ayry)= bz @

This model is widely used in various international standards (ISO MPEG-1,
MPEG-2, MPEG-4, ITU-T Recommendations H.261 and H.263) to describe
the motion of 16x16 and 8x8 pixel blocks. Systems which use a translational



the notion of 16x16 and 8x8 pi xel blocks. Systens which use a transl ational
WO 03/ 026296 PCT/ FI 02/00729 9 notion nodel typically performnotion

esti mat i owoas/ otdazbé pi xel resolution or sonme integer fractrcomi@ioofasl | pi xel
resolution, for exanple at half or one quarter pixel resolution. 5 The
prediction frame PP(x,y) is constructed in the Mtion Conpensated
Prediction block 13 in the encoder 10, 9%nd is given by: P, (x, y) =

R'[ X+dx(x,y), Y+Dy(x,y)} (5) 10 In the Predjction Error Coding bl ock 14, the
predi cti on raetien madatdymically perfoins metign ealimatien @ fulk pixel yESOWAPRSENt i ng i t

as a finiteg I ransfaor f 5 'mi&% uge ohéer
exanpl e, asf-?"gé ﬁﬁ%g%rig#?'hﬁsé?rg@ep%ggﬁ%%&u% dnsform M@gﬁr@e used. The
t ransf or m ceiddrphentresautormuant i sed and entropy (for exanpl e Huffman)
coded before they are transmtted to the 15 decoder (information stream1l

in Figures 1 and 2). Because of the error introduced by quantisation, this

ti LY R ' - ihf j inth
or adi ot Son' T4 erPAGH ¥Efiie *FIF. SRXAIRY I} 268 Wotor CYTBEASI n. ' The

encoder 10 mle3p:iABI6IE €5 jrRtheRbmebidet i10Nakd iPgivBR®Ydi ng bl ock 15, where a
decoded prediction error frame 20 En(x,y) is constructed using the

transform coefficients. This |locally decoded prediction error franme is
added to the prediction frane PLx,y)1in the adder 19 and the resulting
decoded curP,ém}’)f?EnFéﬂA,x,((oy)W’f ¥(s¥Hred in the Frame Menory 19)for

further use as the next reference franme R'+, (x, y) . 25 The information
stream 2 carrying information about the notion vectors is conbined with

| nfor Mgy ONn3he WreliftfioR EFR Wddiy BIkR" 4! ygp#édialmoﬂ@ama% @) is

i nfornation stream 3 containing typicall I east those two types of _
I nf or mation bi’éa@?@émfz%ééé@ &ﬂ%?@éen%ﬂg i34 Apitereriat i(pansform) 6pssragpondi ng
vi deo decodgr 20 w I now be described. WO 03/026296 PCT/ FI 02/ 00729 10
2-dimensional functions. For example, a 2-dimensional Discrete Cosine
Transform (DCT) can be used. The transform coefficients are quantised and
entropy (for example Huffman) coded before they are transmitted to the
15 decoder (information stream 1 in Figures 1 and 2). Because of the error
introduced by quantisation, this operation usually produces some

degradation (loss of information) in the prediction error frame E, (x,y). To

compensate for this degradation, the encoder 10 also comprises a

Prediction Error Decoding block 15, where a decoded prediction error frame
20 E (x,y) is constructed using the transform coefficients. This locally decoded
prediction error frame is added to the prediction frame P,(x,y) in the adder
19 and the resulting decoded current frame I (x,y) is stored in the Frame

Memory 17 for further use as the next reference frame R, (x,y).

25 The information stream 2 carrying information about the motion vectors is
combined with information about the prediction error in multiplexer 16 and
an information stream 3 containing typically at least those two types of
information is sent to the decoder 20.

30 The operation of a corresponding video decoder 20 will now be described.



The Frame Menory 24 of the decoder 20 stores a previously reconstructed
reference frame Rn (x, y) . The prediction frame Pn (x, y) is constructed
in the NyDiogn2dadrpensat ed Prediction bl ock 21 of the decedeFi2mozzdcor di ng
to equation 5, using received notion coefficient information and pi xel

val ues of 5 the previously reconstructﬁ? reference frame R' (x, y) . The
transmtted transformcoefficients offthe prediction error frame E"(X, Yy)

are used in the Prediction Error Dec di£| E}Iock 22 10 construct th
decoded pr etheFrajpe demery 24%“%“1(399‘%( &ﬁ 'ﬁ?)@e‘P@V@f‘Jsﬁfh@cﬂeg@é‘ga current
frame 1,1 n : i ; (W & f P
(1) ans PIABEE A RERSTRTreAGELG a P pepadtinnivars

(x,y) +E, , (xviglichRUompdisatyd PreB¥isn YidckER{ xof the (d8cobler 20deasededing tor ent

frame may be stored in the Franme Menory 24 as the 15 next reference frane
R +1 (x, y)equatientfhaisingstacepedonotien aeeffisient sypenatianand powlvalyes

R Jed e e ; vy
oy vy deScPie s HECHBERT SFR i Fartd R R TRE  Pansrrifted. Vi 1
respect to t}é}%f&‘?{] ;Egﬁéfﬁ?%rﬁ?gff rtﬁnég'grréﬂic oh edrdr ﬁ%ﬂweﬁ% (‘i,g?]%%rérl)éeﬁfintthé pi xel s

in the reference t hat notion bet'we rames of a digital

vi deo sequesies; G EXbYDBEdIRG BICEREM Ricdistiict freOdétdde predifioheretat er m ned
by the image pixels in the frame (so-called full pixel resolution). Real
notion, howpyRe. Eh@sy)arihd balels oPtes idekcoded audrdnndmarhdel 65§ ereddear i bed
above can only provide 25 approxi mate nodel | ing of the notion between
successi ve fetanstpuctéd sbyiagidingg theipredictionuizame. F{pi ) aridy theratbeiodedg of
notion between video franes wwth full pixel resolution is not sufficiently
accur atyg) t oy@bl|cHvn Hrfdriné E;r(ﬁzyn sation of the prediction error (PE)
information associated with eac macr obl ock/franme. Therefore, to enable
nore accurate nodelling of real 30 notion and to hel p reduce the anobunt of
PE information that nust be transmtted fromencoder_.to decoder, many

vi deo codi nf}, (s1y9rdBy(asy) +sEidh, 9s= Rx 8026296+ AOPOTHHE, 02500729 (8)263( +) (++)
and H. 26L, allow notion vectors to point 'in between' inmage pixels. In

ot her words, the notion vectors can have 'sub-pi xel' resolution.

This decoded current frame may be stored in the Frame Memory 24 as the

15 next reference frame R, (x,y).

In the description of motion compensated encoding and decoding of digital
video presented above, the motion vector [Ax(x,y),Ay(x,y)] describing the

motion of a macroblock in the current frame with respect to the reference
20 frame R, (x,y) can point to any of the pixels in the reference frame. This

means that motion between frames of a digital video sequence can only be
represented at a resolution which is determined by the image pixels in the
frame (so-called full pixel resolution). Real motion, however, has arbitrary
precision, and thus the system described above can only provide
25 approximate modelling of the motion between successive frames of a digital
video sequence. Typically, modelling of motion between video frames with
full pixel resolution is not sufficiently accurate to allow efficient minimisation
of the prediction error (PE) information associated with each
macroblock/frame. Therefore, to enable more accurate modelling of real
30 motion and to help reduce the amount of PE information that must be
transmitted from encoder to decoder, many video coding standards, such as



Al'l owi ng notion vectors to have sub-pi xel resolution adds to the conplexity
of the encodi ng and decodi ng operations that nust be perforned, so it is 5

still adwsotoagenes to limt the degree of spatial resol utiPCA/Fa02007390N
vector nmay have. Thus, video coding standards, such as those previously
mentioned, typically only allow notion,vectors to have full-, half- or

quarter- pixel resolution. 10 Mtion eglti mation with sub-pixel resolution
[ |1 f - st i 1l.ust i Ej 5,
For o vi dedieBarmy Sonmet o calon Trofi HEapkm & aars B baMesrk trabf." o
hal f-pixel gigsel 1 biter WBré!gthhé infStiors V86torst caRDhadv’sUBCHIRE! ResEIuDN.

full-pixel resolution is t ermi ned usi ng any appropriate notion,
esti mat i on Alvéng matiorhvaeaorshie havec gubrpixehresplyian:adds 16 thresempldYin t he

shown | n°riqune Seodng et AadRindBhglanoR shaErush bilhddoma SRS 1% e
first stagestilSadvaptadirfistio maltahs ddiresetispadaheddolutioreh metioh wetton. I n the
exanple illustrated 20 in Figure 5 this is done by formng el\%ht new

search bl ograyohavus Jhus, Yidee| odingestasdlardsonsuent a8 thasse ereviesler of
h bl ock | [ ] ' ' | | d d
2 1ok h i 5l 4 g o B T Ot g, ero

as [Ax + m n can e val ues - and +1,
but cannot digelzesslutidbnt he same tine. As only the pixel values of original
i mage pi xels are known, the values 25 (for exanple |um nance and/or

chrom nance val ues) of the sub-pixels residing at hal f-pixel |ocations

mist D oeStBREE GsliffanBA U su *}ﬁxai@g&lunsw-sgﬁgaﬁyh pekRfked 4 ngygsone form

of interpolafion v ng- I nterpol ate val'ues of the sub-pixels
at hal f - pi xsthge esoatassi as, illestetied 30 Figureh® fer ghvideearading isob&mei whicbnpar ed

ith th bl ock wh i tor is.bei ht.. As.in_the. bl ock
It chi ng. praloRssMRieR SRRGE T hare B of halrhids et inE (et UakBor w th
full pixel hegghulboRr hAGINGRIUMIHREK réSolulisiTPR! edotetrihediclisiag bhg ei ght

search bl ocks according to Some criterion, WO 03/026296 12 PCT/ FI 02/ 00729
for exanpl eappropiatessoton estimation schemeorueh asdhe bleckymatehing BIISESE| ue

w T gqnerajd . iBgq ARt ﬁ\ien?odr'egc%)l?\a?Wenges%ﬂiﬁdq%&ﬁotn%gct%fr, hBGingPfiPixdin the

resolution is shown in Figure 5.

In the second stage, the motion vector determined in the first stage is
refined to obtain the desired half-pixel resolution. In the example illustrated
20 in Figure 5, this is done by forming eight new search blocks of 16 x 16
pixels, the location of the top-left corner of each block being marked with an

X in Figure 5. These locations are denoted as [Ax +m/2, Ay + n/2], where m

and n can take the values —1, 0 and +1, but cannot be zero at the same
time. As only the pixel values of original image pixels are known, the values

25 (for example luminance and/or chrominance values) of the sub-pixels
residing at half-pixel locations must be estimated for each of the eight new
search blocks, using some form of interpolation scheme.

Having interpolated the values of the sub-pixels at half-pixel resolution, each
30 of the eight search blocks is compared with the macroblock whose motion
vector is being sought. As in the block matching process performed in order
to determine the motion vector with full pixel resolution, the macroblock is

compared with each of the eight search blocks according to some criterion,



vi deo sequence, this m ninmum value may correspond to the |ocation
specified by the original notion vector (having full-pixel resolution), or
it may 5 wormsesqend to a | ocation having a hal f-pixel res®@CWtE@0073Phus, it
IS possible to determ ne whether a notion vector should point to a

full -pixel or sub-pixel location and jf sub-pixel resolution is
appropriate, to determ ne the correct 17sub-pixel resol ution notion vector

It should al so be appreciated that the schene just describ can be
xt ended t JODBKEMPELE SAR GRS CeisShlal GHE CONBRaNSonS o GBI S AN er - pi xel

resol ut | on)i e A bb cbitaRd i BhOe haNuRS 4 lth6 anolibe ifShbt | on

of a sub- pi xel e reference ame is perforned by interpolating
t he val ue ofidedesexjuienpe x ahisf mininsumr valgi mayicosiespeatduds . thenlagatienal |,

e Pt e Bl Yot Bt vitd UBLA%eeaPuB 1 LARF I,
oper ati qn, t s BAviealal ixelve ibnFTMRuY) Ei ible t
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and n and rdeiesmiobtwiheibar bymotianogctargshouldipeing tora dwkpixel er pubtpixgint eger

alues. Typically, the filt ffjci . t d
Val ues. and s e Epupif! rFRTWGT i BbRchls, ERRIER gl Sirdet s ¥
filters', idupspixenresanafiondhrationelected. ue shbuldylsoate pprecibited tatdhas
fol!oms: 25 K=1 K=1 F(x,%é; Y f(k+K) Yf (| +K) F(n+k, mHl ), k=-K | =- K &? The
moti on vectssheme just slesoiibed ganrbe pyteadedderothen sabritixel JespbEipBs didig

moti on.goeffj ciants. a NS A i : hhol ai ghtforward
30 rmat 407 08 o BB RRRELIBILuGR o BRERAF bralbhol S dbiiod 2 B2 1 o
met hod identical to that used in the encoder. In this way, a frane
following a WO 03/026296 PCT/ FI 02/ 00729, ) .
In practice, the estimation of a sub-pixel value in the reference frame is
performed by interpolating the value of the sub-pixel from surrounding pixel
values. In general, interpolation of a sub-pixel value F(x,y) situated at a non-
15 integer location (x, y) = (n+4x, m+4y), can be formulated as a two-

dimensional operation, represented mathematically as:

F(x,y)= § if(k+K,l+L)F(n+k,m+l) @)

k=-K I=-L

20 where f(k,l) are filter coefficients and n and m are obtained by truncating x
and y, respectively, to integer values. Typically, the filter coefficients are
dependent on the x and y values and the interpolation filters are usually so-
called ’separable filters’, in which case sub-pixel value F(x,y) can be
calculated as follows:

25

K=1 K=1
FOo,y)= Y fk+K)Y, fA+K)F(n+k,m+I) (8)

k=—K 1=K

The motion vectors are calculated in the encoder. Once the corresponding
motion coefficients are transmitted to the decoder, it is a straightforward
30 matter to interpolate the required sub-pixels using an interpolation method
identical to that used in the encoder. In this way, a frame following a



13 reference frame in the Frame Menory 24, can be reconstructed fromthe
reference frame and the notion vectors. The sinplest way of applying
sub- pi xelwoaBwzs2phat er pol ation in a video coder 5 is to i RCEm@m@r® each
sub- pi xel value every tine it is needed. However, this is not an efficient
solution in a video encoder, because i} is |likely that the same sub-pixel
value will be required several tines a thus calculations to interpolate

t he sane sub-pi xel value w !l per f or nultjple tines. a;his sults in
an unnecesgﬁwenﬁﬂ@%"bﬁh%gﬁﬁﬂ?a@ orﬁﬁ”ebgtrﬁc?n‘gﬁt‘a% t he
encoder. Arteféréﬁéé‘ﬁ%tn €4 ﬁcf)ﬁ-[eoﬁﬁﬂon%bfa?sl imts the conplexity of the

cu

encoder, re-ca e and store all sub-pixel values in a nenory
associated with the encoder. This solution |s call ed |nterpolat|on

bef hand' int | at i her eaf t t t
compl exi Ly, 5o BIRCHANAY of APERE! St ehoh yelie RSPERIRTD ,008P ot casi ng
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vectors in the enco Bef ore-hand interpolation is also particularly

i nef fici entresultsanmadwnéees&ﬁy increasé of campuitational complexitycuburden in

sub- pi xel val ues never be required by the decoder. Thus, it is 25
advant ay eodEer%‘Pog% ‘use pre-calculation in the decoder. So-cal | ed

' on- demand interpolation can be used to reduce menory requirements in the
encoder. For exanple, if the desired pixel precision is quarter pixel

resol ut i on,Ammlterrsativepaprbaciat which knalt$ theicompiesituof dwe @ngoder,iiatter pol at ed
bef ore- hand for t
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15 hereafter in this document. While limiting complexity, before-hand
interpolation has the disadvantage of increasing memory usage by a large
margin. For example, if the motion vector accuracy is one quarter pixel in
both horizontal and vertical dimensions, storing pre-calculated sub-pixel
values for a complete image results in a memory usage that is 16 times that
20 required to store the original, non-interpolated image. In addition, it involves
the calculation of some sub-pixels which might not actually be required in
calculating motion vectors in the encoder. Before-hand interpolation is also
particularly inefficient in a video decoder, as the majority of pre-calculated
sub-pixel values will never be required by the decoder. Thus, it is

25 advantageous not to use pre-calculation in the decoder.

So-called ’'on-demand’ interpolation can be used to reduce memory
requirements in the encoder. For example, if the desired pixel precision is
quarter pixel resolution, only sub-pixels at one half unit resolution are
30 interpolated before-hand for the whole frame and stored in the memory.
Values of one-quarter pixel resolution sub-pixels are only calculated during

the motion estimation / compensation process as and when it is required. In



this case nenory usage is only 4 tines that required to store the original,
non-interpolated inage. It should be noted that when before-hand

i nt er pol awben/oe@Icused, the 5 interpolation process const PCHR®/0MIY a
smal| fraction of the total encoder conputational conplexity / burden,
since every pixel is interpolated just, once. Therefore, in the encoder,
the conplexity of the interpolation pr]dbess itself is not very critical
when bef ore- hand sub-pi xel value interpolation is used. Oﬁ]the ot her hand,
on-denmand itAISI356! MEMATY piseas ia anbic A @ﬁgﬁatl@qé’ﬂ'ﬁﬂdf’eﬁt?% e 8l9'88h on the
encoder, since ol y be interpolated nany tinmes. Hence the
conplexity ©O 'Pn#g?%(lt) alrﬁ%é?process, whi ch may be considered in terns of

t he nunber of conputational operations or operational cycles that nust be
performed in order to int erPoI ate the ?RLJIb- pi xel val ues, beco

S .an
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reference will be made to Figure 12a, which defines a WO 03/026296 15
operational cycles that must be performed in order to interpolate the sub-

pixel values, becomes an important consideration.

15
In the decoder, the same sub-pixel values are used a few times at most and
some are not needed at all. Therefore, in the decoder it is advantageous not
to use before-hand interpolation at all, that is, it is advantageous not to pre-
calculate any sub-pixel values.

20

Two interpolation schemes have been developed as part of the work
ongoing in the ITU-Telecommunications Standardization Sector, Study
Group 16, Video Coding Experts Group (VCEG), Questions 6 and 15.
These approaches were proposed for incorporation into ITU-T
25 recommendation H.26L and have been implemented in test models (TML)
for the purposes of evaluation and further development. The test model
corresponding to Question 15 is referred to as Test Model 5 (TML5), while
that resulting from Question 6 is known as Test Model 6 (TML6). The
interpolation schemes proposed in both TML5 and TML6 will now be
30 described.

Throughout the description of the sub-pixel value interpolation scheme used
in test model TMLS5, reference will be made to Figure 12a, which defines a



PCT/ FI 02/ 00729 notation for describing pixel and sub-pixel |ocations

specific to TM.5. A separate notation, defined in Figure 13a, wll be used
in the diwowsmeame of the sub-pixel value interpolation seoEm02WSES i n
TML6. A still further notation, illustrated in Figure 14a, will| be used

later in the text in connection 5 wth the sub-pixel value interpolation
nmet hod according to the invention. It 1%nhoul d be appreci ated that the three
different notations used in the text are intended to assist_i h
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represent shoupd kelappoeciaiednthat thecthved different noiationd useddn shetexiared at t he

b- pi xel | ocat | bei bt ai ped. by..i nt | at.i on.,_.Certai t
w1 el g0 Heended T asiel 21 PoferStatiing of RRgh b bt Mt B8 iacrt 1y
particul ar ‘%I:istilﬁQQisﬁmef@Iie?ﬁ%s|b@ﬁﬁéér9ﬂﬁam.'rlh6ﬁ/évé‘rf,ﬁ1 ah threkl fijipes, 2Re The term

a

‘unit horizon cation' is used to describe the |ocation of any
sub- pi xel tletier Asisousest touderete original dmage Rikelshdulbpixgl resolutipeMeiea. Sub-

pi xel s and e.in, Figures 12a an | S . -pixel. ein
Fi gure 1§)4a %P&&E'CGHY’tt%ﬁo'Pﬁ% rﬁprg%bi?m%ioc\ggghfﬁeo '?%Jlrgr{ﬁ'tﬁ%i@aggw%al
location' irgprssiting Afamel die vidio Sthudnce;lthé ipdtel valussafylixels tedeing a row
of the original inmage data. Sub-pixels b and d in Figures 12a and 13a as
vel | as suleiiexerecaivethdasl FUrengufamesd, tave fiAM av¥ldecc0W¢Ratdons. 30
B e e RRepliiibd And Motk ROTERACE' B VBl T R Flafgt ! one.
Memory 17, 24 of the encoder 10 or the decoder 20. All other letters
15 represent sub-pixel locations, the values of the sub-pixels situated at the

sub-pixel locations being obtained by interpolation.

Certain other terms will also be used in a consistent manner throughout the
text to identify particular pixel and sub-pixel locations. These are as follows:
20
The term unit horizontal location’ is used to describe the location of any
sub-pixel that is constructed in a column of the original image data. Sub-
pixels ¢ and e in Figures 12a and 13a, as well as sub-pixels b and e in
Figure 14a have unit horizontal locations.
25
The term 'unit vertical location’ is used to describe any sub-pixel that is
constructed in a row of the original image data. Sub-pixels b and d in
Figures 12a and 13a as well as sub-pixels b and d in Figure 14a have unit
vertical locations.

30
By definition, pixels A have unit horizontal and unit vertical locations.



PCT/ FI 02/ 00729 The term 'half horizontal |ocation' is used to describe the

| ocati on of any sub-pixel that is constructed in a colum that |ies at
hal f pi xeWorie®ad2e¢ i on.  Sub-pi xels b, ¢, and e shown in FipgurRa®/0022 and 13a
fall into this category, as do sub-pixels b, c and fin Figure 14a. In a
simlar manner, the term'half 5 vertlgl | ocation' is used to describe the
| ocati on of any sub-pixel that is constructed in a row that |lies at

hal f - pi xel resol ution, such as sub- lxe d’éﬁ ures 12a and 13a,
as well as T tigmehall horizontahlogatin Ij?g'ﬂﬁeéftﬁﬁgscri t'ﬁ‘é’i‘%&‘r@ e term
quarter hcﬁ’dbzﬁ%la{hdt C?Q%‘dn%ﬂuctreﬁf A& cfo%rﬁHWhétJhe@a?f%alf EB@I régolGsret ruct ed

I n a colum wh quarter-pi xel resolution, suc sub- pi xel s d
and e in Figub-pixeiab, stmacpeﬂlfiosvrdlnaﬁgu@s ‘rQa:agdrh'Bal@i mtmtrm;bate@mel sd g

and h in Figure l1l4a. Anal ogou 1 he rm arter vert 0 on'
r ef ersI to Isﬁgﬁg %ﬁ%@ﬂquﬁiﬁ gﬁ’]éft%‘nﬁgﬂ?cﬁ Iinriaq g'”f“ ’Iﬁ“’&?{' ?ﬁ%ger %%kl
quar t er spi %’méaﬁﬁe AdrPn dééth%b&rib’eathéll@baiﬂohebﬁaﬂyaéub Elxélatﬂatlléto this

category, as do sub-pixels e, f d gin Figure 13a and pi xels e, f and
h in Fi gureonstracteThin dgbiwnihat d:asaft hedicpixelf reselutioay ﬁﬁch@é‘cw%@ﬂ(%ﬂowe i S

Fur ther be 6 Sanhawres 174 3 Bhecan vl R 3BIAR A FHRECD 1} EGRE” [ e

with a two-gdijgrensional reference. In this case, the appropriate two-
di rensi onal reference can be obtained by exam ning the intersection of the
25 envelopes in Figures 12a, 13a and 14a. Applying this principle, pixel d

| ocati a8 addrarhiip R G, Aiidonld GEAT RS 107y SEDHiAS

| ocati on. |tRaB@didnstnctedand éclunmaskichflies et tquarteepl)ceuteqmlum'ins sublatasr esi de
at half unit horizontal and_ unit vertical |ocations,. unit horldz and

hal f unit vetrpials d apdta BnEiodEe Jea SuuPXelsHand ghin Fighrs 13 EN haI f
uni t vertl elgo&aé 9R5 n Y \Ahlli-lggpe Wc‘ewr%%qd‘ﬁ@f tHGZterﬁﬁm]d.ﬁér%rﬁé@ pi xel s.

Sub- pi xel s I ch™r&side at uarter uni izontal and / or quarter
unit verti detatiotaefers o subipixelsftieatr ae constsucted inea gow MichsliBs i xel s.
WO 03/ 026296 17
15 " “quarter-pixel resolution. In Figure 12a, sub-pixels e and f fall into this
category, as do sub-pixels e, f and g in Figure 13a and sub-pixels e, f and h

in Figure 14a.

The definition of each of the terms described above is shown by ‘envelopes’

20 drawn on the corresponding figures.

It should further be noted that it is often convenient to denote a particular
pixel with a two-dimensional reference. In this case, the appropriate two-
dimensional reference can be obtained by examining the intersection of the
25 envelopes in Figures 12a, 13a and 14a. Applying this principle, pixel d in
Figure 12a, for example, has a half horizontal and half vertical location and
sub-pixel e has a unit horizontal and quarter vertical location. In addition,
and for ease of reference, sub-pixels that reside at half unit horizontal and
unit vertical locations, unit horizontal and half unit vertical locations as well
30 as half unit horizontal and half unit vertical locations, will be referred to as Y2
resolution sub-pixels. Sub-pixels which reside at any quarter unit horizontal
and / or quarter unit vertical location will be referred to as % resolution sub-

pixels.



PCT/ FI 02/ 00729 1t should also be noted that in the descriptions of the two
test nodels and in the detailed description of the invention itself, it
will be awewamzb2phat pixels have a m ninumval ue of 0 anaCa/mexiomem val ue
of 2"-1 where n is the 5 nunber of bits reserved for a pixel value. The
nunber of bits is typically 8. After g sub-pixel has been interpolated, if
the value of that interpolated sub- piyél exceeds the value of 2"-1, it is
restricted to the range of [0, 2"-1], i.e. values |lower than the m ni num
al l owed value will becone the m ninum value (0) and val ues | arger than the

maxi mum w %ngﬁé\ﬁg%Esﬁi’g? 3Red AaTin b 4aldipiods o the Wb festiioddis andiie cal | ed

clipping. ue 1 nterpolatron scheme according to TM.5 will
now be desheidetaileddesdriptibnwafithe imfentiondtsetfoit Fit reegssiaaed 1w RixRIS 12c. 15

1. The value for the sub-pixel,L at half unit horjzon an nit. yertical
| ocat i on, tl@ye fdniNrpupLY Pﬁtc?fociu1 aé‘gb"‘-l FRagnum ivﬁlulgl %{1?(73'11‘5 er%l é R Ul at ed
using as6- trgngﬁér' Sbits fe¥eridd t6a biePUaRATAS RurMBbe bR isLyPidaig@. uti on

sub- pi xel ased upon the values of the 6 pixels (A to A6) situated in a

row at uniAftéroa subipixe! hasdmendnterpolatashiif theealue af thas daterpmiateshsrbet ri cal 1y

about 20 b, .as sho .0 _Figure , ., acce ' r Tpu 47 (A - 5A2
+ 20A3 + jbéé Qxcg\égs_,tﬂg\é/a e 8 %935.'3 Fﬁé%@grtgﬁgér}%nggnot 822&1%1.(86{?"% with
truncati on.ya[hes 1&eeY thdrstitd inmRRSUrhOallovied Nalueewilebgeome, the' miihimuin  Val ues
for the 1/2 resolution SUb-PIX6|S | abell ed ¢ are_cal cul ated using the 25

sane six ta@lde (Qeandvaluasilargesthan theam@ximemsyill theabacemgi RAKETWR sub
pi xel s .((A or_,b) in,.the. v i . dj tian..Referring nowto Figure 12c, the
filter 1|bnt e\f‘a&)‘% Qngé) g’ﬁ aﬁ%%aﬁ(@#' #léelf%ﬁ/ééﬁﬁg 0l ution sub-pixel c |ocated at

unit horizontal and half vertical |ocation based upon the values of the 6
pixels (A, _to A6) situated in a colum at unit horjz catipns and

unit 30 verthe gubtpixelt Yalue i%‘ﬁﬁﬁ*@@ﬁq”b§Ph9m§b%?ﬁ°"€',n9at,°cgﬂﬁl’n&}"ﬁ('i'% €f ormul a
e s e M e ol B amber v ve o
| ocation is calculated according to ¢ = (b, - 5b2 + 20b3 + 20b4 - 5b5 + b6
* 16)/3125' V\10 (%':r)’\/eo\Z/gI%gGfoPrCIh/eFls(l)J%{é)lge?Ith Jhsalf unit horizontal and unit vertical
location, that is % resolution sub-pixel b in Figure 12a, is calculated
using a 6-tap filter. The filter interpolates a value for % resolution sub-
pixel b based upon the values of the 6 pixels (A to Ag) situated in a row
at unit horizontal locations and unit vertical locations symmetrically about
20 b, as shown in Figure 12b, according to the formula b = (A; - 5A2 + 20A3
+ 20A, - 5As + Ag + 16) / 32. The operator / denotes division with

truncation. The result is clipped to lie in the range [0, 2-1].

2. Values for the ¥ resolution sub-pixels labelled ¢ are calculated using the

25 same six tap filter as used in step 1 and the six nearest pixels or sub-
pixels (A or b) in the vertical direction. Referring now to Figure 12c, the

filter interpolates a value for the ¥ resolution sub-pixel ¢ located at unit
horizontal and half vertical location based upon the values of the 6 pixels

(A, to A) situated in a column at unit horizontal locations and unit

30 vertical locations symmetrically about ¢, according to the formula ¢ = (A,
- BA, + 20A, + 20A, - 5A; + A, + 16) / 32. Similarly, a value for the %2
resolution sub-pixel ¢ at half horizontal and half vertical location is
calculated according to ¢ = (b, - 5b, + 20b, + 20b, - 5b, + b, + 16) / 32.



Again, the operator / denotes division with truncation. The val ues

calcul ated for the ¢ sub-pixels are further clipped to lie in the range [0,
2-1]. 5 AwvOtohioss2p®©i nt in the interpol ati on process the valPaegiaioozddl 1/2
resol ution sub-pixels have been cal cul ated and the process proceeds to the
cal cul ation of 1/4 resolution sub-pixel_ values. 3. Values for the 1/4

resol ution sub-pixels |labelled d are cgiculated usi ng 10 | i near
|nterpolat|on and the values of the nearest pixels and, / %01/2 resol ution

sub- pi xel s i nAGR®, hibei PpRralPr oi deppiesn dMEeR WHBCITHNCANQn, T0g) YalLeStor 1/4
resolutl on suaRLERS dt he &ﬁﬁ’igﬁéelﬁ'{slﬁeg futtnd? QibBed 1§ lic3R dneahge ! i cal

| ocati ons, I'ng aver ag

nei ghbouring piypl at unit horlzontal and unit vertical 15 |location (pixel
A) and the inmmedi ately nei ghbouring 1/2 resolution sub- pixel at half

hori zontal and unit vertical |ocation (sub-pixel according to d =

I.e.
A+ Db) 2 I
hor i zondal Anlfthdeint Bf i fytefida “bhﬁﬂm%%r@s“b?%%h“%feﬁf%‘y'e%ge?%'g“%ﬂéer
average of émﬁlwﬁ%é\i@'%wﬁl@mwe@%ﬁd 2heepededsPprovbeds xk) she 20

which lie at orizontal and half vertical |ocation and half horizontal
and hal f vardlcglatiohasfatiressiutiers pebipixellvalués.e. according to d= (O + c2)/2.
Agai n operator / indicates division with truncation. 4. Values for the 1/4
resol ution sub-pixels labelled e are calculated using 25 |inear

| nt er pol at 'é’nvﬁﬂfé s i thal 'fie%s%iutf&ﬁesmﬁf)@% Iaﬁiéﬂébsd Hé dal@llatbb2usingo! uti on

sub- pi xel s I'n the vertic rection n particular, 1/4 resolution
sub-pi 46l s e #heamirttefpotdtioontatl dhedvajuas t afr theetrleamﬁt piselst anths' Qr d2

| cul ated by t aki th f 1h h | at
Cini ¢ hor ot SPSCUHPILIHI POER FEde TesanabTBElGe MASE SheP Lo: WLl ately 30
nei 9bOUI | 9 Rypirkebiufin Wl phBls H0McBlorh a@éﬁervabhtmbl l9gRLNAN (SUD-

pi xel c¢) according t = (A+ 1/4 resolution sub-pixels e3 at half
hori zont al andeqnartiecatrms i cae Ioatmlatedls byr dakingc dheit evetager i het he WO

03/ 026296 19 BCT/ £L 92/ 00729 aver 208, af 416l mHBHLANS] YaRtP! P Virhos

sub- pi xel at
15 Iocatlon (pixel A) and the immediately neighbouring 2 resolution sub-

pixel at half horizontal and unit vertical location (sub-pixel b), i.e
according to d = (A + b) / 2. Values for % resolution sub-pixels d located
at quarter horizontal and half vertical locations, are calculated by taking
the average of the immediately neighbouring Y2 resolution sub-pixels ¢
20 which lie at unit horizontal and half vertical location and half horizontal
and half vertical locations respectively, i.e. according to d = (¢4 + c2)/2.

Again operator / indicates division with truncation.

4. Values for the % resolution sub-pixels labelled e are calculated using

25 linear interpolation and the values of the nearest pixels and / or %2
resolution sub-pixels in the vertical direction. In particular, % resolution
sub-pixels e at unit horizontal and quarter vertical locations are
calculated by taking the average of the immediately neighbouring pixel at

unit horizontal and unit vertical location (pixel A) and the immediately

30 neighbouring sub-pixel at unit horizontal and half vertical location (sub-
pixel ¢) according to e = (A + ¢) / 2. % resolution sub-pixels e; at half
horizontal and quarter vertical locations are calculated by taking the



unit vertical location (sub-pixel b) and the i medi ately nei ghbouring sub-
pi xel at half horizontal and half vertical |ocation (sub-pixel c),

accor di ngwotos/oss2%6 (b + ¢) / 2. Furthernore, 1/4 resol uti oRCIEIB2QM0X™ s e at
gquarter 5 horizontal and quarter vertical |ocations are cal cul ated by
taking the average of the inmmedi ately nei ghbouring sub-pixels at quarter
horizontal and unit vertical |ocationt®nd the correspondi ng sub-pi xel at

t hor i t al d hal f tical, | ti - pi d di t
2L + dgverage chibe MBS BYrIBRROYIG Rk EhaF bBroMiRlAne o |
truncation. 10 P ; | Bt | at ed
byuaver ligi ng ngve@g‘ﬁu\gghgfn E"ﬁ{?é&éﬁ @?erg% H{pﬁ @g}{]gé@}f%g@kgaqbdﬁlinp %ﬁ Pgogt :I

and vertical pixetat halfioriacstai dnddhalfovértical(lacatiompsub-pgek-chaceording 4,
where pixels Al,

A2 A d A4 are the four nearest origin ixels. 15 A
di sadvant age & eTm® i*sgst E%t 'ﬁf@%@%%le% f?oéglf%ugﬁtﬁp&%gl%%ko%@k ~ This
resul tssfrom phg,dial ahBaguatdbverses MtalibRs aaehcalbuMied byl fidigahat i on  of
1/ 4 resol ution sub-pixel values depends upon the interpolation of 1/2

resol uti on subveragelofihe irsmediately neighkouring sutpixelscat quaneitharzenidle the 20

val ues of the_1/4 resolution sub-pixels, J Loe ! | ution
sub- pixels f?'agn Wfé’ﬁnfcﬁ)ego‘\aigl%dgpérhzngénﬁigﬁldﬁe& csg{bc‘hlpglt gé?qlfla?ls%? .
Furthernore, ngiissial v Halk verical Icvatien géul-pixels d), razeotding oo esulfdpt xel s
depend upon the interpolated values obtained for other 1/a resolution

sub- pi xel s, t dad@iQrae Bereaperater { bxtgaies diyisiah WHhIBNG&liPhes has a
del etergous effect on the precision of 25 sone of the 1/4 resol ution
sub- pi >1 | values. Specifically, the 1/4 resolution sub-pixel values are

| ess preci & TRavdleYonaurabdation stublpgixelat isdnferpotatediby esverdiging thel not
been truncated and clipped. Another disadvantage of A TM5 is that it is

necessary to velope ohihe A casest Rixals' values @tyenibhasigental; s svericdl der to
i nt late t 4 i i | wes. .
rorory 1o AL REBYG 0 SUA; AR AR ASE2) T YRGS Bpel AR LS

menory is req ore ul't i's'not ‘ultimately requited. The

sub- pi xel val pg andtAy srelthe four edreseoriyginalrpixelg. to TML6, referred to herein
as direct interpolation, will now be described. In the encoder the WO
03/ 026496 PCT/ FI 02/ 00729

A disadvantage of TMLS5 is that the decoder is computationally complex.
This results from the fact that TML5 uses an approach in which interpolation
of % resolution sub-pixel values depends upon the interpolation of %2
resolution sub-pixel values. This means that in order to interpolate the
20 values of the % resolution sub-pixels, the values of the ¥z resolution sub-
pixels from which they are determined must be calculated first. Furthermore,
since the values of some of the % resolution sub-pixels depend upon the
interpolated values obtained for other % resolution sub-pixels, truncation of
the % resolution sub-pixel values has a deleterious effect on the precision of
25 some of the % resolution sub-pixel values. Specifically, the % resolution
sub-pixel values are less precise than they would be if calculated from
values that had not been truncated and clipped. Another disadvantage of
TML5 is that it is necessary to store the values of the Y2 resolution sub-
pixels in order to interpolate the % resolution sub-pixel values. Therefore,

30 excess memory is required to store a result which is not ultimately required.

The sub-pixel value interpolation scheme according to TML6, referred to
herein as direct interpolation, will now be described. In the encoder the



20 interpolation nethod according to TM.6 works |i ke the previously
described TMS5 interpolation nethod, except that maxi mum precision is

ret ai ned wohsoagheout . This is achieved by using interned aCeg/R@00ES whi ch
are neither rounded nor clipped. A step-by-step description of

I nterpol ation nmethod 5 according to TM 6 as applied in the encoder is given
below with reference to Figures 13a, @b and 13c. 1. The value for the

Fesol Ut | on BEERRRYER Methad pogaicine Ba ML Wei! edeyprevioeeh SschPRl ac i ng
an i nter medy ; S} S} k| i epfdaldish isC tes b
based upond];'ﬂtégvnz; JgglagPHt@%%&dﬁi %?éspa?tﬂfftt@g&gﬂgi ?@giééﬁﬁilﬁ ?tﬁ?gsv at unit
h(ﬁri zont al thomeghioahsThisis achieveebyiusing intermeadiate \@ueswhickedleyneiti®sut b, as
shown in Figur 3b ccording .to,the formula,.bh = (Al - + + 20A4
“5a5e hg) . "oHaded e ORe: of weP oy Hien TERLbNdp oof Mlefpetdliey” méfie s 7035
g”d s gl %@r&iﬁg\;tbql\hm bEegphBdan ife eAcodér ishsiverrbeldv withereforeatet or /
enot es di vl sion th truncation. 2. Values for the 1/2 resol ution

sub- pi xel s tbdbguresd 3@, 48k avigt t3med by first cal cul ating internediate

values c. Referring to Figure 13c, an 20 internediate value ¢ for the 1/2
resol ution sub-pixel ¢ located at unit horizontal and half vertical

| ocation i s1 cghgulauedidrased supqixdihat \halfuanit edrizoneal6andxehis Velicdlo A6)
situated in a colum at_ unit horizontal |ocations and unit verti.cal

| ocati ons syniasatipaaihayisdasasolationsubmirely indiguwe 13 isbtainedby first. 5pp 4+
20A3 +.20A4 - . AB) . | F enfoL the & 5 ¢ i

sub- pi >3 | c | 8%@?'@@”@ aﬂn‘ﬁﬁﬂ@r@%nygpaaﬁdeﬂgéfgv%!r(tzﬁa?alﬁrt?@gyﬁ‘% ofﬂ{éri s then

cal cul at ed aceakdiatgs bbased uponthd Galuesdst.th&iompikels|(fq taAg) sitadedirdaat e
value ¢ for the '/2 resolution sub-pixel c at half horizontal amﬁ hal f
vertical | ocaf@wmtiunitcherzenialdacations: and ynitorestical dgcationssymmedipglly  oopg -

5b5 + b6). A v, hi s, - i -] =4 1 30
cal cul at ed acégggﬁl ?l’gé% %WC%V{':'?[D E@g?e} ég,oéc?%‘hﬂggitﬁ?hfﬁngl&?at '6?1 / glA?eﬁot es

di vi isi on wi t h20AYR20AoN5ANE AdeThafinabvalaé ofibas ¢ner oalculaed asdi at(bon sub-
DXL 45, 50 b UH8 P 5 khdRE LibSed 5 e o 4RSS 1602271 AL oef03hg26290

operator / denotes division with truncation.

2. Values for the ' resolution sub-pixels labelled ¢ are obtained by first
calculating intermediate values c¢. Referring to Figure 13c, an

20 intermediate value c¢ for the Y2 resolution sub-pixel c located at unit
horizontal and half vertical location is calculated based upon the values

of the 6 pixels (A, to A,) situated in a column at unit horizontal locations

and unit vertical locations symmetrically about ¢, according to the

formula ¢ = (A, - 5A, + 20A, + 20A, - 5A, + A,). The final value for the %2

25 resolution sub-pixel ¢ located at unit horizontal and half vertical location
is then calculated according to ¢ = (¢ + 16) / 32. Similarly, an
intermediate value ¢ for the 2 resolution sub-pixel ¢ at half horizontal

and half vertical location is calculated according to ¢ = (b, - 5b, + 20b, +

20b, - 5b, + b,). A final value for this Y2 resolution sub-pixel is then

30 calculated according to (¢ + 512) / 1024. Again, the operator / denotes
division with truncation and the values calculated for V2 resolution sub-

pixels ¢ are further clipped to lie in the range [0, 2'-1].



21 3. Values for the 1/4 resolution sub-pixels |abelled d are cal cul ated
as follows. Values for 1/4 resolution sub-pixels d |located at quarter

hori zont aWvoan@2azné t vertical | ocations, are cal cul ated fr ®cTiHe@/MWz9ue of

t he i medi atel y nei ghbouring pixel at unit horizontal and unit 5 verti cal

| ocation (pixel A) and the internediate value b calculated in step (1) for
the i nmedi ately nei ghbouring 1/2 resolZki on sub- pi xel at half horizontal

and unit vertical location (1/2 resolution sub-pixel b), aCTOI’ ing to d =
(32A + b +32Yaluessfontieuts résolution subspixels dabellasl dpaseeralcylalgdaa®d at

hori I d hal f i cal | ' ' [

the :t ot er mod BOWE WEWES (ol | ki TUEPYeSd bealdd T ORAREF ng' 172
ter medi &9 o chi P ing
[ acati on_ana HafFSET ApehPhfiverEatiopaliohs, AR coRllaleiEm e YIS 1.

according to gf méaﬁﬁneﬁiaéyné@@odring?%ﬁel Abainit dweizantal andndinitat es

division with truncation and the 15 finally obtained 1/4 reso] ution

sub- pi x8| val vesical location (pixel Apanddheninténmeediatgyyajug bealgylated IR;| yes
for the 1/4 resol ution sub-pixels |abelled e are cal cul.ated, as. | ows.
Val ues for 1/ ﬂtqpeﬁﬁ EQri a??é nedigiely Reighboyring %f rﬁﬁ&f‘*'%ﬁ“?%ﬁ?‘ﬁ[ 0 and

quarter verti et i |, G I i .

i medi ately nﬁggh@‘g@ﬁﬂépa’@ﬁngf" %I!C? I ﬁ%ﬁtlggn %Ih%gé@lngﬁl %’Pﬁ'c@r

| ocati on (pi Xsbcéadiﬁqdotdx% (3/4NBdi 329 /\6d Udaluesaforutiatesblitiorssep-(2) - for
the i mredi ately nei ghbouring 1/2 resolution sub-pixel at unit horizontal
and hal f vert pials ddoeatethat quadedihagizoatal and bkl verticablocatiops, ee Vval ues

f 1/ 4 | ut i b- pi xel l. ted.at half hori t al t
verti cdD | ocaMtormpiaied Bistea wecdniertirciate ivauehen cabuptplotey HE) ol o oa

in step (1) f t ' i . Ne] ] R | Wk i ixel at
hal f hori zont ﬁn@%@m@@ﬁ%}ﬁégg %g%ggwgtﬁﬁgsr@ ﬁ%gﬁlﬁt@bmlhggg u@gl ue c
cal cul at ed | nngtiggntat) ah@halh driigariicyation Beidd hadiuhiokigohtal 8AdT Ralfl ut i on
sub- pi xel at ha orizontal and half vertical location, according to e =
(32b + ¢ + 109ditical 2ockior@ respentively; macarding tond 6$32es23% +PEOLA) 62/ 00729
2048. Again operator / indicates division with truncation and the
15 finally obtained % resolution sub-pixel values d are clipped to lie in

the range [0, 2"-1].

4. Values for the % resolution sub-pixels labelled e are calculated as
follows. Values for % resolution sub-pixels e located at unit horizontal

20 and quarter vertical locations are calculated from the value of the
immediately neighbouring pixel at unit horizontal and unit vertical
location (pixel A) and the intermediate value ¢ calculated in step (2)

for the immediately neighbouring % resolution sub-pixel at unit
horizontal and half vertical location, according to e = (32A + ¢+ 32) /

25 64. Values for % resolution sub-pixels e located at half horizontal and
quarter vertical locations are calculated from the intermediate value b
calculated in step (1) for the immediately neighbouring 2 resolution sub-

pixel at half horizontal and unit vertical location and the intermediate

value c¢ calculated in step (2) for the immediately neighbouring 2

30 resolution sub-pixel at half horizontal and half vertical location,
according to e = (32b + ¢ + 1024) / 2048. Once more, operator /



22 indicates division with truncation and the finally obtained 1/4

resol ution sub-pixel values e are clipped to lie in the range [0, 2"-1]. 5.
Val ues f owolB#4262e60! uti on sub-pi xels |abelled g are conputred/mieogt he 5
val ue of the nearest original pixel A and the internedi ate values of the

t hree nearest nei ghbouring 1/2 resolu%ifn sub- pi xel s, according to g =
(1024A + 32b + 32c, + c2+ 2048) / 4096~ As before, operator / indicates

division with truncation and the finally obtained fgr 1/4 resol yti.on sub-
pi xel val ues indigates igigision owithe tiunGation 2pd fhe Enaﬁx OE? 'B?HT1é val ue

the 4 ol osest TGN SBARe! kakPoshelk BRI, Y e BBkB a2 Socor di ng
tof = (A + A2 + A3+ A + 2) |/ 4, where the locations of pixels A, A2,

A3 and A4 are the four nearest original pixels. 15 In the decoder
sub- pi xel @l Valiesaforb¥ resohitioadsul-pixets fatwedp@we mpreputed usingtthes in

hori I d tical di ti. - h : - Dl
rasol ut Pon, -t SRUE¢'iR neasREPUSRaLPNEL B nd RF iflomedaRt NpREE R e
pi xel s and siiredi r&dresBhelghboureg tizCRIsolutioat sai-pixets,[ &ccddding4to @, =0, 0]

for a set of six pixels 20 A, [1, -5, 52, 20, -5, 1] for a set of six

sub- pi xel s d, ({024A +@2kup 3260+ C-302048) /£4096. Assheforg, %qeia%l./)-"ﬁs'ﬁ%t% b, and
1, -5, 20, 52,.-5 1 . f.Si b- i o) FER PNt

E:oeffici ents }vgl%gmlirbh%%&}oiﬁéggttpégﬁﬁs@y sogéém%bifersﬁoaa%ﬁ -KSI?)i xels in the

same row as t ﬁ?]e‘f%hiéé@:aréﬂinﬁgédb@ii@m tHet Ringel[et 287).25 After applying the

filters in th ori zont and vertical directions, interpolated value c is
nor mal ilPed according to ¢ = (c + 2048) / 4096 and clipped to lie in the
range [0, 2"-

ot her the Thenaenian ToreskiSR abanvect Ronferiames Bchveledfiohen: < are

2 Ve 50 Sof PR T S08 li0R 1y Thorgohi prenio et Lo,

that there aamecordingia i pl(AcatAondsbyAzerd) cbelhers betlocatignsodl @rels96 23

PCT/FI 02/ 0072%1, A,, As and A, are the four nearest original pixels.

15
In the decoder, sub-pixel values can be obtained directly by applying 6-tap
filters in horizontal and vertical directions. In the case of % sub-pixel
resolution, referring to Figure 13a, the filter coefficients applied to pixels and
sub-pixels at unit vertical location are [0, 0, 64, 0, 0, 0] for a set of six pixels

20 A, [1,-5,52, 20, -5, 1] for a set of six sub-pixels d, [2, -10, 40, 40, -10, 2] for
a set of six sub-pixels b, and [1, -5, 20, 52, -5, 1] for a set of six sub-pixels
d. These filter coefficients are applied to respective sets of pixels or sub-

pixels in the same row as the sub-pixel values being interpolated.

25  After applying the filters in the horizontal and vertical directions, interpolated
value c is normalized according to ¢ = (¢ + 2048) / 4096 and clipped to lie in
the range [0, 2’-1]. When a motion vector points to an integer pixel position
in either the horizontal or vertical direction, many zero coefficients are used.
In a practical implementation of TML6, different branches are used in the

30 software which are optimised for the different sub-pixel cases so that there

are no multiplications by zero coefficients.



It should be noted that in TML6, 1/4 resolution sub-pixel values are
obtained directly using the internediate values referred to above and are
not deri Wwe0 03f2@eo6 r ounded and cli pped val ues for 1/2 resolPaTiFe/®my- pi xel s.
Therefore, in obtaining the 1/4 resol ution sub-pixel values, it is not
necessary to calculate 5 final valueshggr any of the 1/2 resolution
sub-pi xels. Specifically, it is not essary to carry out the truncation
and clipping operations associated wth the calculation of final values
PY 2 sl ti9rssub-pixgL

for the 1/ At sadd ha oetedhabinkEMLS, ierqas0lt PR yales arehiging “stored
final val “ecﬁrefcw g%{n&@_@éﬁﬁé&‘fﬂe@ﬁté%T@F&%kéf d@lo 4BBvé Andldle rtldelivadi on of

the '/a resolu alues. Therefore TM.6 is 10 conputationally
| ess conpl drorh raondéd andadippederalues) farditi negokutidn cdubppikelg. Theegfata,ds are

ired. ver i sadvant f TM6 is.that, high i S|
it hnet | o QBNGLNReH BROITOR SURPRRLUILRSahde Tt PRESsaatb it c2lcifys
preci si gn ifHerpaRlcd i&naﬁ;ﬁ!gbﬂg@%ﬁ%m@idd G0B-piXel8. Spebficaly,ainds rmqui r es

nmore conputations i n Sone . Furthernore, inplenmentation of direct 15
i nt er pol at inaceasaryptec cairg doutnthieMrencaticm aod - elippingl opgsations Assediatad gh

i t. Thi.s is.an, i f, . hGUl ALl i dded
dovi cos. -1 B Gaicuintiop L ggL e e AToRp BT shbpbdts. Meflrge cce
appr eci at ed; hfcdssarPtoiiave Stordefifall attisyor e aeddletiemssb-pixeldiforusedn encoder
and decoder with regard to sub-pixel interpolation, there exi

. ] ts g
si gni f i cantthprealewatiom of dthee Vo gesrjuioneuborixel valusspitheretpsg (EMLE Is

I nterpqlatig of. .pravi din ' g n i h the
encoden Cand I RER S lepRSBER that NI 25 RerPREMCHRRNER ool
(TML5, TM.@petetieris esl requirbe. Howeyer,ng diSadvemtpge\ofdEMA6sts thatohighhat i s

optinmum for application in both encoder and decoder. Su ry, of .the
| nvent i on JUeRSOH Hithmeatis 1% reqyired %&tgéeﬁh%?"?%&ﬁ qﬂéﬂtﬁﬁﬁa&‘:ﬁé% l'i"gp'pr ovi ded

met hod of 4 AL; fo‘ﬁph‘ﬂé@%ﬁhtid?\ Yécgﬁt%scﬂfgrégsifidbﬁ’“&iréﬁ" iR TASCY AnBIOFRYuiiresNg
pi xel s arrdnge in rows and colums and represented by val ues having a
speci fi ed dyomtcomputatpms inhgomex@PYsi frutthermores imgdérientatian efndirect

hort zonltsal ik?e(;[?éllalﬁgﬁ a%ngpé&ﬁemno‘ﬁ/l?_%qznggnZgn-%g%alﬂdo %ésq{ljgr% E?mas a high
memory requirement. This is an important factor, particularly in embedded

devices.

In view of the previously presented discussion, it should be appreciated that
20 due to the different requirements of the video encoder and decoder with
regard to sub-pixel interpolation, there exists a significant problem in
developing a method of sub-pixel value interpolation capable of providing
satisfactory performance in both the encoder and decoder. Furthermore,
neither of the current test models (TML5, TML6) described in the foregoing
25 can provide a solution that is optimum for application in both encoder and

decoder.
Summary of the Invention

30 According to a first aspect of the invention there is provided method of
interpolation in video coding in which an image comprising pixels arranged
in rows and columns and represented by values having a specified dynamic

range, the pixels in the rows residing at unit horizontal locations and the



pi xels in the colums residing at unit vertical l|ocations, is interpolated
to generate values for sub-pixels at fractional horizontal and verti cal

| ocat i onswoO osles2p¢ act i onal horizontal and vertical | ocati ec3/Heicgdefi ned
according to 1/2x, where x is a positive integer having a nmaxi mnum val ue N,
the nethod 5 conprising: a) when Valﬁif for sub-pixels at 1/2N-1 unit

hori zontal and unit vertical locatio and unit horizontal and 1/2N1

unit vertical |locations are required, i nterg latl nﬂ such val e dl rectly
usi ng wei gkR"é%lSsJDntE‘eo‘?O'Bmél resjding @t iitavertigal {o0ateris.ofs &tefé’ﬂﬁ? githite

verti cal e I I

hori zont al Og(fie?-fc?' r%%s\f@ Su*rill%rtéM\g)eF?li (l\élga#q%(%@gaﬁgﬁéﬂﬂ @ %necgg?%éém%%@%ol ating
such val ueshdifragiongl wetiagntal @ndi eerticd! lacafions being gktired amomfmgetbues for
sub-pixels residing at 1/2N-1 unit horizontal and un it | cal cat i ons
and a second2wdVfieedissArAASHIVeaINIRAST MavIng,B- maxigyrg valig &eﬁé

hor i zongal c%?ﬁpr!ﬁ@ 1 unit vertical locations, the first 15 and second

wei ght ed suns | ues bei ng cal cul at ed accor di ng to step (a); and c)
when a val ug ibenavalubs ploxedubspixelst etl 142" b ubt2 Notinontah anidz onit avertieal 1/ 2N
unit vertical |ocation is re ui.red @r@WLatln uch a val ue bgqiakl ng a

wei ght ed aVefaliRNSeANAHNIT BerizoNal ang 1( Vﬁl" QAlgNg Are LA %y at a
1/°2N-m 20 aﬁfér[agﬁflhé%(]&ﬁ'vam %I/r%\? Twé@ﬁtbdcs'ﬂmé OF Pl rédidinghg val ue
sub- pi at e

of a secon or pixe at a 1/2N-p unit horizontal and
1/ 2N- g uni tuniehorizomital dnolenit verticaldotatigness m n, p and g taking integer

val ues .i.n the ran 1 to N ucht tthe .first s or
pi xel s Bre i gowge%galapadghglptp Pixel ?{:WPM tthqrgopﬁ%%gfgﬁﬂgl xelﬁ%qfeqﬂ&@N uni t
hori zont al lé@&'tldr{s%‘evr‘éhblréé' miétﬁ@!a'tlﬁg sudh VBI&Scdipddtly wsiid l‘asdhcﬂééioaasecond
wei ght are used in the wei average referred to i the relative

nmagni t udes fost weighted ghtrsogealugslfﬂx/eueﬂ)sels m%@BQtQtOHBP t‘—tﬁ“tt nrizontal

sl A ALSHR P MY bbbt S S 2
| ocation. Ipixé@lsSrekidiig @b unheticrizonealfards ti/2dubit eesticad ndcatidnspithes ffirsir pi xel
:'[ © 1/ ;ﬁ%%ﬁz Mg%th?gd g\fjrtnrs] orf?lzPee%tbélr?g cg%ldiaqleds ta\zécr:]érdflnrgot stteBe(anb pi xel
and
c) when a value for a sub-pixel situated at a 1/2N unit horizontal and 1/2"
unit vertical location is required, interpolating such a value by taking a
weighted average of the value of a first sub-pixel or pixel situated at a 172N ™
20  unit horizontal and 1/2%" unit vertical location and the value of a second
sub-pixel or pixel located at a 1/2M* unit horizontal and 1/2 unit vertical
location, variables m, n, p and q taking integer values in the range 1 to N
such that the first and second sub-pixels or pixels are located diagonally
with respect to the sub-pixel at 1/2N unit horizontal and 1/2" vertical location.
25
Preferably a first and a second weight are used in the weighted average
referred to in (c), the relative magnitudes of the weights being inversely
proportional to the (straight-line diagonal) proximity of the first and the
second sub-pixel or pixel to the sub-pixel at 1/2" unit horizontal and 1/2"

30 vertical location.

In a situation where the first and the second sub-pixel or pixel are

symmetrically located with respect to (equidistant from) the sub-pixel at 172N



25 PCT/ FI1 02/ 00729 unit horizontal and 1/2N vertical location, the first and
second wei ghts may have equal values. The first weighted sum of val ues for
sub- pi xelworre®eatbérg at 1/ 2N-' unit 5 horizontal and unit PeeEmi20ar29

| ocations in step b) may be used when a sub- pixel at 1/2N' wunit
horizontal and 1/2N unit vertical location is required. The second wei ghted
sum of val ues for sub-pixels residing & unit horizontal and 1/2N-' unit
vertical locations in step h) may be used when a sub-pixel at 10 1/2N unit
hori zont al Wmidharizantal apd {/2/everieal locatien.itha first @@E@FJP@G@* weightgemay

enbodi nent , e for sub-pixels at 1/2N unit horizontal and unit
vertical | o%a\zgéié&u\sé?bgﬁ' S1/2N horizontal and 1/2N-1 vertical |ocations are
requi red, such values are interpolated by taking the average of the val ues
of 15 a first pixel or sub-pixe] |ocated at,a.vertical. | ocatimn .

cor r espondi g tfsst mepighied sya ngﬁ&%f%éPh@%‘% CEPEIRY %né}aﬁ“ni pnit

hor | zonkal AREBhIALANEnR vBRIEAN fhoabok'in Ut W) by e Lseakibrb dupier ti cal

| ocation corresponding to that of the sub-pixel being calculated and
1/2N-1 uni tpik&lratzlmﬂ'bumt boezardal arzD 1 8 amitnertieal locationub reauwieed at unit
horizontal and 1/2N unit vertical locations, and 1/2N. 1 unit horizontal
and 1/2N unit vertical locations are required, they nmay be interpolated by

taking the AyesaamPholghfed S values for sab-pikets redifingsaiturif hirizontatat ed at
a horizontal |ocgtion Corresponding to that of the sub- pixel bein

cal cul at ed antd142ni tunitevarticalllo¢asionsiiastemBb) mayee Hgegwhan @lsU§LR§X‘§@qpi xel
| ocat t a.korizont al i : i f th b- pi xel
ber no. a8 cuffar ot Helana\BGR RT GRF FFTERNBLaR & feblked (' 15 S b i xel s

at 1/2N unit horizontal and 1/2N unit vertical |ocations nay be

interpolated by taking the average of val ues of a piwxel.located at a 30
uni t hori zdntene ambogiment, ayhancydlues dak F%P"@zﬁjah1&1buﬂ'ﬁf‘QF'zp%t@5?59 at a

pcT) F1 02/ 00k PBEAUIRAIER. S N2 HOlitorMl ahd 2 PReHcaT toctRE e =1/ 2N
uni t verti cebulregasudhnmlues are interpolated by taking the average of the values of
15 afirst pixel or sub-pixel located at a vertical location corresponding to that of
the sub-pixel being calculated and unit horizontal location and a second
pixel or sub-pixel located at a vertical location corresponding to that of the

sub-pixel being calculated and 1/2Y%" unit horizontal location.

20  When values for sub-pixels at unit horizontal and 1/2" unit vertical locations,
and 1/2V" unit horizontal and 1/2" unit vertical locations are required, they
may be interpolated by taking the average of the values of a first pixel or
sub-pixel located at a horizontal location corresponding to that of the sub-
pixel being calculated and unit vertical location and a second pixel or sub-

25 pixel located at a horizontal location corresponding to that of the sub-pixel

being calculated and 1/2"" unit vertical location.

Values for sub-pixels at 1/2N unit horizontal and 1/2" unit vertical locations
may be interpolated by taking the average of values of a pixel located at a
30 unit horizontal and unit vertical location, and a sub-pixel located at a 1/2M1

unit horizontal and 1/2™" unit vertical location.



may be interpolated by taking the average of values of a sub-pixel |ocated
at a 1/2N-1 unit horizontal and unit vertical |ocation, and a sub-pi xel

| ocat ed WO oaoea2pé horizontal and 1/2N-1 unit vertical | oeaTiFae/00%al ues for
hal f of the sub-pixels at 1/2N unit horizontal and 1/2N unit verti cal

| ocations may be interpolated by taking the average of a first pair of

val ues of a sub-pixel |ocated at a 1/ 1 unit horizontal and unit
vertical location, and a sub- iNer_gLocat ed at a ypit horizontal. and 1/ 2N 1

unit verti Maluesian sWpixelsaal1A2al Wik heuzortaland & Halt vegicl IRCALIRS bi xel s
at 1/ 2N uni | : ; i | td -fke? |bedtegpol at ed
by taki ng trh%)b%e'?‘gégéagt@d;gysté@ﬁﬁlc}Hggvreyﬁé \?glgélggg? dagg?xrg)lf | ocated at a
uni t hori zantzh/2Anduninhbrizental aad unitoeaticad hocation, andub spbspixel llocatedd at a
1/2N-1 unit horizontal and 1/2N+1 unit. vertical |ocation. 15 Values for
sub- pi xel s & ynibRetizpntakd 1/(2?nt1é4”'ta‘f‘?tﬂ1"‘ia}|§%aﬁ'ﬁ’int vertical locations are

al ternatsel y interpol ated for one such sub-pixel by taking the average of a
first pair of values of a sub-pixel Ioc“a\t ed at a 1/2N-1 upit horizontal and
unit verti\tales éorhalbof thensltapixels- @i W@l' ungdwrizental aadutRt undrvestigalal and
1/2N-1 unit 20.vertical |ocatjon and_val nd fo | ' such
sub- pi xel H9cRUQNSFaY [ WQP@S%d %ngk@ggﬁ%c?%sgqgre éff ngﬁu‘%Pgr(’%’ﬂ%an
located at G arib-hieél Bestedl at ang2Whiunitviesrizontdl A anitorertiealdoeatiorh- pi xel

| ocated at a 1/2N.'1 unit horizontal and 1/2N-1 unjt vertical |ocation. 25

The sub- pi xands asgubtpixel losatechal a Ayl BorizondaliandN 1 t uibvertical 19cdani ons may

be alternate | nt | at | | t I L,ecisNon. . ; ~pi xel s
at 1/ 2M0un achalBs PR ey Baff gh the Saft Fhel 40820 it Adr2BiRaP dhaP

al t er nat el y1/pNt gfipQlenticadl lbBatiorizoare anerpoldiedebyi taking e averags dfoa somre
sub-pixels at 1/2N unit horizontal and 1/2N unj :bio vertical |ogcatjons are

required, swesondRaiesf valyepeof arixeljeraied At Ul Héomlahéng\}{ﬂta ' a
Pesir ons o8 SHPEDRY (P KPP R RGP ATET JRICOTES
vertical location.
15
Values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations
are alternately interpolated for one such sub-pixel by taking the average of a
first pair of values of a sub-pixel located at a 1/2M" unit horizontal and unit
vertical location, and a sub-pixel located at a unit horizontal and 1/2™" unit
20 vertical location and values and for a neighbouring such sub-pixel by taking
the average of a second pair of values of a pixel located at a unit horizontal
and unit vertical location, and a sub-pixel located at a 1/2M" unit horizontal

and 1/2V" unit vertical location.

25 The sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations may be

alternately interpolated in a horizontal direction.

The sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations may be
alternately interpolated in a horizontal direction.

30
When values for some sub-pixels at 1/2N unit horizontal and 1/2" unit
vertical locations are required, such values may be interpolated by taking

the average of a plurality of nearest neighbouring pixels.



usi ng wei ghted suns may involve the cal culation of an internedi ate val ue
for the sub-pixel values having a dynam c range greater than the specified
5 dynam cwpangza29dThe i nternmedi ate val ue for a sub-pi xel h&ermw220024%- 1
sub- pi xel resolution may be used the cal culation of a sub-pixel val ue
havi ng 1/ 2N sub- pi xel resolution. 10 ording to a second aspect of the
invention, there is provided a nethod interpolation in video coding in
whi ch an image conprising pixels arranged in rows and col unms and
represented by val ues having a specified dynam c range, the pixels in the

rows residifgieaks YRbloMAehZONh 4GS B iARTpABHInG M- PePLBbS difzetgol umms

residing at unrt verti catrons, I's interporate 15 generate val ues
for sub- pi x@irg aeighted tsunmaimayoinvalvet the calculation iof @in Intermediate, valuee net hod

i sing: wh I f b- pi xel t hal f it hori - d [
vorti cal | ifatind SHE-Poghhabies: g 2oniars anagiredlE ingRing SEpNsdR' ons

are reqyi r?‘d}enarﬂi@?@r’i | ati ng such values directly using weighted suns of

pi xel s residing at 0 unit horizontal and unit vertical |ocations; b) when

val ues for sub-pixels at half unit horizontal and half unit verti cal

| ocati ons e required, interpolati |, Are ' ' wei ght ed
sum of vl (o PRt e I 2 iAo EEVIng Al 2t BRRL obelflotmay T 9
vertical Igcatddiife eabation efaaupgittivaliehaliag 1(2) sumpikelresolutignen val ues
for sub-pixels at quarter unit horizontal and quarter unit vertical

| ocations are required, interpolating such values by taking the average of

at |lea on Iy St I VAl 0 I at a
na ol e SadrlRiaPRLl oftheMrefit Ihdte 3t Bt} aHERRBRIT: e a
a unit horihippsdlationi vitelof coding irveshicicah ilnagetdamprisidg pisds andngedr  of

val ues of a 30 pixel located at a unit horizontal .and unit,. vertical

| ocation, dRdowsanslgalu@ns qr@dﬁpéﬁfe&‘ﬁe%g)‘ué(ﬁ uesrhaving /i sRectiad dYMaMIS) ¢ uni t
vertcal 1 Gagk ol Y0032 982 Se BT LORARAROAFA bR na 1ol 1

aspect of rventi on here I's provirded a netho Interpolation in
vi deo codi ngxéls inhihehcalaminsagsidingnati wiingemicaklacationg,nigetnteripelateddoand

col urmslsandgernee%t%s\%]agg fc?y su E%[|:>il)1(glss aqaf\r/z;crﬁ%ngl ﬁgr(lazccgr{ct:i:llegnéj wﬁi%ﬁocations,

the method comprising:
a) when values for sub-pixels at half unit horizontal and unit vertical
locations, and unit horizontal and half unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at

20  unit horizontal and unit vertical locations;
b) when values for sub-pixels at half unit horizontal and half unit vertical
locations are required, interpolating such values directly using a weighted
sum of values for sub-pixels residing at half unit horizontal and unit vertical
locations calculated according to step (a); and

25 ¢) when values for sub-pixels at quarter unit horizontal and quarter unit
vertical locations are required, interpolating such values by taking the
average of at least one pair of a first pair of values of a sub-pixel located at
a half unit horizontal and unit vertical location, and a sub-pixel located at a
unit horizontal and half unit vertical location and a second pair of values of a

30 pixel located at a unit horizontal and unit vertical location, and a sub-pixel

located at a half unit horizontal and half unit vertical location.



range, the pixels in the rows residing at unit horizontal |ocations and the
5 pixels in the colums residing at unit vertical l|locations, is

i nt er pol awed3nes29gener ate val ues for sub-pixels at fracti ecalFideaoizont al
and vertical |ocations, the fractional horizontal and vertical |ocations
bei ng defined according to 1/2x where x is a positive integer having a
maxi mum val ue N, the nethod conprisir%ﬁ 10 a) when val ues for sub-pixels
at 1/2N-1 unit horizontal and unit vertical [|ocations,

d unjt hori |
and 1/ 2N- 1 Ageordipgrteia third aspestrfdhardavention there ismwﬂs@?%ﬁ%@@? LI 52{‘523
ot . aree : up ! it Srpe att e
ani ¢ ver t | SR F biokd Eoding M Hich AR THELBCRprist bilefé nrafey, A1

hori zont al janews Wadniolemns Endvieptdseated by atlues havinggispeeified dyraniol at i ng
such a value directly usi n&a choice of a fjrst. weighted.sum of val ues for
§ ¢

sub- pi xel s rRBgex B Bixels e ws regiding ahuprhasizepidlilngations; aad 1B ¢ he
b- pi xel ' _ . ] i . f.
Sub- pi xai s s i e it Bidhg SEBREYSREATIRAGHE &) ntetpbiiod te |\

sub- pi xel hgingatealduésiadub2pixdlseatdrdetiphakchorizontal and vérticai losations, ght ed
sum may be sub-pixels residing at 1/2N-1 unit hori zoPt al andafni t vertical
| ocati ons 4he framtiona} borigentghasd \@rticalniggatiens, betna defined 65PHRI 40val ue

for a sub-pjxe /. 0t ' ; oL NV [ ocat i on.
25 The sub. STl Ku8s RobfiLs JB0erRALAG,  MBaTLR) e Ny B Kidthod
residing ajontyidingtori zontal and 1/2N-1 unit vertical locations and the

second weighted sum may be used to inteypolate a value for a sup-pixel at
1/ 2N udlt @owheBnyalleanier [ubpixelsnat Wer t U ﬁPB%%ﬂtf"oﬁ.ndSBn ‘@{H?él ues for

oml s R A S RSAARTIn T Gt Voot ot s seabfans o[
pair of a fihtespolpting sathwaluessdicdctly wsihg pieightet ceunse of pixets tgshding ainit WO
037026296 2u9nitpt$<;rr/iz'f>|n(t)a%/a%%7uzr%t vertical locations;
b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
15 vertical location is required, interpolating such a value directly using a
choice of a first weighted sum of values for sub-pixels located at a vertical
location corresponding to that of the sub-pixel being calculated and a
second weighted sum of values for sub-pixels located at a horizontal
location corresponding to that of the sub-pixel being calculated.
20
The sub-pixels used in the first weighted sum may be sub-pixels residing at
1/2™%" unit horizontal and unit vertical locations and the first weighted sum

N-1

may be used to interpolate a value for a sub-pixel at /2™ unit horizontal

and 1/2™ unit vertical location.

25
The sub-pixels used in the second weighted sum may be sub-pixels residing
at unit horizontal and 1/2V" unit vertical locations and the second weighted
sum may be used to interpolate a value for a sub-pixel at 172V unit
horizontal and 1/2"" unit vertical location.

30
When values for sub-pixels at 1/2V unit horizontal and 1/2V unit vertical
locations are required, they may be interpolated by taking the average of at
least one pair of a first pair of values of a sub-pixel located at a 1/2"" unit



hori zontal and unit vertical |ocation, and a sub-pixel |ocated at a unit
hori zontal and 1/2N-1 unit vertical |ocation and a second pair of val ues of
a pixel womawedd@t a unit horizontal and unit vertical | @catfii@no72and a
sub-pi xel located at a 1/2N-1 unit horizontal and 1/2N 1 unit verti cal

|l ocation. 5 In the foregoing, N may be_equal an integer selected froma
list consisting of the values 2, 3, ahl 4. Sub- pi xel s at quarter unit

hori zontal |ocation are to be interpreted as bei ng ﬂ?%s?xb-pi{el s _having as
their | ef t -hesaniadaard tunieivgRisehlogal ANGt2 LﬁHbt' X8t | ?gla_ cifl'on and
as their r'l%?fzpﬁ?arll%n'&e SR '%ﬂ@ﬁ%c&io’wgn@'d(%céﬁd pARldt véids Hoai zont al
| ocati on as we as sub-pixels having as their left-hand nearest nei ghbour

a sub- pi xelpizd| lbedtbduatia unirhicrizontdl dnocanit vartivad lesationeand a isghtpi¥eind

near est nei ghboyr a pixel at unit, hori al locatipn. Correspondi ngly,
sub- pi xel s lagatgl &t @e /zuni“f‘ﬁmlFPetoﬂ' apgﬁg?fo“mgyéﬁipgplggat}gr}n erpreted as
bei ng su4b-pi xel s having as their upper nearest nei ghbour a pixel at unit
vertical location and as their |ower nearest neighbour a sub- pixel at half
uni t verti dalthé doregoing, Asmagltie egual ab-ipteger seleatadhijomsa tistcransisiiperof near est
nei ghbour at sub[}%i ’;f' at h@lf unit vertical location and as their |lower 20
near est nei Bﬁﬂ@ S ’Fﬁ’ﬁé’fj t unit vertical location. The term dynam c
range, refers to the range of val ues which the sub-pixel values and the

wei ghted suns can take. 25 Preferably changing the dynam c range, whether
by ext endi ridgub-pixets atguattergunit horizeniaklosationyiang to e intafpEstedasPeiegwni ch

are us to. represe the _d ' e L ment.: he i
i nventi-on, %%é&ﬁg%hﬁé\"}n@ gspﬁéﬂ@ghgﬁgi ?r%g’leésﬁba%quiﬁg&hg% ?g%fl détv?(qu into a
nunber of inGentdl dsdaionPired asahely righthandagarddtaudigblbogT a seb-ffixelratcor ner s,

each corner being defined by a pixel |ocated, at uni t rizontal .and unit
vertical | dwdk Uﬁlg.hm?@ﬂ@ll lpsiajiophas wellras SHR-PXGls i?@éf'rlgoas gﬁ@'ﬁﬁ?%agdbl ock as

L B 05 QAT p RGP RCpl BB Pt Al NG RARGAB BG e
accordi ng trgHtiand nearest neighbour a pixel at unit horizontal location.
15 Correspondingly, sub-pixels at quarter unit vertical location are to be
interpreted as being sub-pixels having as their upper nearest neighbour a
pixel at unit vertical location and as their lower nearest neighbour a sub-
pixel at half unit vertical location as well as sub-pixels having as their upper
nearest neighbour a sub-pixel at half unit vertical location and as their lower

20 nearest neighbour a pixel at unit vertical location.

The term dynamic range, refers to the range of values which the sub-pixel

values and the weighted sums can take.

25  Preferably changing the dynamic range, whether by extending it or reducing
it, means changing the number of bits which are used to represent the

dynamic range.

In an embodiment of the invention, the method is applied to an image that is
30 sub-divided into a number of image blocks. Preferably each image block
comprises four corners, each corner being defined by a pixel located at a
unit horizontal and unit vertical location. Preferably the method is applied to

each image block as the block becomes available for sub-pixel value



nmet hod of the invention is perforned once all image bl ocks of an inage
have becone avail able for sub-pixel value interpolation. 5 Preferably the
met hod i swo8#i24206 vi deo encodi ng. Preferably the nethod i CTIE@DIT2? Vi deo
decodi ng. In one enbodi mrent of the invention, when used in encoding, the
method is carried out as before-hand interpolation, in which values for
al| sub-pixels at 10 half unit locati ofd and values for all sub-pixels at

quarter unit locations are calculated and stored before being suEsequentIy
used in t hdnigspelatiomaditerativelya swberixel valHer inferpolaliPnnacerRIEINgN tHriBRi cti ve

Conbi nat i o BPoHar oS InyERes, [ R ymRroft, A nkerBldkle b iBgs . .

certai n prappetbheyontd avsilabt® for slb-pikelsudhugint@ipolationes is cal cul ated and
stored before being used in the determnation of a prediction franme and
certain other sub-pixel values are calculated only when required during

notion Rredsokl i f : ' ihaddgcodi ng,
sub- pi x§| s%’lrézér\éﬁlly&ﬂ gZlgg}hr?t%(efr%po égf‘er%w\(,jﬁg?htc Egﬁlrgﬁﬁerggﬂ?@?itﬁgﬁﬂgwgg gy a
not i on vectused iAcdeaddexpding.a fourth aspect of the invention, there is
provided a video coder for coding an image conprising pixels arranged in
rows and colums and represented by val ues having a specified dynamc

range, the |gigiRl smbBdirertst theWvértpndwhenalsdinint emsdir@thal mepwatisons and
the pixels in the colums residing at unit vertical |ocations, the video

coder conprdasiied oahas tetorparandinterpatatioadintwhigbaluaseios all fa-pigelsalb- pi xel s

at f i |, hori t al d ' I ' ' i t al
and verDi oaralt GahlFENoRs et forcl suBBRAISET pysriSn LT Secaan g =ont @
posi tive i riAefRateldnd Stored®efcTerbeiR§ subbsguentlyt ised int thepdétetramationng

adapted to: a) interpolate values for sub-pixels at 1/2N 1 unit horizontal

and unit veoft iacgredictient frame, dusimgumetiaiomredictive eedings AN altaMaliveer ti cal
| ocations dj . [ 31 PCT/F . ' . ns of
pixel s rosiagmerts; R KBl REPaRRg Gt s L Lotblafien ALboets fapl
i nt er pol at eancRbh&eMaid Hibrpolateins lathid/case, awertaimprogartioalorasadederg” '  uni t
15 of sub-pixel values is calculated and stored before being used in the
determination of a prediction frame and certain other sub-pixel values are

calculated only when required during motion predictive coding.

Preferably, when the method is used in decoding, sub-pixels are only

20 interpolated when their need is indicated by a motion vector.

According to a fourth aspect of the invention, there is provided a video
coder for coding an image comprising pixels arranged in rows and columns
and represented by values having a specified dynamic range, the pixels in
25 the rows residing at unit horizontal locations and the pixels in the columns
residing at unit vertical locations, the video coder comprising an interpolator
adapted to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2*, where x is a positive integer having a maximum
30 value N, the interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical

locations, and unit horizontal and 1/2"" unit vertical locations directly using



vertical locations directly using a choice of a first weighted sum of
values for 5 sub-pixels residing at 1/2"-' unit horizontal and unit
verti cal womant@aese and a second wei ghted sum of val ues f oPCTEHI2m0XM S
residing at unit horizontal and 1/2"" unit vertical |ocations, the first
and second wei ghted suns of values bejhg calculated according to step (a);

and c) interpolate a value for a sub- el situated at a 1/2" unit

hori zontal and 10 1/2" unit vertical |ocation hy taking, a i ght ed aver age
of the val yéeighted sumg ofspixels JEFINIT Atk anits BPU%‘?@@Fa@%& ‘i’)’,}g"‘%&'cﬂni t

hori zont al | icﬂ'{szn "" unit vertical location and the value of a second

sub-pi xel or pixel located at a 1/2" p unit horizontal and 1/ 21 Qunit
vertical | dnainterpolatenvahlgsefornsubapixpisaat 14" aldinporizontaandviRliesnitn t he

range 1 to N such that the first and second sup-pixels 15 o i xels are
| ocgt ed di ageiealIgealions direshEeingR RAICE L?Eﬂpﬂfﬁg‘rvgw?qﬁ Eu"h?lf{‘fa?u%{qrzont al

and 1/ 25N vl hicgls ledied 8 1/20 Gint itz of 4| %ndTBiit VBRI Seeations Gt gncoder .

It may Conprise a Vi ecoder. There e a codec conprising both the
vi deo encodsicoaddvdifiteduny iofl@alude fodsub-piketorediding ab uaitfiofizontaé pedt  of t he

invention, there is provided a 0 nications termnal conprjising a video
coder for cUaann'&NeP[Wéb@ca@Sﬁﬁ:r ﬁ‘ﬁnﬂét ﬁinaé%c%dr‘é{ﬁ@’&eq ﬁupgg* é{ﬂlb‘%éol urms
and represen: : i i fied dynam ¢ range, the pixels
in thepr omsedbﬁlggF%%H%#sé%@lﬁgéig%ﬁ?gl%ﬁocation>s/ and the gi xel s iﬁ t he

col ums r esd)dhtegpoibtesai valvefon aalub-pizelsituated attee 112 denit bodzentabapdi si ng an
i nterpol ator_adapted. to generate .values. for sub-pixels at fracti.onal

hori zoAPal HAdupEverteal 'q%BE%'t‘ Mﬁ%‘f'ngﬁewe\glhg‘?q P&W&Serfﬁrtﬁ%(ﬁ!% gﬁﬂgr ertical

| ocati ons My ' [ t40oM 226 - j2Na ypRSHdrtivga | nt eger
havi ng a rratg%bnnﬁ%gl\e/é{ Eg(gh,gﬁltgﬁggién}?aer‘lg%l ata@)g? r%g%?ﬁ%q gggpggd tuo: V\D|03/ 026296

PCT/ FI 02/ 00@e&ticRand the nakepofl asecorad sel-pixel o ylixglilacated st a2\ uaiti t

hori zontal and unit verzgiNgal , Ioc,at‘N&ns ._and U%iglt hori zont al aqd 1/ 2N1 unit
vertical | disosid and dE& T ik vagicallacalipBy VatimlesMpi &l &MAeditalig at unit
horizontal japdaiQhiueéahithE#hngd 45BN YR that the first and second sub-pixels

15 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

The video coder may comprise a video encoder. It may comprise a video
decoder. There may be a codec comprising both the video encoder and the

20 video decoder.

According to a fifth aspect of the invention, there is provided a
communications terminal comprising a video coder for coding an image
comprising pixels arranged in rows and columns and represented by values
25 having a specified dynamic range, the pixels in the rows residing at unit
horizontal locations and the pixels in the columns residing at unit vertical
locations, the video coder comprising an interpolator adapted to generate
values for sub-pixels at fractional horizontal and vertical locations, the
fractional horizontal and vertical locations being defined according to 1/27
30 where x is a positive integer having a maximum value N, the interpolator

being adapted to:



5 b) interpol ate values for sub-pixels at 1/2",1 unit horizontal and 1/2N1
unit vertical locations directly using a choice of a first weighted sum of
val ues f owo osiobs2pé xel s residing at 1/2N 1 unit hori zont al pamd1ezmior29verti cal
| ocations and a second wei ghted sum of val ues for sub-pixels residing at
unit horizontal and 1/2",1 unit vertical locations, the first and second
wei ghted suns of values 10 being cal cid at ed accor di ng to step (a); and c)

interpolate a value for a sub-pixel situated at a 1/2N unit horlrécgﬂr?tal and
1/ 2" unit \?érlﬂieé@FP'alQ)ttdueariO'b§U|‘0'@!éﬁer|ﬁgah1(/?8| diiteborizpstal gn unt veniedl ye of a

first SUbgg&%ﬁi‘anSgépﬁ tﬁ%ﬁ%qﬁél %r]&ﬁ/?“ et vemcécrjr]bf: tﬂmé afPéEt ué}ﬁg 1/2"-

unit verti ue of a secon pl X

| ocated at weightdd, Bubiy tof Lpixey iresidirg) atndnit/ AvAzontal amitumalvelmnait i on,
variables m n, p and q taking integer values in the range 1 to N such
that the filocationsd second sub- pi xel s or pixels are |located diagonally with

[ aohti o 20 PR VRluek ofEdfels af Y WChoRRInAl SRR B

My  conpr ivegtical Yocktions eiredsy usifgef eneibd yf aifirsitweightexksum Mluﬂmlas:tmiec
conprising a video encoder and a video decoder. Pr efer

conmmuni cat issHespixelsreaiding: ahihia siung horizostal;andbpnii vertica ?Oéét'ﬁpﬁ@é?sﬁr and at

| east one qf r t 0 coder
aceor ding 5oaptEIaRel suEpryREEs 1B s iR R MsRfing 2P Bt ol b

i nvention. {7pef ghieRbiticahfodatioasster fisoaintosecandewoighited isamsodf valees
transmtting block and/or the receiving block and the video coder. 30

Accor dilfg theing salculated peearding toriep @ Ahfon, there is provided a

t el econmuni ¢atj on I S | S a

net wor k, g Hﬁf%@éfﬁ\@ \%(!%l%l oné S'r%flé)t @ﬂ&ﬂﬂg&%@%g%ﬁ.ggg 'gﬁita? gﬁ(rjn nal WO
03/ 026296 REF! Ghiv%&ARE&PRCcafon b9ltalgng@nwetglhwtj hyeragewfitheivaats oina fitstnk over
whi ch coded video can be transmitt comruni cati o §nter m nal

conpri si ng sabrpiyelorpixet siteatedcyqr Hézf oldn%é'tﬂ’i”ﬁ@m@ﬁ andalje &Hﬁr‘feéT‘ pi xel s
aynam o r anpedteh B SR AR A BRab FE LB PR or e fociRBa iR B Tufiect 11 e
| ocati q8s autizoRtal Ente 2 rurih eegiehl fotation, variables m, n, p and q taking

integer values in the range 1 to N such that the first and second sub-pixels

or pixels are located diagonally with respect to the sub-pixel at 1/2"% unit

horizontal and 1/2" vertical location.

20 The communications terminal may comprise a video encoder. It may
comprise a video decoder. Preferably, it comprises a video codec

comprising a video encoder and a video decoder.

Preferably the communications terminal comprising a user interface, a
25  processor and at least one of a transmitting block and a receiving block, and
a video coder according to at least one of the third and fourth aspects of the
invention. Preferably the processor controls the operation of the transmitting

block and/or the receiving block and the video coder.

30 According to a sixth aspect of the invention, there is provided a
telecommunications system comprising a communications terminal and a

network, the telecommunications network and the communications terminal



residing at unit vertical |ocations, the video coder conprising an

I nterpolator adapted to generate val ues for sub-pixels at fractional

hori zont aWoan@2629erti cal | ocations, the fractional hori zomCalFi@md72erti cal
| ocations being defined according to 1/2x, where X is a positive integer
having a maxi num 10 value N, the interpol ator being adapted to: a)

I nterpol ate val ues for sub-pixels at 1?72"-1 unit horizontal and unit
vertical locations, and unit horizontal and 1/2N. 1 unit varet i cal , | ocations
di rect |y udieg capngeieddysamomnypupicatons figk oxehyhigh ceded Misleo A BF and

uni tver t Gl ifEAt koRS; o BloaliBhSTBANRP AHMEING 08 Gubo RigRrstart 1/ 2"

unit horizo vertica ocat’l ons rectly using a choice
of a first owirghiortosling ah ima‘?elesnfpoisingsmibelpiar&ingeldeieirdWagarmitcdﬂanhg uni t
hori zontal and unit vertical |ocatjons and, ,aﬁdisyecond vveig(%h ed sum.of val ues

for sub-pi @ndsrapsesentad byt values haying,d sPerifigd Aynamic range, the, Rixe!s g,

| ocati ogs, LISk Mel ; 2 |

caroulatgn BRSPS o BRGNS NTRAC] il e e

sub- pi xel sebidRicedt anit sefticaNoeationd)ahe vatecatoderctomprising antinteepolatol

| ocation by taking a weighted average of 'thF val ﬁje of first sub-pixel or

pi xel situzdapied 1@ geperate Vajues HY i%f’ﬁ‘le S ?@ho_na ureZontal, apg|
| ocation a rh(')érhqa %gﬁﬁn% &r?e SRetBfab %‘riEPﬁfiJ(I) Qhd Plartall RicakiBAs abeingl/ 2", P

unit 25 horlz unit vertica cation, variables m ny p and q
taki ng i ntegmiedvatdoedingrtot he* veinge Xist a pesitivehintdger hawing iar maxigmensecond
sub-pixels or pixels are |located djiagopally with respect to the sub-pi xel
at 1/ 2NOunijvalug bl the mterpokater heing agapiacld: | ocation. 30 Preferably the

L el ecommini S3biRSIaRY YHRIS! Br AuBRUIE ot VLU ALAAIHANENd R RRIEATPT | STng
a nobile co nications termnal "and a wrel ess network, the connection
bet ween t heos@ivnse andnimit hofizérmalsand a2 fainibvertivd 08AN@E2 dBecyTUSING2/ 00729
34 the wireless network bei_*r%forned by a radio |ink. QP(iefe abql{}( t.he
network enugigbted Hainesrefu M iresiding 8t pait Nerizent nand;: Wity Yerlicaher
conmuni catilég&-in%r_m nal s connected to the network over communi cati ons

| i nks bet weeén { €’ot her conmmuni cations termnals and the network.

15 b) interpolate values for sub-pixels at 1/2"" unit horizontal and 1/2"" unit
vertical locations directly using a choice of a first weighted sum of values for
sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2"" unit vertical locations, the first and second weighted sums of values

20 being calculated according to step (a); and
c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2"" unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2"* unit

25  horizontal and 1/2%° unit vertical location, variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

30 Preferably the telecommunications system is a mobile telecommunications
system comprising a mobile communications terminal and a wireless

network, the connection between the mobile communications terminal and



5 According to a seventh aspect of the invention, there is provided a

t el ecommuni cati ons system conprising a conmuni cations termnal and a

net wor k, wba3spad2e€conmuni cati ons network and the comuni ca®PCoro2teeray nal
bei ng connected by a conmuni cations |ink over which coded video can be 10
transmtted, the network conprising aoéédeo coder for coding for coding an
| mage conprising pixels arranged inr and columms and represented by

val ues having a specified dynam c range, the, pj.xels in e rows, residing at
uni t hori zdRe Vireleeanebmarkapeing H@"'B?Q&Vsairﬁgtonlénﬁ%d? f&mfébﬂemedﬂﬁﬁv%g uni t
vertical | h QNS h | r [1SItRO ' | i ted to
15 generat éé%\?itgll%gstqéor ngﬂ'ﬁﬁﬁéﬁgﬁat Fe?'l;mz;’f:dtli ggaléﬂgﬂp%?ﬁ?ﬁl 63%lfrﬁl(rtl egﬁpi cal

| ocati ons, confvauhicatibh®nedmihalsi conmeatedata theenietwark dveratéromsinigzitiogs def i ned
according to 1/2', where x is a paositive int eﬁ;er h% ng, a gaxi mum val ue N,
the i nter fBKabSIWeRN e atepcemmunicaionsiegpngisard []gtqur T sub-pi xel s at

1/ 2N-" Bni t horizontal and unit vertical 20 |l ocations, and unit hori zont al

and 1/2"-' unit vertical locations directly using weighted suns of pixels
resi di ng atAggordingoto zonéenlentimdaspeict ofetthe ciaventiarcathesasis iprovidedr dol at e
val ues for sub-pixels at 1/2"."' unit horizontal a verti cal

S c ( nd,1/2"."' unit
| ocati ons dPlEERMMUNISRIRNS SKHEM: EOBPIIEING; ﬁsqomugma@ané Jﬁ{rﬂ'.lna!/@lnlgeg for 25
sub-pi xel s rf]e%bﬂé e 3éle<1:6r%" Lllnié‘efﬂorns tWBAN LAY tRE Cothlnik&fidn @rmiggat i ons
and a second Wel ghted sum of values for sub-pixels residing at unit
hori zont al pwialy cohBéttdduy & coemrmuniahtibns ink orer whith ¢odedt visied carcbad
wei ght ed suns of values bein

i nter p'('ipat drapspiited, ther n%t“%lb%ﬁﬁ'}%léigﬁ'lgét?el)’gff%ggg‘sg%%?/c%%iﬁﬁ; 05921?"?92%&? af) and
20 te el g o g A v e, ol e o
uni t verti oallued havhganspecifiédeynamicerafgen tse povels guthepioves renidipgred|
1720 | uni 19rVeherizBntal deeatns, a0dr PgopBErn e pcaliArg (eSing &) Mlger
val ues in tHenlaNgattord tNeSWEBo {dert impliding &N thteRSSIAdr Sathpted abSs
15 generate values for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2°, where x is a positive integer having a maximum value N, the
interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical
20 locations, and unit horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate values for sub-pixels at 1/2"' unit horizontal and 1/2"" unit
vertical locations directly using a choice of a first weighted sum of values for
25  sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2™" unit vertical locations, the first and second weighted sums of values
being calculated according to step (a); and
c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
30  1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2"" unit horizontal and 1/2"" unit vertical

location and the value of a second sub-pixel or pixel located at a 1/2"* unit



or pixels are |ocated diagonally with respect to the sub-pixel at 1/2N unit
hori zontal and 1/2N vertical location. 5 According to an eighth aspect of

t he i nverwoDon/0ed2e6 e is provided a video coder for codi ngPam/RI2HYE29
conprising pixels arranged in rows and colums and represented by val ues
havi ng a specified dynam c range, theﬁﬁ%xels in the rows residing at unit
hori zontal |ocations and the pixels i he colums 10 residing at unit

vertical |ocations, the cqder conprjsing an interpolator ada dto

gener at e vd]%@@“piranéﬂﬂl %?M'%Vﬁfl'cﬁt E’&@ﬂ%’a?’a“ﬁ?ﬁ?gdﬁt 2 PaAl @é&f'?%al

| ocat i ons, ihfagef GaRled!ih e Phndd'q U SAEK That el et 4RY ReBbAG LubkpitelsPOST i ve
I nteger N, I nterpol ator being adapted to: a) interpolate values for
sub- pi xel s @t pixéBNare lovhtechdidgomallplwitmdespect toghei sub-pixeb at dé2lt ubits, and
unit horizaontal and é/ N;1 unit vertical locations directly using weighted
suns of pi XQrEopilag néza‘t’erlﬁ‘ﬁ?'ﬂoﬁ%tfqnzont al and unit vertical |ocations; b)
I nterpokate a value for a sub-pixel at a sub-pixel horizontal and sub-pi xel
vertical location is required directly using a choice of a first weighted
sum of 20 Acdowdingf tor as udigipthxaspedt cafathedinaentiory énefiecisl ptayidad anvideo

ding to that of the sub-pixel bej | cul ated and d
wei ght ed RO 19%$GRIR0 AgrMags:cauTiptsia PRely alaa8ed harys gRECioWEl: i on

cor respondiguy t r%%@?te@fb Véluéé'lﬁavﬁig?%'spb@iiﬁé@hdﬁkaﬁ% ahege, the pikéls in

I nt er pol ator na further adapte ormthe first weighted sum using
the val ues tbe rews-nesiding at esitdionigoatal igcations @mic theopixelsninahe GaumAst

ti I I ti t0,. t h ' t ' t ; '
val e 0r 495 BNt et Nopdions. " R, EEBHE SR S IhErPgaRrT 2
location. 3fyapheq i tt generaas ovalley foe Sub-pixels adapactibriad forzontaleandcond
wei ghted sum 'using the val ues of sub-pixels residing at unit horizontal

and 1/ 2N- 1 \@niical loeatiansalthe Jeaeiutiag efnter subrpixelsdedi: grterNh¥d@sum t o
ani ¢ verti o Battfaast N o GHBASG BinedBlbh0720" e i nt er pol ator may
be further gdaprpdlatevankerfpobab-pined aes/F Orumitihogzordakand unit vertical
15 locations, and unit horizontal and 1/2V" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
20 values for sub-pixels located at a vertical location corresponding to that of
the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

25 The interpolator may be further adapted to form the first weighted sum using
the values of sub-pixels residing at 1/2%" unit horizontal and unit vertical
locations and to use the first weighted sum to interpolate a value for a sub-
pixel at 1/2™" unit horizontal and 1/2" unit vertical location.

30 The interpolator may be further adapted to form the second weighted sum
using the values of sub-pixels residing at unit horizontal and 1/2Y" unit
vertical locations and to use the second weighted sum to interpolate a value

for a sub-pixel at 1/2" unit horizontal and 1/2"" unit vertical location.



at 1/2N unit horizontal and 1/2N unit vertical |ocations by taking the
average of at least one pair of a first pair of values of a sub-pixel

| ocat ed awoa3@22bé 1 5 unit horizontal and unit vertical | ®@cathil@mo7zand a
sub-pi xel located at a unit horizontal and 1/2N-1 unit vertical |ocation
and a second pair of values of a pixe$ | ocated at a unit horizontal and
unit vertical location, and a sub-pixe | ocated at a 1/2N-1 unit
horizontal and 1/2N-1 unit vertical location. 10 According to a ninth
aspect of the invention there is provided a conmunications term nal

conpri sing ' ' ' I3 | iRglsanged in
rows and co u%rg&gﬁﬁgﬁma g%%ﬁgﬂ‘\ % v It%d;ggﬁ“%@i%%ég% g{)%c@fr ?gg’gs%’;éham C
range, the ati ¥\ sinitthdrizentahamdr w2l dinitgveatical nocatiomsrbyz taking tHeoaweragas and

th [ | in th | ; | di ng, i t ti A | ti #h d
compr i o1 ng ArPtIRRE NS Beig o 2dust B b vebissr ol SyERin s d &l B TR el's ac
fracti oal g hafihi A R Uerdehl B8RS, of S6b-pasplaseiad atfa uhie

sub- pi xel s bel ng determ > y a positive integer N, the interpol ator
bei ng adapthetizootal @nd M2eT polibverticall loestigroand whseeond paitof vatuesioliai t

hori zontal and unit vertical, 20 catjon |4 hor.i.z0 1/ 2N-1
unit verti c%ﬂ(gl |88%1tﬁpo S d’inﬁer&?rﬁ?n&éiaﬁbd “Uﬁi"&ﬁl%%&l@‘fﬂ&éé’no?hﬁl%ﬁépﬁ’é% di ng at
uni t horizogtatedan@ HeM unaridrizahtal kpaay2dhgiit bertical lecawdat e a val ue for a
sub- pi xel at a sub-pi xel horizontal and sub-pixel vertical location is

required directly using a choice of a first weighted sumof 25 values for

sub- pi xel s | ocat.ed v i cal . lpcati C onRgding ;Lo f ,the
sub- pi Q@I Ué‘i\’(??dd'ggl ?[{5” %t éﬁﬁthnoaasgeggcgﬁu}ﬂg\ei g e{n@éﬂsgﬂ]é%f |\§/aph$é§tﬁ?c8r a

sub- pi xel s dipmuARalibng tBeEMinaP tofprisifial videcotsderptordéading cart vtgef t he
sub- pixel being calculated. 30 According to a tenth aspect of the

i nvent i on temmerising pixels aganged inrewoaRd FPLERNSHAR §9B"te§ﬁﬂw valug§ a
e i A bl gt THHBE K 085S LB cotipReal et < o0
whi ch codedhytintal dasatshs'eh@3IN8 RAS iB thECHlUThA2/re8idRyYy tt anitmidrtical, t he
communi cations term nal conprising a video coder for
15 locations, the coder comprising an interpolator adapted to generate values
for sub-pixels at fractional horizontal and vertical locations, the resolution of
the sub-pixels being determined by a positive integer N, the interpolator
being adapted to:
a) interpolate values for sub-pixels at 1/2%" unit horizontal and unit vertical
20 locations, and unit horizontal and 1/2%" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
25 values for sub-pixels located at a vertical location corresponding to that of
the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

30 According to a tenth aspect of the invention there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communications terminal

being connected by a communications link over which coded video can be



codi ng an i mage conprising pixels arranged in rows and col ums and
represented by val ues having a specified dynam c range, the pixels in the
rows resiwongoxt9anit horizontal |ocations and the pixel sPCa/Fd2é0t29 urms 5
residing at unit vertical |ocations, the coder conprising an interpolator
adapted to generate val ues for sub-pixels at fractional horizontal and
vertical locations, the resolution of The sub- pi xel s being determ ned by a

positive integer N, the interpol ator bei _n%bada ted to: @) int ec{vepog at e
val ues for tEAnsMitte@| dheyrcommppicatiang REPINGH FOFIPTIRG (hi IR G984 T 10

| ocati ons, It L ZiM s - Id i IsC8hg! finengndi rectly
using wei gc%%ﬁ%&ngﬂ%é pi xeﬁis'r?@gpl%éllﬁgéi?ﬁ%&rﬁ {Nﬁgwszgh?a gncrl‘ unit
vertical Irepaisentsi bp)valudsehavihgte specifidéd eyhamiarange, theepixels ia teb- pi xel
hori zontal and sub-pixel vertjical |ocation iéot equj red, direct llé?]USi ng a

choi ce of dOWsrEasIdRg gt wait arizgntal 18CqlgNFea8NE JNeshle it ?IQ% Bd at a
verti ca§ | qggiﬁ‘q%rﬁfg%i?%‘ﬁgﬁgl \')Igfzéf?oﬁ%,‘gfrheo‘;cag?le.C?J%f@liﬁ@ela'pght@gpaéid? ul'at ed

and a sé&cond” we sum al'ues pi xel's | ocated at" a hori zont al
| ocati on coidapendi genémté hadlued fohesubupixelsi el fractiongl dedrizointalednd 20

According to an el eventh aspect of the inventjo here | rovi ded a
tel ecommni\(%m%d@c%t%'tserﬁh%d’ﬁﬁ‘?'%?ﬂd’fath@o%’ﬁiﬁV@Eet %SW P@f‘%{ﬁ}‘{?ﬁd d®a

e SsSB4 iAo Blol ey PadagtBd 5o Un cat ! ons ter i hal

bei ng conn ormuni cat’i ons 11 nkK” over which coded video can be
transmtted) integpolateralives dopsils-ph@lsaay i /220 unitiborizantacand ngitfwartiealdi ng an

25 | i si i xel d i | urms._ and d b
7ol ues TRay 1AGAonsy doRtuf oA anch B Y TS0 S o B e BREUSRE i g at
uni t hori Z%ightédo%% LN ?B@zlst hesRiing! & iupitt RBrigohtaMéEnd eghitivegtiedl uni t

vertical |ocations, the coder conprising an interpolator adapted to
generate Matatemsf or sub-pi xels at fractional horizontal and vertical

| ocations, the 30 resolutiop of the.sub:pixels. he ' ) a
ot on i EiaTonats Sieo e ot B B AL BB A A B2,
val ues for ifedlid@tonas réeﬁ@Pédldir'é’étI])_/ lﬁﬁ?ﬁ@iéqmo@de 8N4 firsti weighted surh of
| ocations, and unit horizontal and 1/2"'1 unit vertical |ocations qi rectly
usi ng WO 03valesfis |d-pixels located at a vertical location corresponding to that o
the sub-pixel being calculated and a second weighted sum of values for
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

20 According to an eleventh aspect of the invention there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communications terminal
being connected by a communications link over which coded video can be
transmitted, the network comprising a video coder for coding for coding an

25 image comprising pixels arranged in rows and columns and represented by
values having a specified dynamic range, the pixels in the rows residing at
unit horizontal locations and the pixels in the columns residing at unit
vertical locations, the coder comprising an interpolator adapted to generate
values for sub-pixels at fractional horizontal and vertical locations, the

30 resolution of the sub-pixels being determined by a positive integer N, the
interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2M" unit horizontal and unit vertical
locations, and unit horizontal and 1/2%" unit vertical locations directly using



PCT/ FI 02/ 00729 wei ghted suns of pixels residing at unit horizontal and unit
vertical locations; b) interpolate a value for a sub-pixel at a sub-pi xel
hor i zont avoan2@ed- pi xel vertical |ocation is required diPCEFIIZNOTNDI NG a
choice of a first weighted sumof 5 values for sub-pixels |located at a
vertical |ocation corresponding to thg,}; of the sub-pixel being cal cul ated
and a second wei ghted sum of val ues f 8 “sub- pi xel s | ocated at a horizontal

| ocation corres ondln t tha of thes [ Icu ate 10 Bri ef
Descri pti oVejghtede s r‘gspﬁéﬁ %rfﬁé@i‘qge f‘ﬁ ﬁ@”??f‘&@ﬂt%’lfﬁ ﬁ@%l

descri bed hy, sof exanple only with reference to the accorrpanyl ng

drawi ngs in ich! Figure 1 shows a video encoder according to the prior

art; 15 Fibjuntergolateoavalievicieosuepodtat acsdrpixagherdzamal and subixel  Figure

3 shows the t franes .u vi deo_encodi n , and 4c
show st eps |eﬁp(c%? tﬁﬂt'ﬁﬁ‘?q’rﬂre(ﬁ&ﬁﬁq@ using . fyolck %fgatfﬁéz Vgéié gg&or? not i on
estimat 5on Ja%éél#br@ubebuxélga@batbuom a vBHiial focatish v respoatmgl thde\df ce
conprising video encodi ng and decoding 20 equi pment in which the nethod of

t he i nventitbe suiypisel beisgeealnulated BNgud $€LoB dM%'QBtekﬁ ge® ehyalwes 9&cor di ng

nbodi of d
sccording o elSeRE ol RLRE} BB bobEohENE 15 LR R BRCE 1o
have not bqﬁfeumfb éaldulamd.such figures should be disregarded; Figure 11

shows a schematic diagram of a nobile tel econmunications network according
to an enbodi nent of the present invention; Figure 12a shows a notation for

shove 10 s e RRPysH Bt e Flaut e L POn sub-pixel s Figure i2c Shows
interpolation of a half resolution sub-pixels; WO 03/026296 39
An embodiment of the invention will now be described by way of example
only with reference to the accompanying drawings in which:
Figure 1 shows a video encoder according to the prior art;
15 Figure 2 shows a video decoder according to the prior art;
Figure 3 shows the types of frames used in video encoding;
Figures 4a, 4b, and 4c show steps in block-matching;
Figure 5 illustrates the process of motion estimation to sub-pixel resolution;
Figure 6 shows a terminal device comprising video encoding and decoding
20  equipment in which the method of the invention may be implemented,;
Figure 7 shows a video encoder according an embodiment of the present
invention;
Figure 8 shows a video decoder according to an embodiment of the present
invention;
25 Figures 9 and 10 have not been used and any such figures should be
disregarded;
Figure 11 shows a schematic diagram of a mobile telecommunications
network according to an embodiment of the present invention;
Figure 12a shows a notation for describing pixel and sub-pixel locations
30 specific to TMLS;
Figure 12b shows interpolation of a half resolution sub-pixels;
Figure 12c shows interpolation of a half resolution sub-pixels;



PCT/ FI 02/ 00729 Figure 13a shows a notation for describing pixel and
sub- pi xel locations specific to TM.6; Figure 13b shows interpolation of a
hal f resoWotmoes2sab- pi xel s; Figure 13c shows i nterpol at i eaTEi02200M2] f
resol ution sub-pixels; 5 Figure 14 shows a notation for describing pixel
and sub-pi xel locations specific to the invention; Figure 14b shows
I nterpolation of a half resolution sub35bi xel s according to the I nventi on;
Figure 14c shows interpolation of a half resolutjon.s qu ?.CCOI’dI ng to
10 the i nvemiguren]3eifhews asnafplior Bb@ﬁSﬁﬂ@ﬂ@h@%@benefs E
i nterpol ati g)réc f%l‘towt@l xels; Figure 16 shows the half resol ution
sub- pi xel I"'ues requir'ed to calculate other half resolution sub-pixel
val ues; Fi drigerelf3b slhmns wttda&potwlioh ofesbalfiresoiutiarosyhi-pixelsyal ues t hat nmust be
15 cal cul ated in, order to |nt pol te v | ue tfor uartﬁ% resol ution

t

sub- pi er s Rigureal3q lﬂt%@Q f‘ f‘?ﬁo hod of TM.5;
Figure ﬁ hhéhméf rn%%a|dﬁ 'f&ndés%tf?hg%lxaahﬁesmmg&emmanbas

cal cul a ed [ er to Interpolate values for quarter resolution sub-pixels
in an |ma@eblf|cdb thgiimgnting; i nt er pol ati on met hod according to the

that must | ddoue,PAE RRewd riprarauen g % BRE de Qg stk e BhiRd P o

sub- pi xel s thbifidhtioah | mage bl ock using the sub-pixel value i nt erpol ation
met hod according to TMJ5; Figure 18b shows the nunbers of half resol ution
sub- pi xel s Figate #eshpws lner@dabgm &f @halh reseletion subRixgls aseordingd gy

quarter,.re ub-pi xels within an inmage bl ock using the sub-pi xel
val ue |19t e%ﬁél'i\ﬁ%@'ﬁﬁh\et hod according to the invention; Figure 19 shows a

nunberi ng %96@15 ehowe possible ¢reoidés Glldnagomllmtepptslatlomfm suppikelgur e 20
shows nonenclature used to describe pixels, half resol uteFd)n suﬁ:ﬂ%l xel s,

quarter redugute 38 W%Ih@eh@”éﬁ‘épléﬂ%tsh'br%éﬂl‘{ﬁﬁ‘?ﬁl reayyreq fica Bre 21a
shows t he CBtﬁgPﬁ'&'f ré@orlﬁfotn' %-b?eh‘f‘alHé&d in the interpolation of

Figure 17a shows the half resolution sub-pixel values that must be

15 calculated in order to interpolate values for quarter resolution sub-pixels in
an image block using the interpolation method of TMLS5;

Figure 17b shows the half resolution sub-pixel values that must be
calculated in order to interpolate values for quarter resolution sub-pixels in
an image block using the interpolation method according to the invention;

20 Figures 18a shows the numbers of half resolution sub-pixels that must be
calculated in order to obtain values for quarter resolution sub-pixels within
an image block using the sub-pixel value interpolation method according to
TMLS5;

Figure 18b shows the numbers of half resolution sub-pixels that must be

25 calculated in order to obtain values for quarter resolution sub-pixels within
an image block using the sub-pixel value interpolation method according to
the invention;

Figure 19 shows a numbering scheme for each of the 15 sub-pixel
positions;

30 Figure 20 shows nomenclature used to describe pixels, half resolution sub-
pixels, quarter resolution sub-pixels and eighth resolution sub-pixels
Figure 21a shows the diagonal direction to be used in the interpolation of

each eighth resolution sub-pixel in an embodiment of the invention;



each eighth resolution sub-pixel in an enbodi nent of the invention; WO
03/ 026296 PCT/FI 02/ 00729 40 Figure 21b shows the diagonal direction to be
used in tWe oBne@ppol ati on of each eighth resol ution sub- pCrgiiozo7z2not her
enbodi mrent of the invention; and Figure 22 shows nonencl ature used to
describe eighth resolution sub-pixels 5 within an imge. Detailed .
Description Figures 1 to 5, 12a, 12b, 4 c, 13a, 13b, and 13c have been

described in the 10 fore 0| ng. Figure 6 presents a t rmi pal devic
conpri si ng F\)@W@@Bﬁ@BQWﬁ Qr@aQ@é@dﬁfe‘ﬁé‘oBdGl t?ﬁ'ré‘ﬁ?dv!ﬂl H&JPQ@F%I ted to

operate in aéggng?%#@ 3 B-ok S.ﬁnéndtﬂgﬁgg«m.mw%fﬁh@%ﬁ@ﬁﬁbnthe

flgurelllu term na I mpl enent ed accordlngto
I TUT recoramindatlon H 324. The term' nal can be regarded as a multinedi a

transcei ver_.devi ce. i ncl udes e ure ncod

nul ti pl ex rﬁ!@‘ﬂ’ler%?d?'ao‘ﬂét’@mﬁ Eé ??;HE t%t &gth r\??Q'“ﬁ"E(? f%gt i ons
net wor kg asyieh | nqﬁ]a?bements that receive, de mul ti pl ex, decode and

di spl ay recel ve I media content. I TU 20 T recomendati on H. 324 defines
the overall operation of the termnal and refers to other recommendations
t hat goverrbthﬁ?(ﬂ eratlton of its various constituent parts. This kind of
mul timedi a CSEUR'YL used in real -tine applications such as
conversational videotel ephony, or non real-tinme applications such as the
retrieval/streamng of video clips, for exanple from 25 a nultinedia
content serRigureisrl tchs, 12a, dilhet 2¢| 1135! HiBbe andebac kave: heerpABs@ifted invBRtion, it
shouldlﬁ 3 remated that the H 324 termnal shown in Figure 6 is onIy
one of n &P alternative nultimedia terninal i npl emrent ati ons suited
to application of the inventive 30 nethod. It should also be noted that a
nunber of alternatives exist relatin to the | gcation and 6%9 ment ati on

of the terrfigale &urrgRaAIS. aadermingk [Jayicsy camprisingr Wadgo eRe di a
]tle:]ren ?2: egﬁ%encké(a'neqomga?q\é Ct@gﬁ“ﬁ%ﬁ%&:%m@%'%@ iROARFESSEd Rith fixed
the present invention. More preC|ser, the figure illustrates a multimedia

15 terminal 60 implemented according to ITU-T recommendation H.324. The
terminal can be regarded as a multimedia transceiver device. It includes
elements that capture, encode and multiplex multimedia data streams for
transmission via a communications network, as well as elements that
receive, de-multiplex, decode and display received multimedia content. ITU-

20 T recommendation H.324 defines the overall operation of the terminal and
refers to other recommendations that govern the operation of its various
constituent parts. This kind of multimedia terminal can be used in real-time
applications such as conversational videotelephony, or non real-time
applications such as the retrieval/streaming of video clips, for example from

25 a multimedia content server in the Internet.

In the context of the present invention, it should be appreciated that the
H.324 terminal shown in Figure 6 is only one of a number of alternative
multimedia terminal implementations suited to application of the inventive
30 method. It should also be noted that a number of alternatives exist relating
to the location and implementation of the terminal equipment. As illustrated
in Figure 6, the multimedia terminal may be located in communications

equipment connected to a fixed line telephone network such as an analogue



WO 03/ 026296 PCT/ FI 02/ 00729 41 PSTN (Public Sw tched Tel ephone NetworKk).

In this case the multinedia termnal is equipped with a nodem 71,

conpl i antwaioBl2d234J)- T recomendati ons V.8, V.34 and opti oRaTiF0208d9i s.
Alternatively, the nultimedia termnal may be connected to an external
nodem The nodem 5 enabl es conversion of the nultiplexed digital data and
control signals produced by the mult itedia terninal into an anal ogue form
suitable for transm ssion over the PSTN. It further enables h\ I timedi a

terninal t PSTNcEubEC wiichast Telaphose Nehypkh Innthis 2r88 JBef BHHIM the
PSTN and tj%’dﬁ?'%ye stlotegg@geato Ieihdlagl tdadlat @ﬁtrg&ghﬁMt WAR qquT _

denmulitple essed 'n an appropridte ner by the term nal.
An H. 324 mybtomatbraiationsi Va8, apg4aland hoptiomalie nBlEsl IAdtematwaiy wdbet hat it

can be connected di rectlgltto a dg\%ital c;%ﬁ(ed Iitélggget éuch s _an | SDN

(1 nt egr at edNgimAdia terminak may [as: GRINected 1P aR; eXter:
repl aceg 1%@%&& I,é%mscﬁr tH?eetrIIﬁIflblekBHeﬂ RSP datd) ﬁItﬂLtfd?\tr%I é@h&lsl SDN
user - nef wor |nter ace 1s represented by alternative bl ock 72. 324

mul ti medi a gredotedhlby they nallbmedia wapmddmrt@ram@ealqgueomme SU&@Wﬁuchat i on

applicati ons I f. used wit el.ess, comuni ca dem 71
can be repl IEANSMIGHIPR thﬁg’%t L é’rRI&eF&négLe fI} Uggﬁed'gsg?mﬁ%lggent ed by
al ternati Vere@él%kdaﬁ ary Ebﬁﬂ'bles@naﬁoih &XR0HLE forn fHHrA2AEMPSTTNI éndﬁdl a
termnal can 1nclude a radio transceiver enabling connection to

current 2ncageadr tenrinteskl digital dlata | séieaondhakoasr ke @WH‘@‘%‘*@’pé@@d 3rd
generation UMIS Lvers I e M. 25 It should be noted
t hat :]r rrulqrp?r%*‘bﬁ(e?q ?é\rpgpgigs aﬁgéﬁ%ﬁ{% tv(\ao%v?ﬁ/aas comuni cation, that is

for transm ssion and reception of video data, it is advantageous to

provi de both a video encoder and video decoder i npl nented according to
the presentAn /324 nudtimsdigntesminal cpaeplsarRe soplg i gHeh Aavay that

i npl ement e I f f t
' codec' . Vﬁ)t g%) gsﬁgle%te%ogf?é&mo HBRitaPARd B hotwbrk! SLER sidh ASDR
(Integrated Services Digital Network). In this case the modem 71 is replaced
15 with an ISDN user-network interface. In Figure 6, this ISDN user-network

interface is represented by alternative block 72.

H.324 multimedia terminals may also be adapted for use in mobile
communication applications. If used with a wireless communication link, the
20 modem 71 can be replaced with any appropriate wireless interface, as
represented by alternative block 73 in Figure 6. For example, an H.324/M
multimedia terminal can include a radio transceiver enabling connection to
the current 2" generation GSM mobile telephone network, or the proposed
3" generation UMTS (Universal Mobile Telephone System).
25
It should be noted that in multimedia terminals designed for two-way
communication, that is for transmission and reception of video data, it is
advantageous to provide both a video encoder and video decoder
implemented according to the present invention. Such an encoder and
30 decoder pair is often implemented as a single combined functional unit,

referred to as a ‘codec’.



42 PCT/ FI 02/ 00729 Because a vi deo encoder according to the invention
performs notion conpensated video encodi ng to sub-pixel resolution using a
speci fi c worBeeq2e6 ati on scheme and a particul ar conbi nati ecTa02we729r e- hand
and on- demand sub-pi xel value interpolation, it is generally necessary for
a video 5 decoder of a receiving termnal to be inplenented in a manner
conpatible wth the encoder of the trédhsmitti ng termnal which forned the
conpressed video data stream Failure to ensure this conpatibility may
have an adBeeausecff wisteonencadern@scPiding tor e ipyerdionc PepeRda: MOYOBNd t he

accuracy of ugc: ' r ) | & 4 krdi a
term nal wqqrﬁﬁ%\?ﬁé& dg@ggi ébggg'ﬁgf urt ebr &ggfg%&h\?ﬁhb%igéeraengrgb?% Fi gure
6. The mul tiherpolatiberseheale 8Ad iahphnidatarcombination of befereemared aefieon-ed to as
15 "term nal equiprent’'. This includes video, audio and tel ematic, devices,

denot ed gerf&mead |sybbrgixq_'elev%v%rv&t@rpﬁlﬁ%},§t 19BN NEESSRWSINE A videpy . The
Vi €eo equl REIeD b Eeckind! fimind o BeAMRpiEmehted 8 MBAREAcOMpatER LT Ng

vi deo i frages, a noni splayi ng recel ved video content and opti onal
vi deo pr ocegish thie enoogereot the ransmitting tequinatsvitics formyasl te cgmpressedes a 20
or ropr oaudieg cRkLRToUR. EalTE ocnsurk The REMARIPL CErY R n AUfRle™ '
incl ude addigdqn dhQal % HotidH (compdisatishesmd Ithe a6¢lrabpnéf 63, may
i nclude a aéafséa&tg'b n@EaF?aE{égﬁfgar d, elect rone c whiteboard or a gitéi Il i nmage
t r anscei verrecenstucted aidfesxframies. 25 The vi deo equi pnent 61 is coupled to a

vi deo dec 65. The video codec 65 conprises a video encoder and a
corresé ndi ng vi deo decoder both inplenented according to the invention.

Such an encmg;sipanﬂ.@ﬂmmédiawelrﬂnirm wiksow betidseribbe ihdulther detailThe
vi deo codec 65 is responsible for 30 encodi ng captured video data in an

appr opr i at ewitlyreferenceftoritigeie &.r ansni ssi on  over a communi cations |ink and
decodi ng conpressed video content received fromthe comunications
network. In the exanple illustrated in

The multimedia terminal 60 includes a variety of elements referred to as
15 ‘’terminal equipment’. This includes video, audio and telematic devices,
denoted generically by reference numbers 61, 62 and 63, respectively. The
video equipment 61 may include, for example, a video camera for capturing
video images, a monitor for displaying received video content and optional
video processing equipment. The audio equipment 62 typically includes a
20 microphone, for example for capturing spoken messages, and a
loudspeaker for reproducing received audio content. The audio equipment
may also include additional audio processing units. The telematic
equipment 63, may include a data terminal, keyboard, electronic whiteboard
or a still image transceiver, such as a fax unit.
25
The video equipment 61 is coupled to a video codec 65. The video codec
65 comprises a video encoder and a corresponding video decoder both
implemented according to the invention. Such an encoder and a decoder
will be described in the following. The video codec 65 is responsible for
30 encoding captured video data in an appropriate form for further transmission
over a communications link and decoding compressed video content
received from the communications network. In the example illustrated in
Figure 6, the video codec is implemented according to ITU-T



Figure 6, the video codec is inplenented according to | TU-T WD 03/ 026296 43

PCT/ FI1 02/ 00729 recomendati on H 263, with appropriate nodifications to

i mpl ementwohg/02@ab- pi xel val ue interpolation nmethod accor @CAFIR200T739e

invention in both the encoder and the decoder of the video codec. 5

Simlarly, the termnal's audio equipn;yt I's coupled to an audi o codec,

denoted in Figure 6 by reference nunber” 66. Like the video codec, the

audi o codec conprises. an encoder/decoder pair. . .lt converts audi ta
Lt

captured byeeaEMmendatien He26d,awWih SRATS MAdiicatiogs Hos M
transm ssi QARSI m@ethﬁaﬁ inftRol i d¥oRNAg 1t ARE fiveriopNiAdsH thudi o 10

data receive romthe rk back into a formsuitable for reproduction
for exanpl eermodehanddheideabder ofdbeyjsiaskeddecThe out put of the audi o codec is
passed to a delay block 67. This conpensates for the delays introduced by

t he video coding process and thus ensures synchronisation of audio and

vi deo cant egiimilahy, The teMAinaNs eidic Aquiprment & celiplebietonant auwidi eodies,ni nal
controls end-to-"network signalling using an apg_roprl ate control protocol
(si gnal | i ngdenatedt isdjigureo Beby dBfarence nb6m @eoﬂheo]é@%t?%'?%égﬁeen a

i or mat | orPudiBRoeRCIBPEREE AT sEAGErckafiel SHIE I RVPHE ., qaanances

transmitti nghpiéd eyeitve N@grmireasi aati® autipmentbdntos ed foonesaikdidet for vari ous
codi ng nodes of the video encoder, The ﬁl\éﬁ;@?ﬁ cont{go bl ock, 64 al.so
f

L I
control s t HEansBIssiENJAYQY therkQrpmunisations, JanstogmserrPdedeatdiBe of
encrypt{on . ' S $ [ f y on bl ock
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video content.
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The system control block 64 of the multimedia terminal controls end-to-
network signalling using an appropriate control protocol (signalling block 68)
to establish a common mode of operation between a transmitting and a
receiving terminal. The signalling block 68 exchanges information about the
20 encoding and decoding capabiliies of the transmitting and receiving
terminals and can be used to enable the various coding modes of the video
encoder. The system control block 64 also controls the use of data
encryption. Information regarding the type of encryption to be used in data
transmission is passed from encryption block 69 to the multiplexer/de-

25  multiplexer (MUX/DMUX unit) 70.

During data transmission from the multimedia terminal, the MUX/DMUX unit
70 combines encoded and synchronised video and audio streams with data
input from the telematic equipment 63 and possible control data, to form a
30 single bit-stream. Information concerning the type of data encryption (if any)
to be applied to the bit-stream, provided by encryption block 69, is used to
select an encryption mode. Correspondingly, when a multiplexed and
possibly encrypted multimedia bit-stream is being received, MUX/DMUX unit



sel ect an encryption node. Correspondi ngly, when a nultiplexed and

possi bly encrypted nultinmedia bit-streamis being received, MJX DMJX unit
WO 03/ 026@06)342620CT/ FI 02/ 00729 70 is responsi bl e for decr ypTinm/oms
bit-stream dividing it into its constituent nultinedia conmponents and
passi ng those conponents to the appropriate codec(s) and/or term nal
equi pnent for decodi ng and reproductidﬁ? 51t should be noted that the

functional elenments of the nultinedia termnal, .video encoder,. degoder and
vi deo coded GiscesBPRAZbleofor glecrymiiagthe diteiieam d'Y'ﬁ’ﬂ'lgaﬁé’HPéEF Ssliti§Nar e or

dedi cat ed LAATAARR: otrHPo [ W and
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i mpl enent atdogiec(s) drtuéorf terminafl equipargni fer denooiitgaand Geprodpciian.ng

machi ne-readabl e instructions for perform ng the functional steps of the

I nvention. As such, the encoder and decoder according to the invention may

be i npl gmeng §Hoﬂl§1 5O oYeH thAtQfE fEhQIcHAI @lbriestssfaBe mURRhed asemimagcut ed in
a conputer, such as a personal desktop conputer, in order to provide that

conput er wividea edeodern dedbder and visteodeastas aggordingrtaribeiiayentionycan pet he

mul tinmedia.termnal 60 is.a _npbil . ] t s At L Laped with
a radio trdﬁ'?(':%m@@ d7§S qo{t%@?lorbieqi%g}igf%g\ggg ?Hh%séegrgé'bﬁt@%%?#hg he art
that it mycaTHe HeEw'dnEadmddand aBabding #nBthbas dctonting eotieslimmmitiont
conprises a 20 user interface having a display and a keyboard, which

enabl es opearatpasticyarly suisegriprimpiementationirm e Bomy9f & coaUter QEF3Br wi t h

necessary f A I Ks. udli ngJ.a Si i uch as a
i or opr9oeLBbSIAS aBhfiE apable dhelflsRohe o TpeLARIEEF 19 Mkbhiond:
functions dftepdref tue inveetion. Asesuchpiie eacodercand deceder acswdingRoMhea read
only menory ROM and a 25 digital canera., The m'ééogtgoqcfgssor' s.operating
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i nstruct i orlBVeRtigRy May fie dmp) menrtgd e%rfr%f%ﬁdpﬂ Pud S19'@86¢ i ons of
Lo et adfdiun? BftAkcfila ih cOBURE senidica BRI bskREROmAKRE and oan

be execut as require he 'mcroprocessor, for exanple under control
of the userin dmienctoopravide thai chmputerpwithr ddec oelrcodimg andfenpeoeditgor uses
the radio transceiver 73 to 30 forma connection with a nobile

communilSat ifIACHRAAIEF-k, enabling the

If the multimedia terminal 60 is a mobile terminal, that is if it is equipped with
a radio transceiver 73, it will be understood by those skilled in the art that it
may also comprise additional elements. In one embodiment it comprises a
20 user interface having a display and a keyboard, which enables operation of
the multimedia terminal 60 by a user, together with necessary functional
blocks including a central processing unit, such as a microprocessor, which
controls the blocks responsible for different functions of the multimedia
terminal, a random access memory RAM, a read only memory ROM, and a
25 digital camera. The microprocessor’s operating instructions, that is program
code corresponding to the basic functions of the multimedia terminal 60, is
stored in the read-only memory ROM and can be executed as required by
the microprocessor, for example under control of the user. In accordance
with the program code, the microprocessor uses the radio transceiver 73 to
30 form a connection with a mobile communication network, enabling the
multimedia terminal 60 to transmit information to and receive information

from the mobile communication network over a radio path.



multinedia termnal 60 to transmt information to and receive information
fromthe nobile communication network over a radio path. W 03/026296 45
PCT/ FI 02/W002026Bhe mi cr oprocessor nonitors the state of tRETIR@00729t er f ace
and controls the digital canmera. In response to a user conmand, the
m croprocessor instructs the canmera to record digital inmges into the RAM
Once an image s captured, or al t er natd vely during the capturing process,
the 5 mcroprocessor segnents the inmage into ina egnents (for .exanple
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process with a mninmumdelay. EFigure 11 |s ti i : nobi | e
t el ecommuni OIS e R rFEINAVUT Y %dl%roioarg%gég%grﬁeh?mg’fr %@'ﬁé@%t i on.
Ml ti medi a deRfBh@las &plained ihNhé 96M8dBINgPEésUNiptiohNAbaser magtdoommaBdS by
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through a dbednultimedmbierminaled i displayothe grpidresk imagas eRMErHsRiay aBsc,

whi ch ntr.ql s ' - raH hoi d by a
nurber 107 Daserar el GROPESeST {fiaBk stpBnes VaINEE 7 1BRLIVel P Y ons)
and a si nglghdiesentitihbdia eoming) hevid@stlephone ddnnegtechto laafieedlinei ons, is
called a base station subsystem BSS. Particula ase stati

rly, the n
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15 decoding process with a minimum delay.

Figure 11 is a schematic diagram of a mobile telecommunications network
according to an embodiment of the invention. Multimedia terminals MS are
in communication with base stations BTS by means of a radio link. The
20 base stations BTS are further connected, through a so-called Abis interface,
to a base station controller BSC, which controls and manages several base

stations.

The entity formed by a number of base stations BTS (typically, by a few
25 tens of base stations) and a single base station controller BSC, controlling
the base stations, is called a base station subsystem BSS. Particularly, the
base station controller BSC manages radio communication channels and
handovers. The base station controller BSC is also connected, through a
so-called A interface, to a mobile services switching centre MSC, which co-
30 ordinates the formation of connections to and from mobile stations. A further
connection is made, through the mobile service switching centre MSC, to
outside the mobile communications network. Outside the mobile
communications network there may further reside other network(s)



connection is made, through the nobile service swtching centre M5C, to
out side the nobile comunications network. Qutside the nobile

comuni cawpDend2d2e6 wor kK t here may further reside ot her net ROTRI®R)00VYD

03/ 026296 46 PCT/FI 02/00729 connected to the nobile conmunicati ons network
by gateway(s) GIW for exanple the Infernet or a Public Sw tched Tel ephone
Network (PSTN). In such an external work, or within the

t el ecomuni cati ons, network, .there nay.be |ocat vi deo decodi r

encodi ng steNGRted Qe mob 6&@.1"@’@%'0%“% npﬁv%{ﬁctynggﬁwﬁyz? QW hﬁor
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two nobile stations or one nobile station MS and a videot el ephone
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conpatible term.nal connecte Lt h t t.er N. 15
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i nvention. fhbfen cdnpbnyied Vidéeo compressioOfettubral ndedoribad émithdi ment
the invention. 20 Thg encoder 700 conprises an input 701 for, receiving a
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codi ng bl 0%@&&%@% %gﬁé' |ﬂ%rﬁ@%€%ﬁ.2@y&§%&ﬁl@ﬂe%iﬁak céBRectedi t ches

702 and 71 re operated co-operatively control manager 720 to switch
t he encodereither to the Internet or to the PSTN.

15
Figure 7 shows a video encoder 700 according to an embodiment the
invention. Figure 8 shows a video decoder 800 according to an embodiment

the invention.

20 The encoder 700 comprises an input 701 for receiving a video signal from a
camera or other video source (not shown). It further comprises a DCT
transformer 705, a quantiser 706, an inverse quantiser 709, an inverse DCT
transformer 710, combiners 712 and 716, a before-hand sub-pixel
interpolation block 730, a frame store 740 and an on-demand sub-pixel

25 interpolation block 750, implemented in combination with motion estimation
block 760. The encoder also comprises a motion field coding block 770 and
a motion compensated prediction block 780. Switches 702 and 714 are
operated co-operatively by a control manager 720 to switch the encoder
between an INTRA-mode of video enCoding and an INTER-mode of video

30 encoding. The encoder 700 also comprises a multiplexer unit (MUX/DMUX)
790 to form a single bit-stream from the various types of information
produced by the encoder 700 for further transmission to a remote receiving



bet ween an | NTRA-node of video encodi ng and an | NTER-node of video 30
encodi ng. The encoder 700 al so conprises a nultiplexer unit (MJX DMJUX) 790
to form aweidgb@dbi t -stream fromthe vari ous types of i nf@cwaui2zan729pr oduced
by the encoder 700 for further transm ssion to a renote receiving WO

03/ 026296 47 PCT/FI 02/00729 termnal, or for exanple for storage on a nass
st orage nedi um such as a conputer har4/ drive (not shown). It should be
noted that the presence and inplenentations of before- hand 5 Eub- i xel

i nt er pol at it@FMNIPRLAK fPexamplefRriRERge UG- FaRe SIUTAOESMPAIUP $HFE13%R bl ock
750 in the C%mﬂg{]h%rdc@i\;ee@b%ﬁo\gﬁ?end on the way in which the sub-pixel
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I nt er pol ation ‘et according to the invention is applied. In enbodinents
of the invention in which before-hand sub-pixel value interpolation is not

perfornmed, encoder 700, dpes t conprise hefore 10. hand - Dl al ue

i nt er pol at i'bﬁhg‘lc’i]gctke T@@A)ﬁ?‘?t%ﬁe‘?reé i dw'%?ep}?é%"ﬁn%gﬁ?f%%ﬁ%ﬁ| y
bef or e- Band, ifisef XPherpBlaBbRO! (AbLION 70, PAd ObREdbrAaRd ¢ Bum-pikiel  wdloeder  does
not include on-éenand ub-pi xel value interpolation block 750. In

enbodi ment snienpaiafien bietkh7 5@ finrtbe reneeden@rehitegturenderensl pnxéle waylife

I nterpol ation are perforned,  both.blo 0 750, ane . p s 15 the
encoder 70d"?h'ﬁﬁe&§t isUh'pd)fné?t Wéergﬂ@&'ggrﬁﬁggic%%@g?'ﬁg F)(ajl tﬁ ﬁern?/%@gé]?ilgn w | |
now be desgdfﬁnbadm reriddientd bf tthe ieSRiorpin ahich beverethdrel aabpixal t hat
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i nput 701, valuenterpektipads antippriereed anceden 7R8 dogs Nt ILORIRBRRVBIG ck

basi s, ,pref.er ' er s : \ r t hat
wnon t A crHEsB bp-pkel VARECIARERBAILel o0y} birlet qriBpaifedB Ul TRE 0%,
sequence i §nedititedniybefbirRAndredis-pixal irtepatatidryis petformedoatet thus theogr amred

to code each franme in INTER-format, unless one of the follw ng conditions
is met: 1) encoder dpesypgeindudf onrderpand e‘r@'?'?‘ﬁhﬁalb@i Hﬁe@(?h?g'@ni glogg

di ssimlar fgd?qhté?ﬁb?aiﬁ{e%gﬂpwﬁ&pgghﬁdée ré-PahbiSart] 8Hiddrmand st%f&)i)@éqcessi ve
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recel Vi LELTalel ghcat N @

Operation of the encoder 700 according to the invention will now be
described in detail. In the description, it will be assumed that each frame of
uncompressed video, received from the video source at the input 701, is

20 received and processed on a macroblock-by-macroblock basis, preferably in
raster-scan order. It will further be assumed that when the encoding of a
new video sequence starts, the first frame of the sequence is encoded in
INTRA-mode. Subsequently, the encoder is programmed to code each
frame in INTER-format, unless one of the following conditions is met: 1) it is

25 judged that the current frame being coded is so dissimilar from the
reference frame used in its prediction that excessive prediction error
information is produced; 2) a predefined INTRA frame repetition interval has
expired; or 3) feedback is received from a receiving terminal indicating a
request for a frame to be coded in INTRA format.

30
The occurrence of condition 1) is detected by monitoring the output of the
combiner 716. The combiner 716 forms a difference between the current

macroblock of the frame being coded and its prediction, produced in the



request for a frame to be coded in INTRA format. 30 The occurrence of
condition 1) is detected by nonitoring the output of the conbiner 716. The
conbi ner woasbones a di fference between the current nacr eblraade/0729 he
frame being coded and its prediction, produced in the WD 03/026296 48

PCT/ FI 02/ 00729 noti on conpensated pre ACt'On bl ock 780. If a neasure of
this difference (for exanple a sum of $bsol ute differences of pi xel
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Condi ti on 3 I's triggere control manager 720 receives a f eedback
si gnal fr omodierOexurngriae, ofacondﬁm 2) indneritared Hy, means ebattineer 9rifrrMe1s

|nd|cat|ngtha anINT refr ihAg
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transmitt edmﬁéﬁ@ﬁp?@s’ eorbmtl Yrafd¥ CoRh&d reychds lmtpeédaeanmddnummgr |dfs
transm ssion, rendering it inpossible to decode at the _receiver, I nthis

situation, framees.ethsi sentrolomanages (R00pgirss the switches vidd angd: 4l oo be
encodeql 1 o MERANG U TEber S INTEA Bodihg'MIdd CORGERS) MrigiRieeRARe 20 It

will he encodeér and deco re | emented in

such a way contiob rahhagert Te0desozivesnat fesdbaickmsighah fmm,t 6ors ewarripley apat i al
resolution of up to quarter-pixel resol in the

fol | owi ng, eeeiNmg ferminal, ofia rcadialtlingn 73%@”5!@%3%1 bflﬂjfg INJRAYIRBE on of
the contr o™ faraer e B Hh B e ) A g e o T o
i nput line faﬂ.%xaﬁr[ﬂevnfdaopmvgmsly trapamitted freoeée weere badly corrupted by
15 interference during its transmission, rendering it impossible to decode at the
receiver. In this situation, the receiver would issue a request for the next
frame to be encoded in INTRA format, thus re-initialising the coding

sequence.

20 It will further be assumed that the encoder and decoder are implemented in
such a way as to allow the determination of motion vectors with a spatial
resolution of up to quarter-pixel resolution. As will be seen in the following,

finer levels of resolution are also possible.

25  Operation of the encoder 700 in INTRA coding mode will now be described.
In INTRA-mode, the control manager 720 operates the switch 702 to accept
video input from input line 719. The video signal input is received
macroblock by macroblock from input 701 via the input line 719 and each
macroblock of original image pixels is transformed into DCT coefficients by

30 the DCT transformer 705. The DCT coefficients are then passed to the
quantiser 706, where they are quantised using a quantisation parameter
QP. Selection of the quantisation parameter QP is controlled by the control
manager 720 via control line 722. Each DCT transformed and quantised



macr obl ock by macrobl ock frominput 701 via the input line 719 and each
macr obl ock of original inage pixels is transfornmed into DCT coefficients by
30 t he DOWotmsamebeor mer 705. The DCT coefficients are thenPpagd@dor t he
guanti ser 706, where they are quantised using a quantisation paraneter QP.
Sel ection of the quantisation paranmeter QP is controlled by the control
manager 720 via control |ine 722. Each*DCT transformed and quanti sed WO

03/ 026296 49 PCT/ FlI 02/ 00729 b th K t he. | d i
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712 via t hghgwe kkied Iifthesaget to zero. In this 15 way, the operation
performed by the conbiner 712 is equivalent to passing the decoded inmage
data fornmed by the inverse quantiser 709 and the inverse DCT transform 710

unal tered. 1 n._emrbodi ; ' i ' | f + - pi xel
vai e 150 1A PRt A RIohBKETh 88 shBat FOn B RiSEre g4 ¢

appl i ed to dgpar ey teaduantiseri 708 throtigh irvesse quabliserk7GBand Epplyimpan to t he
bef ore- hand sub-pi xel val ue interpolation bl ock_73d0\9}§?ke§ t he form of
decoded i mdf¥erspl 5@3'3 trapgfarde 7381 t9r the, deregraupnties de hﬁtr@rng'lngt i on

bl ock 730, - 792 SIHAINAE A thd s, SWirchi 794 is! gt @ppol atii on
in such a m@gg%tﬁg'ﬁgggfom erﬁ%ﬁéé?%uw o?hs - pi xel resol ution
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the decoded image data formed by the inverse quantiser 709 and the

inverse DCT transform 710 unaltered.

In embodiments of the invention in which before-hand sub-pixel value
20 interpolation is performed, the output from combiner 712 is applied to
before-hand sub-pixel interpolation block 730. The input to the before-hand
sub-pixel value interpolation block 730 takes the form of decoded image
blocks. In the before-hand sub-pixel value interpolation block 730, each
decoded macroblock is subjected to sub-pixel interpolation in such a way
25 that a predetermined sub-set of sub-pixel resolution sub-pixel values is
calculated according to the interpolation method of the invention and is

stored together with the decoded pixel values in frame store 740.

In embodiments in which before-hand sub-pixel interpolation is not
30 performed, before-hand sub-pixel interpolation block is not present in the
encoder architecture and the output from combiner 712, comprising

decoded image blocks, is applied directly to frame store 740.



stored together with the decoded pixel values in frane store 740. In
enbodi nents in which before-hand sub-pixel interpolation is not 30

per f or medwolwabaaes hand sub- pi xel interpolation block is neCTpi@yern i n the
encoder architecture and the output from conbiner 712, conprising decoded
I mage bl ocks, is applied directly to L{{?rre store 740. WD 03/ 026296
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I n | NTER cqdi t
rgcel ve i 'f reirﬁ d? ‘Pﬁ'ﬁﬂé E %@%ékghmdn%@g?gg@%eﬁgu u%‘cfgp%tgﬁe conbi ner
15 716. Theyraeddinigits 786 ther nimventiod ah | whickr rbufonenmmdmsmmpmeepmsenti ng

the difference between the current nacrobl ock of the frane %ei n,g oded and
its predl detespolafien dupedoimed, Hee fetarence bamenkelddn fianeistare it Ptk 780.

quant | 48 PRAHRRRLiplsthGlaf ISt B sl HeR LT, anst or med and
quanti sed 20 prediction error information. Each macr obI ock of DCT
quant ser - fdBoTRgon G AN BREERRI! Wb N CPRIBRABIA G Be RBEERM nes 1 he
Pthe. fol ?H%S"%*W%“?ﬁ%%‘#@&@?%‘ S RS e 70 e
quant i sat i aecéiSeiar iapat Fom hrﬂear'/ﬁm waith mmpnsemﬂme@uhp@h Oﬂm%ceﬁblr)eft o form
a sl ngllg bI7t16 tTrh(%eacr;z)m%lneroﬂes forms Sredﬂ;ftlgnr'\ng[ror |nforma§|on representing the
difference between the current macroblock of the frame being coded and its
prediction, produced in the motion compensated prediction block 780. The
prediction error information is DCT transformed in block 705 and quantised
in block 706 to form a macroblock of DCT transformed and quantised
20 prediction error information. Each macroblock of DCT transformed and
quantised prediction error information is passed from the quantiser 706 to
the MUX/DMUX unit 790. The MUX/DMUX unit 790 combines the prediction
error information 723 with motion coefficients 724 (described in the
following) and control information (for example header data, quantisation
25 parameter information, error correction data etc.) to form a single bit-stream

of coded image information, 725.

Locally decoded prediction error information for the each macroblock of the
INTER coded frame is then formed in the encoder 700 by passing the
30 encoded prediction error information 723 output by the quantiser 706
through the inverse quantiser 709 and applying an inverse DCT transform in
block 710. The resulting locally decoded macroblock of prediction error

information is then input to combiner 712. In INTER-mode, switch 714 is set



Local | y decoded prediction error information for the each macrobl ock of the
| NTER coded frane is then forned in the encoder 700 by passing the 30
encoded pwedBo2d20m error information 723 out put by the quaoTiRE/00TO6

t hrough the inverse quantiser 709 and applying an inverse DCT transformin
bl ock 710. The resulting locally decod§ macr obl ock of prediction error

I nformation is then input to conbiner 2. In INTER-node, switch 714 is set
WO 03/ 026296 PCT/ FI 02/00729 51 so that the conbiner, 712 al recgives
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f i di nent he i tion.in which -hand sub- pi xel
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to the sbefore-hand sub-pixel interpolation block 730. Thus, the input to
the before 10 hand sub-pi xel value interpolation block 730 in I NTER codi ng

node al so Askeeschied oaboue dvhridedonsidgen®d| INKRA | goded Bemee®- HAnd
sub- pi xel val

e . interpplation block.730..ea c T o] LS
subj ect ed tedng%'ﬂb‘?'}l& BPI ﬁ‘?er'%‘éﬁ‘qﬁ@ﬁoﬁgi g’h'scﬁcﬁgbgg@ﬁ@gﬁﬁagﬁg p%@édg glram ned
sub-set of atthpOlatieh i¥ peHermed stieabetpuatresh aombinkmyi2 & tdppliedtterthel at i on
net hod of the I nvention and is 15 stored together with the ﬁ;ﬁ@eqed pi xel

val ues in fhefate-band subzuxel jinterpai@iinn Mosk I30n THHE cihelBplt - 8- pi xel
i nt l~at i | . - e w s] P ' bl ock
ynter pqlga 'rg%hd ;HBE ixd1 V|04 Wgrpé)rlgﬁrfbﬁacﬂ% $HINEEEE cog[ﬂ\{ge eahisgn bl oc

i's not pres e encoder ecture and the out rom conbi ner

712, conpr itakeg titke fereredf deagied imMagakisiocks 1afpé betbrétharct syb-pixef valoe store
740. 20 As subsequent macrobl ocks of fhe vid i gnal _.are received fromthe
vi deo sour'Bt@raﬁﬁt'gﬂM%W(P)ee%@?ﬁieldymé@@?‘?%%g PR FHGd AR FUGRR ng
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frame has is calculated according to the interpolation method of the invention and is
15 stored together with the decoded pixel values in frame store 740. In
embodiments in which before-hand sub-pixel interpolation is not performed,
before-hand sub-pixel interpolation block is not present in the encoder
architecture and the output from combiner 712, comprising decoded image
blocks, is applied directly to frame store 740.
20
As subsequent macroblocks of the video signal are received from the video
source and undergo the previously described coding and decoding steps in
blocks 705, 706, 709, 710, 712, a decoded version of the INTER frame is
built up in the frame store 740. When the last macroblock of the frame has
25 been INTER coded and subsequently decoded, the frame store 740
contains a completely decoded frame, available for use as a prediction
reference frame in encoding a subsequently received video frame in INTER
format. In embodiments of the invention in which before-hand sub-pixel
value interpolation is performed, the reference frame held in frame store

30 740 is at least partially interpolated to sub-pixel resolution.

Formation of a prediction for a macroblock of the current frame will now be

described.



25 been | NTER coded and subsequently decoded, the frane store 740 contains
a conpletely decoded frame, available for use as a prediction reference
frame in wooourags a subsequently received video frame in PRTER2/MmMEt. |n
enbodi nents of the invention in which before-hand sub-pixel value
interpolation is performed, the referepce frame held in frame store 30 740
Is at least partially interpolated to 2b- pi xel resolution. Formation of a
predi ction for a macrobl ock of the current frame will now be described. WO
03/ 026296 52 PCT/ FI 02/ 00729 Any frame encoded in INTER format requires a
reference fAATRANOs oRBIAANIn ANBSNSAATCAURES & fefétontbiffariBdoEmatibher ali a.
t hat when en I'ng a Vi sequence, the frame to be encoded
ghet herdl Ei oampémsated ptedlctmsre This tieans, menmmcéhatowhetmleecodmgra vidage, nust
e encoded in | NTRA This, in_turn { the vij.deo
encoder 70(Fei°é’e§‘ﬁﬁtm‘?eﬁ htaH‘q joreR asafhd WH’B Ety' gﬁﬁtf% ﬂ@ﬁaa bg720 a
conpl °ts fge%(u% €8, 6F e dt JtRérPamBY musppaldntodes asliNTRA okt OUfis inencoded

frame, ready aval in the frame store 740 of the encoder. In
general , t Harmehearsthat wimmethesvlden epcpdey 79 iF swdtched d@@dﬂﬂﬁ@ eodingr an

I NTRA coded fra

predi cti on T8fe M@P%ﬁl 8&?{”5 fﬂ%&cﬂr&gﬁwe %]zﬁ{eer%@ée g}aﬁ? h%rbdmb t | on
estimation IBbéHB/de;@Qdmé_ h@ pﬂ‘@%b%lyeéﬁddﬁéﬁl frantd, as kalrdxdly aesitibiesdn tthe current
macr obl ock of the frane being coded via |line 727 and 15 performs a bl ock

V\rrzt CEI ng opfearaelsmra 740 ol dhe temcpdentinfgengrale the referenageframer s forpeds r ane

I C t ding to
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resolution in a manner that depends on the |rrpl enentation of the encoder

700 and the_degree of before-hand su I xel nt erpol ati on, performed
Hovve?/er, t h'EhQ)g@l't §t€1ﬂ' indermping %Bfﬁ%‘q}fgr B raegrob tﬁ@ CHFrSE'EE@mes'Sm m | ar
in all cas [

bl ock- mat c Brf/‘ecdca){ ut'g% cﬁ@?e@éénkc{g@@/a eg@t%éas?ﬁ@a}@%l%lgggg | ute
differ encesr)eceﬁ/pseaemrnegt rﬂrm:rdblbt:leloérttwframqobmg carlagevia linet "@eandhe

macr obl ock of _the current frame unde I on. S
15 performs a l[.)l mat %lng operartlo%X%mop erI t%nld%r}\%fy a region in the

reference frame which corresponds substantially with the current
macroblock. According to the invention, the block-matching process is
performed to sub-pixel resolution in a manner that depends on the
implementation of the encoder 700 and the degree of before-hand sub-pixel
20 interpolation performed. However, the basic principle behind the block-
matching process is similar in all cases. Specifically, motion estimation
block 760 performs block-matching by calculating difference values (e.g.
sums of absolute differences) representing the difference in pixel values
between the macroblock of the current frame under examination and
25 candidate best-matching regions of pixels / sub-pixels in the reference
frame. A difference value is produced for all possible offsets (e.g. quarter- or
one eighth sub-pixel precision x, y displacements) between the macroblock
of the current frame and candidate test region within a predefined search
region of the reference frame and motion estimation block 760 determines
30 the smallest calculated difference value. The offset between the macroblock
in the current frame and the candidate test region of pixel values / sub-pixel
values in the reference frame that yields the smallest difference value

defines the motion vector for the macroblock in question. In certain



25 candi date best-matching regions of pixels / sub-pixels in the reference
frame. A difference value is produced for all possible offsets (e.g.
guarter- wWp 030m9€i ght h sub-pi xel precision x, y displaceremtrs(2/doeween t he
macr obl ock of the current frame and candidate test region within a
predefined search region of the reference frame and notion estimation

bl ock 760 determ nes 30 the smallest c&fculated difference value. The

of fset between the macroblock in the current frame apd the. candi date test
eqion of . HARERUIMENE!) e ipyenien, AaliAl SHIHE Torf Bie MBSid 4R6 T hat

yields the smgld g5k pfl j&/ rifsnd tHenTingR tYeCchrdr 1608l the
rmcr oo ook Ttid B3 pikel bECRIGH & fik BotenBirdiband Mbriiinen Warhfsr o

enmbodi ment sofafubtpireli preeistdnpas described irathedstégain@ for the notion vect or
having unit pixel precisionis first determ ned and then refined to a finer

| evel of sub-pixel precision, as described in the foregoing. 5 In

enbodi MmNt §,0b{RIIRBRRARE thd WREsAeP® ALkichapeforeiraPidx sLibyaxelevalue

interpolation i's not performed, all sub-pixel values required in the block
mat chi ng priotespelatior is atatuperferined, alh-stbrpixel valuepireauired inethenblackol at i on

bl ock 750. Mbti i mat | | ock .7 : sub- pi . |
nt or pol ai | DAL RIesaRe abS altuliicy IF Bahthard! Sl TRkt AItRBIREh 1R Do
bl ock- mat chyipek PEOCRIBSioh lestifationdsiserie0 adhirols, omsemahdnéenpixel value

required. In this case, notion estimation block 760 nmay be | n(gl_en%nt ed so
as to perf donterpeletien rkleehi7d9 e caleaieseash subgrixel valHewReedet 4R dNg noti on

vector \wt > I.red - Ri xel,resg ' ' g | ,itOe 1t may
be i nﬂ?ﬁlenerb{bgg"gagé@ést B%p%rsgo?rﬁmat?l ?@k&éﬁa?@ﬂl fr?ghg)g]yag% V\%l'(gf\g%é%r%clgss. | f
the 15 two-@haped’ RCBRScase, anotivredstirhationt blosk Z8lemayeye ooplemesded ssear ch
for e.g. a full or half-pixel resolution notion vector and th&pziecond step

i s perfor mef tq peréeraEblock-maiching 3,8 ONRSIAR PIARPSFellt WRIChSASRA AIliPPeq

sub- pi xel r ' ; E ' S | i n which
bl ocks o nerr iitdne derBle FRECRIBHCR 18 LAATURELYS &F REREP 0oL " T
bl ocks of rimplemphtedl so as t8(Ppesidompblrek-snatohingaas atteo Edeppeecasst Hribace

on- derehid {HERFIER FB9oRHTL SRR STSIGoP FHOL GBPLST ST BLIOTRE Aey need
to be cal cupththdiubikbiPleRolutiBRSmBfion vector and the second step is performed
in order to refine the the motion vector to the desired sub-pixel resolution.
As block matching is an exhaustive process, in which blocks of n x m pixels
in the current frame are compared one-by-one with blocks of n x m pixels or
20 sub-pixels in the interpolated reference frame, it should be appreciated that
a sub-pixel calculated in an on-demand fashion by the on-demand pixel
interpolation block 750 may need to be calculated multiple times as
successive difference values are determined. In a video encoder, this
approach is not the most efficient possible in terms of computational

25  complexity / burden.

In embodiments of the encoder which use only before-hand sub-pixel value
interpolation, block-matching may be performed as a one step process, as
all sub-pixel values of the reference frame required to determine a motion
30 vector with the desired sub-pixel resolution are calculated before-hand in
block 730 and stored in frame store 740. Thus, they are directly available for
use in the block-matching process and can be retrieved as required from
frame store 740 by motion estimation block 760. However, even in the case



successive difference values are determned. In a video encoder, this
approach is not the nost efficient possible in terns of conputational 25
conpl exi two/o3boegen. |1 n enbodi ments of the encoder which BrEE/FR0Y0p729

bef or e- hand sub-pi xel value interpolation, block-matching may be perforned
as a one step process, as all sub-pix val ues of the reference franme
required to determne a notion 30 vect vm'th t he desired sub-pi xel
resolution are cal cul ated before-hand in i n frame

? ck 730 aga storeﬁ
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i nterpolation reduces conputatlona 5 conplexity in e encoder, it is not
t he nost efrhemogntoagypmpliah in terns of nenory consunption. In enbodi nents
of the encoder in which both before-hand and on-demand sub-pixel val ue

I nterpol ation are used, notion estimation block 760 is 10 inplenented in

such a way |hhathbbdinicls bfthié ereodatbinnikieh beth betoretraticdoeAt Yon-demantiat ed i n
bef or e- hand sub- pi xel val ue interpolation block 730 and stored__in frane

f)ltorﬁ 740 amub-pixet valuec nerpalation @seaused umqtioneestimatien bleckr A8 26 on
0 |
o6k 550 L ablth A% ALV ol et R ABF s il

two-step prcm&ﬂétedl ih tiiafér\e%@tdapub-mbdeevalnbamempolaaomlb&:hk m and-sharad
cal cul at ed sub-pi xel values retrieved fromfrane, stor used in

the first dpeprase t slorer §4@sandnduthyy Lanyiol epeleman b\s—:u F?Bﬁ inﬁﬁf‘@d so as
e o e leEbialiBh YERKPSS Y ediedialy ah BARRAE Suhpor GhiuER it may

i nt er pol ation I'S case, certain su | xel val ues used in the
20 second sheepedpiirech @ hel nlokk-medtching prpcessrmynisy pedodned aseamecsteat ed
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calculated sub-pixel values retrieved from frame store 740 may be used in
the first step of the process and the second step may be implemented so as
to use sub-pixel values calculated by on-demand sub-pixel value
interpolation block 750. In this case, certain sub-pixel values used in the
20 second step of the block matching process may need to be calculated
multiple times as successive comparisons are made, but the number of
such duplicate calculations is significantly less than if before-hand sub-pixel
value calculation is not used. Furthermore, memory consumption is reduced
with respect to embodiments in which only before-hand sub-pixel value

25 interpolation is used.

Once the motion estimation block 760 has produced a motion vector for the
macroblock of the current frame under examination, it outputs the motion
vector to the motion field coding block 770. Motion field coding block 770
30 then approximates the motion vector received from motion estimation block
760 using a motion model. The motion model generally comprises a set of
basis functions. More specifically, the motion field coding block 770
represents the motion vector as a set of coefficient values (known as motion



such duplicate calculations is significantly |ess than if before-hand
sub- pi xel value calculation is not used. Furthernore, nmenory consunption

i S reducewo 0aio2d29¢ espect to enbodi nents in which only bef ecesmod79ub- pi xel
value 25 interpolation is used. Once the notion estimation block 760 has
produced a notion vector for the macroblock of the current frame under
exam nation, it outputs the notion v or to the notion field coding bl ock
770. Modtion field coding block 770 %ﬁ t hen r.oxi. es.t he tion_vector
recei ved f coRIfiaRNtEh WRIEDraVheh U8 ed?Eﬁ g&pr{basas CUAFro M #e noti on
model genergalolyyifRBhic e fndifin RotoDTHeSmbSF tbefiiortoTeaspepidsheal v, the

motion fiel I ng Dbl represents the notion vector as a set of
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ffici ich, wh ltiplied b i s functi .
oot oxi it 780- Blotoiieeaated efesiSiom Hong 7S setNe L AR Y " as s e
from moki ony;fd) el fu& Ht e bb&timteRid caRdivaR txtPRRH of theedieienes bl ock

780. Motion conpensated prediction block 780 also receives the pixel / sub
5 pi xel valfrarse ddentifiedbleys motioncestimgatiem blagkt 26Q.det Figueg én thgse Walupsf er ence

frame identified b tion estinati C . i val ues
are shown tCFE° ggtggge 9??%@% |'9§ﬁ?‘)rfg‘#ﬁﬂoﬁ?égﬁgﬂbr&éﬁbﬁg%@gﬁ@ﬁ? §§§o| ation
bl ock 750. gigcralrser nahitymatitd edtadiinenes of e inveatiohothe pixel pakiek imal ues in
guestion are provided fromthe notion estimation blaock 760 itself. 10 Using

the appr oxiqwestion ape erevided from the maiomestimatior blask Ghitselk ed by notion
field ﬁ ding block 770 and the pixel / sub-pixel values of the best-
mat chi Q candi date test region, notion conpensated prediction block 780

produces a wmﬁ%; ahé cadprokinute dieptebntaticr] of ahelenotidi eectorr géneratedoby 15
predi cted pixel values represents amgredi,ct'gn for the ixeL va uets of the
current nadnelipnéirldyepdingilieck rétha thenP%‘PL ?Hpéﬂxerlé’{a@j%e the DEST The

T ok o BACFIGER T8, B! abHehieneshggidtol 1psteBSSal 180N I
error i nf @rodtcem & 2Ratmblddke ofrapreditted kpixels vakes: i Deel mactdidogkoraigoi ng.
15 predicted pixel values represents a prediction for the pixel values of the

current macroblock generated from the interpolated reference frame. The
macroblock of predicted pixel values is passed to the combiner 716 where it
is subtracted from the new current frame in order to produce prediction error
information 723 for the macroblock, as described in the foregoing.
20

The motion coefficients 724 formed by motion field coding block are also
passed to the MUX/DMUX unit 790, where they are combined with
prediction error information 723 for the macroblock in question and possible
control information from control manager 720 to form an encoded video

25 stream 725 for transmission to a receiving terminal.

Operation of a video decoder 800 according to the invention will now be
described. Referring to Figure 8, the decoder 800 comprises a
demultiplexing unit (MUX/DMUX) 810, which receives the encoded video
30 stream 725 from the encoder 700 and demultiplexes it, an inverse quantiser
820, an inverse DCT transformer 830, a motion compensated prediction
block 840, a frame store 850, a combiner 860, a control manager 870, an

output 880, before-hand sub-pixel value interpolation block 845 and on-



20 The notion coefficients 724 formed by notion field coding block are al so
passed to the MJX/ DMJX unit 790, where they are conbined with prediction
error i nfwoman2@ee 723 for the macrobl ock in question and pesgilizi@729cont r ol

i nformati on fromcontrol manager 720 to form an encoded video 25 stream
725 for transm ssion to a receiving termnal. QOperation of a video decoder
800 according to the invention w | no¥P be described. Referri ng to Figure

8, the decoder 800 conprises a denultiplexing unit (MJX DMUX) 810, which
recei ves t ereand sub-pixgbdntespalatien bleok B8P nassRCiaRdoMdth HoR EQyon
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conbi ner 8@&Ae decodet BOD armhigecordrd, manageru? 20ibf &80 enbeder é0hamay beb- pi xel

val ue interpol ation bl ock 845 and on WO 03/ 296 56 PCT/Fl 02/00729 demand
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predi ct kon dyPgie ﬁﬁﬁ@of iHe A& Wide® ddeccontrol manager 870 of the decoder
0

800 and the contr manager 720 of the encoder 700 nay be the sane
processor. This may be the case if the encoder 700 and decoder 5 800 are
part of the_sane

video codec. Figure 8 .sho . emhod] i i a
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used in thelaeRARH- sublpKehvhluccHiOpolRBhSIs 08éd iPahordedoded Bubthsrxel
value interpolation is used, in 10 which case decoder 800 does not include

on- demand sermbedirnts,apoly befereshapdasukrpixgl o@luesdoternelation e fysede dn

enbodi nent of. 1 he inv Lan, f ~ sub-nj ye. in ol ation
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controls t i : r | t etheran | NTRA
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from the decoder architecture. If both before-hand and on-demand sub-pixel
15 value interpolation are performed, the decoder comprises both blocks 845

and 890.

The control manager 870 controls the operation of the decoder 800 in
response to whether an INTRA or an INTER frame is being decoded. An

20 INTRA / INTER trigger control signal, which causes the decoder to switch
between decoding modes is derived, for example, from picture type
information provided in the header portion of each compressed video frame
received from the encoder. The INTRA / INTER trigger control signal is
passed to control manager 870 via control line 815, together with other

25 video codec control signals demultiplexed from the encoded video stream
725 by the MUX/DMUX unit 810.

When an INTRA frame is decoded, the encoded video stream 725 is
demultiplexed into INTRA coded macroblocks and control information. No
30 motion vectors are included in the encoded video stream 725 for an INTRA
coded frame. The decoding process is performed macroblock-by-
macroblock. When the encoded information 723 for a macroblock is
extracted from video stream 725 by MUX/DMUX unit 810, it is passed to



20 INTRA / INTER trigger control signal, which causes the decoder to sw tch
bet ween decodi ng nodes is derived, for exanple, from picture type

i nf or mat iwo opioeepedled i n t he header portion of each conpre®sadiwiodzy frame
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t he decodi ng of the INTRA coded nmacroblock. The decoded bl ock of inage

i nf or mat i orottpuiBBGetithecdedeslevi deo out put 880 of the decoder. 10 In
enbodi nents of the decoder which enpl oy before-hand sub-pi xel val ue
i nt erpalati on, the decoded bl ock of inmage information (i.e. pixel values)
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of operations performed in blocks 820 and 830 is passed to before-hand sub-
15 pixel value interpolation block 845. Here, sub-pixel value interpolation is
performed according to the method of the invention, the degree of before-
hand sub-pixel value interpolation applied being determined by the details of
the decoder implementation. In embodiments of the invention in which on-
demand sub-pixel value interpolation is not performed, before-hand sub-
20 pixel value interpolation block 845 interpolates all sub-pixelvalues. In
embodiments that use a combination of before-hand and on-demand sub-
pixel value interpolation, before-hand sub-pixel value interpolation block 845
interpolates a certain sub-set of sub-pixel values. This may comprise, for
example, all sub-pixels at half-pixel locations, or a combination of sub-pixels
25 at half-pixel and one quarter-pixel locations. In any case, after before-hand
sub-pixel value interpolation, the interpolated sub-pixel values are stored in
frame store 850, together with the original decoded pixel values. As
subsequent macroblocks are decoded, before-hand interpolated and stored,
a decoded frame, at least partially interpolated to sub-pixel resolution is
30 progressively assembled in the frame store 850 and becomes available for

use as a reference frame for motion compensated prediction.



t he decoder inplenentation. In enbodi nents of the invention in which on-
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it is passed to inverse quantiser 820. Control manager 870 controls inverse
quantiser 820 to apply a suitable level of inverse quantisation to the
macroblock of encoded prediction error information, according to control
information received in video stream 725. The inverse quantised

20 macroblock of prediction error information is then inversely transformed in
the inverse DCT transformer 830 to yield decoded prediction error

information for the macroblock.

The motion coefficients 724 associated with the macroblock in question are
25 extracted from the video stream 725 by MUX/DMUX unit 810 and passed to
motion compensated prediction block 840, which reconstructs a motion
vector for the macroblock using the same motion model as that used to
encode the INTER-coded macroblock in encoder 700. The reconstructed
motion vector approximates the motion vector originally determined by
30 motion estimation block 760 of the encoder. The motion compensated
prediction block 840 of the decoder uses the reconstructed motion vector to
identify the location of a block of pixel / sub-pixel values in a prediction
reference frame stored in frame store 850. The reference frame may be, for
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850. The reference frame may be, for WO 03/026296 PCT/Fl 02/ 00729 59

exanpl e, a Preereaamstryctiscmddian IVETRX Magmeintde anyppiel susHh-rxdlolidhe | NTER

f . In eith L. th f Rixel: ' | indicated b
the't econst oy SRRt Bhkpuct St e, Pietfictidn foforl EGhreli bRk st ¢ B
nacr obl ock fbnnauerﬁdrhﬁgxeméﬁb@s I(ie&.othet valaés bf pixéloratvianit pixeirdgeations), to any

pi xel or sub-pixel. the notion vectaor indicates that hge bggijétion for
h s of

the currentth@de rass G#Rplysber @itiigved from Jrame stareideQias t
i xel t o] ' | | dis f f
p1 x€l S é@o utﬂlses{uﬁg)(%#gl bGHdP %’)—:-atdyetsdltﬁﬁ(ﬁ)ﬁ tﬁ@ndé%cgair}l%ecge%é&{ Wr'a]‘?'r‘(éa if'th@m T rame

store ues in are o rectly during the
decodi ng ofmetieh Viectoreindidatéd ehatntite predietidrofori thti catrest tnhatrobloek pisedi cti on

for the current macroblock is forned from sutl%égi xel v ese nust
I

al
ei ther be rféfmﬁé\f&fnf$%Pi‘XPhNﬁlue§t dheseg ISt Qﬁjl’%\tf'g&ggﬁf%h- (RREnd
sub- pi xel igper agb?fdr%@hgfee'a 9 8n-deeid AubiReIPiniéipolitioneBlogksdode
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t he degr ee Whelresrosub-pixetl valuespinust beataleulated, or can simply be retrieved
15 from the frame store, depends on the degree of before-hand sub-pixel value

interpolation used in the decoder.

In embodiments of the decoder that do not employ before-hand sub-pixel
value interpolation, the required sub-pixel values are all calculated in on-
20 demand sub-pixel value interpolation block 890. On the other hand, in
embodiments in which all sub-pixel values are interpolated before-hand,
motion compensated prediction block 840 can retrieve the required sub-
pixel values directly from the frame store 850. In embodiments that use a
combination before-hand and on-demand sub-pixel value interpolation, the
25 action required in order to obtain the required sub-pixel values depends on
which sub-pixel values are interpolated before-hand. Taking as an example
an embodiment in which all sub-pixel values at half-pixel locations are
calculated before-hand, it is evident that if a reconstructed motion vector for
a macroblock points to a pixel at unit location or a sub-pixel at half-pixel
30 location, all the pixel or sub-pixel values required to form the prediction for
the macroblock are present in the frame store 850 and can be retrieved
from there by motion compensated prediction block 840. If, however, the

motion vector indicates a sub-pixel at a quarter-pixel location, the sub-pixels
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t he predictaqm for the macrobl ock are not present in frane store 850 and
are therefore calculated in on-dermand sub-pi xel value interpolation bl ock
890. In this case, on-demand sub-pi xel value interpolation block 890
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It should be appreciated that in practical implementations of encoder 700
and decoder 800, the extent to which frames are before-hand sub-pixel
interpolated, and thus the amount of on-demand sub-pixel value
20 interpolation that is performed, can be chosen according to, or dictated by,
the hardware implementation of the video encoder 700, or the environment
in which it is intended to be used. For example, if the memory available to
the video encoder is limited, or memory must be reserved for other
functions, it is appropriate to limit the amount of before-hand sub-pixel value
25 interpolation that is performed. In other cases, where the microprocessor
performing the video encoding operation has limited processing capacity,
e.g. the number of operations per second that can be executed is
comparatively low, it is more appropriate to restrict the amount of on-
demand sub-pixel value interpolation that is performed. In a mobile
30 communications environment, for example, when video encoding and
decoding functionality is incorporated in a mobile telephone or similar
wireless terminal for communication with a mobile telephone network, both

memory and processing power may be limited. In this case a combination of
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an efficient 1nmplenentation in the video encoder. In video  decoder 800,
use of bef wandadivisiorn- bétaseny diafere-kangbnand| py-desiangd esuh-pix@l valye; t

typi cal Ipy r.e&gl tls .In the cal culation of many sub-pi xel values that are not
5 actud y 10 ROIRHOR-he decodi ng process. However, it should be appreciated
t hat al t hough different amounts of before-hand and on-denmand interpol ation
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15 such a capabilty may be provided. Provision of such capability is

considered within the ability of one skilled in the art.

An encoder 700 or a decoder 800 according to the invention can be realised
using hardware or software, or using a suitable combination of both. An
20 encoder or decoder implemented in software may be, for example, a
separate program or a software building block that can be used by various
programs. In the above description and in the drawings, the functional
blocks are represented as separate units, but the functionality of these
blocks can be implemented, for example, in one software program unit.
25 )
The encoder 700 and decoder 800 can further be combined in order to form
a video codec having both encoding and decoding functionality. In addition
to being implemented in a multimedia terminal, such a codec may also be
implemented in a network. A codec according to the invention may be a
30 computer program or a computer program element, or it may be

implemented at least partly using hardware.



decoder 800, it should be understood that in enbodi nrents of the invention,
15 such a capability nay be provided. Provision of such capability is

consi der eaowoli2p6 t he ability of one skilled in the art. ARoeTagneadzy 700 or
a decoder 800 according to the invention can be realised using hardware or
software, or using a suitable conbination of both. An 20 encoder or decoder
I npl emented in software nmay be, for e%@hple, a separate programor a
software buil ding block that can be used by vari ous pé&grans. n, t he above
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WO 03/ 0262%febddRECEXEMIRUN07Z PiXEheesalltign. xel i nt er pol ati on net hod used in

t he encoder 700 and decoder 800 according to the invention now be
described in detail. The nethod will first be introduced at a general
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15 This has the effect of limiting memory usage while keeping the
computational complexity / burden at an acceptable level. In the decoder,
on the other hand, it is advantageous not to pre-calculate any of the sub-
pixels. Therefore, it should be appreciated that a preferred embodiment of
the decoder does not include before-hand sub-pixel value interpolation
20 block 845 and all sub-pixel value interpolation is performed in on-demand

sub-pixel value interpolation block 890.

In the description of the interpolation method provided below, references
are made to the pixel positions depicted in Figure 14a. In this figure pixels

25 labelled A represent original pixels (that is, pixels residing at unit horizontal
and vertical locations). Pixels labelled with other letters represent sub-pixels
that are to be interpolated. The description that follows will adhere to the
previously introduced conventions regarding the description of pixel and
sub-pixel locations.

30
Next, the steps required to interpolate all sub-pixel positions are described:
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represent origin pi xel's I's, pixels residing at unit horizontal and
vertical locations). Pixels |labelled with other letters represent
sub-pixels that are to be interpolated. The description that follows wlI
adhere to the p&@v pusly i ntroduced conventions regarding the ggscription
of pixel and ;ub pt xel locations. 30 Next, the steps required to

i nterpolate all sub-pixel positions are descri bed: WD 03/ 026296

PCT/ FI 08/ 00729 63 Values for the '/2 resolution sub-pi xels labelled b are
obtained by first , calculati
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10

b=X1A1+X2A2+X3A3+....+XK-1AK-1+XKAK (10)

The values of the filter coefficients x; and the order of the filter K may vary
from embodiment to embodiment. Equally, different coefficient values may
15 be used in the calculation of different sub-pixels within an embodiment. In
other embodiments, the values of filter coefficients x; and the order of the
fiter may depend on which of the % resolution b sub-pixels is being
interpolated. Pixels A; are disposed symmetrically with respect to the %2
resolution sub-pixel b being interpolated and are the closest neighbours of
20 that sub-pixel. In the case of the % resolution sub-pixel b situated at half
horizontal and unit vertical location, pixels A; are disposed horizontally with
respect to b (as shown in Figure 14b). If the ¥ resolution sub-pixel b
situated at unit horizontal and half vertical location is being interpolated,
pixels A; are disposed vertically with respect to b (as shown in Figure 14c).
25
A final value for ¥ resolution sub-pixel b is calculated by dividing
intermediate value b by a constant scaleq, truncating it to obtain an integer
number and clipping the result to lie in the range [0, 2°-1]. In alternative
embodiments of the invention rounding may be performed instead of
30 truncation. Preferably, constant scale; is chosen to be equal to the sum of

filter coefficients x;
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sumof 1l Wm%ﬁ%fté'&@lu%@tl? il th%}ﬁﬁ'@%ﬁ ?@2\9&?% difebtibh0%4.00729 A val ue for

the 1/2 resolutron s pi xel s al so obtained by first
calculating an intermedi ate value ¢ using an Mh order filter, according
to: Mc=1y,b, s a vector_of filter coefficients, Qlé)sa

2)Wnere -E/; h
cor r espondi $g Yo &ettore L+ V3 Be srmetl ePyvartib¥ 8™ in the hori zont
verticgy d"ftfé{/%lﬂﬂfldf tRe f|lt6r¥®ef*ﬂb‘é\ﬁ?§3§*éﬁ?d3§1b order’df%é fidt MW&(@Z) 10

The val ues lter coefficients’y; and the order of th ter M may
vary from dnimdimeodiment daterbodinment.Egguaallyy dlfiﬁrﬁﬂtaﬁ@ﬁftflcteﬂéf\fﬁit@se'ﬁ‘@wal ues

gan%odlbrerelrj]f E\be Iugeﬁhlﬁ ﬁ1ae| &4 cufa'tlgﬂ off d(i!ferer?tr §06- p|xLél?s Riitth SVl dliBnt.

Preferably, the b values are intermediate values for ¥ resolution sub-pixels
b which are disposed symmetrically with respect to %2 resolution sub-pixel ¢
15 and are the closest neighbours of sub-pixel c. In an embodiment of the
invention, the 12 resolution sub-pixels b are disposed horizontally with
respect to sub-pixel ¢, in an alternative embodiment they are disposed

vertically with respect to sub-pixel c.

20 A final value of ' resolution sub-pixel ¢ is computed by dividing
intermediate value ¢ by a constant scale,, truncating it to obtain an integer
number and clipping the result to lie in the range [0, 2-1]. In alternative
embodiments of the invention rounding may be performed instead of
truncation. Preferably, constant scale; is equal to scale; * scale.

25
It should be noted that the use of intermediate values b in the horizontal
direction leads to the same result as using intermediate values b in the

vertical direction.

30 There are two alternatives for interpolating values for the % resolution sub-
pixels labelled h. Both involve linear interpolation along a diagonal line

linking % resolution sub-pixels neighbouring the % resolution sub-pixel h



Preferably, the b values are internediate values for 1/2 resolution

sub-pi xels b which are disposed symmetrically with respect to 1/2

resol uti omoal2qvxel c¢ 15 and are the cl osest nei ghbours eCTswz/g720el c. In
an enbodi ment of the invention, the '/2 resolution sub-pixels b are

di sposed horizontally with respect to sub-pixel c, in an alternative
enbodi nent they are di sposed vertmal@i W th respect to sub-pixel c. 20 A
final value of 1/2 resolution sub-pixel IS cog})ute
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It should be noted that the use of int i ate val ues nthe i zont al
di recti on Ic@igudated haveragingr §M@“%§°E&]en °§?\?t99'ﬁ%ldg 9]8§ %q}f"n t he

verticak dieeglioR. sApLBPIE ff SR B AIIBLIIES tha thil @F&ﬁ&ié’éltﬁé val ues
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cal cul at ed dyyg élh‘\%bégp&glst pe Hewers, af shdiad taiso He? réambuthamheubamexel s b
cl osest to sub-pixXel h. In a second enbodi nent, a value for sub- pixel his

c?l cul at ed|QWnMHeﬁ1@gSth|ﬂﬂE weadiadaih the eneodrreand W&@CW%MW\%’ 18] osest
1/2 5 d
the —pdlsr mfbifce BietiBalBrePpiiba RS, FGLBPHE BEbRISH Aotslié BhbicBs oY B5° o

to det er nigiedingenaiairiepolaions t8r- fb-pixelsh hwirt hidjadehe groups rofs4 queisf f er ent

groups of 4 image pixels A However,_it shoul d aI 0 be realise Bat t he
sane conbiwittin @A ig1Age Sirpelatiess in W%BMI# QWHOBHI%H Vﬁﬁ’(ﬁ’r ipdt @%&Rﬂ

el bl o crbsfhaatgyd GRIC N | AP oL RiLsicE bliRierfcyd  The T 3etBRNC ! 2 K

possi bl e choiCés onal interpo on or su I'xel s h in adjacent
groups of lbrpbadahfent\hasfhlghermomﬁgmiy,$|mnd calcolation mftslub -pikel ereguiresment
have verified that both

15 calculation of several intermediate values. Therefore the first embodiment is

preferred.

Values for % resolution sub-pixels labelled d and g are calculated from the
values of their nearest horizontal neighbours using linear interpolation. In

20 other words, a value for % resolution sub-pixel d is obtained by averaging
values of its nearest horizontal neighbours, original image pixel A and 2
resolution sub-pixel b. Similarly, a value for % resolution sub-pixel g is
obtained by taking the average of its two nearest horizontal neighbours, 2
resolution sub-pixels b and c.

25
Values for % resolution sub-pixels labelled e, f and i are calculated from the
values of their nearest neighbours in the vertical direction using linear
interpolation. More specifically, a value for % resolution sub-pixel e is
obtained by averaging the values of its two nearest vertical neighbours,

30 original image pixel A and % resolution sub-pixel b. Similarly, a value for %
resolution sub-pixel f is obtained by taking the average of its two nearest
vertical neighbours, % resolution sub-pixels b and c. In an embodiment of

the invention, a value for % resolution sub-pixel i is obtained in manner



enbodi nents result in simlar conpression efficiency. The second

enbodi nent has hi gher conplexity, since calculation of sub-pixel ¢ requires
15 cal culwbioan2abe several internmedi ate val ues. Therefore PhE/F2®729
enbodiment is preferred. Values for 1/4 resolution sub-pixels |abelled d
and g are calculated fromthe values gg their nearest horizontal

nei ghbours using linear interpolation.®™n 20 other words, a value for 1/a
resol ution sub-pixel dis obtained b val ue S _.neaf e

' of i , t
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t he average §two nearest horizontal neighbours, 1/2 resolution
sub- pi xel s vitrartlec H.26 téat umsdélsr TMLS eral (EMbG  previquiste| dedcaibed] dd e, f
and i are calcul.ated fromthe al ues of .thejr nearest. hei ghho ;N the
vertical di'Pee/HfigR %{Q'H'ég] f rﬂ%é’re\{e'inﬂf“éq poi'ay ﬁhﬁ.\’%‘?‘% of g %uéa#{@e,gta val ue
for 1/ asr esqdiidiOmagdnRiix SdccBrdifig tOPAAIMGA, DX, Yg1agi ng the val ues of its
t wo nearsests&lggﬁréticgﬁ el gﬁ’bocurs,I %0 gﬁr‘ﬁgf}na? iﬁl?ge pi xel A and 1/2

resol ution sub-pixel b. Simlarly, a value for 1/a resolution sub-pixel f

I s obtained, by taking.the average of, its. .t ear.e Lt | ghbour s,
1/ 2 resol ut'l Sﬁ%@b@'ﬁaﬁﬁ QOf?‘ﬁfT@Qér.‘ qllncaaﬁgse%cs% %n@ecg?élgt"ﬁn\éoq\lﬂhggﬁdfgon, a
val ue for Iy 1 86 Slibtpixa valkshb tteimihed Olbleaavirdge mapbagoriel 032096296 66
PCT/ FI 02/ 00729 identical to that just described In connection with 1/4

resol uti on appsopiiatelmannen-baeesample the valuedpn 4 repelWignotbeie! dcaphe

I nvent i,an, j: n | 6_tgsSt,ND (ﬂﬂﬁjo T
previ o&@l y b%gggfﬁeo(gggral)ﬁ@vwf rgz(/)% ri%gnas— &Eerl 9e+I qjﬂ ?'S:Fyg'?der m nne EstPng t he
val ues of tthe supyiof vheesior pkebAl @hdd résohgiorpsutepixel Bdwas theneffeat of

(A +A2+A3+A4+2) / 4. 1t should alsp be noted that in all cases where an
aver age i nVGAUSINGyARY undinggr lrUBFatéQJbQB‘F‘B@@Pn@&P’ﬁ@gu?@ﬁ/d%?@% tRdqunfhe

aver age nay, \ | f;\qﬁ@ ; FOAILEXTRR 8 trddorval ue
for 1/4 res%rlqu riéc%lrrtl su yg%‘%ﬁ%’ﬁgﬁg%&@? ef?ﬁggggs ug (A +I b) / 2 or as d
= (A + b + dny budr offfietegddivalums ahd Inap be kppiedntofanalofidbefaveragingl A and
'z resl%l Utépoer}atslgr?s: Blery}glrmgd %%%:OF(J?% ?c]; ftr?é: tmé)t"nod of the invention in order to

control rounding or truncation effects.

It should be noted that the sub-pixel value interpolation method according to
the invention provides advantages over each of TML5 and TML6.

20
In contrast to TMLS5, in which the values of some of the % resolution sub-
pixels depend on previously interpolated values obtained for other %
resolution sub-pixels, in the method according to the invention, all %
resolution sub-pixels are calculated from original image pixels or %

25 resolution sub-pixel positions using linear interpolation. Thus, the reduction
in precision of those % resolution sub-pixel values which occurs in TMLS
due to the intermediate truncation and clipping of the other % resolution
sub-pixels from which they are calculated, does not take place in the
method according to the invention. In particular, referring to Figure 14a, Y

30 resolution sub-pixels h (and sub-pixel i in one embodiment of the invention)
are interpolated diagonally in order to reduce dependency on other Y-
pixels. Furthermore, in the method according to the invention, the number of

calculations (and therefore the number of processor cycles) required to



causing any rounding or truncation operation subsequently applied to round
or truncate the value for d to the next highest integer value. This is true
for any womsoie206t eger val ues and may be applied to any @eCTiEN/@v®r agi ng
15 operations performed according to the nmethod of the invention in order
to control rounding or truncation eff It should be noted that the
sub- pi xel val ue interpol ation nethod a&iordl ng to the invention provides
advant ages over eac and T ontrast to, TM.5

f TM5
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sub- pi xel s from whi ch are cal cul ated, does not take place in the
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reso |
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ot her 1/4- ‘ﬁlrégblﬁtloﬁlslubhﬂk@lWaﬂue ifiont fiee pes- baldutate:@ﬂ/ﬁllresplunom sabipixent i on,
t he nunber of cal culation jand t herefore the nunber of Eroc sor cycles)
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Addlftl e ca resolution su al ue
requi res a valpgwer of caI cul ati ons WhICh is substantially S|mlar to the
nunber of calculations required to determ ne any other 1/4 resolution 5
sub- pi xel value. Mre specifically, in a situation where the required 1/2

resol ution, lt%boreéﬁ onVRItHEAVEs ngoh%' :'h%frﬂjﬁ ac\!é’érh MY B tHe Bvehti§y doB¥endreen

cal cul ated t he nunber o alcul'ati"ons required to interpolate
a 1/4 rescrbqture)mlgmtpremsmln aaﬂhmeticrtmbemsqﬁ in the camldaiwnlpfz aflesitl-ut i on
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from original image pixels or % resolution sub-pixel values using linear
interpolation, lower precision arithmetic can be used in their interpolation.
Consequently, in hardware implementations of the inventive method, for
example in an ASIC (Application Specific Integrated Circuit), the use of
20 lower precision arithmetic reduces the number of components (e.g. gates)
that must be devoted to the calculation of % resolution sub-pixel values.
This, in turn, reduces the overall area of silicon that must be dedicated to
the interpolation function. As the majority of sub-pixels are, in fact, %
resolution sub-pixels (12 out of the 15 sub-pixels illustrated in Figure 14a),
25 the advantage provided by the invention in this respect is particularly
significant. In software implementations, where sub-pixel interpolation is
performed using the standard instruction set of a general purpose CPU
(Central Processor Unit) or using a DSP (Digital Signal Processor), a
reduction in the precision of the arithmetic required generally leads to an
30 increase in the speed at which the calculations can be performed. This is
particularly advantageous in ‘low cost implementations, in which it is
desirable to use a general purpose CPU rather than any form of ASIC.



10 other 1/4 resolution sub-pixel value fromthe available '/2 resol ution
sub- pi xel values. In conparison with TM.6, the nmethod according to the

i nventi orwO®ma®2620¢ require high precision arithnetic to IPETI@MDTI? t he
calculation of all sub 15 pixels. Specifically, as all of the 1/4

resol uti on sub-pixel values are calculated fromoriginal inmage pixels or
1/ 2 resol ution sub-pixel val ues using 0§ near int erpol ati on, | ower
precision arithmetic can be used in thejr interpol ation Consequently, in
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interpolated in the vertical direction. If a value is required for % resolution
sub-pixel g, it is advantageous to interpolate a value for ¢ in the horizontal
direction. Thus, in general, it can be said that the method according to the
invention provides flexibility in the way in which values are derived for

20 certain % resolution sub-pixels. No such flexibility is provided in TMLS.

Two specific embodiments will now be described in detail. The first
represents a preferred embodiment for calculating sub-pixels with up to %
pixel resolution, while in the second, the method according to the invention

25 is extended to the calculation of values for sub-pixels having up to 4 pixel

resolution. For both embodiments a comparison is provided between the
computational complexity / burden resulting from use of the method
according to the invention and that which would result from use of the
interpolation methods according to TML5 and TML6 in equivalent

30 circumstances.

The preferred embodiment for interpolating sub-pixels at % pixel resolution
will be described with reference to Figures 14a, 14b and 14c. In the



resol uti on sub-pixel c can be interpolated by filtering in either the
vertical or 10 the horizontal direction, the sane val ue bei ng obtained for
c regardlwesspte29mhet her horizontal or vertical filteringPC3/Re&ad729The
decoder can therefore take advantage of this property when cal cul ating
values for 1/4 resolution sub-pixels and g in such a way as to mnimse
t he nunber of operations required in der to obtain the required val ues.

F le, if the decoder 15 i a val ue f 4 | ut |
sub- pi xel - ffollawingy diswill PRoRssiBeRthel all B1age Aixeisao0pbnak KiePriqtad
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It Is advantageous erpo e a valu or ¢ in the horizontal
direction. Thus, in general, it can be said that the nmethod according to
the inventjon provi
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I nvention 25 h}%ég')éf %[nqre%qlhﬁ%rlt) hﬁ?@fﬁ')(éﬁ}?gm qnﬂﬂﬁ’fe \ﬁq‘laqu éﬂ{aiﬁéﬁb | ¥gdys having
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that all image pixels and final interpqgla I for. sub-pi
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and hal t unit G pRR s KB Lo R G B R A W T U ¢
hori zont al anttunoation dittel reallt lisoclgipiedrtp lietindihe range @, 266b1 uti on sub- pi xel b
in Figure 14a, is obtained by first calculating internediate value b = (A
- 5A2 4520A3 + 20A4 - 5A5 + AB)

Calculation of 1 resolution sub-pixels at half unit horizontal and half unit
vertical locations.

2. A value for the sub-pixel at half unit horizontal and half unit vertical

location, that is 2 resolution sub-pixel ¢ in Figure 14a, is calculated as c

20 = (by - 5b2+ 20b3+ 20b4- 5bs+ bs + 512) / 1024 using the intermediate

values b for the six closest 1% resolution sub-pixels which are situated in

either the row or the column of sub-pixels containing ¢ and which are

disposed symmetrically about c. Again, operator / denotes division with

truncation and the result is clipped to lie in the range [0, 255]. As

25 previously explained, using intermediate values b for ¥ resolution sub-

pixels b in the horizontal direction leads to the same result as using

intermediate values b for 2 resolution sub-pixels b in the vertical

direction. Thus, in an encoder according to the invention, the direction

for interpolating 2 resolution sub-pixels b can be chosen according to a

30 preferred mode of implementation. In a decoder according to the

invention, the direction for interpolating sub-pixels b is chosen according

to which, if any, % resolution sub-pixels will be interpolated using the

result obtained for ¥2 resolution sub-pixel c.



using the values of the six pixels (A to A6) which are situated at unit 10
hori zontal and unit vertical locations in either the row or the colum of
pi xel s cowpaBnearge b and whi ch are di sposed symretrically &bowrio2mo72s shown
in Figures 14b and 14c. A final value for 1/2 resolution sub-pixel b is
calculated as (b + 16) / 32 where the_? erator / denotes division with
truncation. The result is clipped to | in the range [0, 255]. 15

Cal cul ation of 1/2 resol ution sub-pixels at half unit horizontal and half
unit vertical locations. 2. A value for the sub-pixel at half unit
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sub- pi xel s b can be chosen according to a g,?ml?ar ferred
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resol ution suB p| x at ed using the result obtained for
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1/ 4 resol ution sub-pixels at .quarter, hOI’I.ZO tal and unit ertical
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15 using the nearest original image pixel A and the closest %2 resolution
sub-pixel b in the vertical direction. Values for % resolution sub-pixels f,
situated at half unit horizontal and quarter unit vertical locations, are
determined from f = (b + ¢) / 2 using the two nearest % resolution sub-

pixel in the vertical direction. In all cases, operator / denotes division with

20 truncation.

Calculation of % resolution sub-pixels at quarter unit horizontal and quarter
unit vertical locations.
4. Values for % resolution sub-pixels h, situated at quarter unit horizontal
25 and quarter unit vertical locations are calculated according to h = (by +
bs) / 2, using the two nearest % resolution sub-pixels b in the diagonal

direction. Again, operator / denotes division with truncation.

5. A value for the % resolution sub-pixel labeled i is computed from i = (A +
30 Az + Az + A4 +2) / 4 using the four nearest original pixels A. Once more,

operator / denotes division with truncation.



and unit vertical locations are cal cul ated according tod = (A+ b) / 2
using the nearest original inmage pixel A and the closest 1/2 resolution
sub- pi xelwb o3t2é2be@ hori zontal direction. Simlarly, val ue®Ciramo2inbz9
resolution 10 sub-pixels g, situated at quarter unit horizontal and half
unit vertical |locations are calculated according to g = (b + c) / 2 using
the two nearest 1/2 resolution sub-pf&bls In the horizontal direction. In

a simlar manner, values for 1/4 resolution sub- piixef'llé1 @ si%ate at unit
hori zont al Athdanajysiet &f the t computatianal ceAPPISXEY 9F ethea ISt aPwde™®dor ding e

= (A+ b / ' : l, g} ' e pixel A and the cl osest
1/ 2 resol ut%n@]&dﬁ?%@it g?&iﬁhﬁgé‘@?\&fﬁg 'f/l.{av# ?Pﬁ%sﬂf‘?gbt ion. Values for 1/4

resol ution sub-pixels f, situated at half unit horizontal and quarter unit
vertical locations, are determned fromf = (b + c) / 2 using the two
near est 1/ 2nthe@ngbien itisblikely that the same sel-Pixsiivaltiascwill l@m_ca%t,llaéeqi cases,

operator. / denotes divisiop with, 20 trun ' Leul.ati +Of

resol ut FP-on r@'ﬂl’ﬁ"{?ﬁi@?@ eraf]%?t@?d aﬁip{é\ﬂ(gvsfqgtgkgfaélmea%géﬁ%Sghpg‘%&'&uog%éévert i cal
| ocati ons. ehcodat B8S Heofedlicdd R ple-éaloulating api sud)-sixbl, valubs ainedstatinguar t er
unit horizontal 25 and quarter unit vertical |ocations are cal ful at ed

accordi ng ttaem ir pemosy. Hpyeverpthis,soIHHOR HICTRIRESHBEMALY UBAZE LYRIAPF on

sub- pi xel s I 1. the . di i 1 laN; t : di vi si on
wth truncdtpisih' BF 158 JoBRahec, Bttt A0l inveREoR ¥, unpRIREPnT ! B
conmput ed f negtdr acducy is 30 piRet resdlutioddintdoth /thd horizogtalhand aerticadar est
original pixels A Once. nore, oper%s]or / denot es d{'@vi I on Wlf%h truncati on.
WO 03/ 4962 8mposionso siaing, orergalchlated, fubspixel,yalugs 6n%§t WP 498 npl exi ty
of the fir i ; hﬁ% ? : ' | RiciryM | sent ed.
In the encggggl,rggl ? 6 :hgr‘?EfSI lﬁglqggt a Fetcﬁféreggrﬁms'tcgl'égﬁ %idigllﬁﬁé’a'{\%rg%@ﬁm%g

cal cul at ed imageulTo peduté maemothearsager all abid rasolptieni subspixelsx sani bed, t he

el es. and Qeanalated betarm-TRaRr - Fidiogy st el Gan B st Bitea . o y
\‘;;?gﬁ %t ?Odﬁﬁﬁélﬁ‘d, tABY i8] BnlyWhdrthel'pE HebBEd SABSSHITR Mo thE rhbhodrofangi on, in
15 invention, on-demand interpolation of values for % resolution sub-pixels only
requires linear interpolation from % resolution sub-pixels. Four times the
original picture memory is required to store the pre-calculated %2 resolution

sub-pixels since only 8 bits are necessary to represent them.

20 However, if the same strategy of pre-calculating all %2 resolution sub-pixels
using before-hand interpolation is used in conjunction with the direct
interpolation scheme of TML6, the memory requirements increase to 9
times the memory required to store the original non-interpolated image. This
results from the fact that a larger number of bits is required to store the high

25  precision intermediate values associated with each %2 resolution sub-pixel in
TMLS. In addition, the complexity of sub-pixel interpolation during motion
estimation is higher in TML6, since scaling and clipping has to be performed

for every 2 and % sub-pixel location.

30 In the following, the complexity of the sub-pixel value interpolation method
according to the invention, when applied in a video decoder, is compared
with that of the interpolation schemes used in TML5 and TML6. Throughout
the analysis which follows, it is assumed that in each method the



vector accuracy is 1/4 pixel resolution in both the horizontal and verti cal
10 di nensions, storing pre-cal cul ated sub-pi xel values for the whol e i mage
requi res WO osiomeg6 t he nenory required to store the ori gi n®CJI/F102/00729
non-interpolated image. To reduce nenory usage, all 1/2 resolution
sub- pi xel s can be interpolated before-hand and 1/4 resol ution sub-pixels
can be cal cul ated on- demand, that is,T%nIy when they are needed. According
to the method of the 15 invention, on-demand interpol atjon of values for

1/ 4 resol utinterpeatiopiotany sulr-pixet ¥aluer iSsPeiferaaed using poalYatheoMIRiPBIM 1/ 2
resol ution - D o : el 1 EY] equi red
to store t%%@gtéﬁ gﬁgf&r e&j/t rééslﬂﬁau?%%&'ygﬁtefg&l}@e S@%IIUE.E’E Iélofn rgwersr bits
are necessasgubmed that esehtmethoa isdthphemented, inl & Hidek based maratesgthadf

-cal cul ati 11, 1/2 | uti b:pi xel s using, before-hand.
i e pol at forinfesmesiale VAR GREERJRY Al e SHE-RINESAE DB RISSPRAIH A schere

of TML6¢ t | ' A Qe BEMperigqui red
to storg t erg%nglir brgla{(q\ﬁoqulléscl'q(rnrtgE&r S%Ithgg%@?ﬂn%gngerhfngmfsetiﬁul tes fro%etlhe fact

that a | ar grovidedirerFigareol 8 sRefering)te Figora 36sit cas hensean Htat isopiasdPsi on

i nternedi ate val ues associated,wth each 1/2 r.esal ut] Su- PiX jn  TMG6.
In additi orfalg ec%rfglxegicw?dbpf\yﬁtf?f)&%ﬁ?ni R i %?&u#mgélﬁ%lt’i%n
estimation d §o|hii8ﬂ%hb@%&%gs fitdtRafuRall ng and clipping has to be

per f or med or every and' /4 sub-pixel location. 30 In the foll ow ng,
the conplexity of the sub-pixel value interpolation nethod according to

the i nyentiQn, whe Led, i i ode | i hat of
the i n;@r pocf%{PPBWd;Wﬂﬁﬂ@%eSHE‘e‘gx?qnyai‘fﬁtgﬁg"af ”eme??f?"ggg oﬁ?T é’éngﬁal ysi s
whi ch f ol | gnethodtadcording 4otk if@htion hagcdhloveiraamnputatioMalGdhiiAéia6for

PCT/ FI 02/ 00729 72 interpolation of any sub-pixel value is performed using

only the nithedollawingmeesONst steps required to obtain a correctly
interpolated value. It is further assunmed that each nethod is inplenented
in a block based manner, that 1is, intermediate values comon for all the
sub- pi xel s t.oUbnfiké ntisg polizpb@! | nalaes imerpolativrar sthem&! kisedk imr #Mid, cul at ed
only once. An illustrative exanple is. prqovided in Figyre 16.. Referring to
Fi gure 196, it ageqrding ke Wé?ﬁ?m%é}‘)oepﬁonc%lv@wea cé'g% @SQP“WOBI { of 1/2
resol ution sufpgy ¥l e oBtdingd By Hitefikig ¥ ekhér the vertical or the horizontal

direction. Thus, in order to reduce the number of operations, 2

resolution sub-pixel ¢ can be interpolated in the vertical direction if a
value for % resolution sub-pixel f is required and in the horizontal
20 direction if a value for % resolution sub-pixel pixel g is required. As an
example, Figure 17 shows all the ¥z resolution sub-pixel values that must
be calculated in order to interpolate values for 1% resolution sub-pixels g
in an image block defined by 4 x 4 original image pixels using the
interpolation method of TML5 (Figure 17a) and using the method
25 according to the invention (Figure 17b). In this example, the sub-pixel
value interpolation method according to TML5 requires a total of 88 %2
resolution sub-pixels to be interpolated, while the method according to
the invention requires the calculation of 72 %2 resolution sub-pixels. As
can be seen from Figure 17b, according to the invention, %2 resolution
30 sub-pixels ¢ are interpolated in the horizontal direction in order to reduce

the number of calculations required.



resol ution sub-pixels b is first calculated. 10 Conpared with the sub-pixel
val ue interpolation nethod used in TM.5, the nethod according to the

i nvent i orwbas/oze2bower conput ati onal conplexity for the f@CromMaog7a9easons:
1. Unlike the sub-pixel value interpolation scheme used in TM.5, 15
according to the nethod of the invention, a value for 1/2 resolution sub

pi xel ¢ can be obtained by filtering if either the vertical or the
horizontal _direction. Thus, in order to reduce the nunmber of. opﬁratlons

1/2 resol &i BaCe@inNgiadhe cnethedpef the &Vﬁﬁf'ﬁf‘ecﬁ ireSQltion SubrRiXe! Bi'¥ect i on
If a val ue f 0 A
hori zont al Fc}(aﬂcfclf ;BS{ hr‘{gdr '\% ngap eﬂi?@ irt%st%lgﬂglbgﬁgsﬁg@m)ggﬁﬁ%&el gis
required. As moltﬂmnaht&pndélsgm meldlagbnabdmécttldrhél'fm’ zesp&ctwemumbemb pi xel
val ues that nust

be cal cul ated jin, order t i nter Iu 1/ 4
resol ution suﬁfp/? Yepalugon sy Wx?lﬁa@@t HT‘B%tk e‘f"’p?f’ggt%ﬁ@'rhox 808?%3 i mge
pi xel s ysing Qﬁges‘f&tﬁrr@ﬁblﬁhbﬁ%uﬁﬁdumg hoWitHi Ma54(xF4 BIYCR df%ﬂbgurﬂa'm#nugeng the
met hod 25 according to the invention (Figure 17b). In this exarlgmbs t he

e t

sub- pi xel  vapixelsi usieg po¢ stibgixalwehsdinieroolationgnethodascardingite otal of

2gc$/r gi ngrgetsgl Uthgﬂ?wb | )(;%lcho(g qu§sth9h'§w§@f®ﬁp% N }é\ﬁwh %‘?P@% es%l)ut I on

sub- pi xel s. Aéndc%‘(bze réﬁﬁ@tn@é@m@.ng@rmelﬁteth@@cawdjrmggt to tTMLS nivest i on,
1/2 resolution 30 sub-pixels c are interpolated in the horizontal direction
in order to rBecessary He iterpelatera delat afab® o4srasoiitione sUbWixels Wi ge

PCT/ FI Qo/ 0072% %Cfr%]% tﬁﬁfmgc}ﬁ%h@gléﬂh%hﬁ/ﬁﬁl nqpmq{ecte%abf‘t\/)elﬂ érB?latelﬁé

resolutlon su ate I'near 1nter romits two
cl osest ne|ghupugbnguﬂvébb;mgealutlon sub pi xels in the di agonal direction.
The respective nunbers of 1/2 resolution sub-pixels that nust be
calculated in order to obtain 5 values for 1/4 resol ution sub-pixels h

wWithin a 4 400 %&rﬁnﬂ{nz‘é& Hér}?éco'dgﬁ‘/%ém %ﬁéiof*‘ﬂ"\é‘ rgaesu‘buéixéi ¥&leval ue

i nterpol ati on met accor e net according to the
i nventi on dnkerpdiation lnmetﬁogswmsmfexj hessdthas @orording pe diNv&| he disgaig t he

et hod aCCOuﬁ%rS attlgn Trwét od used in TML6 and the method according to the
invention. Complexity is measured in terms of the number of 6-tap filtering

and linear interpolation operations performed. It is assumed that
Interpolation of % resolution sub-pixel i is calculated according to i = (A1 + Az

+ Az + As+2 ) / 4 which is bilinear interpolation and effectively comprises two

20 linear interpolation operations. The operations needed to interpolate sub-
pixel values with one 4 x 4 block of original image pixels are listed for each

of the 15 sub-pixel positions which, for convenience of reference, are
numbered according to the scheme shown in Figure 19. Referring to Figure

19, location 1 is the location of an original image pixel A and locations 2

25 to16 are sub-pixel locations. Location 16 is the location of % resolution sub-
pixel i. In order to compute the average number of operations it has been
assumed that the probability of a motion vector pointing to each sub-pixel
position is the same. The average complexity is therefore the average of the

15 sums calculated for each sub-pixel location and the single full-pixel

30 location.

TML5 TML6 Inventive
Method

[ Location linear. | 6-tap | linear. | 6-tap | linear. | 6-tap




necessary to interpolate a total of 56 1/2 resol ution sub-pixels, while 10
according to the nethod of the invention it is necessary to interpolate 40
'/ 2 resolwbiogn2@nb- pi xel s. Table 1 sumari zes the decoder PCormp2eei29i es of
the three sub-pixel value interpolation nethods considered here, that
according to TML5, the direct 15 interpolation nethod used in TM.6 and the
met hod according to the invention. Coffplexity is nmeasured in ternms of the

nunber of 6-tap f4lterin and 'Inma Hrtefpetatton—eperattens perforned.
It is assuned th==1 'nfnrpo' af Odn nfw H4—+psol UEG(’" SHUPTPI*¢S I is
cal cul at ed accor A'LE.; o= \,-1,6 —AZ g T35 fx:+46 —4ghicThig]s bilinear

i nterpolation andrgffectivety QP 1539S twg 20 gpmear gmtergp| ati on
operations. The ppggatTons negged TGI[MTErgol at g $ub- 191 Xel sypl ues with one
4 x 4 block of offgHznal i|mage fgi[xel $gdre I pstedspor eagh ob2fhe 15

sub- pi xel positiloggiyhi Ch, Torggqonvesilenceo¢f reberence, are2|nunmbered
according to thel schene slhown 321 Figorle 182 Refefni ng320 Figufe 19,
location 1 is theAlepsq | on of 1@n orisgi[nal 2rnage3Rilxel 13| ar8l2s pcations 2 25
t0l6 are sub-pixel locations. Location 16 is the |ocation of 1/4 resolution
sub- pixel i. In order to conpute the average nunber of operations It has

been assuned that the probability of a notjop vector p0| lhgtﬁ 8ach
sub- pi xel Take t1+ ofrormplexiy @fa%rewl%y%e%eb&ﬁpelatw Ing M bPe the

average of the | xel location and the
single full-pixel aég ﬁgétlﬁgé\% oca toetﬁ%vﬁl\g#ﬁ}fgl nventive Method |inear.
6-tapligear. 6-taplinear. 6-tap V\D 03/ 026296 74 PCT/ FI 02/ 00729 1000000

3,9016016016 2, 4,5, 1316f1_601 16|1 052052052 7, 15163205
it can be ‘seen fro ble 1 that the method’ according e invention

requires fewer 6-tap filter operations than the sub-pixel value interpolation
method according to TML6 and only a few additional linear interpolation
operations. Since 6-tap filter operations are much more complex than linear
10 interpolation operations the complexity of the two methods is similar. The
sub-pixel value interpolation method according to TML5 has a considerably

higher complexity.

The preferred embodiment for interpolating sub-pixels with up to )4 pixel

15 resolution will now be described with reference to Figures 20, 21 and 22.

Figure 20 presents the nomenclature used to describe pixels, %2 resolution

sub-pixels, % resolution sub-pixels and % resolution sub-pixels in this

extended application of the method according to the invention.
20 1. Values for the ¥ resolution and % resolution sub-pixels labelled b', b’
and b® in Figure 20 are obtained by first calculating intermediate values
b’ = (-3A; + 12Az - 37As + 229A4 + 71As - 21Ag + BA7 - Ag); b = (-3A; +
12A, - 39As + 158A, + 158As - 39As + 12A7 - 3Ag); and b’ = (-A¢ + 6A; -
21A3 + 71A4 + 229As5 - 37A¢ + 13A7 - 3Ag) using the values of the eight
25 nearest image pixels (A, to Ag) situated at unit horizontal and unit vertical
locations in either the row or the column containing b', b® and b® and
disposed symmetrically about % resolution sub-pixel b%. The
asymmetries in the filter coefficients used to obtain intermediate values



10, 1216680521652 6, 8, 1448680521632 16320320320 Aver agel9372321328. 25 Tabl e
1: Conplexity of 1/4 resolution sub-pixel interpolation in TM.5, TM.6 and
t he net howoagsoondé ng to the invention. 5 It can be seen fPemFI@woz9l t hat
the nethod according to the invention requires fewer 6-tap filter
operations than the sub-pixel value i rpol ation nethod according to TM.6
?pfl only a few additional linear interpblation operations. Since 6-tap
ilter operatiopns are nuch pore conplex than |linear 10 interpolation

oper ati ons th@péﬁﬁrﬁf@&@y"bfoﬁthé f?%h@ép A 40 dlsnfieaPot SyiR ei’l?@-"%i xel

val ue i nt er polabidn iR RaBe kP I IR M5 oha% B epRsbUcFiRhl Yalubs gher
conplexity. The preferred enbodi nent for mtgrpol ating sub-pi xels wth up
toy pixel 15foresbtpixélem' ikl 2 darcealdelatad aeedrdingHort®ebend@8) 6286 gur es

20, 2 d . Fi ; ' [
112 resol ut | oAGE G SoRrBlorf Aenelaty GORn S0l r et e e FREhh JF On ' =

sub- pi xel s | ncﬁ;ﬂie% ﬁoq;giﬁqﬁgqaﬁég) d,e8bj.on of the method according to the
i nvention. 20 1." Values for the 1/2 resolution and 1/4 resol ution

suP-p:xe!s | abel I ed bl, b2 Iand b3 in Figure 20 are obtained by first

cal culating, ipter iate,values. b'= (- +. 12 - MM+ 71 A5 -

gig% 6A(7j %-Ag?ﬁleg‘;gr -%ﬁ’eﬁo‘?@?ﬂzand %,ﬁ@%p@ﬁ@;;a%%&l@&@ YT12A7 -
;an 3 1 6-4Al @é}%,! i #i 2 ‘ 6. [

the val ues of T’[ %’eé’e?r(jzjéht atn%j;?(%s%tﬂli%gégec p_i xel g :(F,g\:lé L?o %)b??“sé\rztzt?a%gg) a?shgigt

hori zontal andyynitoyier i@l . hOSAUIARG /idboel Y= LBe)r oWaqy Lamycel umn

cont ai ni ng bil, 2 and an’d d’! sposed’symmetrically about f/ 2 résol ut i on

Sovermll ave JEEL T SR AP PRl Logo oAt i e

to 114 resol uPtbn SUBt A bR bS IR el S BE Ly | £92V68) yiesaasespect
using the intermediate values b, b° and b’ calculated for the eight
closest sub-pixels (b1 to bg) in the vertical direction, sub-pixels b’ being
situated in the column comprising the ¥z resolution and % resolution sub-

15 pixels ¢’ being interpolated and disposed symmetrically about the %
resolution sub-pixel ¢?. The asymmetries in the filter coefficients used to
obtain values for sub-pixels ¢' and ¢ account for the fact that sub-pixels
by to bg are not symmetrically located with respect to % resolution sub-
pixels ¢' and ¢¥. Once more, operator / denotes division with truncation.

20 Before the interpolated values for sub-pixels ¢! are stored in the frame
memory they are clipped to lie in the range [0, 255]. In an alternative
embodiment of the invention, ¥ resolution and % resolution sub-pixels cl
are calculated using in an analogous manner using intermediate values

b’ b? and b’ in the horizontal direction.

25
3. Values for % resolution sub-pixels labelled d are calculated using linear
interpolation from the values of their closest neighbouring image pixel, Y2
resolution or % resolution sub-pixels in the horizontal or vertical
direction. For example, upper leftmost % resolution sub-pixel d is
30 calculated according to d = (A + b' + 1) / 2. As before, operator /

indicates division with truncation.



for sub-pixels b', i=1, 2, 3 are calculated according to b' = (b'+ 128) /
256 where the operator / denotes division with truncation. The result is

5 cli ppedwD®3lo2@9é n t he range [0, 255]. 2. Values for thePCIFIR2d9Tuti ON
and '/a resolution sub-pixels labelled ¢c'', i, j = 1, 2, 3, are calculated
according to c¢'' = (-3 b1l" + 12 b2 - 37b+ 229 b4 + 71 b5 - 21 bs + 6 b; -
be + 32768) / 65536, c2' _ (-3 b," + 1% b2 -39 b3 + 10 158 b4 + 158 b5 - 39
bs + 12 b; - 3 b' + 32768) / 65536 a;g 3 (- b, + 6 92 - 21 b3 + 71 b4
+ 229 bs - 437Valies fop Jpsesolytipn subgy é)c’abe"@gs%@ndds%fﬁgcat%at hRdi at e

| b', b2.and b | cul at ed he. ej . -pixels b,
b )T e o BerBbth A Rl Lo A5l PARIETIP ohS” ol
conpri sing t hgsshfigiones-gixeRNinathe diég?ma&meaiban Feulexamph, xeferring tobei ng

i nterpol ated and di sposed synmetrica about the '/2 resolution $Ub_ pi xel
c2'. The asynfigure &9,iupperdeftmostpixebekf rasodution sulpixed e dhcalawlaigfues for

sub-pixels ¢'' and c3" account ,for t fact that,sub-pixels b/ b8 are
not synmdetri caF¢qrdingdeiea (Q/lyfﬁf i eédé?r heo&aggnglégf(%ﬁ?ﬁéﬂ%Ed[?.edp'ﬂ}égs c''

and c3'. Owce-nqr%rp erft n hiY 1 ShiLDixal t iy t4 URGRt psferrd@ Before
t he interpol alte ?)’!’ﬂtﬁgs ﬁorgégﬁbggi )‘g%f(?ufﬁzbﬂ gl#%bls)at@éred I n thebfrgrrrre menory

they are cli pggdhodiménte of ntHehdnveriton, [ Beredidiler tefemadatd easdpreferred

enbodi ment of the invention, 1/2 resolution W’é&é/g} resol uti ﬁa sub- pi xel s
c'' are cal ceiied Ysisnigdicateth inyfi9Wsoad(da Su fnéfifﬁ?%'i“ QiSt% val ues

b', b2 d b3 jn t [ tal, di tion, .25 3, V b ti
sub- pi xglns I anégPeG‘%&n‘%ﬁ :92%?9 %%JF%\II? S &é?ﬂr&'qq = %ﬁ-’??ﬁpﬁ{-gﬁéﬁsgégml ?Ee
val ues 1pgf t he'gMéyEO%ﬁ)ﬁrataﬁi/gaéﬁ&bbnaivisimﬂwi X@hcafldr If esoktéinativer 1/ a

resol ution sub-prxels in the horizontal or vertical direction. For

exanpl e, uppeembedimest df stheedoventiotn keneinafies| referred3te cas corefewad

i vt 51 onw ¢ nmeund 24 myinlieR R BEBLY RiryBranolesay REERNES (o o
resol ution sube peseiusiohadift)-pixeisef aisthgd linear iraeolationd frosi ng resoledion

I nt er pol ati on tromthe val ues of i mage pixels, 1/2 resol ytion or 1/4
sub-pixels b?, that is, according to the relationship f = (3b° + b" + 2) / 4.

15 The b sub-pixel which is closer to f is multiplied by 3. The diagonal
interpolation scheme used in this alternative embodiment of the
invention is depicted in Figure 21(b). In further alternative embodiments,

different diagonal interpolation schemes can be envisaged.

20 It should be noted that in all cases where an average involving pixel and / or

sub-pixel values is used in the determination of % resolution sub-pixels, the

average may be formed in any appropriate manner. The addition of 1 to the
sum of values used in calculating such an average has the effect of causing
any rounding or truncation operation subsequently applied to round or
25 truncate the average in question to the next highest integer value. In
alternative embodiments of the invention, the addition of 1 is not used.

As in the case of sub-pixel value interpolation to % pixel resolution
previously described, memory requirements in the encoder can be reduced
30 by pre-calculating only a part of the sub-pixel values to be interpolated. In
the case of sub-pixel value interpolation to % pixel resolution, it is

advantageous to calculate all % resolution and % resolution sub-pixels



resol ution sub-pixels in the diagonal direction. For exanple, referring to
Fi gure 20, upper leftnost pixel y resolution sub-pixel e is calculated 5
accor di ngvbm3e2629¢ b’ + b'+ 1) / 2. The di agonal directionPCo/He/00s®d in the
i nterpol ati on of each j8 resolution sub-pixel in a first preferred

enbodi nent of the invention, hereinaft referred to as 'preferred nethod
1', is indicated in Figure 21(a). valdgi for 3s resolution sub- pixels

| abel l ed g are cal cul at ed accor di

t = (A + 3c22 3, 4. As
al ways, opdrefewrhandiandttoscomputs \r’;%“ﬁg tfgr %] Efﬁéé't“ﬁ'gﬂ.sqaip%ﬁ(sa'lnt an r‘?zi'tliove

enbodi ment of the.| ti her.ei - ef ; f.
2" Comput AATBHA (AT oG o Bl P iBHE L s BlpsBleR f ka5 M
resol uti on yyiR-thé ¥etefpdiatitii Athod@acordinetcdTIVAE and filiatnacdordingoltbei on

sub-pi xels b2, that i's, according to the relationship f = (3b2 + h2 + 2) /
4. 15 The Hovenlipnpirequireicimes e <uiginal piciue nnemeyyi Bbsgvesther‘é

di agona i r atj.Qn,sc used, Lnyud i lLLer LV&, € | of the
i nventi gn irgg(glélggétéhai F{f&g%&gélggybl*ﬁ ﬁalr%ﬁ%'er'qa F‘e’?rl’lapib\%g g&ng%céi ment s,
di fferent dhrgeslation nietined aadcondinghtoreIMLEN ibeused i maghe. samel twayhoul d be
noted that in all_ cases where an aver&%e I nv Ivip?)%épi xel ..and /

: | .. ar
sub- pi xel valem@ediaie palues forithe 'aeeePiiRaL3 % regQlytion iSYR-REIS pi xel s,
the avera%ugﬁﬁebg’(o‘}% MHesd RIYMBARIEVAIGES dF8 Rpresdited agfh tampitof 1 to
the sum of val ues used in calculating such an average has the effect of
causi ng amyretisiomdand this tesults &@niameperyaréquiresndrictdidimes thatpior dbet o r ound
or 25 truncate the avera I n.question to the next highest integer val ue.
In al & naﬁrlg}%ale%’&'ﬂ?tﬁgﬂf%teaf"%@ﬂﬁ' i nvention, the addition of 1 is not
used. As in the case of sub-pixel value interpolation to '/a pixel
resolution previously described, nenory requirenents in the encoder can be
reduced 30 Ihythprielawinguthize comptexity of tharsubopixehealygdnisrpelption netiotdo be

i | at ed. . - pi val.ue ir - i &.pi
Fesol L1 on adeprding ctnT gRtet WaBh saiEd % udy BReRuet i tug X T
resol ution \ﬁam@espi@?eélﬂo-we@,\?épaﬁ286}475{@(3?&95!1&%0@5%a red avitratithtasid t o

conpute values for y resolution sub-pixels in an on- demand fashion, only
when tHéy ahe intypolatidn sohemeshusedprTddich ansl Thitén As in the equivalent

analysis for % pixel resolution sub-pixel value interpolation described above,
it is assumed that in each method the interpolation of any sub-pixel value is
performed using only the minimum number of steps required to obtain a
correctly interpolated value. It is also assumed that each method is
20 implemented in a block based manner, such that intermediate values
common for all the sub-pixels to be interpolated in a particular N x M block

are calculated only once.

Table 2 summarizes complexities of the three interpolation methods.
25 Complexity is measured in terms of the number of 8-tap filter and linear
interpolation operations performed in each method. The table presents the

number of operations required to interpolate each of the 63 ) resolution

sub-pixels within one 4 x 4 block of original image pixels, each sub-pixel
location being identified with a corresponding number, as illustrated in
30  Figure 22. In Figure 22, location 1 is the location of an original image pixel
and locations 2 to 64 are sub-pixel locations. When computing the average
number of operations, it has been assumed that the probability of a motion

vector pointing to each sub-pixel position is the same. The average
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Table 2: Complexity of % resolution sub-pixel interpolation in TML5, TML6

and the method according to the invention. (Results shown

separately for Preferred Method 1 and Preferred Method 2).

10 As can be seen from Table 2, the number of 8-tap filtering operations

performed according to preferred methods 1 and 2 are, respectively, 26%

and 34% lower than the number of 8-tap filtering operation performed in the

sub-pixel value interpolation method of TML5. The number of linear

operations is 25% lower, in both preferred method 1 and preferred method

15

2, compared with TML5, but this improvement is of lesser importance

compared to the reduction in 8-tap filtering operations. It can further be

seen that the direct interpolation method used in TML6 has a complexity



| ocation and the single full-pixel location. 5 TM.5TM.6Preferred Preferred
Met hod 1Method 2 Locationlinea 8-taplinea 8-taplinera8-taplinear8-tap r.r.
100000000wW®,05/07629¢7, 33, 49016016016016 19, 21, 23, 35, 37, 39, 0RCTAOVQB0DA0
51,53,55 2, 8,9,57161601616161616 4, 6, 25, 41163201616321632

10, 16, 58, 64327606016321632 11, 13, 15, 59, 61, 63166006016601660

18, 24, 34, 40, 50, 56167606016601660 12, 147%0, 623212006016321632

26, 32, 42, 483210806016321632 20, 22, 36, 38, 52, 541612006016761676

27, 29, 31, AToMparable7 4080 167 bty reterrss metheds 1326661 8s0MEgp used to

A 642 7. e 2: Conplexit f | uti
s\ljgr giggel ﬁﬁgeﬁ?%%%ﬁﬁgégﬁ%ﬁ%ﬁ%%&E%Ifhe nmet mdegtcgrgi né {gs?hg on

invention. (Results shown separately for Preferred Method 1 and Preferred
Method 2). 10 As can be seen from Table 2, the nunmber of 8-tap filtering
oper at i ons Inpdewmfrtbd farsgsing dgseriptioneit avilk bg edenide a parsorn skilled in

respectivel 26% and .34% | ower .t han e £ 8- ap.fi i
operation ﬂé?f%?ﬁ%ﬁ{iivﬁ"%‘ﬁsé m%(ﬁﬁg%log'gl "@gl ngﬁ%géervg@f'gt%%nséﬁ%% tﬂ? TML5.
The nunber iafedtioheaWhil®BEan@hbenst preféhéd lemtsudimentsbot thepinveatiortiawet hod 1
and preferred nethod o L
been described in detail, it should be apparent that many modifications and
variations thereto are possible, all of which fall within the true spirit and

scope of the invention.



15 2, compared with TML5, but this inprovenent is of |esser inportance
conpared to the reduction in 8-tap filtering operations. It can further be
seen t hatwoOhg/ogti2pect i nterpol ati on nmethod used in TML.6 ha®Ca/mamormxity WO
03/ 026296 PCT/ FI 02/ 00729 79 conparable that of both preferred nethods 1
and 2 when used to interpolate values fort' resolution sub-pixels. In view
of the foregoing description it wll b80 evi dent to a person skilled in 5
the art that various nodifications my be made within the scope of the

i nventi on. GAIMS a nunber of preferred enbodi nents of the invention have
been described in detail, it should be apparent that many nodifications and
variations thereto are possible, all of which fall within the true spirit
and scope nf AtettiotvehinterpolatiGn (B NVIBREPOGAIBY ICwKidH aRGMage0@dropisiogl. A

met hod of interpolation in vide di in which i i Si
pi xel s ar r a8 arfawg&%smarﬁayéan@rﬁ%&fég% ahgprteglgegqg@%d W%P%\g?’"&g\sﬂl %g a5

speci 1180 AHaaiRed §iifific | BeP e Adid i e TOWS resiaiy AE LRl Wetidonkari zont al

| ocations ar ! S in“the colums residing at I't vertical
| ocat i ons, lbeatidnst @i tHeapixeld in thencolamnas vesidig atounit uericak kbicatiams, fisact i onal

hori zontal and tical | ti , the f ' | hori .al d I cal
ocat i one. HeleAepIatest 1o 8anaaie: ves for SybrRalnal dractipaal RangenAlantit coer

having a %Wzlg%gtigﬁé,Uf’rhé\"fréé%ngftﬁg)ﬁigoﬁ&ﬁméﬁéi\@iiczlﬂ) Idl%ﬁané’aﬂ)éiﬁé for

sub- pi xel uni’t hori zont unit vertica ocations, and unit
hor Ih zonlt al dofthedl/ 2d¢ordingitd et twheak % scatpositiveanteges dhavingla maximupol at i ng
such values directly using wei ghted suns of pixels residing at unit

hori zodQal \aee Dnthe U@”ﬂ‘?@‘a‘?mpgﬁ'ﬁﬂi ons; 15 b) when val ues for sub-pixels at

) W iy
of val ues flocations; pindelrsit hedzehtabaad 112"2Ninit vertical locations aaé requiregd,
interpolating such values directly using weighted sums of pixels residing at
unit horizontal and unit vertical locations;

15  b) when values for sub-pixels at 1/2*" unit horizontal and 1/2"" unit vertical
locations are required, interpolating such values directly using a choice of a
first weighted sum of values for sub-pixels residing at 1/2"" unit horizontal
and unit vertical locations and a second weighted sum of values for sub-
pixels residing at unit horizontal and 1/2"" unit vertical locations, the first and

20 second weighted sums of values being calculated according to step (a); and
¢) when a value for a sub-pixel situated at a 1/2" unit horizontal and 1/2" unit
vertical location is required, interpolating such a value by taking a weighted
average of the value of a first sub-pixel or pixel situated at a 1/2%™ unit
horizontal and 1/2"" unit vertical location and the value of a second sub-

25 pixel or pixel located at a 1/2" unit horizontal and 1/2™ unit vertical
location, variables m, n, p and q taking integer values in the range 1 to N
such that the first and second sub-pixels or pixels are located diagonally

with respect to the sub-pixel at 1/2" unit horizontal and 1/2" vertical location.

30 2. A method according to claim 1 wherein a first and a second weight are
used in the weighted average referred to in (c), the relative magnitudes of

the weights being inversely proportional to the (straight-line diagonal)



and unit vertical |ocations and a second wei ghted sum of val ues for sub-

pi xel s residing at unit horizontal and 1/2N 1 unit vertical |ocations, the
first andwb®3pzeend wei ght ed suns of val ues bei ng cal cul aPed/Faegor®i ng to
step (a); and c¢) when a value for a sub-pixel situated at a 1/2N unit
horizontal and 1/2" unit vertical location is required, interpolating such
a val ue by taking a weighted average t he val ue of a first sub-pixel or

pi xel situated at a 1/2 N1 unit ori zont al unit, ver aI
| ocat i on arioXiRutyy@f the st @@eﬁ@nﬁe%‘l%’zﬁ'ﬁ b IO'CR'X‘% @e‘hq SUPHFP ! (i

1/2%-P uni t1/§'°ﬂh|t7'98ﬁf’ent?%d%zz” velial Io‘f:%ﬁ?hcal location, variables m n, p

and g taking integer values he ran to N such that the first and
second sub-pi xels or pixels are |ocat ed diagonally wth respect to the
sub-pixel at 1/2 Nunit horizontal and 1/2 N vertlca hoc iofn. 30.2. A
met hod accddh methed acapiding ihealm 2. dhareis:inghaituaton WhareHefirst ahd  ysed

|n the wei gpled aygr Qﬁﬁ o &8 &eﬁ carér%aﬂrﬁn)netr} rl%l: dV%nt'FﬁHgéﬁﬂe'éﬂQé of the

wei ght s”bei ng Thverse propor | ona a| g | i ne di agonal) WO
03/ 026296 R@ﬁbiﬂisﬁ@vﬁ@%aﬂ ﬂﬂa spb<pixeti atymz uhié rionzglntalnand /25 evestical
sub- pi xel or pixel tog e sub- IEln xel 1/2N unit, horizontal and 1/ 2N
verti cal Id@%&tl%hth%f'fsAaﬁﬁtsl?Sﬁ g(‘!‘(ﬁﬁ@?ﬁ‘@"?@"é‘ RLYALSS. wherein in a situation

where the first and 5 the second sub-pixel or pixel are symetrically
| ocated with respect to (equidistant from) the sub-pixel at 1/2" unit
hori zont al 4nA Mméthbdvaadordial tol mqaprmdlnmelaﬁmrlstwalnb t@ecmumrgads have

equal values. 4. A nethod according. to any,pre cl ai t he
first Wi gHiusof Y@'U%rﬂ’i’b?fuhlmxﬁl,ssrelsgjﬂn%awé Hﬂg?&oé' ﬁah(j‘”a]t“”@ \fd'cz’nuni t
hori zont al ¥ b- pi xel
TP o L E G L e R = U o s
A et hod aagrBrtigaltiocation lprreqm'ctid)g claimin which the second weighted 15

sum of val ues for sub-pixels residing at unit horizontal and 1/2","' unit
vertical locations in step b) is used when a sub-pixel at 1/2" unit

hori zont al RQHE 'sedond weeghod

accordi ng t%r}g#t%?%ggd&amg \69;{,{'% S@C\lﬁfﬁ?&él\mgnﬁwg | ues 5 o?n ‘ZNde‘?%ub pi xel s

at 1/ 2N5unigurhof valesdbr sutsipixeld resading atlnit hoazwratal;andﬁée 1/unid vertical
locations in step b) is used when a sub-pixel at 1/2" unit horizontal and 1/2"

unit vertical location is required.

6. A method according to any preceding claim in which, when values for
20 sub-pixels at 1/2" unit horizontal and unit vertical locations, and 1/2"
horizontal and 1/2"" vertical locations are required, interpolating such values
by taking the average of the values of a first pixel or sub-pixel located at a
vertical location corresponding to that of the sub-pixel being calculated and
unit horizontal location and a second pixe! or sub-pixel located at a vertical
25 location corresponding to that of the sub-pixel being calculated and 1/2"

unit horizontal location.

7. A method according to any preceding claim in which, when values for
sub-pixels at unit horizontal and 1/2" unit vertical locations, and 1/2"" unit
30 horizontal and 1/2" unit vertical locations are required, interpolating such
values by taking the average of the values of a first pixel or sub-pixel

located at a horizontal location corresponding to that of the sub-pixel being



horizontal and 1/2N' vertical |locations are required, interpolating such
val ues by taking the average of the values of a first pixel or sub-pixel
| ocat ed awoOa3/omepdé i cal | ocation corresponding to that of wProg/mwempomxel
being cal cul ated and wunit horizontal |ocation and a second pi xel or
sub-pi xel located at a vertical 25 location corresponding to that of the
sub- pi xel being cal culated and 1/2""' 82init horizontal location. 7. A

met hod according to any preceding claimin whi CC{L . V\/?en val yes for

sub- pi xel s caculed anst wnbNedicak kgaippandrd segend il of SUEIRNAIOCRY 1/ 2v
U or oot gtz a0hBliz80d) laci dortelpbhfiRl 1Rkt A 1 Csdtrpikel Being

I nterpol ating suc val ues by takin e“average of the values of a first

pi xel or suwaldqilated arldotyat edniaverichblocatiori.al | ocati on corresponding to that
of the sub-pixel being WO 03/026296 PCT/ FI 02/ 00729 82 calculated and unit
vertical location and a second pixel or sub-pixel |located at a horizontal

'ﬁ’g?t_f 08 °Y Wﬁ%ﬁ’@g@ H?cérB{ng{‘l%ta@f %fe'égd@gﬁ@hi(ﬂ wﬁi%g%luefsafd?%hﬁt;ﬁféelggd

dni t~'ve ocat IFon. according to any preceding
cl ai min whitcty2Valnitesofizontsluangi e sinitaterfica” locationsharé Zoterpdlateddby/ 2" uni t

vertical locations are interpolated by aking the average of val ues of a
pi xel | ocattakingtthg ayeragenef valyesnf aaﬁa(ehigcptecg@} & h?%%?i}t?lo?ﬂ(?éfﬂg a
sub- pi xel | : Yy A ' |4 /870, { Roris ' M cal

| ocat i on. 1\%9@&61?10%{9%0&()%(1@10%%‘#%%%' 5608 ag%ld;aforggé%diqﬁ%‘{ ﬁ?g%onqt?ﬁér&%ﬁg] val ues
f or sub- pi xglibvertitalléGtiomni t hori zontal and 1/2" unit vertical |ocations

are interpolated by taking the average of values of a sub-pixel |ocated at
a 1/2" 10 unit horizontal and unit vertical |ocation, and a sub- pi xel

| ocated at @ ﬁ'ﬂieﬁh&%&&&ﬁ‘@égﬁgp%e&(@é}émm%icﬁﬂfél&é@*oﬂs%ﬁ%ik@lﬁ- 10. A

met hod according to any pr clarm™in val ues for half of the
sub- pi xel s at 1/2F 2inituhotizdmal andt B#R" amit vérfitalulocations tare dhtdrpelatacbby ar e
i nterpol ated by taking the averag

| of a first i r, of val ues of a, sub-pixel
20 | ocat ed taking theavefagmpt valps _Pgﬁ‘t%db'ﬁ'ﬁﬁr @ﬁ?{)e%\/‘%tr@ i%%l q%@é‘?rfzé’ﬁ,taﬁand_ a
sub-pi xel 4rﬂf ﬁbﬁ%e?ﬁca‘? 15 tfonN Y8 ¥uBL pididiobated at HMidit WeFikbtal ahgcation
and val ues Tor e
15  1/2"" unit vertical location.

10. A method according to any preceding claim in which values for half of
the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations are
interpolated by taking the average of a first pair of values of a sub-pixel
20 located at a 1/2%" unit horizontal and unit vertical location, and a sub-pixel
located at a unit horizontal and 1/2"" unit vertical location and values for the
other half of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations are interpolated by taking the average of a second pair of values
of a pixel located at a unit horizontal and unit vertical location, and a sub-

25 pixel located at a 1/2"" unit horizontal and 1/2"" unit vertical location.

11. A method according to claim 10 in which values for sub-pixels at 1/2"
unit horizontal and 1/2" unit vertical locations are alternately interpolated for
one such sub-pixel by taking the average of a first pair of values of a sub-
30 pixel located at a 1/2"" unit horizontal and unit vertical location, and a sub-
pixel located at a unit horizontal and 1/2"" unit vertical location and values

and for a neighbouring such sub-pixel by taking the average of a second



ot her half of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
| ocations are interpolated by taking the average of a second pair of val ues
of a pixeWologpated at a unit horizontal and unit vertical PCoF2i0m9 and a
sub- 25 pixel located at a 1/2""" unit horizontal and 1/2"-' unit vertical
| ocation. 11. A nethod according to claim 10 in which values for sub-pixels
at 1/2" unit horizontal and 1/2" unit8%ertical locations are alternatel y

interpolated_for one such sub-pixel by takjng the average of a first pair
it Yars

of val ues dRIrPfNAKeROhR patel [asaladat anini horzontal gadiUnyerHeAaratiah uni t
vertical | tLOL,h. [ %0 ughd heFi gRiptw@rtiend 1/ 2"-°
unit verti (%g\% ?o%ha ?%%I Z?]édd{g%lél}eéehgndﬁﬁgr ar&tr?g?%h@gur?% gu‘ch sub- pi xel by
t aki ng t he |eotionge of a second WO 03/ 026296 PCT/ FI 02/ 00729 83 pair of

val ues of a pixel located at a unit horizontal and unit vertical |ocation,
and a sub-pixel located at a 1/2""" wunit horizontal and 1/2Nl unit vertical

| ocat i oR. h rgi REyid09 €1l ok i i\ hitel s at
1/ 2N un|§t SIh%rzﬁi‘ Zrﬁtre]l{ﬁgfi gﬁcfr ﬁﬁgl\ﬁu%&t‘ﬁ]véﬂlﬁc@l&ﬁo@gt i%(}sng&aeir%%élﬁ?gt Plgitel y

i nt er pol at ebrizontal dmr il 2¥ndret vditicat 1oaationd Jarefalternhtely intepalated iNoaany
preceding claimin which when values for 10 sone sub-pixels at 1/2" unit
hori zont al hefgonyadirgahion.yertical |ocations are required, such val ues are
interpolated by taking the average of a plurality of nearest neighbouring
pi xel s. 14. A nmethod according to any preceding claimin which N equals an
i nteger 1536 endtaddfacpording itetarpopescedingy claimtinewkighugler? vaBiesated 4. 15.

A nmet hod according to any preceding, claimi ich in.at least one of step
a) alnd 164 terﬁome iSHgé?"fﬂ_JFeﬁti&aﬁé'ﬂﬁ-ﬁﬂq%@m@}aﬁ[’lﬁgéy%gi ‘ﬂ'@%ﬁ’?g‘%&b%ﬁ?@f g?gfetzjo suns
i nvol ves [ : : i

val ues havir}gaﬁig&gl;gnl%ﬁrﬁ\gﬂlrj%na?g}e ?E‘?@‘?Pgﬁ'ng tggeacie;a}gteé;&délréaraagwr a{nge. 16.
A net hod acmardstngiglbalringpitési n which the intermedi ate value for a

sub- pi xel having 1/2""1 sub-pixel resolution is used the calculation of a
sub- pixel value having 1/2" sub-pixel resolution. 25

14. A method according to any preceding claim in which N equals an integer

15 selected from a list consisting of the values 2, 3, and 4.

15. A method according to any preceding claim in which in at least one of
step a) and step b) interpolating sub-pixel values directly using weighted
sums involves the calculation of an intermediate value for the sub-pixel

20 values having a dynamic range greater than the specified dynamic range.

16. A method according to claim 15 in which the intermediate value for a
sub-pixel having 1/2"" sub-pixel resolution is used the calculation of a sub-
pixel value having 1/2" sub-pixel resolution.
25
17. A method of interpolation in video coding in which an image comprising
pixels arranged in rows and columns and represented by values having a
specified dynamic range, the pixels in the rows residing at unit horizontal
locations and the pixels in the columns residing at unit vertical locations, is
30 interpolated to generate values for sub-pixels at fractional horizontal and

vertical locations, the method comprising:



17. A nmethod of interpolation in video coding in which an inmage conpri sing
pi xel s arranged in rows and colums and represented by val ues having a
speci f i edwaoynard2eé r ange, the pixels in the rows residi ng &CTHM2000M9r i zont al
| ocations and the pixels in the colums residing at unit vertical

| ocations, is 30 interpolated to generate val ues for sub-pixels at
fractional horizontal and vertical |o%htions, the nethod conprising: WO
03/ 026296 84 PCT/FI 02/ 00729 a) when val ues for sub-pixels at half unit

hori zont al @nwheni vakiest fasapub-pixeds iagnbalf awnit (Qrzontal | 3o Wit Heioal 't uni ¢
vertical | | ons .are r.egui. LRt t,] ' y using
wel ght ed oSy ARETuNF BeliEFRa an6' fIP Enf idifectigpalicly Ble Fe4BRAY

| ocati ons; iftebyoluiied sMéth wakidsadireptly-using Weighted auimsiof pixeds residinglatand hal f
unit vertical |ocations are required, interpolating such values directly

usi ng a weilgiithaiizogtahasd unil vasticaldecalignspi xel s residing at hal f unit

hori zontal i rti,c lacati : E ngi t a);
and c) erﬁ\r}gﬁ]%s\}a#%eﬁs Ldlfb&j;?&'ggg é{ _ﬂgEar eﬁHh%érﬁghgﬁg%aﬂtt gﬁlta\%ﬁ%ﬁgrgea
ki g e P T bl T ot ot af values of a
sub- pi xel |ssenobyakes far pabp-Pixals residing A8 dial urahBOUmfﬁa(/%'ﬂg iuwod varticalt i on,
and a sub-pj |.o t | | Z8) d hal f it tical

| ocati on aﬁ!&é&ﬁlog cc%zédﬁ%glaracgf)@/@ E%E@f(%z’rg@ xgln I ogat egn;t \elletrm: tCa

hori zont al gynghemivialisy forcelib-pets iadrquarted wnit hbripontal antlsqlaxer editat a
hal f unit horizontal and half unit vertical Iocac&{)on 18. A thog of
i nt er pdPat iventical lprations cae nipquiTedh iBterRelaling gk Yaluesi Ry ta&?@&ﬁ Carranged

in rows an : I Vi . A ynam ¢
range, the%ﬁ’%géﬁ%smfﬁ?%%g{ rSQ\é@%fr&f?%F% p\éﬁ’ %fni Id%o??éz]gﬁ%)ﬁ%gbﬁ%tggt#ons and
the pixel s 4 Ralf pitdwdrizontal raesi chit gedicallocttionrand al subspiael weated at a

i nterpolated to generate val ues for sub-pixels at fr%ct i.onal hori gont al and

|
vertical | otitharizentalgadhalcunibwarticabloration and aReces tF?%PF‘Y%H%%P s being
AN ! . T B am ! ons.
val ue N, ¢ kPRt df £ il o Bt BAR VEIER I6UB0R, aliaia SdoBidi U

unit hagsi zqp¢atbdan @ half GnivRotizarahl and half unit vertical location.

18. A method of interpolation in video coding in which an image comprising
pixels arranged in rows and columns and represented by values having a
specified dynamic range, the pixels in the rows residing at unit horizontal

20 locations and the pixels in the columns residing at unit vertical locations, is
interpolated to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2" where x is a positive integer having a maximum
value N, the method comprising:

25 a) when values for sub-pixels at 1/2"" unit horizontal and unit vertical
locations, and unit horizontal and 1/2"" unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at
unit horizontal and unit vertical locations;

b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixel

30 vertical location is required, interpolating such a value directly using a
choice of a first weighted sum of values for sub-pixels located at a vertical

location corresponding to that of the sub-pixel being calculated and a



| ocations, and unit horizontal and 1/2""' unit vertical |ocations are
required, interpolating such values directly using weighted suns of pixels
resi di ng WO 03024206 hori zontal and unit vertical |ocations; PoY/FMrem72 val ue
for a sub-pixel at a sub-pixel horizontal and sub-pixel 30 verti cal

| ocation is required, interpolating sugg a value directly using a choice
of a first weighted sum of val ues for b-pi xel s I ocated at a vertical

| ocation corresponding to that of the sub-Bier bei ng cal cul at ed d a W

03/ 026296 FEFPRAOYE BN Qb GESWRTgRHBP Al I9PAPS) b2 N2 i xel s
| ocat ed at I?%%\RH wg@%xn%ﬁgmgpopﬁgrm@ggt ain?n%amﬁéteef t he sub- pi xel

bei ng cal cu ed. 1 od according 18 in which the
sub-pi xels used in the first 5 weighted sum are sub-pixels residing at

1/2N1 unit horizontal and unit vertical |ocations and the fi.rst i,ght ed
sumis used & & matedaceprling tpflgim 1%0'F‘ v&hlgﬁéﬁ%isygrpnéqls psd "ﬁ%;ﬁ%t

hor i zontzal ifaVert heaha | | N1 A | R@itt 0 claim
18 or cﬁai m ghft{]dz\%ﬁgr#r?hguﬁsg ;ljsi {gﬁgHggga ﬁ%o @ﬁhgﬂg%@gﬁ?r@eiught ed sum
are sub- pi xariicaldscationg and time firdiaweigbtedasurarid usez!'to interpolale et valae

| ocations and the second wei ghted.sum.is usegd t i.nt ol.ate a value for a
sub- pi xel der QISFD'RIW'tatHé?V\?z@WtW"%@'WNF@ Hﬂﬁﬁ’en\%ﬂq%@bpn'l ocation. 15
21. A method according to any of clainms 18 to 20 in which when val ues for
sub-pixels at 1/2N unit horizontal and 1/2" unit vertical |ocations are
requi red, 20)16ynmmtitod atesrdirigatoedainy 18 @k ickedmt tinawbichdbe subepix¢leasedone pai r
of a first pair of values of a sub-pixel Iocat.&d at, a .iL/hZ"."l tupi td

hori zod0al iardheEacONdveightad syp-ats syb-Pixels residipgpat it houzertg! ahdy yni ¢
hori zont al ch " | t l.C 20 ol j ; SEF9 b tef val ues
of a pixel ?gcatygﬁ g%rt%gljrll?ef/aq{?@rbi ghﬂt@le ggﬁghﬁmté@\%%i cal rlIgoh?:?:jt‘%cil og, and a
sub- pi xel linwapeldteata aallie2forla usubt-pixet i ohi2’alunitandrizoral andni/R™V eniti cal

| ocation. 22. A video coder for coding an image conpri sing pixels arranged
in rows 25vesiicaldegalions and represented by val ues having a specified
dynam c range, the pixels in the rows residing at unit horizontal |ocations
and the pixels in the colums residing at unit vertical |ocations, the

vi deo déder2tpnethod@ccording to any of claims 18 to 20 in which when values for

sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations are required,
they are interpolated by taking the average of at least one pair of a first pair
of values of a sub-pixel located at a 1/2"" unit horizontal and unit vertical
location, and a sub-pixel located at a unit horizontal and 1/2"" unit vertical
20 location and a second pair of values of a pixel located at a unit horizontal
and unit vertical location, and a sub-pixel located at a 1/2"" unit horizontal

and 1/2"" unit vertical location.

22. A video coder for coding an image comprising pixels arranged in rows
25 and columns and represented by values having a specified dynamic range,
the pixels in the rows residing at unit horizontal locations and the pixels in
the columns residing at unit vertical locations, the video coder comprising
an interpolator adapted to generate values for sub-pixels at fractional
horizontal and vertical locations, the fractional horizontal and vertical
30 locations being defined according to 1/2°, where x is a positive integer

having a maximum value N, the interpolator being adapted to:



an interpol ator adapted to generate values for sub-pixels at fractional
hori zontal and vertical |ocations, the fractional horizontal and verti cal
30 | ocat iwp3bezizeg defi ned according to 1/2X, where x i s RCpa302000v2 | nt eger
having a nmaxi numvalue N, the interpolator being adapted to: WO 03/026296
PCT/ FI 02/ 00729 86 a) interpol ate values for sub-pixels at 1/2"-' unit
horizontal and unit vertical |ocation®® and unit horizont aI and 1/2"-"'

unit vertical |ocations direct usi hted su I S i di ng at
uni t hori zdéHtialerpelateMatuesdpe ﬁeéplxq'%@aﬂ/%n%m%hwz rﬁ@'e@ |U&t %Fé?qjes f or
sub- pi xel's 3La ﬁnldtﬁghg P&g{#rﬁgln%ﬁd 175 qutzvertlcé'lrlb&aﬁld/r‘i’sr H!(r&é“ll y L§IRgti ons

directly using a ¢ wel ghted sum of ues sub- pi xel s
resi di ng atwdigBted sumig dfopaisit@sidingl atniunitv éotizostal | areht unihsveaticala
second wei ghted sum of values for sub-pixels residing at unit horizontal
and 1/2" 'logdiqNSyertical locations, the first and second wei ghted suns of

val ues 510 | hBQBB%'t(?‘Uaﬂ% gﬁg{-ﬂg@% %P1?2”3Q1r£lahorlf&ﬁapbntjn1/§"p%'nﬁte a

val ue for a’su I xe unit horizontal and 1/2" unit
vertical | Qxéaticta:ﬂlbdahoheldmegtlyi unieig@tbdce\oéladgst weighted saimuef \@flues fdrr st

sub- pi xel or el situated at,,a 1/2' nit horizont "ounit
vert chl I%@gll?')éﬁﬁ "&Iﬁtﬂjlf@%ét\lza ué’rtbtfh%f'%oé‘@éjrﬁlﬂds%'t IpYéi‘!—ﬂ ?(l)qc 'i°>r<‘§la']do§a'tjeld at
a 1/2""p urH[etclgﬁé vb@{; {e‘ﬂr&ﬁh ot 0diubs4or B'B\ielé’?és‘idlﬁ%"at hﬁﬁ@fdrﬁanta‘t’ﬁhdam es m
n, p and q eger values int range 1 such that the first

and second wab- pnu(e/esncabrloqztmbstrw ﬁrsttmwebomohyergdmw swimshof wglest to the

sub-pi xel at 1/2" unit hor ont al zgap " vertical location. 20 23. A
vi deo deerb%e%am?ée@@Cew ing ©SteR 4@ ANEi ng a vi deo encoder. 24. A video

coder aCCOfcﬂaH%r@&afé al B188 fof 9"RIY-SixBOsi da{é&eaq aﬂq@d@ﬁ.t h%ﬁzorﬁapaﬁac f or

coding an i rrsing prxels arranged 1n rows and col ums and
represent em/awunmweﬁmahmcangn dydpkiogfd wéugth;temaveranger:gehetvrammbk@lﬂsstl n the

rows residing at unit_ horizontal Ioca,”ons and t s in.the. colums
resi di ng atSumpixel,gF pixehsityaiesh alos! 2thH“Ec§'t9é'€ E{}\iﬁ?\ @g AN YRIY (iencoder
oo oe ol e qgaaitf ahd 168 YIRS of SBeHOMF SUBRRRATHT R né&@?wé{%ouzdemer
conpri sing an i nterpolator adapte erate values for sub
15 horizontal and 1/2"° unit vertucal Iocatlon variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.
20 23. A video coder according to claim 22, comprising a video encoder.
24. A video coder according to claim 22, comprising a video decoder.

25. A codec for coding an image comprising pixels arranged in rows and
25 columns and represented by values having a specified dynamic range, the
pixels in the rows residing at unit horizontal locations and the pixels in the
columns residing at unit vertical locations, the codec comprising a video
encoder and a video decoder, each of the video encoder and the video
decoder comprising an interpolator adapted to generate values for sub-
30 pixels at fractional horizontal and vertical locations, the fractional horizontal

and vertical locations being defined according to 1/2, where x is a positive



30 pixels at fractional horizontal and vertical |ocations, the fractional
hori zontal and vertical |ocations being defined according to 1/2x, where X
IS a posiwbwa/ O3/ 026296 PCT/ FI 02/ 00729 87 integer haviPRE/F02m@¥A9mum
value N, the interpolator of the video encoder and the interpolator of the
vi deo decoder each bei ng adapted to: a% I nt er pol ate val ues for sub-pixels
at 1/2N-1 unit horizontal and unit ver${cal | ocations, and unit horizontal

d 1/2N 1 unit tical |ocati di tl, ' 5 i ght ed f
Bi el s resiitibagT KEvig & marimshoa N e PaBrRr.s e daeboicty”
| nter pol at & @S BBIaRIRT RN GlobotlecbliBNodotiBbing Widstedtal and 1/ 2N 1 uni

vertical locations d rectI;f/ using a choice o i rst wei ghted sum of
val ues for a)sinterpolatd saluesifdr sgbatixeld 2N1/2ii unihbotizantalaandinaitwerticaler t i cal

| ocations and a 10 second wei ght ed Qf val ues for sub-pixels r.esiding at
it hor; zgAsaonEand NG altal ad d72a unExiipalBEafans Bl ubiBsecond
wei ght ed supg bey ARt Ad ARC ADHEzOSal Carfd Ebhif 3grti@dld C)

[ nterpo?at gﬂ@gg@gald\’ugu or %I ?L)%?Spﬁggﬁiqatﬁatu@d at a 1/2N unit Ihori zontal and
1/ 2N unit Jecatiomsl | ocation by taking a wei ghted average of the value of a

first 15 sub-pixe] or pixe|l situated a I 2N V" unit hori zaat al . and
1/2"-" uni tbliv'é‘ qrpe%te Ivéﬁ!ﬁﬁ .%lmipixﬁg @gﬂ@e &n'5h885%8| ?Ug xelungr pi xel
located at \?érﬂéﬁ'ie&tfgﬁhtdirelaﬂ\%hé%té‘bh@ieg ot/aZirst WBighte®sLircel vdl@satdron,
variables m n, p and q taki g, Integer values in“the range 1 to N such
that the fisubt-pixsld residimgl as d/2"piuvcd sorizmntadi ane wnidverticsat decations&yshal |y with

respect. to the sub-pixel at 1/2N unit 20.horizontal ,and 1/2N verti.cal
| ocat i df. ZQS"'.COR_d : 'ﬁ_dc%HrT‘ é’am&sﬁf’h&l’b'@ fesiqiga At \Wﬂ&?”&%‘@?apgr codi ng
an -1 mage CHBPr | 5k %ngaggéc?tr%hé?&%eﬁrs't ANdO¥EcoMdwe e Suaidof ealesent ed by

val ues having a speciTl ynam c range, the pixels in the rows residing at
25 unit horbeingtalculatedaoorsirgntd sthp (g)aplkds in the col ums residing at unit

vertical locgations, the video coder conpriSi an it er.nol at or ted to
generate vaUBerpelate _@bV%F‘f(Z% au P'é@f?'&f?j?ag%érq %é?t "érI"P_g'RHZWJt?f %@gl _
| ocati ons, 1/§h§pg%ﬁrdaﬂ&busﬁrbwtaﬂh la ABRHNE biérige! TaRbivaNife b4 figstdef i ned
according to X, where x 1s"a poSitive I nteger "havi ng a maxi mm val ue N,
t he 15 sub-pixel or pixel situated at a 1/2"™ unit horizontal and 1/2™" unit vertical

location and the value of a second sub-pixel or pixel located at a 1/2"* unit

horizontal and 1/2%° unit vertical location, variables m, n, p and q taking

integer values in the range 1 to N such that the first and second sub-pixels

or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

20 horizontal and 1/2" vertical location.

26. A communications terminal comprising a video coder for coding an
image comprising pixels arranged in rows and columns and represented by
values having a specified dynamic range, the pixels in the rows residing at
25 unit horizontal locations and the pixels in the columns residing at unit
vertical locations, the video coder comprising an interpolator adapted to
generate values for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2°, where x is a positive integer having a maximum value N, the
30 interpolator being adapted to:
a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical

locations, and unit horizontal and 1/2%" unit vertical locations directly using



30 interpol ator being adapted to: a) interpolate values for sub-pixels at
1/2"" unit horizontal and unit vertical I|ocations, and unit horizontal and
1/ 2" uni twoesn2eeé | ocations directly using WO 03/ 026296 PCT/Fr20@700729 88
wei ghted suns of pixels residing at unit horizontal and unit verti cal

| ocations; b) interpolate values for s$1£ pi xels at 1/2"."' unit horizontal
and 1/2"""'" unit vertical locations dit®ctly using a choice of a first

wei ghted sum of values for . 5 sub-pixels residin t 1/2"" unit horizontal
and unit veveighled syas i npixelt reseing At \H@Itgﬁf’ﬂgorgﬁh%?d \/‘éﬂ'{}é’? &

sub- pi xel s I&ga?io%isng at unit horizontal and 1/2"-' unit vertical |ocations,
the first and secbond wei ghted suns of values being calculated according to
step (a); d)dintrpolate vahlest forasuepinelst ar 128 umipheerontat aadet25t uait1/ 2
unit horizontal and 10 1/2" unjt vertical |location by taking,a i_ght ed
aver age of M&kicajlaGatiops dyectly 4gingsa,phoirs Of aJFStp‘P’?@Et%q/Fﬁ@t%fdﬂ‘gﬂes\g%i[/ 2",
unit hoki z ; . 1 SRRV =Y g o&@{ i i a second
sub- pi xél (;’érq&bgfl)%@?drleé@gq%gi‘g{é a )tzh{@olr};ﬁht gﬁl:ﬂggﬂg: g}] lltg:r?\é@}f? %‘rm;fauni t
vertical | agbhdweiylatedadune of values for sutttpixetsaleisiding ahtis dvorizantabentin t he
range 1 to N such that the first ang second sub- 5 or 'p{/xel s are

, L I xels 1
| ocated di addnabniy v@rtiogl lecations. the tirst andhsesond) VQ’Stg?‘Edz'Sumﬁ o ValiPP zont al
and 1/ 2" vart:i ' lhgations term nal according to
claim 26 c?r%'ﬁ%ﬁ%%%?gge%rd%?eq]tgcgsc}ggwgghQB. A commruni cations ter m'gnal
accor di ng tg) inteapota@baovaled domaSubepinpk sitiated ad avil & ounitbodzontakend A

tel ecommuni cations system conprising a conmupications . terninal 5.and a
networ KO t 2t en%aeﬁwahl%av?gﬁy_tﬁ@ﬂa&WeQHEPGPﬁ\éefeQﬁﬁﬁﬁf‘%é{g]%%f ?ﬁF%’ nal
bei ng conn @ﬁixgyo@ %m{}ét%atétogsl/é”“” ni? YiRFiz8hHaf Aneiofiet” inflaRrican be
transm tted, the COH‘R‘UI’II cations termnal conprising a video coder for
codi ng for locatiorgamd thervgliecoma sesom spbapdted carpixeldechted at@wd/2ahdnitcol umms
and repr esehnér?z%n%i a;/n%l l1?25““‘hdar\1/|tl r\}grti%afPoec(.é.tltifoln,e %%\8&" rrC1 rn?n %hdté] Et\aking
integer values in the range 1 to N such that the first and second sub-pixels
15 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.

27. A communications terminal according to claim 26 comprising a video

encoder.
20
28. A communications terminal according to claim 26 or claim 27 comprising

a video decoder.

29. A telecommunications system comprising a communications terminal
25 and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the communications terminal comprising a video coder
for coding for coding an image comprising pixels arranged in rows and
columns and represented by values having a specified dynamic range, the
30 pixels in the rows residing at unit horizontal locations and the pixels in the
columns residing at unit vertical locations, the video coder comprising an

interpolator adapted to generate values for sub-pixels at fractional horizontal



30 pixels in the rows residing at unit horizontal |ocations and the pixels
in the colums residing at unit vertical |ocations, the video coder

conpri si Myoan/0242e¢ er pol at or adapted to generate val ues foPCIr0B2MOX®| S at
fractional horizontal WO 03/026296 PCT/ FI02/00729 89 and vertica

| ocations, the fractional horizontal %gg vertical |ocations being defined
according to 1/2x, where x is a positi I nt eger having a maxi num val ue N,

th t | at b dapted to:, L nt. t L f b-. | xel t
1IN 1 unt @eyeea, BRafoRs. dhe fra‘}:@p_f‘%%thnzeéﬂ&La VBRI Jacaton O%IB9T Zont al
and 1/2N1 ‘HEf:heM‘%Lochﬂh 't80157‘é"‘ rdix BCA [pvcsuﬁbnategmm@awaﬁmmmpn xel s

residing at unit i zontal and unit ver | ocati ons I nterpol ate
val ues for valle Ni ¥ imterpolat@Neingadaptesktiozont al and 1/2N 1 unit verti caI

| ocations directly using a.choice,of a, firnst hte su of ..val for
sub- pi xel s @ é@‘%?%@teai’a@% for sybypixgly, At Qé#n aan@ﬁ rg Fpgﬁerr%?ﬁat i ons
and a s CO%’JC %ﬁe FHThGizoralas i %Hw\mméél%é@mr@ Aedly Usihg
horlzon 1 unit vertical locations, the first and second

wei ght ed suvmgbfedvaslum ofbpixets cabidingtaid uadcbodzcm@tat ang egif ajertieald c)

I nt er pol ate]z a value for a sub-pixel situated at a 1/2N unit horizontal and
15 1/ 2N uni'®C891S cal | ocati on by taking a wei ghted average of the val ue of

a first S itarBblald valuea! fof | dutabiReisabt /2 Ainit hotifdritahahtizoatBlnand 1/ 2"

unit vertic cation and the value of a second sub-pixel or pixel
| ocat ed at \&rﬂrtall}daqatlonstdlrehtw usmgtabh@me of airsiQueiginted, sumi Qfaialyesiri on,

vari abl es and. t | ues in.t to such

t hat t H§ f isrl@fp'é%& e agu&qpil&{é} @ iﬂpg v&Bga'I z%‘%ﬁ@ﬁs'(ﬂ@%nm |y
with _respe cbﬂd%%ﬁﬂég Rt 8f vaiued/tér s&b’-bfxeI§‘f¥sicﬁﬁ@hﬁbnﬂ%n?z6r¥tal wagti cal

| ocati on. communi cat1 ons system according to claim?29 which is a
mobile t eI 1s!2’b‘rrmn|h weatqabnlrmaypes,ethecbnsplandl sg:omdmblghéed:@nmmoﬁ:uahugﬁs

term nal re ess r% k} : nnectlon bet ween the nobil e
conmuni cat| '%9 C? ‘?1%?0%9{ 'rlgn P &fle 88 netvvork bei ng formed by a radio

link. 31. lﬁ{e‘?ﬁ QTBJH'\fa?ﬁé %ﬁﬁﬁﬂa&gd% 4 9/ @hlffhaﬂz@itapbﬁdm 30 in
whi ch the etwor enabl es t e co nications termnal to communicate with
15 1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2¥™ unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2"" unit
horizontal and 1/2"° unit vertical location, variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
20 or pixels are located diagonally with respect to the sub-pixel at 1/2% unit

horizontal and 1/2" vertical location.

30. A telecommunications system according to claim 29 which is a mobile
telecommunications system comprising a mobile communications terminal
25 and a wireless network, the connection between the mobile communications

terminal and the wireless network being formed by a radio link.

31. A telecommunications system according to claim 29 or claim 30 in which
the network enables the communications terminal to communicate with
30 other communications terminals connected to the network over
communications links between the other communications terminals and the

network.



30 other communications termnals connected to the network over

comuni cations |inks between the other communications term nals and the

net wor k. W0 08824226296 90 PCT/ FI 02/ 00729 32. A tel ecommuni @aTIFI20%PSt em
conprising a communi cations termnal and a network, the tel ecomrunications
network and the comrunications term bei ng connected by a

communi cations link over which coded viddeo 5 can be transmtted, the
network conprising a video coder for coding for coding an imge conpri sing
pi xel s arranged in rows and colums and represented by val ues having a

speci fi ed C&?ﬂ;aﬂ"téleﬁéﬁﬁﬁ%m&ﬁgorﬁ ég%@rﬂ' l&Oﬂ}:ﬁlSI gfwscérﬂmlﬂ'hét&loﬁ% {¢hininal

hori zont al cations an s in e colums residing at unit
vertical | arat aomgtworkethei tdadm:ammemcatlmps |rE=.rt\Mgrkaan¢i ﬁhermawrcailonadapt ed

to generate val ues for sub- at fractj.onal. horizo tical
I ocgt i ons, ?HB‘”PEQ%'PQ&?QPGHMQ%%tcﬁm@Hﬁ'Cég h OYI%Z El@h@%& Y\'Sgéd:af i ned
accordi 89 tinlp@Hrardiifted X te® ndIwER §¢M§nslnge@%éwbagr doimByHifgMorval ue N,

the interpo ator el ng adapted to: a) iInterpolate values for sub-pixels at
1/2"-1 uni tcoing mntraagearmbmmmmngfemxelsaarrarig?ad de aowsnandageluoniist andr i zont al

d 1/2"-" t | | t di ted |
esi di ng atrgﬁ'mseyneﬁ# b5 Siatuse Baingra shéefied fyPEmranta, JBe e R afe e °
val ues for  sii- é}tuéfg'hnonf&I tlo@é’tfdnéoahé'thénelxéfsz in 'the!nddlumusr ti cal

| ocations direct |ng a choi ce rirst weighted sumof values for 20
sub- pi xel s resigind) antg.:mt vartigal' locations, e videet codeseemprising entintegpolatetat i ons

Por | zoNDal adabed Yo+ JeRee Valfes dar sunaNBinel rauirr ofkelial.ghllq
wei ght ed syghi) M@bg@-} Bl W%&uahsulr@hﬁénmca{dﬂlmuéa} fcafong) beingd c)

|nterpol ate a val ue a sub-pixel situated at a 1/2" unit horizontal and
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15 Iocatlons and unit honzontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate values for sub-pixels at 1/2*' unit horizontal and 1/2"" unit
vertical locations directly using a choice of a first weighted sum of values for
20 sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2%" unit vertical locations, the first and second weighted sums of values
being calculated according to step (a); and
c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
25 1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2"" unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2"* unit
horizontal and 1/2"° unit vertical location, variables m, n, p and q taking
integer values in the range 1 to N such that the first and second sub-pixels
30 or pixels are located diagonally with respect to the sub-pixel at 1/2" unit

horizontal and 1/2" vertical location.
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15 pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal location corresponding to that of the sub-pixel being

calculated.

34. A video coder according to claim 33 in which the interpolator is further
20 adapted to form the first weighted sum using the values of sub-pixels

N-1 Unit horizontal and unit vertical locations and to use the

residing at 1/2
first weighted sum to interpolate a value for a sub-pixel at 1/2"" unit

horizontal and 1/2" unit vertical location.

25 35. A video coder according to claim 33 or claim 34 in which the interpolator
is further adapted to form the second weighted sum using the values of sub-
pixels residing at unit horizontal and 1/2V"" unit vertical locations and to use
the second weighted sum to interpolate a value for a sub-pixel at 1/2Y unit
horizontal and 1/2™" unit vertical location.

30
36. A method according to any of claims 33 to 35 in which the interpolator is
further adapted to interpolate values for sub-pixels at 1/2V unit horizontal

and 1/2" unit vertical locations by taking the average of at least one pair of a



30 36. A nmethod according to any of clainms 33 to 35 in which the
interpolator is further adapted to interpolate values for sub-pixels at
1/ 2N uni twbaesiozaaesé al and 1/ 2N unit vertical |ocations byPCakiegorise
average of at |east one pair of a WD 03/026296 PCT/ FI 02/00729 92 first

pair of values of a sub-pixel |ocated a 1/2N-1 unit horizontal and unit
vertical location, and a sub-pixel |ocated at a unit hori zontal and 1/2N-1
unit vertical location and a seco r of located at a
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the 15 Bi X&ctiZoRtdlRAdr 928" LARVEHRAI Ricatibht hori zontal |ocations and the
pixels in the colums residing at unit vertical |ocations, the codec

conprising a video encoder and a video decoder, each of the vi deo encoder

32?ufagef\(;lrd‘§obo‘d§ﬂc ?%d é&%@bgqﬂa&ﬂ“}hg@zon% ? ?jverrﬁ?g%i 9?%2@??;?,3 t he
resol uti on gfcodee 20 sub-pi xel s being determ ned by a positive integer N,

the interpolator of the video encoder and the interpol ator of the video
decoder each being adapted to: a) interpolate values for sub-pixels at

and 135" A VGBA FRad Seclhe {8 B ol 35 8 5% Ao b G ' ioke s
pi xel s resigigadent unit horizontal and unit vertical |ocations; b)

interpolate a value for a sub-pixel at a sub-pixel horizontal and sub- pi xel
vertical location directly using a choice of a first weighted sum of val ues

fsﬁlr) sub- pigbe.lg clo%%%tfgg C%Eiin% Xﬁ“rima%%l cdrﬂﬁﬁ&ih&rbi)&% ra@?aﬁﬁj%(y Mrdis Gpat of the
columns and represented by values having a specified dynamic range, the
15 pixels in the rows residing at unit horizontal locations and the pixels in the
columns residing at unit vertical locations, the codec comprising a video
encoder and a video decoder, each of the video encoder and the video
decoder comprising an interpolator adapted to generate values for sub-
pixels at fractional horizontal and vertical locations, the resolution of the
20 sub-pixels being determined by a positive integer N, the interpolator of the
video encoder and the interpolator of the video decoder each being adapted
to:
a) interpolate values for sub-pixels at 1/2%" unit horizontal and unit vertical
locations, and unit horizontal and 1/2"" unit vertical locations directly using
25 weighted sums of pixels residing at unit horizontal and unit vertical
locations;
b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location directly using a choice of a first weighted sum of values for
sub-pixels located at a vertical location corresponding to that of the sub-
30 pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal location corresponding to that of the sub-pixel being

calculated.
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b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location directly using a choice of a first weighted sum of values for
15 sub-pixels located at a vertical location corresponding to that of the sub-
pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal location corresponding to that of the sub-pixel being

calculated.

20 41. A communications terminal according to claim 40 comprising a video

encoder.

42. A communications terminal according to claim 40 or claim 41 comprising
a video decoder.
25
43. A telecommunications system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the communications terminal comprising a video coder
30 for coding an image comprising pixels arranged in rows and columns and
represented by values having a specified dynamic range, the pixels in the

rows residing at unit horizontal locations and the pixels in the columns
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calculated.

15
44. A telecommunications system according to claim 43 which is a mobile
telecommunications system comprising a mobile communications terminal
and a wireless network, the connection between the mobile communications
terminal and the wireless network being formed by a radio link.

20

45. A telecommunications system according to claim 43 or claim 44 in which
the network enables the communications terminal to communicate with
other communications terminals connected to the network over
communications links between the other communications terminals and the

25 network.

46. A telecommunications system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
30 can be transmitted, the network comprising a video coder for coding for
coding an image comprising pixels arranged in rows and columns and

represented by values having a specified dynamic range, the pixels in the



term nal being connected by a communi cations |ink over which coded video 30
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represented by val ues having a specified dynam c range, the pixels in the
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and the pixels in the colums residi ngiat unit vertical locations, the
coder conprisin ol at or ted to generate val pi xel s
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being 15 cgbighledf @lims of pixels residing at unit horizontal and unit vertical
locations;

10 b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location directly using a choice of a first weighted sum of values for
sub-pixels located at a vertical location corresponding to that of the sub-
pixel being calculated and a second weighted sum of values for sub-pixels
located at a horizontal location corresponding to that of the sub-pixel being

15 calculated.



