1  METHOD FOR SUB- Pl XEL VALUE | NTERPCLATI ON The present invention rel ates
to a nethod for sub-pixel value interpolation in the encoding and decodi ng
of data. It relates particularly, but not exclusively, to encodi ng and
decodi ng of digital video. Background of the invention Digital video
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| nt er changgsté oimBYes(ikXeohbecttivie’ fifes tend to be quite similar and thus contain
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. Similarly, 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,




conprises 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 nunber of
bits, 2 which carry information about the |um nance and/ or col our content
of the region of the inmage correspondifg to the pixel. Commonly, a
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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 resolutibn (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.




macrobl ock is (f 6x16x8)+2x(8x8x8) = 3072 bits. The nunber of bits needed
to represent a video frame in QCIF format is thus 99x3072 = 304, 128 bits. 3
. This means that the anount of data required to transmt/record/display a
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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.

t he

Video compression methods are based on reducing the redundant and
perceptually irrelevant pars 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
correla_tiQn 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.




Sufficiently efficient conpression cannot usually be achieved by sinply
reduci ng the various forns of redundancy in a given sequence of inmages. 4
Thus, nost current video encoders al so reduce the quality of those parts of
t he vi deo sequence which are subjectively the least inportant. In addition,
t he redundancy of the conpressed videodit-streamis itself reduced by
means of efficient |oss-less encoding. Typically, this is achieved using a
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15 Compressed images which do not make use of temporal redundancy
reduction are usually called INTRA-coded or'l-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 (1 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, _th_at 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-




be seen fromthe figure, the sequence starts with an INTRA or | frane 30.

In Figure 3, arrows 33 denote the 'forward' prediction process by which P
5 frames (labelled 34) are formed. The bi-directional prediction process

by which B-frames (36) are forned is denoted by arrows 31 a and 31 b,

respectively. 5 A schematic di agram of an exanpl e video codi ng system using
ures 1 and 2. Figure 1
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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 P,(x,y). The prediction error frame is thus:

20

E,(x,y)=L,(x,y)- B,(x,y). (1)

The prediction frame F£,(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 trames, 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 F,(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




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 noving the
prediction 6 pixels according to the notion information. In this way, the
prediction frame is constructed as an @pproxi mate representation of the
current frane usingdmgix values in the reference frame. The prediction
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di vided i ntyp, ks, each smaller block being provided with its
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notion vectors [AX(X, Yy), Ay(x, y)] . The pair of nunbers Ax(x, y) and
Ay(Xx,y) represents thf §15 hori zontal and vertical displacements of a pixel
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vector fielthqodinto larger image segments S, 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, ), Ay(x, ¥)]. 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 biock 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 comer. Thus, in a video




30 Typically, the location of a nmacroblock in a current video frane is
specified by the (x, y) co-ordinate of its upper |eft-hand corner. Thus,
in a video 7 coding scherme in which notion information is associated with
each nmacroblock of a franme, each rmtio_}] vect or describes the horizontal

and vertical displacenment Ay(x,y) and Ay(x,y) of a pixel representing the
the current frame 1"(x ) with
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compared. This process is known genertally as 'block matching’. It shouid 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.

g

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-




Motion Field Coding block 12 of the encoder 10, by representing it wth a
notion nodel. In this process, the notion vectors of inage segnents 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
notion vector field nodels are additive notion nodels, conplying with the
foll ow ng gener al (iormjl a: 5 10 where coefficients a, and b; are called
not i on coef PYRIPETRS USHIG cpppinoprededmined dunstiense or,r imsifiart wdrdsy thbe

decoder - 20 i L OftS s | ' 2),- ti /, d g;
ar o cal | ed otPan o b6 Faffeschitd WAE Flodel Bl al Efandh uend oncoder

and decodermotion aeptorXieith ngodel® tire additive Ahofibs Infod y)) can
be constructed using the 15 coefficients ané t he bﬂ%’.‘é‘i‘f"&%}c"ﬂ @ﬁé)ihe,&s t he '

basi s functiPoiNggeneraliermyia: (that is stored in) both the encoder 10 and
the deceder 20, only the notion coefficients need to be transmtted to the
encoder, thus reducing the anount of information required to represent the
notion informati on¥df the frame. NI Ax(x,Y) =Yar f (x,Y) NMNA AY(X,Y)
_ brg, (x, y)&(xe)& P29.f(BY) 20 25 The sinplest notion nodel is t )

transl ational notioh nodel which requires only two coefficientS’to

descri be the notion vectors of each segnent. The values of notion vectors

are given by: Ax(x,Y) = ao
: M-
Ay(x,) = X bgi(x.) @)

=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 iwo coefficients fo describe the motion vectors of each segment. The
values of motion vectors are given by:

Ax(x,y)=a,

B pyy)=5,

(4)

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




(4) Ay(x,Y) = bo This nodel is wdely used in various international
standards (I SO MPEG 1, MEG 2, MPEG 4, |ITU- T Reconmendati ons H. 261 and

H 263) to describe the notion of 16x16 and 8x8 pixel blocks. Systens which
use a translational 9 notion nodel typically performnotion estimtion at
full pixel resolution or sone integer $raction of full pixel resolution,

. for exanple hal f ,or. one quarter pixel resolution. The prediction frane

P,(X,y) is @?Pﬁigf' FIetedyPicaliy peripimdnotipmestimatiod atHub gives!iresolbtioslor13 in
th d ; ' ' : .= R + &X( X, + A ,

() 10 1n trane e tbiBiab Yol el Hesdilion,for diarpplecat hhlbrorepror 11 ame
E'"(x, y) isquangipbelrgsalotigi.essed by representing it as a finite series

(transfornm of some 2-dinensional functions. For exanple, ak2-dinmensional
Di screte Cosine Transform (DCT) can be used. The transform coefficients

are qua tiSﬁﬂ; . I (fer . exanpl e Huf f ran) coded before they are
transm f't ed O%P%gc@&%@%%eé’%?’ﬁf'ﬁr fryrtegh inedhe MetioreCompansatachd 2) .
Because of pg/B8ichb ' antisation, this - operation usually
produces some Cﬁeéﬂ e;dtf%{l Péé?@:o@%r f#ﬁ%ﬁrﬁtg'@f) BY:n the prediction error
frame E'(Xx,y). To conpensate for this degradation, the encoder 10 al so
conprises a Prediction Error Decodi pg bl ock 15, where a decoded prediction

error frane’,20yE=R +xA)c(xi,y),g:erfgt(x,gg ed using the transform coig i cients.
This locally decoded prediction error frame is added to the prediction

frame P'(x,y) in the adder 19 and the resulting decoded current frane
use as the next

Vet or ohe” 1T R PiediSion Cror Geding Hvck 14, e pescistonsamveirame ey isf or mat i on
e | TP SRS BRI b e ook b o 5
at | east tbafimehsionkl Pesctiohs. IFd CEXEhHIRN 42 Gifilinsichd NBisd89YEL 29
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 prédiction 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@yis oonstmcteq using the transform coefficients. This locally decoded

b prediction error frame is added to the prediction frame P (x,y) in the adder

19 and the resulting decoded current frame Z(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 cia'rrying 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.




30 The operation of a correspondi ng video decoder 20 will now be descri bed.
10 The Frane Menory 24 of the decoder 20 stores a previously reconstructed
reference frane k (x, y). The prediction frane P (x, y) is constructed in
the Mtion Conpensated Prediction block 21 of the decoder 20 according to
equation 5, using received notion coef filci ent information and pi xel val ues

of 5 the prevr o}‘ysﬁg%/ reconstructed reference frane Rn (x, y) . The
transni tt ed IPetHRTIGMeMenE 2 ef tptdecoder RO Yorssi @ praviously eecdnstueted’ (X, )

di bl 22 h
decoded pr oiieiense BahE 230,71 The RGRNRT S A (o 1 ¢ soritiisisstitheyr ¢ en
frame | (x, ploiEHeCNpBnsABATAEIUNBH o8 2A°H P bBSod ] Shi i P00 Y)

and the decoded 10 prediction error rane

P(x, Y) +E" ( xeqatiorr8 usimx (eceijadrnation cebiicBribiatotmatiél ahliiphel SaRAZLICUT T ent

frarre rrg &letored in the Frame Mepory 24 as the next reference frame
(

R,,, PF?WW@'BGé@E?W%ﬂC&#ﬂ crefeweme)rirampmsay)ed the oltanmgnittad

decodi ng of Qﬁ(}l t al i/ ? present e{gl above, the notion vector [AX(X, Yy),
Ay(x, y)] dd Fgetficients of the, predigtiomerren fiame iF, (x.d asarusedtinfthame wi t h

respect to 20fr can point to any of the pixels in
the ref eren%'gé%fétgwgé ﬁ@ecﬁ(%gtor%{qsgycb qeﬂal?f@glcﬁﬂﬂ ¥ gi t al

vi deo sequ c I ent ed t a resol ution.which is determ ned
by the inajgé;rg?xgrts nyE'f?eP'XP%pﬂ@regeea ed gurent figme |7, Gexblaie itoey . Real
nmot i on, ,.S andthsthesstemdescrrbed
above can onl\é %%r@é%gyggagwgﬁr@g@ h’B'aefI’ Mg L X)hénﬁoi/h%ﬁ’efi@@%en
~successiywve fr s of a_di vi deo sequence. Typically, nodelling of '
" mbtion Det \H@ﬁ%ﬁ?ﬂgﬂoﬁr&ﬁ%&ﬁd’t  full pixel resolution is not sufficiently
accurate to allow efficient mnimsation of the prediction error (PE)

I nformation associ ated with each macroblotk/frane. Therefore, to enable

e i or natr 55t nae Ciolt Bt ST BLTRHAD) S3 MR odleh. Etccoud®) “rany.
vi deo codi ng standards, such as

This decoded current frame may be stored in the Frame Memory 24 as the
15 nextreference frame R ,,(x,y).

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




11 H263(+)(++) and H 26L , allow notion vectors to point 'in between'

i mmge pixels- In other words, the notion vectors can have 'sub- pi xel

resolution. Allow ng notion vectors to have sub-pixel resolution adds to

the conplexity of the encoding and decodi ng operations that nust be

performed, so it is 5 still advantageodd to limt the degree of spatial
ector __may have. Thus, video coding standards, such as

resol ution g_bgq? |5>(nx ) ]

t hose previ éﬂ h@End #6Ls \aiowamolion vegtars | tovpaint finrbetweemrimage have

full -, halfp; j r t] 10 tion estimgtion with
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vectors to haye full- or half-pixel resolution. In the first
noti on vect BEY%W?@'@%an?’p‘ii%‘é?d‘fﬂgagﬁﬁmﬁoﬁﬁ thet deusthe pedormedgsaityis

appropriste ; ' ' : h as. 1t he bl.ock-matchin rocess
P oberT hesPafiuaged thtd AR hR e (47 holtial, Pesqlutii. pomotiomyeater
full - pi xel maysbauei diuss vilewncbdingi eténdakds, %u&ﬁeaéeg%té‘é 3{@4&5%9

0 e

motion vector determned in the first stage is refine arn
desired hal PepHY4d. dgaeally: el allow mptior veslors to have fulki &dif26r fuardrgur e 5,

this is do ¥ Lng ei ght new search blocks of 16 x 16 pixels, the
| ocati on ogﬁfﬁee%@%m)@ft conmer of each block being marked with an X in

Figure 5. These locations are denoted as [Ax + m2, Ay + n/2], where m and
n can take the valyes -1, 0 and +1, but cannot be zero at the same tine.
As onl Ut hdVigionestimatien with sub-gixehresolalion s welalyaperfarmed astdiewsal ues 25

(f | | : ' | f 1h b- pi xel
 Pesi di ng i ProREPa A BRI FIUIRE S 4 niden Sodindcadiorod Wit ci gnt
new sear clallowsaketiorugecigrsstorteaviedulih 6f halpRicP phadlitiih. 36 '?ﬁé’ﬁrﬁt 'é’?éﬁd%g
n,

I nterpol ated the values of th ub- pi xel ssat hal f-pi xel resol utl each

S
30 of the SN sveqten t@‘ﬁ'&@(s?‘?'bp'& npgselitiant Hs t ldetereined| esingwrese ot i on
vector is RehAshree ettt 3 chi rocess perforned in order
to determ lr?gbrtﬁ)e mot | on n%é:%‘ﬁhg@rtfo\?ﬁcﬂlleﬂ%flsﬁghé p“%e@Bﬁ?'ﬁ'{'?%ﬁB'"B OGRS obl ock
i s 15 ~ described in the foregoing. The resulting motion vector, having full-pixel
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
p_ixe!s, the location of the top-left comer of each block being marked with an
X in Figure 5. These locations are denoted as [Ax + m/2, Ay + /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 macrobiock whose rﬁotion
vector is being sought. As in the block matching process performed in order
to determine the motion vector with full pixel resolution, the macrobiock is
compared with each of the eight search blocks according to some criterion,




conpared with each of the eight search bl ocks according to sone criterion
12 for exanple a SAD. As a result of the conparisons, a m ni mum SAD val ue
will generally be obtained. Depending on the nature of the notion in the
vi deo sequence, this mninmum value may correspond to the |ocation
specified by the original motion vectord2(having full-pixel resolution), or
It may 5 coFres to_a | ocation having a hal f-pixel resolution. Thus, it

on
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val ues 8nd the interpolation filters are usua 0- ca sSep |l e
filterdV ig¥ampnlenonsgeardempiyehresoltipokinRin eptirebeanalogous Faghigr.ed as
follows: K=1 K=1 F(x, y) =1 f(k+K)zf(1+K)F(n+k, mtl) k= -K I =-K (8) The
“nbtion vectors are calculated in the encoder. Once the correspondi ng
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+Ax, m+4dy), can bé formulated as a two-
dimensional operation, represented mathematically as:

K=l L=l

Fx,yy= Y, ¥ fk+K I+ L)F(n+k,m+1) @

k=K {=—1,

20  where f{k,) 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 fitters', in which case sub-pixel value F(x,y) can be
calculated as follows:

K=1

F(x,y)= Z f+K)Y fFA+K)F(n+k,m+1) (8)

k=K =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 interpofate the required sub-pixels using an interpolation method

identical to that used in the encoder. In this way, a frame following a




notion coefficients are transmtted 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 franme ‘
following a 13 reference frane in the Erame Menory 24, can be reconstructed
fromthe reference frame and the rmti&h vectors. The sinplest way of

appl ying su ' [ pOn in video coder 5 is to
i ﬁ!to e?/polgat e%ggﬂgﬁeéu%@hggglmé:’%’%@kegﬂwortyi %% Fan E’@ frcepstiuctedvievarthet his i s

not an effizferencediameé andithe anotiohecesrgoder, because it is likely that the
sanme sub-pixel value will be required several tinmes and thus cal cul ations

to interpolate the sanme sub-pixel value will be perfornmed nultiple tines.

This resul ' | ncrease of conputational conplexity /
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resul ts i nresulisnioran usngeedshay irickedde bf wﬁpbiﬁbnﬁpcérﬁﬁ%ix&g? bhﬁdé‘ﬁ e the
ve t

origi 2@6 on- i nt(gerpol ated image. In addition, it I1nvo e cal cul ation
of so -epf"Q‘é‘P Thi ch m ght not actually be required in calcul ating

mtion vectors in the encoder. Before-hand interpolation is also
-‘_-_ggrticul arly inefficient in a video decoder, as the mpjority of

pr e- cal cul Anedltersativeiapproach), welsichvilinlitsNBsesol 88 dhed oder .
Thus, it is 25 a anta%tltaous not to use pr"‘e-r?gle(r:xﬁﬂzlgfit@% I'n {dﬁg’ lg:@oder.
So- cal | ed P%‘G%H%aﬂ e Sith-pixebvalues irua enemory ashoviated withythe

requirenen hedbrt PBA; -F0 ample, . i.f the desjire i xel precision is
quarter pi %‘Z?édrber'so fir%ér?{gﬁ%nnllé; ('Eséﬂ i&pfpﬁgqula&pno fﬂ'@l‘?a"@fﬂi tgrpektiani on are
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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-calied ‘on-demand’ interpolation can be used fo 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 resofution sub-pixels are only calculated during

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




Val ues of one-quarter pixel resolution sub-pixels are only cal cul ated
during the notion estimation 1 conpensation process as and when it is
required. In 14 this case nenory usage is only 4 tines that required to
store the original, non-interpolated imge. It should be noted that when
bef ore-hand interpolation is used, t he 145 I nterpol ati on process constitutes
only a small,. i of the total encoder conputational conplexity /
bur den, si nLhe'g éggéé ﬁ%PQBf Upageg fii eplot IMas that requirasbio Stoze dhercsiginal, t he
encoder, t hgos-fitetpotated iRfagbhe i nterpolation process itself is not very
- critical when before-hand gub-pixel value interpolation is used. On the
ot her hand, on-denmand interpol ation poses a nuch higher 10 conput ati onal
r, since sub-pixels nmay be interpolated many tines.
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that is, it.lLg:; ageogus _not t re- cal cul ate any sub-pi xel values. 20
Two inter péﬁsg?ilgﬁ%/s%éﬂég' 'ﬁ%’v’éﬁ"ﬁawﬂ@%@%@&bdyx%lavaluﬁfintelﬁﬂomlk is ongoi ng
~in the | TUykede Crinpeni ' | ' tor, Stud 0 16,
Video Coding Experts g%ﬂpﬁ%?/dcg%?\, @Jéehsff ?ﬁ%@%ﬁgﬁldf;g%es aTHﬁ?@%'SBBBaches
wer e pl@posemputatianat bupderaon dine encodér] sinte Bub-GikeRRAY Hd iﬂ[b,gﬁ,%ﬁl,d and have

‘been inple ed in st dels (TM) . for the purposes of evaluation and
© flrt her de\r?ri"%pﬁfé’ﬁ?: L‘%HSG{IB&C%RI@W ebinterpelationngrocessuebichomag be s
referred teopsidéRsl i TVL2) ile (th resulting frgm Question 6
_is known as Test Nbdgrq%'?%th%éTﬁgmeﬁt & p%&?ﬂ'%i‘ogéhe‘g%'aﬂ?%o@%d in
both TM.5 @perafional eydies that meast be performed in order to interpolate the sub-

pixel values, becomes an important consideration.

15
inthe decoder, the same sub-pixel values are used a few times at most and
some lare 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 interpalation 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 (TMLS5), while

that resulting from Question 6 is known as Test Model § (TMLS). The

interpolation schemes proposed in both TMLS and TMLS will now be
30 described.

Throughout the description of the sub-pixel value interpolation scheme used
in test model TMLS, reference will be made 1o Figure 12a, which defines a




30 described. Throughout the description of the sub-pixel value

I nterpol ati on schene used in test nodel TM.5, reference will be nmade to
Figure 12a, which defines a 15 notation for describing pixel and sub-pi xel
| ocations specific to TM.5. A separate notation, defined in Figure 13a,
will be used in the discussion of thelSub-pixel value interpolation schene
used in TM.6., A stjll further notation, illustrated in Figure 14a, wll be
used | ater NGtEHIAR to5descbinghixel oM subpixe! idaations- speatic Y6l TMLS. A

interpol ati otk . 0 of: i pyentiqn. It should be appreciated
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ef.we . Hoy
used to derff @h%'?-i’ 1eated dr gigyse ddias witt be lused tater irethed teixt iMdonidetien 10
speci fi gal |y 1.1 r nt.s the | ocation of pixels in the inmage
dgta rgpre‘giém?ﬁghg I%ilrr‘é Ity %‘8@?’&%‘6’%}%&9@@@@%@%@3&9 nveptien.dit pi xgl s
A bei ng eighositd becpipresiates! s " . -Viydeo source, or
g @Epprecia tRNMhréé Wfferén( r‘f?{lé}:?{l(é B%Giu\r( “?‘?1 gex'i Are -

reconstructed ang stored as a reference frane
Menory 17, 'B@ngediqassiet ythe uoderstandingleteat irtérpohitionoiretiod Sitd &5 S 15

Subopiwel 1o PlstRGuisAGEes hafuah Mo dioteveroi alireatigusshine torms
Dar i eyl ar pi Xl and SUbepr kol T Gt pege AL RixalCReol iy Mol e 1 & m
‘unit mri fgﬁ? ?alf&bélae iifier A Jepresentsothielacatidre of pixeloipthed indde aata
piel's o ahgeobRIAPEANEbES vidhe s dicres, (e pixakvalush of Rsels Abeing o i n
ooat fon 15 used 1o descr | e mny o ShbesF? (R, B VRed TuEl o0 s ow

of the ori foeasruaRge andt storgiitapiax ebferdncendraing Nk (i PHTASIHEZ Fa0d 132 as
~well as su&-pi xels_b _and d in Fi 8ure 14a have unit”
emory 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.

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 focations.




vertical locations. 30 By definition, pixels A have unit horizontal and
unit vertical locations. 16 The term'half horizontal |ocation' is used to
describe the location of any sub-pixel that is constructed in a columm
that lies at half pixel resolution. Sub-pixels b, ¢, and e shown in
Figures 12a and 13a fall into this catggory, as do sub-pixels b, ¢ and f
in Figure 14a. In a simlar manner, the term'half wvertical location' is

used To desThetlentithal drsizontal dbeatfun 38/sBt 8! dédiabel the (AARSE YLFY 11 2
row that |ies at hi}l|f-pi xel resolution, such as sub-prxel's c a §V in
Fi gures 12aS¥hRixehihatis Genstrugted imapeaismn thatdieanat hak piXel gesslutidfta. 10

Furth ' t : | t al tjon' f t b- pi xel
that s conSrbaBelEbTL, GHa'd Howti ERUEL 1288 fa Gl ipioc s cagbac, o
such as  suds goxabspirelsits] ccandf ri Bigufe i&a;xﬁggmﬁ énﬂ?,ﬁgql? gqjmn,hghgur e 13a

and sub-_ pixels d, g and h in Figure l4a. ous arter
verticaP  |'6ligaldncatien’ de susesl tuislestriae she Hocationeot angtsuispiel thatdsr ow

which |ies rrer-pixel. resqluytion 1In Figure 12a, sub-pixels e and
f fall int Ofﬁﬁhs@ctegf; eéﬁpv},){hég ligs é&l?tf%ﬁ)'%ﬁ‘ tesplutiong gych asnswli-gixels ¢3a and
sub- pi xel s @nd 8 iarEighires M2& i €34.43s e NI ch. ot_. the terns
descri bed above is ghown by' envel dpes'wghz%ggpg%}ég%%f%’{aaﬁgrgr& S ng
figures. | t14@oul d further be noted that it is often convenient to denote a

“particular pixel with a two-dinensional reference. In this case, the
appropriate two- dinensional reference can be obtained by exam ning the

i nt er s¢0t i Furthieribee, XhectiRl Q@ rhoﬁzSHfa‘i’?T%(?ath:ﬂm’ JoR g #@ﬁ%@@@gﬁ{ ing this

~principle, pixel din Figure 12a, for exa has “a” hal al and
-.bal f verti daatis genstrertedinia colimpiwhith es abqaanter pixblaebaiatiba) sicagiuar t er

vertical | tl: I I, td. nd for. ease of reference, sub-pixels that
resi de at %gﬁ?d”g&n?td %'ocﬁq%ﬁﬁ@f%a 'SHhTR'x'aﬁldt‘?‘%Q in fdgureotaa anghsub-
hori zont al pixeds kiald amdl h ineFiduedl 140CARL I ; i
hori zontal and hal f unit vertgl cal |ocati rgggua% \Iﬂ’Fé lggﬁﬁeﬁé?&%d%ﬁeéfs 1/ 2
location” refers to sub-pixels that are constructed in a row which lies at
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-pixet e has a unit horizontal and quarter vertical location. In addition,
and for ease of reference, sub-pixels that reside at half uﬁit 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 o as 14
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.




resol uti on sub-pi xels. Sub-pixels which reside at any quarter unit
horizontal and / or quarter unit vertical location will be referred to as
Y< resolution sub- pixels. 17 It should al so be noted that in the
descriptions of the two test nodels and in the detailed description of the
invention itself, it wll be assuned that pixels have a m ninmum value of 0O
and a maxi num value of 2"-1 where n is the 5 nunber of bits reserved for a
pi xel value. The nunber of bits is typically 8  After a sub-pixel has been
i nt erpol ate i nt er pol ated sub- pixel exceeds the

L .if th | f that
val ue of 2"ﬁ|§.5,h|°f~’{f“I @'50@35&@&@ 'gdh@ Hescaptipasarf the twa tagt mopdels anddhues
| th L0 : lue will- . the nini | 0) and
val ves. | ar geqetabd ESEpIAESt 8 oo w8 Fille ascmgd at el s "
oper ati on i sawmlal méhimunpRahe. oflbearkll-hixplun YR bn;eeffpwhg?é AnssRgene
(0}

according to TM.5 will now be described in detail wth reference
Fi gur es 212anumbgr ghlity seseryed for aipixel xalue. fibe numsberubf bitsé typicaliplst uni t

hori zont al (b et ' that is % Luti b- pi xel b i
H our o 10, A0Er 8 bt e Yoor BtabuEa, 1\ value 4 Bl inteuonind &uBo ot o b
val ue for %ix@ls@toeteugnhawueobm-r,bitb@?@ﬁﬁé’t@eﬁotth's (;ég{;éeo‘f 49,; %?ﬁ 8 pixels

(A, to A6) situated in a row at unit horizontal I on ni t

vertical | o@deoipwerthan the mininumaliovasl aluaswilihbesoma thiegmirdmiab,
according t f = ot D + 20A3 + 20A4 - 5A5 AG§ + 16) / 32.
The opergt o@lqgg@ngéwaﬁf% @Iré% Waf‘h{ﬁ%t'l’@ﬁ'@’aqmd‘?ﬁ'" 1$ﬁ§395§’§ﬁ¢ﬁ“%"‘§ﬂbp)ed to

l'i e i nidhe vakrg€2H ). TRis dleraffon iaddned ciiﬁﬁinﬁge' /'z resolution sub-pixels
l.abelled ¢ are calculated using the 25 sane six tap filter as used in step

+-1) and the six nearest pixels or sub pixels (A or b) in the vertical
direction. f i ' 12¢. the filter ipterpolates a val ue
for the '/ﬁr%eggwﬁl%én%g’uéoﬁ%lg@ﬁ@W %@Eﬁ'@&%"[ﬁwg to VS Siiznow, b hal

vertical | destiibed insdetaibwitin réfbroncalto Fgwbs 18, fopiangl ¢, (A to AJ situated
in a colum at unit horizontal |ocations and unit 30 vertical |ocations

symmetrically about c, according to the formula ¢ = (A, - 5A2 + 20A, +

20A - 15A51F The vahi® for IRe SUBTHBAT & hir iV BofiZontal Gnd Znit 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 {As 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; - 5A; + 20As

+ 20As - 5As + As + 16) / 32. The operator / denotes division with

o 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 12¢, 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,
- 5A, + 20A, + 20A, - 5A, + A, + 16) / 32. Similarly, a value for the 14
resolution sub-pixel ¢ at half horizontal and half vertical .location is
calculated according to ¢ = (b, - 5b, + 20b, + 20b, - 5b, + b, + 16) / 32.




resol ution sub-pixel ¢ at half horizontal and half vertical location is

cal cul ated according to ¢ = (b, 5b2 + 20b3 + 20b, - 5b5 + b6 + 16) / 32. 18
Agai n, the operator / denotes division with truncation. The val ues
calculated for the ¢ sub-pixels are further clipped to lie in the range [O,
2'-1]. 5 At this point in the interpol &8i on process the values of all 'h
resol ution sub-pixels have been cal cul ated and the process proceeds to the
cal cul ati on oAgaIn: thesaipgraion 4 uenotoseldivisiboewith3truNeaties TRe VAges/ a
resol uti on sub- are cal cul ated usin 10 Ii near

i nterpol ati on Qﬁh‘@ﬂ‘if‘?faﬁ?‘&e‘é%? PARLS ale fusther slipped t@.?l'@ in tbe rapge rf@sol uti on
sub- pi xel s |n£¢hF hori zontal direction. Mre specifically, values for 1l/a
resol ution sub-pixels d | ocated-at quarter horizontal and unit vertical

| ocations, are calculated by taking the average of the immediately
nelghbourlqﬂ X at.unit _horizontal and unit vertical 15 |ocation (pixel
A and P n&\é‘alnﬁl@ | ip the g’ﬁ@ﬂ@@iaﬁgn%rocessnhelmlueamf all Xelresolution f

hori zontal _and unit vertical atlon (subgf.)l xel , e. according to d

(A + b) / SUGRXels haye pe B SHGHRRR Shd ep@q&ssopa@@eedsattoqﬂmer
hori zont al c%h%lﬁﬂbﬁ e/} %\%‘%’Pﬁ@ E’B{éiaa@i% cal cul ated by taking the

aver age of the |mre ate resol ution sub-pixels ¢ 20 -
which [ie at unit hor| zontal and half vertical |ocation and half horizontal
and half vertical |ocations respectively, i.e. according to d = (c, +C2)/2.
Agai n oper & oY 2lupsdioe die J4 dBGO'yF@ﬂ S\Mbtmmls dabellécbd. are cieulated futsrngt he

Pncerpiati oriel Flelnbafitn S TeLBNE B o dearest Bixels andu/ orrsol uti on
. sub-pixels i rrebbmt“éﬁrshbqﬁkeléllﬁ% h@ﬁzodté‘! cﬂn%!ctnbﬁu}w%rr? s%eé@@ﬁ@ﬁ?ﬁ&{eg;n

" sub-pixels e at unit horizontal and quarter vertica
cal cul ated bJOfa)él rﬁjo!uienaeub@eels)fd t@mteuhmidqaaaey hoeizohtzd wrich initi xel  at

nei ghbour  ng ST WY aie” Rl SRR Yo 1BkIEG) thb criveEage | o dbPon (sub-
pi xel c) accdmunediately meighitfouting) pixe?- afl/umit’ $RizbhiaPNand PuRt Xirficg3 at hal f
15 location (pixel A) and the immediately neighbouring % 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 % resolution sub-pixels ¢
20 - which lie at unit horizontal and half vertical location and half horizontal
and half vertical loeations respectively, i.e. according to d = -(C1 + Co)/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 ¥%
resolution sub-pixels in the vertical direction. In particular, % resolution
sub-pixels e at unit herizontal and quarter vertical locations are
calculated by taking the average of the immediately neighbouring pixef 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




hori zontal and quarter vertical |ocations are calculated by taking the 19
average of the imedi ately nei ghbouring sub-pixel at half horizontal and
unit vertical location (sub-pixel b) and the i medi ately nei ghbouri ng sub-
pi xel at half horizontal and half vert}i cal location (sub-pixel c),
according toe = (b +c) / 2. Furtherr?ore, "/ 4 resolution sub-pixels e at

quarter 5 horj I . rter, vertical, | ocati.ons are, cal cul ated by
taki ng t he a%/\éér}ggg O(f)?&? h‘ﬂ}ﬁ%ﬂ?g?!Va{leéquPOHEPgﬁchﬂ'¥agatMWi?ar%alandquarter
hori zontal amt werititaMecat bqsiRli Lt hOGs gkl xel  at
quarter horizontal and ha?}?‘s\ye???ééatﬂiﬁngggﬁ@ﬁfdgﬁ%ﬁgﬁ%gﬂg%@g%%ordi ng to
e = (d, + dBxel 3t hatberizantal angh bekivertical iloutitioat (sabdiixdl ) pacedrtiing
truncation. ._ the I r.. 1/4 resol ution sub-pixel t is interpolated
by aver agi ng]tgh% HJQ|TJ\E{3§ /g?‘ Fﬁghﬁ"@?rgsz’gt’eﬁ?lﬂg’?@ sybrifxelsae alnguartadri zont al
and ver§i cal horizontdl ety q@aRer dieficdl Qodations are” cAularéd. By Mg the!
ong"fna %I 8's. 15 A

where pixels A, A2, A3 and A4 are the four neares

di sadvant age &yeraga sf the immaediately deightieuring selopielaat quattéryhsrizoptaix. This
results from .hat, TM.5 uses,an approach in which interpol ation of
'/ 4 resol uti 8@%3@33‘?‘%@?&\}%’%@ @é‘ﬁ'sz‘s cepBAPeRENg niut-peh@t cvasker h

resol ution sworipbil and!HafiSverilél So AN P’ A lkpterpol ate the 20
val ues of the % resol ution seub- pi X@%ﬂ?ﬁﬂ@%&xﬁlé&gg #0{(?1@91 er_eg%l Tti on sub-
pi xel s from ¥l c3 ©nes mare, eparator/ indicatus division alithithaicetiohi r st .

Furthar re, since the values of sone of the '/4 resolution sub-pixels
depend."upon the interpolated val ues obtained for other Y4 resolution

sub- pi xel s5, TheNgEAGe 9or i £ = DJ lues has a
“del eterious effect on tzjer%%&'egti'ésfi,lér?bgﬁ%ﬂg :ggﬁn%ﬁ%%?aﬁde(ﬁlfla&%a@%qt % on
sub- pi xel vavaides ehéle f4 ciodept pixeds ' valwess alt WinibhorizgohtaPiarkl vealcaes are

been L1 uncat SARGSACCRHING TS her i-huvclie ngb/ o where Bes Aiado, |t 1
e e e sl AR S, 0 T erer o
A disadvantage' of TML5 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 %
resolution sub-pixel values. This means that in order to interpolate the
20 values of the % resolution sub-pixels, the values of the % 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

R

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
TMLS is that it is necessary to store the values of the % 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 interpofation, will now be described. In the encoder the




30 excess nenory is required to store a result which is not ultimately
requi red. The sub-pi xel value interpolation schene according to TM.G6,
referred to herein as direct interpolation, will now be described. In the
encoder the 20 interpolation nethod according to TM.6 works |ike the
previously described TMU5 interpolati@f nethod, except that maxi mum
precision is retained throughout. This is achieved by using internedi ate

val ues whi chitefPelalionyRethodrassesding feTNLE posks like theaqprebioustyegesteibedi pt i on
of i nterpol gjj@n; . [ JM.6 as. applied.i,n the encoder is
gi ven bel OW?VMIILt% h ’ﬁ@?‘%’r@eﬁéﬁ&&i %8?%@ !Lr% mféﬁ"lé{ﬁdpmwa.*ﬁf?éa%ﬂue f or
t he sub- pi x#rowghdal Thigris achieved @Yt @ingid hdi i j | that is
resol ution subt?%i xel b _in Figure 3a,ms?s %mqlﬁteégﬁ%g/&?albvpﬁwé%t%%&gdl ating
an inter ned[%'ﬂ@eQaﬂQfeC@M-ng stepiby-siep desariptionTole irftetpotations mhathbdt es b

based . the. 6 .pi.xel A, 1o AB). si ted | t it
nor  zontal Faeifg{E T b aPhIBHTR e er Gy ey et veferengou; b, as
shown in Fiw_}%ufb%b],sagqggra(ﬁmé_o the formula b = (A, - 5A2 + 20A3 + 20A4

- 5A5 + A6). e final value of b is then calculated as b = (b 15 + 16) /
32 and is clipped to lie in the range [0, 2"-1]. As before, the operator/

d t di vj si | ti - 2. Val I {he 16 |_.utior
denotes 1) 2088 LA PGB oot Pl Sint bl it Sont e
vales o Fel RN, ihat 184solikn o3850 s AR S5 Gl st ° °°

resol uti on sub-pixel c located at uni z I
| ocati df i s celeulatingdamdetetmegdiate t value ab uesing & shdap filtere| The( Ailtet 0 A6)

Docati ons synicvREh Fhallpof WE SRR of s e (oo stuatedina - sa2 +
20A, + 20A, -rdwhat tnid@lorizéhtal an!addéﬁuﬁﬁ’ﬂteft@gl\%aﬁénﬁ %ﬁ@#%ﬂgﬁﬂlgé“b' pi xel

¢ located at unit horizontal and half vertica cation | cul at ed
accor di ng t o abeutdy as sheyryingligursi 18h, accerdirmto thetfermeldi at=dAyalspg ¢ for the

"/ 2 resol uti ub-Jpiaxelz . a f_ Jhori zpnt .and half vertical |ocation

i's cal cul at e?%%’c‘grzgﬁﬁé %ﬁﬁ%w?jﬁ'e Qn%ygﬁig %Jd%ﬁsa\penmlateg@ h=db A final

val ue Ai.@r thlr-s 16)Z B2x0iduis olippadbtdlisah the .tah@a [0, 2'-1]. As before, the
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 ¢ for the % resolution sub-pixel ¢ located at unit
horizontal and haif 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 %
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 ¥ resolution sub-pixel ¢ at half horizontal
and half vertical location is calculated according to ¢ = (b, - 5b, + 20b, +
20b, - Bb, + by). A final value for this % resolution sub-pixel is then
30 calculated according to (¢ + 512) / 1024. Again, the operator / denotes
division with truncation and the values calculated for % resolution sub-

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




30 cal cul ated according to (c +.512) / 1024. Again, the operator / denotes
division with truncation and the values calculated for % resol ution sub-
pixels ¢ are further clipped to lie in the range [0, 2"-1]. 21 3. Val ues
for the 1/4 resolution sub-pixels labelled d are calculated as foll ows.

Val ues for 1/4 resolution sub-pixels d2l ocated at quarter horizontal and
unit vertical locations, are calculated fromthe value of the imediately
nei ghbour i ng Matees fer the % hesolutionsutepikelsilabalieed af@balmbu%( pi xel

A) and the Ink}ﬁ madlﬁ val ue b cal ciul ated in step (1) for the inmediately
nei ghbouri ng ? sfﬂb i sesoldlion rﬁl.lb-ph(&lsmrimhtmcatuquafmﬁrt i cal

Eizatngfﬂeélﬁ onO7GhEL R, BHE Vel iBbaefSaare saltutitad Egaf’ﬁ@e Came; zontal
Val uos ¢ cal oo arod TRpoRRel AEREHOUNGS ERRCAC Bt hiRabnlu nd [ © °

sub-pi x8l s c verticl fdcation (phiel A)end 108 idlertisiafd Gall®l e{: uclé%?f;fr{]on and

hal f horizontal and half vertical |ocations respec IV g to d =

(32cl1 + c2 + at394[1)/ for2thes immgdiatebyp eveighbouringngh ﬂ:_;’g(m;{,dﬂ Euﬁipﬁ)fb!%
truncation a 'Uip.15f|nally obtained 1/4 resol uti on sub-pix val ues d
are clipped t 1zen @h@ndamyb veotical" loghtiont (Ve sadatidrosubksixdl by,esol uti on

b Direl o o RO Bing 1 b ﬁﬁéﬁ B8 64 Velies doc & ?Sséﬂneéfs“ut{agif o
| | |

ot Chor s onHixersdctet Htfudter ibrizd TP ARA A vBRICH THOREAR, Bré: redi at o
al ue 10 cal cihterpdlated susing( Me i 'f'l@énﬁélﬁatéa' n'%lHéFebycatag%}rgﬂu '1;3{‘%2

‘-,_,',rfesol ution sub-pixel at unit horizontal ver
according to l@metd@teiyme;ghmng ?&Sre%olutwal sutsph@is B whicts kUit QAit

sub- pi xel s e h nt al amd quarter vertical |ocations are
cal cul ated f ﬂ?ﬁﬁ?‘ﬁ'ﬁa i ﬁf‘grﬁ@'& I’Q@t@n caild:ll'laii: dorizontaleandihakor the

i medi atel y Y, Qn..su xel hal f horizontal and
uni t verti cal ocaﬁ%%%%@@ﬂgyr 5@9% d= ?‘13201*‘ C2+ 1024) /

2048. Again operator / indicates division with truncation and the

15 finally obtained 4 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
1 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, accordingto e = (32A + ¢+ 32) /

25 64. Vaiues 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 % resolution sub-

pixel at half horizontal and unit vertical location and the intermediate

_ value ¢ calculated in step (2) for the immediately neighbouring 1%
30 resolution sub-pixel at half horizontal and half vertical location,
according to e = (32b + ¢ + 1024) / 2048. Once more, operator /




value c calculated in step (2) for the i nmedi ately nei ghbouring Y2 30

resol ution sub-pixel at half horizontal and half vertical |ocation,
according to e = (32b + ¢ + 1024) / 2048. Once nore, operator / 22
indicates division with truncation and the finally obtained 1/4 resolution
sub- pi xel values e are clipped to lie %4 the range [0, 2"-1]. 5. Values for
1% resol ution, syb-pi xels | abelled g are conputed using the 5 value of the
nearest ori gi WEHCRERe divisiony wHE itFincation aard viheiefinally t bbtdihede Yhear est

nei ghbouri ng | uti on sub-pi xels ccording to g = 1024A + 32b +
Soct - Co SolkesoaBsEb-REePURAIRS € 5 citsd fo fevaitbarasge tadsilon wi th
truncation and the finally obtained for 1/4 resolution sub- pixel values g
are clipped to lie in the range [0, 2"-i]. 10 6. The value for 1/4 )

resol ut i on 5subaliesdor % i resolution EibapirelsbigbaNsd a;‘;hfw cofiputéddludftig He the 4
cl osest _pi xel s .at ?2Lt hori zontal and vertical 1 ocations, according to f =

(AL + A2 + Avalugplthenearest qiainal pixdl A aod: thenistestegliatel walueslof iz A3 and -

A4 are the f AW Iy 5 In.the decoder, sub-pixel
val ues can bgﬂg%%lgfl’éﬁg%td? ‘%‘9@‘?@3‘*'@ %g%??}f’ﬁ%“ Subspxels; I@@?@?Qﬁ‘ﬁ(ﬂp izont al
and vertical (10R4At+ 886+ B2cihe,+2048pf 4896. A8 RRIKChbperfeY iHbicaks
referring to Figure 13a, the filter coefficients applied to pixels and

sub- pi xel s atdivigion withitrungatipaand the finally obtsnedsdor % résoldtiohosul set of
si x pixels 20 -5 2,.20, -5 i] fora set of six sub-pixels d, [2,
~10, 40, 40,%’Q%’,‘Laﬁ?eﬁ&aﬁea"'g’é’ﬁd&?ﬁ@i'Sé]'%bargg%&?911]- and [1, -5, 20, 52,
-5, 1]jdgor 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- pi xel @alTihesvaaerfgr Vhresplutionestb-gixel islefnt@rgléldfétlﬂ'%yt &%rébﬁag%é in the

hori zontal and, vertjcal directions, interpolate valué c 1s ndrmalized

according to vglugs.( ef m9264@?5¢314@5@33@fduﬂil ihopizantad andevértical loeatiomgye [ 0,
the. hori zont A°CoEId PEYRT (PRLEAR LA Aol /L SPBereb bk TreRimcotietioed.,  in
a practical ApAgnnand AgaretheThiub nedidst erigintal bixarRches are used in the
15
In the decoder, sub—pixe! 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 g, [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 ¢ is normalized according to ¢ = (¢ + 2048) / 4096 and clipped to lie in -
the range [0, 2°-7]. 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 TMLS6, 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.




30 software which are optimsed for the different sub-pixel cases so that
there are no nultiplications by zero coefficients. 23 It should be noted
“that in TM.6, 1/s resol ution sub-pixel values are obtained directly using
the internmedi ate values referred to abgﬁe and are not derived from rounded
and clipped values for Y2 resolution sab-pi xels. Therefore, in obtaining

the % resol gt - i al .~ 1.} 1S not necessary to calculate 5 final
val ues for fg%{/ﬁgkﬂg’%g%ﬁf h@ié’f m J’élﬁ%ﬁ%'i‘t%l sub-piyet vhlues|arg ohitained not
necessary tdireudiyrysingthe inferiiddisat VAo e bl pP rations associated
with the cal cul ati o’g\glof final val ueés?ur% or t'?\éea gyéﬂg‘éés)gﬁﬂfq%rpiﬁ%ﬂﬁ?(i

el s.
Nei t her. i s oM TRBBEed anyd elippedvealues fardsfreselutivalsubspikers, Fharersoit i on

sub- pi xel s : | al cul ati o f the V4 resolution sub-pixel

val ues. The‘;r%‘%‘@e‘ntﬁ‘é feg%k’g’%‘oﬁ‘rﬁh%‘?pﬁa%.yﬂ iscRet ResRsseRy thaalcits, as

f ewer’  t fundial Vgl for hppi ' ui ver, a

di sadvant age oP@TI\/LG i saﬁﬁggﬂﬁg%qﬁdé@@i g’?ﬁ'&’i’%ﬁéﬁ&@“‘%&?é{qlﬁ PEY both in
t he encodeMegRESANY icheadygmddhe trutationr e sjlipping%ﬁérﬁﬁbﬁéia%%oég%? res nore
silicon arg;hhi A@r{éﬂ ﬁnd LF@LJ]”?S g)ore conputations in sonme CPUs.

Fur t her nor €, |¢¢‘8I BUeh ghhge! v@lvestor the ¥4 resoliiont sunpixelss Neithei isd i n TML6
i n an on- d¢ifgee f;g@,hb' : r lrement. .This i s an

i mportant fact or'S . par '?fh (ﬁ?&ﬁ@gﬁ@?ggé%% (%géﬁu@gg .SUF’FP'V&@iPro‘FSq IRe

previ ous| y i €gkaulatiordiof dbe skoresalutionhsuth-gides vaRse ci I?ér@gaé%hgmmtl_ﬁzirgeggredt ?o

the differ g nts of the,video encoder and deco

sub- pi §<6e| ?ﬁ’l“gﬁ’ﬁ%mﬁgﬁesst ﬁ%'i“B}eéxﬁhéf‘s ML3; anifewemtungalitg andidlippidgvel opi ng
-a met hod obpéraltions X&le ed at,i f viding ..

' “sati sfact or?/ pe,rfor.nang?%dbg?(ﬁ%\%en gn@%ﬁ%%@ﬁégaogczm 'q:mqqh@ﬁhor e,

nei t her of Piasision aritmeticistrequiced bothTivtbe cfibbddr ﬁﬁﬁﬁthb%do&em‘ﬁﬂlfxor egoi ng

25 can proyjide.: 14,Qf3 t is optimymn+Tor application in both encoder

and decodé';eg?sglf;"m%rﬁﬂew%%ﬂ?iggﬂ?f%Fi?‘?fﬁ %&Qﬁté‘éﬁ’%i'mg‘\s’@%aﬂﬂrsﬁqu&{eaect of

t he i nventmore ichatmutatiory BV kope 0 LALET: ' in video coding in

uhi ch a0 | mage cqn%Jri o Sﬁg}{éaﬁggtherﬁ\&te, iNPIGtheRAnbh of S8y

, 15 interpolation as specified in TML6 in an on-demand fashion has 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
\J developing a method of sub-pixel value inte_}rpolation 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




in rows and colums and represented by val ues having a specified dynamc
range, the pixels in the rows residing at unit horizontal |ocations and the
24 pixels in the colums residing at unit vertical locations, is
interpolated to generate values for sub-pixels at fractional horizontal
and vertical locations, the fractional2dhorizontal and vertical |ocations
bei ng defined ccordlng to 1/2', where x is a positive integer having a
maxi mum val H'é‘e% in fe reluwes f%“:ldiﬂgpatl whihyertical Wbetions) e mtbQlolatul-Bi xel s at

1/ 2"-" t I t d t h t al
o eSO b IEEL | o i otk v e
directly usnh&gfrmel‘icﬁm Qﬂ)rﬁuﬂfal Q:Ind%éﬁbé fcfcﬁhé?h gﬂ-@ 8#6’@%@ Q%E ,ggt,ac!, 3Rf't

unit vertical |ocations; when va ues

hori zontal HAd Vﬂ]@‘exlmalposnmetm@ger Havivij & anaxiaiuen Vafld NeGhe k@rﬁé@o' ating
such vakues 2‘1 ectly using a choice of a first weighted Sum of val ues for
sub- pi x&l & Pf%@gat 1/2N-1 unit horizontal and unit vertical |ocations

nori zont al and oz aned 18] QubreERal ot bt hefonalr sod 1eiheribakond

hori zontal and 1/2" unit verti cal

wei ght ed s@@ﬂtlﬂﬂsvahdemlmm@rmlm aodd lﬁﬁp@é,qbé]gog SHER f;e)qlwrgﬁgdl;:)z

Wnenavalu for@_{ ‘f) ‘%@smuated at a 1/2" un|t ori zon

uni t vertlé%fm??!ﬁ g Blictt values diteclly using:wpighted symsudfrpizelsaesiginyyat aki ng a

wei ght ed aﬂﬁit%z@ﬁta‘iﬁﬁqut‘%@améahﬁﬁ% sub- p| xel or pi xel situated at a
an

1/2N-m 20 unit hori zont al vertical |location and the val ue of

a secoH¥ bﬂuﬂhﬁmlu@ forisubkpikels att o™it uﬁn ﬂabﬁzoﬁtﬁl énd’972 @ﬁlﬂer‘i’ie& 172" (

--unit vertl% | ocati on q%f“abl es. m n, egef "val ues in
" fhe range PPYORP &g renyised, intampolating S'éﬁmvaie@@dﬁesuybuangei chaice pf xel s are
| ocat ed di gagprvadightedVdun? of 442" .unit hori zont al
and 1/2" vertica ? | ocat i on %ﬂ?@%{.@%}%ﬁ%&}fﬁ@fjﬂgﬁt i(ﬁd ierizonial ght are
used in t h@nmr@hvefﬂcaivlocaty@ns eafler sedoid weighted sunh of rﬁit@éﬁ& Japgni tudes
G agonal) ARG (I% et R Rolzartandng 2™ unt Vertcal locations, the first
di agonal ) f‘ﬁ At ynit"bo dAL™ unit vertical locauons the first
15 and second weighted sums of values being calculated according to step (a);
and
c) when a value for a sub-pixel situated at a 1/2™ unit horizontal and 1/2N
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 1/2N™
20 unit horizontal and 1/2"" unit vertical location and the value of a second
sub-pixel or pixel located at a 1/2™° unit horizantal and 1729 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 1/2"




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- pi xel or pixel are symetrically |ocated with respect to (equidistant
from the sub-pixel at 1/2N 25 unit horizontal and 1/2" vertical |ocation,
the first and second weights may havezgqual values. The first weighted sum
~of values for sub-pixels residing at 1/2"-'" unit 5 horizontal and unit

vertical | ouait ihofigontal ane /2 verigabloates waeirspahtile Bhg Sheifhtsthay un' !
horizontal and 1/2" upit vertical location is requi reg. he Second’ wei ght ed
'sum of val uBeVg AU YBIYSSxel s residing at unit horizontal and 1/2"-' unit
vertical locations in step b) my be used when a sub-pixel at 10 1/2" unit
horizontal and 1/2N_' unit vertical location is required. In one

~ enbodi ment , Thenefirstv aleigtted osurmubf valids ifé?e'sﬁb?fixélﬁ‘irbsm' z@nj g1 at?ﬁ*t uni t
~vertical_locationsg, and 1/2" horizontal and 1/2"-' vertical lTocations are
requi red, stRIFORAl ARg YRk verical iasiatioas imysterab) moay be aseet ahencd sube val ues

of 15 a fir ' N-1OFSsub= Dl X el ned.at a rti.cal | ocation
cor r espondi ﬁ:]i%el{%i 3‘%5“’8?”@%&@&6@%|”“Héﬁeﬁ‘gcax &@ﬂpﬁﬂ%@%ﬁ&duni t
hori zontal |ocation and a second pixel or sub-pixel |located at a vertical

| ocati on corres;ondi ng to that of the sub-pixel being calculated and
1/ 2"~ uni tTfoP¢apEwgighisgsura of valuesifensulapixeds fesiding bt phik Bbza@itauni t

hori zont al a?ﬂd1 2" Wt i Locati.qQns and 1/ 0" unit horizontal and

1/ 2" unit vertll(%g-l ufﬂcf)gae fc\éﬁg&cgﬁg}'?ghﬁﬂaep gy be Uﬁ?é(/WB%" Anudrpisebated by

t aki ng16he 142toaiy hokdortaicantat 282 @it veridal Kicali ﬁﬁ]r uireguP- pi xel located at
e

-a horizontal location corresponding to that o ub- pi xel being
.. ¢alcul ated and unit vertical |ocation and a second pixel or sub 25 pixel

| d | ; ' di Lof th b- pi xel
bei ng. cal el o ot Beohest b VR LESEBRR A V2 i Borsprial angl ol < a

1/2" unit aitivesticadllocations/ ahd w2t hegieshtap anbiona! Qesticaldedidnk ;8" Po! at ed
by taking the avera%E of values of a pixel located at a 30 unit horizontal

and unit vEFQYies sy valies arg iterpolated by,taking theaverage of the Ralues 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 1/2™" unit horizontal location.

20 When values for sub-pixels at unit horizontal and 1/2" unit vertical locations,
| and 1/2"" unit horizontal and 172" unit vertical locations are required, they
B 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 focation 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 focation.

Values for sub-pixels at 1/2" 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 1/2N*
unit horizontal and 1/2"" unit vertical location.




'-1/2 unit hor,j zontal and 112" unit vertic

unit horizontal and 1/2"-' unit vertical location. 26 Values for

sub-pi xels at 1/2" unit horizontal and 1/2" unit vertical |ocations may be
i nterpol ated by taking the average of values of a sub-pixel located at a
1/2" unit horizontal and unit vertical |ocation, and a sub-pixel |ocated

at a unit horizontal and 1/2""" unit vegtical |ocation. 5 Values for half
of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical |ocations

may be i nt eVahiestfed shi-piads ag 1/4%eustv AbASEHtal fyly5' of a
sub- pi xel | ocat ed at a 1/2" ' unit horizont aaﬁ%r? UEP?Q}\?QQI ‘Ta‘.lqéﬁ%at

and a sub- p2¥ D¢ Braieiptad by taking theravesageiof sales/df a sobipixetlocaed
| t 10 1 h f th b- | t 1/ 2 it
hor (v ontal aiaq/2 HAR nofbohFagd LRl yilical fecation, BRE 'ﬁﬁgﬂsﬁlwteqkfﬂ'g he-

average of at a aAit OOHzGRAES ad 1/29“’%#}&@%&%@&% nl ocated at"a unit horizontal
and unit vertical |location, and a sub-pi xe ocated at a 1/2' wunit

hori zondal and 1/2"-' unit vertical Iocatlon 15 Vval ues for sub-pixels at
| ocati ons ¢ alternately

1/ 2" it t

i nter 32: at re\gélpég?%%aigﬂpwe% ﬁ?é’@la\{k}féﬂtl §Eﬁt herizaatahaad éé'é yhit yertical st~ pai r
f | dHisbm t

\C/)er Y?C;FSI g?:?a?f on, Qyw mtéa%@hlﬁgjew t%(éﬂz‘iq ?nc? H?értaggiﬁft or 4 aoraé}d‘falf'g‘#d | /2

unit 20 veﬁfl%éubfm’éﬁltw@ﬁiedr&! war&esuammoimonai aeidoiMib vertigl fatdiiogub- pi xel

by tak f d f val f ] d
i+ Ror 0 AR SUBHARG Bhadu s U ihoRoh and- 5 bl ariat oostred ot o
L2 unt faoid walnbslior BRAoihb? haifof L5t Gy 8?%?2’°Bmt?ﬁ’or§§ﬁtajw' xel s at

ocatl1 0onS nat el Yy

it 15 o 461 8 esomaton ot ook,
i nt er pol at ggegn& jﬂﬁsa?f adP'rxgl:JloFﬁ%d %'Ga\'flﬂrrgﬁ"wpl]@ Wrumbw%mgaﬂb pi xel s
at 1/2" unidcdtion] aﬁﬁtzﬁbuﬁ-@&e”é’catétﬂ”a‘t a 1/2%" unit horizontal and 1/2™" unit
vertical focation.
15
Values for sub-pixels at 1/2V 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 1/2"* 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
N and unit vertical location, and a sub-pixel located at a 1/2™" unit horizontal
and 1/2%" unit vertical location.

25  The sub-pixels at 1/2" unit horizontat 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 fur some sub-pixels at 1/2V unit horizontal and 1/2M unit
vertical locations are required, such values may be interpolated by taking

the average of a plurality of nearest neighbouring pixels.




vertical |ocations are required, such values nmay be interpolated by taking
the average of a plurality of nearest neighbouring pixels. 27 At |east one
of step a) and step b) interpol ating sub-pi xel values directly wusing

wei ghted suns may involve the calculatjon of an internediate value for the
sub- pi xel val ues having a dynam c rang%7greater than the specified 5
dynam c range. The internedi ate value for a sub-pixel having 1/2"-'
sub- pi xel resolution may be used the cal cul ation of a sub-pixel val ue

havi ng 1/ 2" o8 Wyagpi _ LAR- : | 10 ecpnd aspect .of the

i nventi on, ;t“rsyer e i?g@p?{)glﬁggegj gﬂgrestt%%ﬁ gﬁ@rﬁér)\%gpgoﬁ@t"ﬁ%ﬁpyﬁu% &ﬁ’f‘?cﬂlﬁdi ng in
whi ch an i nusjeg cwsightedi sumpimal mvalveahgarhlcilation o aNHEPIeHES \?dl[fr’e

repr esent edf b)( val ues av} ng a sr[,)eci fied dynamic range, the pixels in the
rows residiifyaE SHRiRxel ya GRS HaiNg B QHeBTie range igneatepilivan tha spedifiedol urms
residing atcyﬁai,ﬁic\fgﬁ dcal locations, is interpolated to 15 generate val ues
for sub-pixels at fractional horizontal and vertical |ocations, the nethod
conprising: a) when values for sub-pixels at half unit horizontal and unit
vertical Ilgcations, and rni horizontal and half unit vertical |ocations

are requi r éd INtgMedinte ¥ l{ﬁg}oé acvboRixeldiaving ' subsping! resoltiorthauns of
I xel .eSIHH ' ' Lt tical. | tions; b) wh
Dal ues for U8 fiSeding calletiidn O el Blxa) a8 raing 1N subhine redutonn "

| ocations are required, interpolating such values directly using a weighted
b-pi xels residing at half unit horizontal and unit

sum of _val yes far su . ]

vertic ij fﬁ?&&fﬁﬁﬁﬂzo g second aseed «f dhglinvgntion,dhere isg)rovided emetodrfen val ues
- for sub-pi : rdi | rd 2 l. uart.er unit. vertical

' Peati onspogﬁgﬁ%cg%tbc??@d‘?ﬁlé%% %‘8?&%‘3@3&%@% g%@*’ﬂ?‘"ﬂa%ﬂa qrngedyer age of

at | east oirergyes endicolnins and pepresarited dlyuesuds haviey & Shefied Hgﬁef at a
it vertical blfyof}-at I on, a%d g‘bsub- pl xe rﬁfIaocat ed at

hal f unit horizantal, and
a unit hof"i'%ttgfa %{ﬁ‘gs HﬁILiBeJHWP pelding: at unicherizemtalntecatiens and thai r of
Vol ues of B R 45 o eling AVt DRHGRP MRS BT SRl  uni
verti cH | geaetads values for sub-pixels at fractional horizontal and vertical locations,
the method comprising:
a) when values for sub-pixels at half unit horizontal and uriit verical
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 u_sing a weighted
| sum of values for sub-pixels residing at half unit horizontat and unit verticaT
locations calculated according to step (a); and
25 «¢) when values for sub-pixels at quarter unit horizontal and quarter unit
vertical Zscations 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 g
30 pixel located at a unit horizontal and unit vertical location, and a sub-pixe!

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




28 According to a third aspect of the invention, there is provided a nethod
of interpolation in video coding in which an i nage conprising pixels
arranged in rows and colums and represented by val ues having a specified
dynami c range, the pixels in the rows residing at unit horizontal

| ocations and the 5 pixels in the columys residing at unit vertical

| ocations, is interpolated to generate values for sub-pixels at fractional

hori zontal aagomding it al tHiRCaSARA D thé AL HRNal; LiGOR rtical
| ocati ons bei ng degfi ned _accorpdi_ né)ft%é m%éﬂlﬁ&hgﬁé)gs rbgé\g&%&(l&%?@godq ﬁfeger
having a maiteRalatianie videe lvoding inoshichoapimagegomblisimg MerR AvhntRs) f or
sub- pi xel s ﬁ{] 1/ 2N u[;ﬁi‘?'g| horizontal and unit vertical ~|ocations, and unit
hori zontal HLhEP™S SR coliimns gud rerrgsentesy valyes havingguspefied dynamimol at i ng

h val ' S [ f njxel. i di t it
o1 zont al - Sages tho ks 1 e, SRSt A il KeufoliFCloaling et Bs xer a
a sub- piXxel pixelsi irottiealcomehss v@i@hpe&t ud® vertiddl 98¢atlonsaid %ewét‘éa%r ed,
I rs

i nt erpol ati ng such a value directly using a choice of a wei ghted sum
of val ues f8FNEIR yailkes Jor srpbelwat tactional bafizontatand verticat foeafionsli ng t o

Lot b ot Reiolh (R5iBfa He e Rddes 370 Aelpd Heaiog tonat "ot
the sub- pi xe2* hiong xcal@wo@nm.m&@ermvﬁganwwmﬁsﬁm thE Ig{\%lﬁgén 4 uni t

wei ghted sum nay be sub-pi xel s residing uni orizo
vertical | deHPPHHRIand the first weighted sum nay be used to interpolate a

| f - N [2% . [ har i tal  _and 1/ 2N [ [ |
Vocari o 5" WRER ¥l fof ibcaineltr ot YL S haeraalcanugeril
" sub-pi xel s loeatichisp@andainiURblizdial ZRNY BN BnGh %ﬁﬂéi Ioﬁﬂti(tmé’ aFd *’%@lﬁé ocat i ons
A a

and the second wei ghted sum may be used to interpolate a“va
sub- pi xel dftefpolafingsuch aluesoditestly arming mahghted sumsvef pixel rdsiing aen. 30

unit horizontal and unit vertical locations:
b) when a value for a sub-pixel at a sub-pixe! 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 caiculated.

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
may be used to interpolate a value for a sub-pixe! at 1/2™" 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 1/2™" unit vertical locations and the second weighted
sum may be used to interpolate a value for a sub-pixel at 1/2" unit
horizontal and 1/2""" unit vertical location.

30

When values for sub-pixels at 1/2™ 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




When val ues for sub-pixels at 1/2N unit horizontal and 1/2N unit vertical

| ocations 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 |ocated at a
1/2N." unit 29 horizontal and unit vertical |ocation, and a sub- pi xel

| ocated at a unit horizontal and 1/2" 9¢nit vertical |ocation and a second
pair of values of a pixel located at a unit horizontal and unit vertical

| ocati on, ahdrizorgab-apdxehit Vveétiadie ; "1 Ak ' t and.1/2"-"
unit vertical | ocation. 5:-1' n the }63?38'31 %‘a ﬁl ﬁg?bkgwg%%@%aﬁ{ iaané’Ber
sel ected frBaFzoNtalsand 4| sunihyerical tdcetionlandsa 2ecdnd paf & vahids f yel s at

t i £ hor | ocat to be int ted as being 10
St U RSO o RO A B B, oo o
hori zontal loogttiatrs aﬁzﬂ"miﬁmﬁizbnfd!ahhﬂlf) MUURE9LARRG| RELARROLT a sub- pixel

at half_unit horizontal |ocation as well as sup-p ving as their

| eft-haRd nearest nei ghbour a sub-pixel at half unit horizontal |ocation
at unit horizontal

and as thei [ - hand, nearest nei ghbour a pi xel

| ocati on. 1'@ t%k%@ﬁgﬁd&@ﬁybeﬁﬂ?% ?gém@QSf sa@atesiefromra listwensistag of ocat i on
are to be thavalidset &l apd £€i ng sub- pi xel s having as their upper nearest
nei ghbour a pixel at unit vertical |ocation and as their |ower nearest

nei ghbour a sub- pixel at half unit vertical |ocation as well as sub-pixels
havi-ng as td)gi L. upper nearest nei ghbour a sub-pixel at half unit vertical
| ocation a aé‘xgﬁe"i’etrq‘fad%érumtztﬂp'?@gﬁl@éfmﬁ&fgﬂﬁb& be intexprietadt asiieingver ti cal
| ocati @0. TFaB-girdls" HXVIAG &s 'BBHClefi- e of values which the
- sub- pi xel va_lﬂues and _?g‘e wei ght gg%ﬁ%céfﬁeéﬂﬁgfg%ubr%ffé'?‘%'\ibla Wihngi ng
- Phe dynani &ofizeRfal logation@nds theirrightriwarid nesreseAuRjhbBur lal subBiRBSatc hangi ng
t he nunber hQ;f "H‘]‘Iﬁ %gﬁ@ I§hgt.used to represent the dynamic range. In an
enbodi nent ' O Al i 'gfatiqn, as el ga sub-pixplsi having asntheirdgl-tandt is 30
sub- di vi dedeaftiso rieightioera 8lbpiadat ; ch i,mage bl ock
conprises four corners, each _corner %ﬂfﬁéﬂggﬁéﬁ{?ﬁ@‘%ﬁﬁ Q@ﬁj qso@‘ﬁred at a
. right-hand 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 1o 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-pixe! value




unit horizontal and unit vertical location. Preferably the nmethod is
applied to each inmage bl ock as the bl ock becones avail abl e for sub-pi xel
value 30 interpolation. Alternatively, sub-pixel value interpolation
according to the nmethod of the invention is perfornmed once all inmge

bl ocks of an inmage have becone avail aBpe for sub-pixel value
Interpolation. 5 Preferably the nethod is used in video encoding.

Pref er abl y tmerp@kniwd Alrnathedy,i sub-piked »dﬁféomt@qaoléﬂbrp%csmﬂg Of t he

i nventi on, ?h ﬁq?ﬁ'n encoding, the nethod is carried o S be or e- hand
i nt er pol at i BI¥N? T“é’:H”Yﬁ.{}tlﬁ’@s‘sflé?”qme%gﬁ%)laﬂelr@a@ blekkadff amiriftagbocat i ons

and val ues ﬁﬂ%%éorﬁélégﬁﬂéﬁé??ﬁéutggﬂé ?#Iuéml t@éﬁéﬁ[ﬁ-ﬁgfi g:}e cal cul at gad fand

stored before bel ng subsequéen of a prediction
frame duri ng notion predictive cod| ng. In alternative enbodinents, the

met hod i_s rried oyt as _a conbination of before-hand and on-denand

i nter pol5at i o‘f?fer thesm@m isqusad inavidep rempodirigo Preferably dhje myethoddé

sub- pi xel vgal d&}qﬁ%ed and stored before being used in the
determ nation a pre I C n frame and certain other sub-pixel values are

cal cul ated onIy when required during notion predictive coding. Preferably,
when t he thod is used in decodin sub-pi xels are only 20 interpol ated
when t hei r IR&N® embpdimentafdhejnveniion; whenasedrin ekooding, the neetholl @i t h

t of t ded deo d f di
Pt 1 Ui B BB e 1S ol .,
val uesl@avitalf mrsmtlbmﬁdndméscfdr%ﬂ]%b—ﬁlﬁ@lsp& ?cﬁ]a?tér%#[o%ﬂﬁoﬁé’%?e residing
I

at unit hori font al, locations and the pixels In | 'unms resi g at
Cunit verti Calcuidledanshatored belore bging %idwquenﬂplusedmgtm detgranipaticat or

'adapted t o gene o] s_at.fracti nal orizontal and
vertical | 8gata| Br?%cﬁct@ "ffd?g%tlﬁgﬁ]}ﬁ 'ﬁ8f590?&e£' CliyRq 095 Eﬂ alterpatvens bei ng
defined acembtidiments, i@ hethedds carsed oRP it 4 \COMBMAEH of DEIIE-fRfgexi mum
30 value N__the int erBQI ator heing adapted to: a) interpolate values for

sub- pi xef s 288 Ardemang;iniespolation. dn thisacane, @ centain qubpottionacr catsgognd uni t
hori zorg al ofpndiblpiRel vHfies CthlcGRited R sP&éddbe%rélﬁlelHS Uskd in the

determination of a prediction frame and certain other sub-pixel values are
calculated oniy 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




31 weighted sunms of pixels residing at unit horizontal and unit vertical
| ocations; b) interpolate values for sub-pixels at 1/2" unit horizontal and
112"-' unit vertical locations directly using a choi.ce of a first weighted
sum of values for 5, sub-pixels residing at 1/2"" wunit horizontal and unit
~vertical locations and a second wei ght2ll sum of val ues for sub-pixels
residing at unit horizontal and 112"" unit vertical |ocations, the first
and second YeBgRGk FusaEofopiXels Uesidingi atg unitl botiaded! aarPrEhingetast ep (a) ;
~and c) intqbggg e a value for a sub-pixel situated at a 1/2" unit

hori zontal ‘an 0 1/2" unit vertical location by taking a weighted average

ori zontal ana 31T L vory PP 8 1R Ul EhEe Andit (b

horizontal and 1/2" unit vertical ocation an

sub- pi xel oerigatiacationstisecty using/s2thaice bf afiestiisigh®ld and okhvaiudsyei t

vertica Iocgti.oﬁr’]S vari abl e$ m n, p and g taking integer values in the

range 1°t o SNORRESRIENGAL 142 s pnit herizeatah andumibverical losatonpanelas ar e

| ocat ed di i sub-pi xel.. at 1/2" unit horjzontal

and 1/2" v?rg??@(gllk‘\aélg ctg'tblsgﬁfaﬁﬁéeiuén Eﬁég&%&)ﬂé?'gﬁﬁﬁ'dwﬁr‘f@teh%"m%@r@ncoder.

It may conf/2Seurdt vereal lodatioris the Ther andB¥chd Wvaaes SR Iof VafifhsLOt D the
16 a itt n‘%&

vi deo enco%gr and the 20 video decoder. Accordin aspéct of the
i nvent i on, PERGr@licWaled AgceEding to siepnfaki arat i ons terminal conprising a video
coder for | [ I,sing,pi.xel s arranged jn rows and col ums
and represg%igggbogﬁeaﬁ%g’ez@?%%?%& | Sfudted; k@ dydaHni hosizgatal end pi xel s
i n t hel0 owd/2"amiitdiertical logatioh byn@kingCs W ' t Lgles in the
~colums residing at unit vert iﬁ(-:‘gl I oca{qﬂgﬁg,%%ﬁ@%vﬁ}gg J(?flg%egbf(%gfﬁ;ri sing an
*_inter pol at S¥D-Rixeh s Pixeh sifuatadasea /2T Nesitfrorizental pindel 2" unftnagticgnal
hori zont al LAl catlons he, fractiognal horizontal and vertical
| ocat i ons %’glaﬁ%ﬂgépitﬁéaag%cﬁ%%ﬁ&)?% STE?"Sfﬁﬁ Rixel l@cated ata paST unite i nt eger
having a nhorizomtalvahdia/2t Ghie vbRical RRRbAT vaRhiBs AIAPEPInk% ting
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,

The video coder may comprise a video encoder. it may comprise a video
A 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: |




a) interpol ate values for sub-pixels at 1/2"""' unit horizontal and unit

vertical locations, and unit horizontal and 1/2" unit vertical |ocations
directly using weighted suns of pixels residing at unit horizontal and
unit vertical locations; 5 b) interpolate values for sub-pixels at 1/2"

unit horizontal and 1/2"" unit verticd2 |locations directly using a choice
of a first wei g{ht ed sum of values for sub-pixels residing at 1/2"' unit
hori zontal @hiMgicialeaiesafor| subepikelssalah@™ hunit tonaonaebalt et semnef val ues
for sub-pixgl.s,: i di unit horizontal and 1/2" unit vertical

| ocati ons, @ﬁé"@"ﬁ%ﬁ”@ﬁﬂﬁ‘@%ﬂﬁf%ﬂah‘t’@d Ygihwegical lacatiens tiepily nging

cal cul at ed @erptsd Néurhe st )y c)y I 0tenpol a_value for .a

sub- pi xel si tgﬂted at a :éL/ ‘;f?xeﬂ%l {esﬂdgﬁgzétnt 195‘2)3123&%&..3 i P oyartical,

| ocati on bylocakons) a wei ght ed average of the value of a first sub-pixel or

pi xel situated at ? 1/2" unit horizontal and 1/2"" unit vertical |ocation
and t he val R MeTPRlale caiess ins- Sbcpixels apit¥2T" unit bezortal and/ 221" unitt 15

“hori zont al N2 mss U L rti.cal lpcatiqgn,. variables m n, and takin
ot egor vl tedIcationd dickfif UsfiBla eB5R6 A i Aeliied sumtuahisador . o
sub- pi xel s subr-pinekscieSidivi ' ephitthGraRmal! ' : sub- pi xel

a'tj 1I/O|2X unis:t ﬁg?i zon'lt alggt]gﬂ% S@It\%rt i calI %h(%{'?g%aé%ﬁﬁ?tg%%%n#caﬂ )(;ns

term nal n#PcOpdveigated surgebvales der sub-pixetsyresidimpat enit Aozeiaal segoder .
Pref erabl vy, k1 [1,S a _yideo, code conprising a video encoder and a
vi deo decod’f. W@SF‘&%?{Pcﬁﬁan%o%ﬂﬁﬁénﬂoﬁr%mérwglaateobswpm@ivaju@s user
i nterfage, bRingdbalRIRERPa&Eorain L e of atransmtting block and a
recei ving bl oc%, and a vi doero g(}gtg;é‘g@b?ﬁ?ng to at | east one of the third

. .and fourt hchdplemalatef avalue fonvasubeixelRikatsht v 1/08 uPiORGTAMRalCHY ol s the

operation Qf,dhe, transmttin | ock and/or the receiving block and the
vi deo codeﬁ.’ 2 SW"AX%'%FGI{?%&‘!%?QV %W&amgwd(ﬁvqf age phihenvalue of atfirst i s

B & et s e I oSt 20 i Vedabne ™ ™
terninal 3kcaenrandhervalueof aysecondrsutnpirel oopixel lobkterV8f a Wp'ehfoded
video £an Rerizontal 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 secbnd sub-pixels

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

horizontal and 1/2" vertical tocation.

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 accordingr 1o 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 -




transm tted, the comunications termnal conprising a video coder for
coding for coding an i nage conprising pixels arranged in rows and col unms
and represented by val ues having a specified dynam c range, the pixels in 5
the rows residing at unit horizontal |ocations and the pixels in the
colums residing at unit vertical |ocggions, the video coder conprising an
interpolator adapted to generate values for sub-pixels at fractional

hori zontal beidg coaneceal by @cedmmomcahb@s ilﬁﬁ \AEPWICW%G&)U fetlo ﬁ}gbfgert | cal

| ocations bein defined according to ere X I's a posit nt eger
having a nal@ 'Pﬁ%ﬂ’l ttegdp the) G@ﬂmlumqa@onﬁtferrpmmmmmmg; @dﬂ@é@cbddbr Y

i nt er pol at e, at. 1/ 2 unit horizontal and unit
vertical | Odécgr}[l g‘ﬁséoa "@Hﬁﬁfﬁ?ﬁﬁgﬁwgﬁmp%ﬁ aIVaZ'Q’eddﬂlfﬁwﬁanﬂl elimnscat i ons
directly usamy s&rtba [ zo tal and
unit vertical relpggat i Ong)yst{éSlE%QhaOhgr poPéﬁe var, @'ﬁg g&'éﬁ!gﬂﬁl@ Rt 1/ 2n
unit ho”i zdh@dpwéerSlﬂmQ at unit lhonmtal lmbﬂbn@@hd(lhé plké18GA Ithle Wolung choi ce
of a first. 9‘2;” E,- r?f val ues for sub-pixels residing at-1/2"" unit
hori zont al fgﬁﬂ fk unibyestical lopaians; Hievidee Q@desgcmmsm anirddrpoiatoof val ues
for sub-pi d nit. ver |caI

o, Repiac Rofderate Wiips 6t KRB refiat raclpnal Posaogi

| ocations, the first

cal cul at ed vadizal dooafians, sthep fr(aenonanﬁonaomalt ehBOVBHRaR 1KEthd %e.r@a
sub- pi xel ei ed at,a 1/2" unit horizontal and ? uni t vert I
| ocat i on b>d &9 Agcarding o d&l, ‘élV@f%t{jéS@fp@m&ve/megerohaangla staxirudr pi xel or

pi xel st UghRR MIthd llJﬂ/eﬁac()JHerBe ﬁé&kﬁ and 1/2" unit vertical |ocation

End the value of’ a sec sub ‘xel located at a 1/2"9 unit 25

_horizont al a;mdema?atewamesxmrts nxél@c“eatwgﬁ' i q taking
i nt eger va ﬁol n the range lutb?N suc th altJ ﬂ;‘bﬁ ﬁ% th mlp\é%ﬂgal

sub- pi xel s % x"@]%”ﬁ#t diarigenfaband; 430 nanit yeﬂmahiocaﬂmﬂirbctlyi bsingub- pi xel
at 1/2" un a / tical cation. 30 Preferably the
tel ecom‘runwgaq[ | ons syétémwgelé éﬁbqlﬁ ?‘el%%ﬁﬂﬁ?@@i i ¥ Uiy svestisalonpr i si ng

a nobi | e clooriiong;ati ons . termnal and a wirel ess network, the connection

bet vveel% t he, pobi | comuni cations termnal and 34
: 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 Iocattons the first and second welghted sums of values
20  being calculated according to step (a); and
¢) 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




the wireless network being forned by a radio link. Preferably the network
enabl es the conmmuni cations termnal to conmmunicate with ot her

comuni cations termnals connected to the network over comuni cati ons

| i nks between the other communications termnals and the network. 5
According to a seventh aspect of the inyention, there is provided a

t el ecommuni cati ons system conprising a conmunications termnal and a

net work, thehd QieyEySeRk | e he. copnuni cati ons term nal

bei ng connect ed’by a commnib%gtﬁ% ons 1| é&adg\eaeé‘gjﬂﬁc%%agﬁy\’h%é@“@%rﬁ be 10

t ransni t t edenablesndhaordommuopications demiifgp ﬁpd%mhﬂfni&ggi N@itfh Olotisdi N9 an
n

| mage conprisin | xel s arranged in rows and colums a represented by
val ues havi &M jonsdgrg ennefied toAhe muitwellsover tommunicationsi di ng at .

uni t hori zogtal [ ixels in the colums residing at unit
vertical | oﬁ(;Ha i%éntg@[‘ﬁ@g@.‘@%"@ﬁﬁ‘é&céﬁ?&? *@Wﬁ%ﬁ”ﬂ thepgWYerkor adapted to
15 genersate val ues for sub-pixels at fractional horizontal and vertical

| ocations, the fractional horizontal and vertical |ocations being defined

accor di ng tAccording toharseventls aspecti of deei int/eQMn,hmrgg;SaF'fmbgyrraval ue N,
or sub-pixels at

the inter i ng adapted to: a).interpolate val ues

1/2"" unit qﬁ%ﬁ)@ﬁ'ﬂ&&p&@q@ ﬁﬁ?@"\/@?‘ﬁp@)ﬁl@ accorgewnicatians daemisal antdoai zont al
and Ile'" um i ' inflisl, ' I ght.ed. suns _of pixels
resi di ng a{h %Jwr\{??( ' htlg??élg%?@ﬁﬁdéfri}:? 'Sﬂlbt'f\e\q/&e’bﬁ %i# QH? SWUH@'%S ol at e

val ues for beimg porobetedtbyla Zommanicaons ik alethfich/ Bded it o‘é%httkéa'
| ocat i a choice of a first weighted sum o? val ues for 25

~_sub-pi 3@?sq%%%*‘%%ui‘?n'ﬁqwo%ﬁ?mpﬁﬁmz%mc&o eodbrdar codiagtfor abdingear | ons and
Cand 172~ EBLROmMR) el Rarddia PRI 5 Rahiacadd sessaresune. o
(o e subobLEe] e ot DI CrerbeRle kORI 1R ro@bapRelY & ¢ VeI e
vort Dot Dl btarhzcml;glt lngeligns, 40sl g deixelo cinathe eolumes vesidingo gt aurfif T st
\5; glr)t PL’; |3| QertidaX Focatiohs2td video? cddér %m‘ﬂ)?fs}ngh%i i er};tngllatc?rngdépl)tgcll_ o un't
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 ahd 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 vaiues 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
30 172" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixe! 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




| ocation and the value of a second sub-pixel or pixel |ocated at a 1/ 2N~
unit 35 horizontal and 1/2" unit vertical |ocation, variables m n, p and
g taking integer values in the range 1 to N such that the first and second
sub-pi xels or pixels are |located diagonally with respect to the sub-pi xel
at 1/2" unit horizontal and 1/2" vertBgal location. 5 According to an

ei ghth aspect of the invention there is provided a video coder for coding
an i mage cofpzosi@lgand 4P’ unit aegiagl ilecations varidbles| mmns p and ¢ eanmgent ed by
val ues havi IS dynam.c, r ange he . pixels in the rows residing
at unit horil;]'gaoq%tr}llgl osc'gte[ﬂgnréngﬁai Fh@ %1";(‘«3‘?1?* Vﬁ’ qrﬁlaa%ls&ﬁﬂgd sobpigigli ng at
unit verti ced pikelsabie Ricatéd é@ﬂﬁ;) e S ' I, vadapted to
gener ate val ugs for sub- ixgjlls at ??\gﬂgf?ir%ﬁjae{wﬁg%%%%p&éﬁép 1()?er‘fri" al

| ocat i ons, haizontd @ndti/3nvericahlecatidn.pi xel s being determined by a positive

I nteger <N, the interpolator being adapted to: a) interpolate values for
sub- pi xél s at 1/2"-1 unit horizontal and unit vertical 15 |ocations, and

“unit hori zggdcakdi "o &R [ | i ons dir.ectly. using,, weighted
'suns of pi xel s@ggﬁgilénrg eéwhn?%/ﬁcgrﬁ?h%tlgﬁ tk’%‘ e 1pdy ?'/‘Elﬁa al% i ons; b)
i nt er pol at eodew foneoding an isagemongbrishg pixelPakandld POWECAh R LoRfsS ub- pi xel
~vertical laocation is rfigui r?d directly using a choice of a first weighted
sum of - 20 & |'gREesanted by vilyes sayipg speciiech dyeamiccrangeotis pixels in

nel ht od st s rpalind,at At PR ooty af 16 w0ieis s Bie SpOFBBat i on

cor r esp@ndiresiding ahamitovettival dotatiopsxehe bedded 6@hpHiagesn i%ﬁarggﬁtor .
interpol atar t?e further ada t?d to formthe first wei ghted sum using

" the val ues ag?’q@ﬁb-%ig@%a%é’@&q%g @ syb-pixelsiat froctionalt horizondaluand verti cal
1 ocations etdd | .0 L nterpo] ate.a | ue for a
sub- pi xel @gﬁcﬁylzdb%?oﬁér}l gtﬂ(éh(F)e?élozlq)ﬂ;dtngF}IE g’ﬂ%iﬁ%‘fﬂ%ﬁe‘?@dﬂﬁ%’mm?% tfon. 30
The i nt er pppaitiee integertd, ther intenpoladepbeidg tdaptedtot he second wei ghted sum

usi ng the ¥)a|n\’§r%o?£te %‘éiﬁepsi fé?ls%bfpeb%eielgiart]qlz -1 ﬂgtlt %102%,;1;?2},3 luniiatnvcelanilc{a%" Sounit
15 locations, and unit horizontal and 172N unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit verticat
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 tocation corresponding to that of
the sub-pixel being calculated and a second weighted sum of vaiues for
o 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 veriical
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 2nd 1/2™" 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.




~

vertical locations and to use the second weighted sumto interpolate a
value for a sub-pixel at 1/2" unit horizontal and 112"-' wunit verti cal

| ocation. 36 The interpolator may be further adapted to interpol ate val ues
for sub-pixels at 1/2N unit horizontal and 1/2" unit vertical |ocations by
taki ng the average .of at |east one paéé of a first pair of values of a
sub-pi xel located at a 1/2N-' 5 unit horizontal and unit vertical |ocation,
and a sub-pixel located at a unit horizontal and 1/2N-' unit verti cal

| ocation and a second pair of values of a pixel located at a unit

hori zont al Bl irt8idolat | S | I Jol a 1/ 2N’
unit horizont aINar?(_(:I) 1?5&@%“ vérétaiazti O%Etit g{]a?é?glquggfgpﬁgmfegsa ninth
aspect of tatel/Znwasilthasizontedaed ¥2puoitieetitah locations biyctaking et eragea|

aspect of ratel/Phusitfianzontsbeed t/2Puailive yoakingrthela L
rows and cdTieashAie Ba elaiistialy of uplies Of wosilnbia logaiad eba Wham c

range, ghe pii irialt I ¥ 7NaVe¥ ' ol ey tions and

t he pi xgl S @rllp(??‘zzdcdg?luﬁhﬁ% drme,@llé [ %qg'?&bﬁ talH\g’le%tSl c&?'kélgﬁkg{ggt ?‘gﬁsl%rﬁ{]he coder
conpri si ng hofizontabiapd! #287 umitayerticaltiocationeard @ sevondpaif of vabs el s at
fractional horli zoé{‘}tgaléaiand é rtjcal .locations, the resolution of the

sub- pi xel s ApENI3C A HB zgnigh énd; wnit vertigglelocalion, rand at subppixak or

bei ng adapligehib@at 8)1/oM! ar el %% at. 1/ 2N-' unit

hori zont al g%d ur?i ?1\{%”'9@13?\5?!%(%1%@%@??@81(1 an rﬁéﬁit (t)'rglhmnt al and 1/ 2N

unit vertical locations directly using weighted suns of pixels residing at
| ,and unit yertical A | gcations; b) interpolate a value for a

unit horizgnta )
sub- pi 30, %“Qf%ﬁ%-}ﬂx@ nieRi 28PREl chnthesupvention thees tiscarovidedt pon i s
. peaui red dicbthidicARidéinfid’ EsmBlisifg [ 'vided 'Bb8BI 5t §§&b§f%j&a" ues for

Sub- pi xel s located at a vertica

ocatli on correspon t he

sub- pi xel cempgising pixelstarcarmed in rowsand oshirahs eddIupradntsd Bevalues
sub- pi xel s |l ocated at_a hqrizontal |ocation corresponding to that of the
sub- pi xel NB¥ING,2 Specifies; namis raags thegixels in tharowadpsiding At uni
i nvent i on 18G5 6nthP ideaBishe! BflcPine! FREEOTHE! b8 oS Tt TR0 2
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




networ k, the tel econmunications network and the communi cati ons term nal
bei ng connected by a comruni cations |ink over which coded video can be 37
transmtted, the conmunications term nal conprising a video coder for
codi ng an i mage conprising pixels arranged in rows and col ums and
represented by val ues having a specifigg dynam c range, the pixels in the
rows residing at unit horizontal |ocations and the pixels in the colums 5

resi di ng at tranéritied, ttheakbomafMidations {ifirkd d&mBRIR iéi\ﬂﬁeé‘_rbdd?zfr%i’o' at or
adapted to generate val ues for sub-pixels at fractional horizontal and

vertical | ocedingnan imager eempusingnpiselst Aranged phxems hatngoldeiner andied by a
positive-integer he i.nterpal ator bei.n dapted to: a) interpol ate

Vet ues. Tor e en DYaAIghS hBAnG, & spRENd shinamic fandsithé kel daine 10

| ocations, ah wditingOsd 4R (RizBAMkI Yolations Bhti thE" BIER! i B8 dAfadl Tect !y
usi ng -weighted suns™of pixels residing aq dnrt RoPrzontal and tni
vertical5 |msidingnat; udib)verticar lochtitres, athealcodef @onfprisify Rink temol@os ub- pi xel
hoti zontal and.s vertical location is required directly using a

b- pi xel
choi ce of aaq'am%a tﬁgzg)éﬁ?@ies!ﬁ’#%ﬁ? tos sub-pixelst et frandiopak diasizpotehtant at a
tical | . ' 0 t f . th b- pi xel _bej | cul at ed
hnd & seconPHEAIeERArEr ARG 1eB8ltidn 'qiThe ybBiseheinB iteaat sy v  zont a
| ocati on copssitiveointigeg N, thé Hatersdlatoh ®efigPadaptigho:vei ng cal cul ated. 20

- According to an el eventh aspect of the i nygnti on there is provided a
t el ecommuni ddptespalats aluas dmpi-pixgls at Yemmumitcherizontaltandhumitvedicd! a

net wor t C mﬂm- | k-1 th nicat.i ongs term nal
~_being ?gnhgg‘t"éetgir%y%a comrizggﬁ[o%ﬁtg\l\ﬂ%nk 'e%rﬁﬁqgﬁé%@(?éoé'(ﬁcﬂg&sﬂ% be
(> transmi t t edyeightedneuns lofcpixplsi sesiging \dt daait Cheleiontalr apadivig {ericsodi ng an

"<25 imge cQ rising pixels arranged in rows and colums and represented by
val ues havil tEP‘?pecified dynam c range, tse pixels in the rows residing at

uni t hori zggt; t tgmj ' in. t | resi din t unit
vertical lo a{ﬁdleéél@,ﬁ%t%ga@gagfaconp‘??‘éﬁ%’lt;ae?gbﬁf%&ggﬁgﬁ%j ag'aasd{b' x‘?‘o
generate welticad Idcatios i reujuiret imdctly LBiHG @ BAbICE @f iazfirBt Weighte ¥t dical
| ocat i 353 t he 3|p resol,uti ?n ?f t he sub-pi xel s being determ ned by a
posi t i r’f’tag%r o su rhixels located at a vertical location corrésponding 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 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 oommunicaiions 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-pixets at 1/2™%" unit horizontal and unit vertical

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




I nt er pol ator being adapted to: a) interpolate values for sub-pixels at

1/2"-" unit horizontal and unit vertical |ocations, and unit horizontal
and 112"' unit vertical locations directly using 38 weighted suns of
pi xel s residing at unit horizontal and unit vertical |ocations; b)

I nterpolate a value for a sub-pixel at3€ sub- pi xel horizontal and sub-pi xe
vertical location is required directly’using a choice of a first weighted

sumof 5 val, d odyrmsibs IE}ﬁ&l d ,a rt] | ocati.on
correspondi\ﬁgggo t hat %fof e si%b}e%@ﬁef %teiturqg X‘g’r‘%ﬁﬁ?@ie n'éf“g eiiGlg
wei ght ed sulmcafionsal ues for sub-pixels |located at a horizontal |ocation

correspondi r% to tpat of the sub- pixel being calculated. 10 Bri ef
Descri pti onPlo¥erRelaks guralue 191 & rubwinedat agub-pixel hourantalnand sub-pixel be

descri bed - onky Wit b o ef 1 i
it v nge 1 rveLtel 6CatoraeRequicll edty JbifE 5 ShERECo! & Bt ElaBRER N o7 o o
art; 15 Figines mwﬂmwixaswbda@ddm@deﬂicapmﬂbﬂ%&&sgbﬁdmgi o' thaf ?E Figure.

3 shows the ty ?g of franmes used in video encoding; I gurés 4a, and 4c
show st eps thg pixehhekg; eajeulated pad s iserosd verightethsumr ofcealsesffonot i on

- estimation S | resol Nkl on-, . Fi.gure 6 sho a, termnal device

conpri si ng é\#’ e'ggresﬂéé%bﬂga?z}nh%o%@ﬂi lﬂﬁat%f'oc‘g&?ﬁ Hi9 }chﬁ\ﬁmogﬁh? §dPret hod of
t he i nvent igixel@indealcopieeient ed;, Figure 7 shows a video encoder according
an enbodi nent of the present invention; Figure 8 shows a video decoder

according to an enbodi nent of the present invention; 25 Figures 9 and 10

have n b . figures should be disregarded; Figure 11
30 %‘rfbf%%gﬁﬁ%n%eﬁﬂéﬂ net wor k accordi ng

- shows a schemat1C ramo 1%bi | e tel ecomuni cati ons
' tjo an enbodi nent of the present invention; Figure 12a shows a notation for
“descri bi ng pi xel and sub-pi xel |ocations
: 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 4¢ show steps in biock-matching;
Figure § 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; | N
Figure 11 shows a schematic diagram of a mobile telecommunications
network according to an embodiment of the preseht invention; |
Figure 12a shows a notation for describing pixel and sub-pixel locations
30 specific to TMLS; |
Figure 12b shows interpolation of a half resoiution sub-pixels;

Figure 12¢ shows interpoiation of a half resolution sub-pixels;




30 specific to TML5; Figure 12b shows interpolation of a half resolution
sub-pi xels; Figure 12c shows interpolation of a half resolution

sub- pi xel s; 39 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 resol ution sub-pixels; Figure 1389shows interpolation of a half

resol ution sub-pixels; 5 Figure 14 shows a notation for describing pixel
and sub- pi xElQuredlaa shews speoidtion fos deseribinge pixebandFsghipixel 46cRionys

i nt er pol ati f@lr‘_ .resolution sub-pixels according to the invention;
Fi gure 14c gpﬂeoc&fic f’aon olation of a half resolution sub-pixels according to

10 the i nvepiguani3bisHoWS idterfdiaish ' i X .agonal
i nterpol ati 0}1’ for sub-pi gl<el g; Fi gﬁﬁ%@}%@g\@fﬁ? ﬁé(fa?g’resol ution
sub- pi xel Viigues13eghvws intepolationdfat kaif radotutionadb-pikelgt ut i on sub- pi xel

val ues; Fi ql_.ll’e 1712 sgows the hal f resol ution sub-pixel values that nust be
15 cal cdl at'ddUien 13 RYWS A iNotaliqny fof deseifhieg mixal s subrpixels incatipos,

sub- pi xel s dhpcif@Nol INBURPiBRK USi ng the interpolation nethod of TM.5;
Figure 17b shows the half resol uti on sub-pixel values that nust be

cal cul at ed Figurer ti4b showsrinterpalativre of @l hais réﬁiuﬁbﬁébﬂpiﬁ%@b@b&dﬁ%&ﬂb- pi xel s
in an i maqg bl ock. using the interpolation nethod according to the
i nvention; DBYMEIECEs 18a shows the nunbers of half resolution sub- pi xel s

t hat must uret 5o sAbRE ihizrsyl ' es i rler:resol ution
sub-pi xel sh?\ngt_ hin an 1 mge I%@Lﬂ Egﬁﬂgélfhéeko\s@dﬁp??(%?’rx\?ﬁjggéﬁ%mr@r ol ation
met hod1€@ccdheinwgntion; TML5; Figure 18b shows the nunbers of half resol ution

sub- pi xel s &t hat ﬁSt be 25 cal cul at ef\d,i n order to obtain values for

. quarter reSEIR; bhSQHE BPRble dhiviaes:eT diaganak derpolation fer sgb-pikelsiub- pi xel
val ue i nt elFglrat 163hBRs A RAC ASBIRDdN! Qub—bﬁ& VA28t feBllired to calculate

other half resolution sub-pixel values;
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 TML5:
Figure 17b shows the half resolution sub-pixel vaiues 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
caiculated in order to obtain values for quarter resolution sub-pixels within
3 an image block using the sub-pixel value interpolation method according to
TMLS;
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 accaiding 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;




Figure 19 shows a nunbering schene for each of the 15 sub-pixel positions;
30 Figure 20 shows nonencl ature used to describe pixels, half resolution
sub- pixels, quarter resolution sub-pixels and eighth resol ution sub-pixels
Fi gure 21a shows the diagonal direction to be used in the interpolation of
each eighth resol ution sub-pixel in anggnbodi nent of the invention; 40
Figure 21b shows the diagonal direction to be used in the interpolation of

each ei ght hejraaobYbi $hid reDHi hiNg; e i ment, of .the invention;
and Figure 29 shows nonﬁ*g]leg?léggnﬁgde@é?@d@s@%%dgﬁgh%m%@maﬂpp
sub- pi xel s eagh pighturesolatien sDbtpikéleid Besthier BMISIA FSthe hoeiot2a, 12b,
12c, 13a, 13b, and 13c have been described in the 10 foregoing. Figure 6

presents a qrgir m nal device apnprising video encodi ng and decoding

equi prment hGre SR At fadpdceordance with o the present
i nventi on. levgre %?ggfagse?]& tﬁgi“?’;égure tI%| (F%#sct"rbgteéé)mg' 'ﬁﬁPWﬂﬁ&UQ-ﬂm&*ger ni nal
60 i npl Smemwithdn aadoagieng to | TU-T recomendation H. 324. The terninal can

be regarded as a nmultinedia transceiver device. It includes elenents that
capture, encode and multiplex multinmedia data streans for transm ssion via

a conmuni c@d9isd PekMRton @s wel | as elenents that receive, de-nultiplex,
decode and déisfp;?day re e*&\l/.'ed mul timedia content. 1 TU 20 T reconmendati on

H. 324 defines the overall operation of the termnal and refers to other

recom‘rendai:i.ons t hat_ gaovern the o%er ation of its various constituent
parts. Thi $IGITRY 1dP Snlka; ddby B2o d3ai 43D, anch 18e have beaem deszribed iethe

applicayi Of&egaﬁ.@. as conversational videotel ephony, or non real-tine
applications Suclf as the retrieval/stream ng of video clips, for exanple

firom 25 a multinedia content server in the Internet. In the context of the
it shoul d be, appreciated that the H 324 term nal shown

) Faeifghrgnﬁaﬂl&égﬁi Pranebisia feqmingé r deyice epmpesinge video encoding and
decoding equipment which may be adapted to operate in accordance with
the present invention. More precisely, 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 muitimedia 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 realtime
applications such as the retrieval/streaming of video clips, for example from

25 amultimedia content server in the Interet.

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 altemnative
muftimedia terminal implementations suited to apﬁiication of the inventive
30 method. It should also be noted that a number of alternatives exist relating
to the location and impiementation 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




mul tinmedia termnal inplenmentations suited to application of the inventive
30 nethod. It should also be noted that a nunber of alternatives exist
relating to the location and inplenentation of the term nal.equipnent. As
illustrated in Figure 6, the multinedia terminal may be located in
communi cations equi pnent connected to4a fixed |ine tel ephone network such
as an anal ogue 41 PSTN (Public Sw tched Tel ephone Network). In this case

the mul ti meldBaN (%ﬂbﬁcnSWItélse@(TldlmﬂﬂieV\l\lth@ngﬁﬁfﬁg baseofR! ,nn? E\[/q':'éh | TU-T
recommrendat.i ons ionally V.8 Al ternative

q}ll 8é V. 34 and %t

mul ti medi a PEPIAA A’ n@AURPetonWER: B teodemext br nmmphmdm w'fﬂne THddEm 5
enabl es co |t e a troI signal s
produced b;}éte?@n?réﬁ}llﬁﬂr?‘ggl yr?l er%ﬂﬁaf&?‘:&ngg cﬁfghgg’ﬁ F’c%{i% §§HQEYabI for

t ransni ssi gnultinedia ltm‘rrF?ﬁéanayibef corireetec itnlh %?ctérhﬁl m&dem'eﬂ?gam% f nal to

receive dataaﬁﬂg control ?nal s in anal ogue formfromthe nd to
conver t 2t h&ReoR% c&"&?@fqrhlo diea nuitiplaxed H&gltaiadatm aml”ne:bntrpl sigralsand 10

processed r| e he, termn 324 mul timedi a
term nal mgﬁ'o &1' @gom rre@g {eﬁ% Hnto ﬂﬁyaf‘ﬁggue fpr@aﬁ”"?@'@:é@lﬂect ed
directly tmramsmlglolalovérMHsm n%MﬁéH(enéﬁlBE r@gltl % at ed
Servi ces |taI twork). In this case the 'S re ace with an

| SDN user - %@@F’f%émf ISignalg in @nalogulel f;)mstmmﬂw Hthvcahld td nterface
e e O el 0 S S, <

be adapt ed use 1'n nobrl

wirel eb® cprooessedin an alpprcbprlaltdélma?ﬁnéffb?Qﬁé?érnﬁgﬁl. be replaced with any
appropriate wireless interface, as represented by alternative block 73 in

L Figure 6. For exanple, an H 324/M nultimedia termnal can include a radio

“transceive [ t urre ner ation 'Mrmbile

t el ephone %S?J?V\g’?tlg rﬂgm Eérrgg@%le y%&g) 6% %f"%ﬂe@%ﬂﬁu? & Way Mbbi | e
Tel ephone sycanebe) co:m'edted drreetlydtdoa ditsite fixéd fihe iInd WO SOBN R ér?fgﬁcﬂal‘s
desi gned nBu (f tion, that is for transm ssion and reception
of video dﬁ \pﬁp&%wrces igital 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
‘ "f;; multimedia terminal can include a radio transceiver enabling connection to
the current 2™ generation GSM mobile telephone network, or the probosed
3" generation UMTS (Universal Mobile Telephone System).

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’.




advant ageous to provide both a video encoder and video decoder i nplenented
according to the present invention. Such an encoder and 30 decoder pair is
often inplenmented as a single conbined functional unit, referred to as

a' codec'. 42 Because a video encoder according to the invention perforns
motion conpensated video encoding to syb-pixel resolution using a specific
I nterpol ati on schene and a particul ar conbi nati on of before-hand and on-
demand sub- Besalisey ad ugdédt @tderlent L&brding | n ioh "B r a video
5 decoder of a receiving terninaléto %Qbikgﬁgﬁeﬁ%e &¥h a naﬁﬁ%%“%lﬁbatible
with the en¢@BBensatednhyidacameeodirighdot subkphall wisolhichousk tdesprelfer essed

et fect on (STBARNOP G, BRCH Piicula SHERIRUNN M deide bRt eBdyort
reconst r uct@shuhd auiblpirEEFalud AndrpdIaticR! it s %éﬁg@é’ktrt%‘ég%gmfg‘?é%%é wi Il

now be described in further detai wthre

mul ti medi a denogenaf asedehdig trminaMarbeimplemeritedimasnasher efpagblas 15
vi deo, audio and tel emati c devi ces,

't i nal ' t' . . This.includes,
e S BB A e e rmpmsccomns e
) 0.t e ol S et o306 A | B

vi deo i mages, a nonitor I spl ayl ng receive
vi deo procedtechgredhe pauality ofhtheaumivtiore gompenshtion. dndith@ Aocuras) efes a 20
m cr ophone, _for texgr}?le fQr cagturi ng spoken nessages, and a | oudspeaker
for reprodi@FHFUT VIGBOIAMES-cont ent .  The audi o- equi pment may al so

I ncl udegaddi ti onal audi o processing units. The telematic equipnent 63, may
i nclude a data term nal, keyboard, electronic whiteboard or a still inmage
. hranscei veA tyiral R824 malimadia te@sinahwill hdwche debpritesd irflurtiforcrugied to a
“vi deo code&-

T Ldeo codec 65 conprises a video encoder and a
correspondi r@%ﬁ%@@%é‘gm@ ot h -

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-::équipment :
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 vidgo 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
recetved from the communications network. In the example illustrated in

Figure 6, the video codec is implemented according to ITU-T




I npl ement ed according to the invention. Such an encoder and a decoder wll
be described in the following. The video codec 65 is responsible for 30
encodi ng captured video data in an appropriate formfor further

transm ssion over a comuni cations |ink and decodi ng conpressed vi deo
content received fromthe comunicatigfs network. In the exanple
illustrated in Figure 6, the video codec is inplenented according to ITU-T
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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 capabilities of the transmitting and receiving
) terminals and can be used to.enable the various coding modes of the video
By 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 muliiplexer/de-

25  muitiplexer (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 multipiexed and
possibly encrypted multimedia bit-stream is being received, MUX/DMUX unit




During data transm ssion fromthe nultinmedia termnal, the MJX/ DMJX unit

70 conbi nes encoded and synchroni sed video and audio streans with data

i nput fromthe telematic equi pment 63 and possible control data, to forma
30 single bit-stream Information concerning the type of data encryption
(if any) to be applied to the bit-stream provided by encryption bl ock 69,
Is used to select an encryption node. rrespondi ngly, when a mul tipl exed
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digital_ capera. The m croprocessor's operating I nst ti1ons, S

I 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 digitat 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.




code corresponding to the basic functions of the nultinedia termnal 60, is
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m croprocessor, for exanple under control of the user. In accordance wth
t he program code, the m croprocessor uses the radio transceiver 73 to 30
forma connection with a nobile communjgati on network, enabling the
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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
5 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, controliing
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)




t he base stations, is called a base station subsystem BSS. Particularly,
the base station controller BSC manages radi o communi cati on channel s and
handovers. The base station controller BSC is al so connected, through a
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either 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 enboding and an INTER-mode of video
30 encoding. The encoder 700 also comprises a muttiplexer 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




I nterpol ati on bl ock 730, a frane store 740 and an on-dermand sub-pi xel 25

I nterpol ation bl ock 750, inplenented in conbination with notion estimation
bl ock 760. The encoder al so conprises a notion field coding block 770 and

a notion conpensated prediction block 780. Switches 702 and 714 are
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15 the encoder 700.

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




frame in INTER-format, unless one of the following conditions is net: 1) it
is 25 judged that the current franme being coded is so dissinmilar fromthe
reference frane used in its prediction that excessive prediction error
information is produced; 2) a predefined |INTRA frame repetition interval

has: expired; or 3) feedback is receivggl froma receiving term nal
indicating a request for a frame to be coded in INTRA format. 30 The

occur r ence mbtiarocdnijensalgd predicticrebiedk BEOTaNiat MekBard BE 1Ay IdireRte t he
conbi ner 7]@.’r The conbiner 716 forns a di fference between the current

macr obl ock EXRIMPIea AeSUA RY absabde Mitierencepreldpixel oajugs) ozkoeedsian t he 48
- not | ; i GLi f this diff
(For oxanpioasteRfii Hrethad, M Tonfliner, 2167 infie I, ooyl Bvagne o
bredeter m 7@0 viar @sbohtlol tihe Ztiriteth Konkdl HhaBaddic780nbpatbidRIRger 720
e

via a control line 717 and the control manager operates t SwW t ches
702 and>718WiEhes 708 and VK shas dacudieh thecericoder TRURAtce TR comirite.

count er | makadE RoksineniCe s coBgB 2 HiopbraB By adansitia Hmaagr mme 11 ¢ ne
timer expi cesntepimplemérntedsn i Hoftrol ﬁ?éﬂagér F28" ﬁﬂﬁ%&sﬁ ?‘d@sﬂﬁ*&“?ﬁﬁfﬁ of

frames, the control manager 720 operates the switc o 10
swi tch t hellBYgE RIRIresn06 themRameoevunienpeiacheSoadpredeterfined numtggesfed i f t he

control ma % Iy V. f ack signal fr for example, a

recei ving pgﬁ%rshatﬁg é/ol%gr%é o'ﬁﬁv%e’ﬁﬁ‘i W‘Pgdﬁ@&%ﬂgjﬁ% pzaﬂﬂq%Mof rame

ref 1 esto| sswitduthe Snbodaiiata INFRAICOirGPEBAonGipR 4) 16 by 0!
-arise, for exanple, if a previously transmtte rame we adl y “corrupt ed
L Py 15 i nt.eﬁ’-‘?’étf‘ﬂnﬁl?f@ﬁﬁf ntRd trecaivesm sifesdback signabrfrory, ifor iexamgde,bhe to
decode at i | : 14S.1S§: ion, .the receiver d issue a.
" request foté&?ﬁéﬁfgéwﬁ?‘ f"a{r’r@ %%Htg%' ‘érﬁf%?c}éd nqicy topRaINTRA frame
re-initial fefiesh istrequiced by the aaueiirngy tetiddl. Bubh of &6Adifsn mgﬁgﬂg(?d t hat
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det er i nat PSEXAMBiGy A PERMAISY Wansmittegframp were 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 moﬁo‘h 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 fine 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




resolution of up to quarter-pixel resolution. As will be seen in the
followng, finer levels of resolution are al so possible. 25 Operation of

t he encoder 700 in INTRA coding node will now be described. In |INTRA-node,
t he control manager 720 operates the switch 702 to accept video input from
input line 719. The video signal input49s received macroblock by

macr obl ock from input 701 via the input line 719 and each macrobl ock of
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out put by the quantiser 706 through inverse quantiser 709 and applyi ng an

i nverse DCT transform 710 to the inverse-quantised data. The resulting
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: 15 way, the operation performed by the combiner 712 is equivalent to passing
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 oulput from combiner 712 is applied to
7. before-hand sub-pixel interpolation block 730. The input to the before-hand

5 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 biock is not present in the

. encoder architecture and the output from combiner 712, comprising
decoded image blocks, is applied directly to frame store 740.




sub- pi xel value interpol ation block 730 takes the form of decoded i nmage

bl ocks. In the before-hand sub-pi xel value interpotation block 730, each
decoded macrobl ock is subjected to sub-pixel interpolation in such a way 25
that a predeterm ned sub-set of sub-pixel resolution sub-pixel values is
cal cul ated according to the interpolat%&n met hod of the invention and is
stored together with the decoded pixel “Values in frame store 740. In
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716. The combiner 716 forms prediction error information 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 tranisformed and quantised
20 prediction error information. Each macroblock of DCT transformed and
quantised prediction error information is passed from the quantiser 706 to
o 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




the MUX/DMUX unit 790. The MJX/ DMJX unit 790 conbi nes the prediction error
I nformation 723 with notion coefficients 724 (described in the follow ng)
and control information (for exanple header data, quantisation 25 paraneter
i nformation, error correction data etc.) to forma single bit-stream of
coded image information, 725. Locally decoded prediction error information
for the each macrobl ock of the |INTER coded frame is then forned in the
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740.

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

Formation of a prediction for a macrobiock of the current frame will now be
described. |




20 As subsequent macrobl ocks of the video signal are received fromthe
video source and undergo the previously described coding and decodi ng
steps in blocks 705, 706, 709, 710, 712, a decoded version of the INTER
frame is built up in the frane store 740. \Wen the | ast nmacrobl ock of the
frame has 25 been | NTER coded and subséguently decoded, the frame store 740
contains a conpletely decoded frane, available for use as a prediction
reference frane in encoding a subsequently received video frame in I NTER
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) 760 The notion estimation block 760 receives the current macroblock of
tlhhe frame being. coded via line 727 and 15 performs a bl ock matching
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hgg?egag?eﬁ%%‘?%‘s ﬂggg enrg%gorggc;{gglocl(rg% the frame being coded via fine 727 and °
15 performs a block matching operation in order to identify a region in the
reference frame which corresponds substantially with the current
macroblock. According to the invention, ihe 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, motior: 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
“irame. 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




20 interpolation perforned. However, the basic principle behind the bl ock-
mat ching process is simlar in all cases. Specifically, notion, estimation
bl ock 760 perforns bl ock-matching by cal culating difference val ues (e.g.
suns of absolute differences) representing the difference in pixel values
bet ween the macrobl ock of the current fganme under exam nation and 25

candi dat e best-matching regi ons of pixels / sub-pixels in the reference
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full or half-pixel resolution motion 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 muliiple 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 anc 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




As bl ock matching is an exhaustive process, in which blocks of n x m pixels
in the current frane are conpared one-by-one with bl ocks of n x mpixels or
20 sub-pixels in the interpolated reference frane, it should be appreciated
that a sub-pixel calculated in an on-demand fashion by the on-demand pi xel
i nterpol ation block 750 may need to beS5dalculated nultiple tinmes as
successive difference values are determned. In a video encoder, this
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conpl exity i,rents of. the encoder which use only
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esti mati on rhbmoky é6Rsurhjptisny/er, even in the case 54 where all sub-pixel

val ues are available fromfranme store 740, it is still nore
conputationally efficient to perform bl ock-matching as a two-step process,
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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—démand 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:znumber 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 biock 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




the first step of the process and the second step nmay be inplenented so as
to use sub-pi xel values cal cul ated by on-demand sub-pi xel val ue

i nterpol ation block 750. In this case, certain sub-pixel values used in the
20 second step of the block matching process may need to be cal cul ated
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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 fram control manager 720 to form an encoded video
25 stream 725 for transmission to a recsiving terminal.

Operation of a video decoder 800 according to the invention will iow 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-




15 predicted pixel values represents a prediction for the pixel values of
the current macrobl ock generated fromthe interpol ated reference frane.
The macrobl ock of predicted pixel values is passed to the conbiner 716
where it is subtracted fromthe new current frane in order to produce
prediction error information 723 for she macrobl ock, as described in the
foregoing. 20 The notion coefficients 724 fornmed by notion field coding
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820, an inverse DGI transformer 830, a notion conpensated prediction block
840, a frane store 850, a conbiner 860, a control manager 870, an out put
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800 and t henskidi C the encoder 700 may be the same
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.15 value interpoiation 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 ther 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 macrobiock-by-
macroblock. When the encoded information 723 for a macroblock is
extracted from video stream 725 by MUX/DMUX unit 81 0, it is passed to




fromthe decoder architecture. |If both before-hand and on-demand sub- pi xel
15 value interpolation are perforned, the decoder conprises both bl ocks 845
and 890. The control manager 870 controls the operation of the decoder 800
in response to whether an I NTRA or an INTER franme is being decoded. An 20
| NTRA / I NTER trigger control signal, yhich causes the decoder to switch
bet ween decodi ng nodes is derived, for exanple, from picture type
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vi deo code ' S .11 nlexed fromthe encoded video, stream
725 by thecﬁu%%%@hﬁ{li@%%%@ﬁ ncqm”ﬁ}@}?&wﬂsp@é’ i WIRO encoded
video streameanb i725. TRy tihvdred e GuiantiSed NFRASHIGER TRCHRR 0@5«\@/@%@%’ contr ol

information. No 30 notion vectors are included in the encode stream
725 f or 3an tlaRsfamesbadbefinarse DIGE traasfarineg 880 do deisn asdaradbdrbiesk of

mor obi ook e JREHAREE CodliSUmaost 20 HonkBlo oo RORPLRER lerhieveno. it i s
passed to B4 rbfet@ﬁ@eeirﬁuﬁﬁéﬂi@?beﬁaqfsemﬁ. @%ﬂ&é&di@@ﬁﬁﬂ% NGPAA'Qded NVver se

quanti ser 82 to apply a suitable |evel I nver quanti sation to the
macr obl ock Mgcrokipsisdee dacedethblook of irage dfognatiorcismassieditoftios pikeioon

provi ded i | ream 725, The inverse quantised macrobl ock is then

I nversely @uﬁugﬁgpoojh%%%ﬁﬁc’%%e I nverse DCT transfornmer 830 to forma
decodegpbl ock of image information. Control manager 870 control s conbi ner
860 to prevent any reference information being used in the decoding of the

~ INTRA codeln efbodimeaisiof theederaged aich ekploy befagdands sutwpixebualie passed
o oo BB 438 g R e BrBRER, GBS oo
of inmage i pfodluaetii @ o iresult Pf XAk MebrseS huantisation and inverse transform
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.




produced as a result of the inverse quantisation and inverse transform
operations perforned in bl ocks 820 and 830 is passed to before-hand sub 15
pi xel value interpolation block 845. Here, sub-pixel value interpolation is
performed according to the nethod of the invention, the degree of before-
hand sub-pi xel value interpolation appkged being determ ned by the details
of the decoder inplenentation. In enbodinents of the invention in which

on- denmand kuémpodihentslaehé dbeods Rbichid Aol @hpRE betbiEAand &lip fxdand sub
20 pi xel vanLie i nterpol ati on bl ock 845 interpol atés all suB-pi xel'val ues. In

enbodi ment sV@HGt INtRpolatieRnthe decreds binskoot-image infdroaticleniad pixdl- pi xel

| ue int erpgl,adyi - i.xel val ue interpolation block 845
ter pol at a2t PRoaitdlias HERGA B ANECinvEq " fuiahtisnfdn e dovasee e, Tor
exanpl e, altrarsfdrpiopetations prformeted tHeQﬁa&ﬂdBR?okl iA'bIGEKSEBY Qﬁ{J 1830 ;9

sub-pi xel s 25 at. hal f-pi xel and one quarter-pixel locations. In any case,
after bef orRBS88Hd dirgaly Jpx flamenisterei M5y phs asubisequeht matmbhodiat ace

b- pi xel ' t 850, togeth ith the i gi nal
doconed pi ECERHTER B, B e dRIF 1R bRy URE Ritelo YIRS & o hand
i nt er pol at gstogiedsively &sbemisied o st falica8®re %%Olée‘rﬁ:gf)gg@rfwéﬁ tadnv'g}f?ﬁlatﬁf pol at ed

to sub-pixel resolution is 30 progressively ass rame store

850 and bediseeas aveferenedrame fometias campehsategsretiiction. f or noti on
conpensated prediction. 58 In enbodi nents of the decoder which do not
enpl oy before-hand sub-pi xel value interpolation, the decoded bl ock of

| mage. 10f oWmbA can (INTER Hiarab isvabotiiad, RhBJBAESHER vidd® Sttbhnpl7dshfs | nver se
~quantisation and inverse transform operations perforned on the nmacrobl ock
" iin bl ocks gemulliplexed intp neadeddpradiation \ertar informatinorZ2PBFer éjch
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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 macrqblock 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 modei 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-pixe! values in a prediction

reference frame stored in frame store 850. The reference frame may be, for




I nformati on. Again, the decoding process is performed macrobl ock- by-

macr obl ock. When the encoded prediction error information 723 for a 15
macrobl ock is extracted fromthe video stream 725 by MJX/ DMJX unit 810, it
i s passed to inverse quantiser 820. Control nanager 870 controls inverse
quantiser 820 to apply a suitable | eveb3of inverse quantisation to the
macrobl ock of encoded prediction error information, according to control

i nf or mat i on®¥XBRey Y HfﬂV'OPﬂEod%QQCEQrﬂNW ffamel, rre BSprevitiYly Tetodsy
macr obl ock @ | then inversely transforned in
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the i nverse
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t he macrobl ock in question are 25 extract rom 725 by

MUX/ DMUX uriPBciePipckin qpastient t o noti on conpensated pr ed| ction bl ock 840,
whi ch reconstructs a notion vector for the nmacrobl ock using the sane
notion nodel as that used to encode the | NTER-coded macrobl ock in encoder

or' gi nal 1y e or e g 0 ot o Sy BBNP X3 By A H B bR YEReocer . e
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| NTRA or a previously decoded

bl ock pﬂ&é@ﬂ*qn B -9htained \diregly dunugcﬂiﬁedecdidln?f'tﬁ C86HP Pinid! Cff QHe gotT |h on
e

econtt i HdRAryEebh fudleigh ThhC e prodigtion fon he PuBEnt MagoRlonk isT t
not i on vectcwmeldnﬂonﬂtseb-d)&wtvald%% e ﬁids‘?’%ﬂ’h@f‘ Bﬁh?etﬁ#v%cﬁ'?{o m?cr obl ock is
0

formedfromP val ues (i.e. e val ues~ pI xe
| ocat i ons) storg @9@ U afalgyipiad, 'rb@nr(&manﬂ/sdb#mmh iht&rﬂeiaﬁbﬁrlﬂoﬁ%oas the
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frame. If the
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-pixei
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 oompensatad prediction biock 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 haif-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-pixe! location, the sub-pixels




notion vector indicates that the prediction for the current macroblock is
formed from sub-pi xel values, these nmust either be retrieved fromfrane
store 850, or calculated in on-dermand sub-pi xel interpolation block 890.
Whet her sub-pi xel val ues nmust be cal cul ated, or can sinply be retrieved 15
fromthe frame store, depends on the dggree of before-hand sub-pixel value
I nterpolation used in the decoder. In enbodinents of the decoder that do

not enpl oy hexfuined-todonn thb-mredietion 18) e indbRIHIYIE érgoﬂg%tbﬁrggeﬁfﬂ%{rﬁg

sub- pi xel values_are all calculated in on 20 denan pI xe
i nt er pol at | BRT®I i anso arentherefose micwatmu i non-éetattidnsnbspixéinvathech al |

b- | ' t bgf hand t ted
ored ot on iaiBRialhE B P8T U RS Bathy con-dBBang: xeib-papLckaider ect |y
from the frintapelation &k 800 r@ﬁfé@éb’ﬁ?\}f pixbhat sbﬁ x%l r& 'IF%QE?& EgH%@PI on

bef or e- hand and on-demand sub- pi xel ue |nterp
required i nth 8r'ﬁ@t’PQ|6t'Qibffﬁﬂhffﬁﬁ€ $@@|BﬁémmhbpnﬂsasahewaiWaﬁ©Pﬁ1&ﬁo@n whi ch-

b- pi xel d, bef ore-h Tak |
oot nent GaiRed bR SHRBHA FANES SRR ore geRand bdir s &
cal cul at ed ihefpslationpbcki 890 §reeya§'ﬁa td #dtiohfco PldrRaRa pi %icﬁ@ gﬁé'%;?” vector
a

for a macroblock points to a pixel at unit Ioc tron orta

hal f - pi xel 8.1 ocation, all the pixel or sub-pixel values required to form
the prediction for the macrobl ock are present in the frane store 850 and
can be retrieved fromthere by notion conpensated prediction bl ock 840.

I f, howeverQndena preditiem fdr@&?ﬁ%{crbﬁl@bﬁfﬁa% t—?erFHBt'ﬁm%J‘;'é d@@{(?ddgﬁﬁbﬁ%hp' xel

§ Iocatlon t he sub-pixels 60 required to formt
" nacr obl ock ir & ﬁB@Cfﬁp@@Bn@f ﬁfqdf%tﬁd pmed)realeéﬁy asldpassect Hesraf enational cul at ed

in on-denma | ati bl In this case,

on- demand I&ggﬁ%llﬁ rle\élgdtﬂﬁrﬁlé@{)gﬁgq kg@m’ Péﬁ ﬁlc&ﬁ&in%wﬁi xel or
sub- pi xel tiesudecedet opreeidtionefro hﬁfdrmaﬁbﬁomt e“rﬂ‘ B R 850 and
applies the interpol ati on method described bel ow. p| xe "'ues

cal cul at ed "¢GPNSHUgESHRRGQUBIOgK swhich; dn dem, ispasseal mahermm@om;m@sar e passed
to notion gpimeas@dey Prediction block: 840.

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 wdeo encoder 700, or the environment
CJ 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




10 Once a prediction for a nmacrobl ock has been obtained, the prediction
(that is, a macroblock of predicted pixel values) is passed from notion
conpensat ed prediction block 840 to conbi ner 860 where it conbined with

t he decoded prediction error information for the macroblock to forma
reconstructed i mage bl ock which, in tuf, is passed to the video output 880

15 of the decpder. It should be appreciated that in practical
i mpl enent at E’Sﬁ’éeﬂa'@r%gQP'%@a"%ﬁHbMd@ﬂum@?mpwoexm@mbq thenbesth frames

ar e bef or o- BAne 3y tuthiichn cHUSHARGRY REuaRB i E yides, BRBURL. bl Aagdemmnd

sub- pi xel value 20 i nterpolation t erf a ®Qccor di ng

to, or dictdeeatldngoo, wise dicrefor-kandrelbipi ¥ivenisPeridhgly helaetarager 700,
or the envi roB nt .in which it is jntended to be used. 'For ‘exanple, if the
menory avai PRBIWPICEIlY fasbitsinthe ealsyladipniol many sutpixet valses thatraretndie

f ' T ' . lipt th ; t of
ber or o mancE SR Lisel if the Mpalry bboBRET ARKEPR if nolli e AR of hor
cases, wherthat hthougt diffecerstssesunts of befdre hantRavbsleenfiHeddidigolaish at i on

has imted &gcessi ng capacity, e.g. the number of operationhs per second
that can beC@kBgised ! §he€<5'ﬁﬁa%@i!@é‘|%90dw,n order to pptimisgpiheoppératien t o

restrict t 4R f = -pLxel value interpolation that is
per f or med. h:?[n a m%tﬁgnggdgg%a%ggplgf)%é%W%ﬁwgﬁﬂ?f?@rase&a%‘? ¥ \when
vi deo encodiarge adivisiarecbeiwepnf Wifbriedand t and Son-BRATARRS 2Rfpik8] Avdimpi |
tel ephgne aor simlar wreless termnal for communication wth a nobile
t el ephdfe ABIGRPIRUOMOt h  nenmory and processing power may be linited. In

this case a conbi nation of 61 before-hand and on-denmand sub-pi xel val ue
_i/nterpol ation may be the best choice to obtain an efficient inplenentation

in the vi detithemghdbe fotegoingidescription dRiesafl degerbe thd ebastudidAcbipib- pi xel

val ue is g(raf{]er?ﬁl%’l&% not preferred, §S it typically results in the

cal cul at i ofSFIARAY Drediciede framgs, {B-frameskir thet escederu700y apdetha n t he

decodi ng prfe88sr 8 Jld @@&g ' hough

di fferent armuntrs gt?)'wggfﬁ%?lg-%aﬁ an%ogﬁp gg%ﬁ@b?ﬁ%nﬁ%@%‘gw"e ﬁﬁn’oe used

i n theléncsdeh andapabilitiermay bedprovidedipiFrovisient lot spet atapbility 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 foin:
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.




of each, both encoder and decoder can be inplenented so as to use the sane
di vi si on between before-hand and on-demand sub-pi xel value 10

i nterpol ation. Although the foregoing description does not describe the
construction of bi- directionally predicted franes (B-franes) in the
encoder 700 and the decoder 800, it skl d be understood that in

enbodi ments of the invention, 15 such a capability may be provided.

Provi si on ofTheusub-pixehinterpojation metined deeddnviht énvodee 700 hhé cehdepe

skilled in rt. /An ,encoder 700 or decoder 800 according to the
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sof tware pr g and decoder 800 can further be
conbi ned i nﬁﬁtﬁg %ﬂ?gﬁ Bﬁg;ﬁ%@ggd&égﬁ@ ydec havi ng bot h encodi ng and
decoding functionality. In addition to being inplenented in a nmultinedia
termnal, such a codec nay also be inplenented in a network. A codec
accor di ng tl sheeld beenetednthahintepatativn mwsp preduge igmticabvales dARHLer
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~first be introduced at a general conceptual |eve Wo preterred
. gnbodi ment sempedimentqel dhe biswention tinewhichs tsuprpikelr valiliee idteepoltidn isub- pi xel

B e R B S B h s H on e om0t o
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on-demand fashion, only when they are needed during motion estimation.
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 Iettefs 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:




10 both entities separately. For exanple, in an encoder according to the
first enbodinent of the invention in which sub-pixel value interpolation
is preformed to 1/a pixel resolution, it is nost-efficient to cal culate 1h
resolution pixels before-hand and to cal culate values for 1/a resol ution
sub-pi xels in an on-demand fashion, o063y when they are needed during
notion estimation. 15 This has the effect of limting nenory usage while
keepi ng t heValdgsplor dheoitalresaiutinne subypielb uiatielieditb amme aobtapicebbg figvel . | n

t he decoder . her hand, /it . is.advantageous not to pre-calcul ate
any of the Cé"&%‘ﬂg‘b‘?ig?g'J.“e‘?ﬂ%‘?'@ oyalue Humaﬁﬂh@gd@dﬂi%@m@ngm@t a
preferred enbodi nent of the decoder does not include before-hand sub-pi xel
val ue interpolation 20 block 845 and all sub-pixel value Interpolation is
perforned i n__&-de nd sub-pixel value interpolation block 890. In the
descri ptiorf’ﬁ_ t M terpol ati on net hod provi ded bel ow, referen8es are
made to the piXel positions depicted in Figure 14a. In this figure pixels
25 | abekl ed A represent original pixels (that is, pixels residing at unit
horizontal and vertical locations). Pixels |abelled with other letters

represent shigr@ixabs vebRr dfffitdr cdeffidianier W'i@taegorr Q@or‘#{ﬁﬁ@r\}ee{droﬁ t hat
follows will adhere to the previously i nt roduced conventi®dns regarding the
descri pt i oRNgiNahpixel valugs A stiudiedeat unitchorizomtal B0 diit vertidaé lotations, " equi r ed

to interpo |, nSib- pi - ktions are desgriped: 63 Values for the Y2
resol uti onhgﬂgsgél 28 @@%éﬁ’%@?%hé{%%%Pégﬁ’fe‘f@F g’ﬁ’st ugsarguatian g an
i nt er nedi aten el reeexXpresdgtiasa Kth order filter, according to: K b=E xi A 5

.(,9) where x, is a vector of filter coefficients, A is a corresponding
’»;___\.Jector1 f original pixel values A situated at unit horizontal and unit

“vertical | | NS v ad is an jnteger which defines the order of the
filter. Thﬁ%ﬂ’eqhat’?oﬁ‘ﬁqﬂg’@%i'" + e K“_\'*-’*‘-KRK ?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
filter may depend on which of the % resolution b sub-pixels is being
interpolated. Pixels A; are disposed symmetrically with respect to the %
resolution sub-pixel b being interpolated and are the closest neighbours of
20 that sub—pixel. In the case of the 1 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 1% resolution sub-pixel b
situated at unit horizontal and half vertical location is being interpolated,
| pixels A; are disposed verticaily 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 scale,, truncating it to obtain an integer
number and clipping the resuit 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;




can be re-expressed as: 10 b=x1Al1+x2A2+x3A3t. ... +xK-1AK- 1+XKAK (10) The
values of the filter coefficients x; and the order of the filter K may vary
from enbodi mrent to enbodi ment. Equally, different coefficient values may 15
be used in the calculation of different sub-pixels within an enbodinment. In
ot her enbodi nents, the values of filtebd4coefficients x; and the order of
the filter may depend on which of the '/2 resolution b sub-pixels is being
i nt er pol at ol valig dos the Yarreselitipo sed-pivemabeilanlcl iy albo obiapeady fistt he ' /2
resolution s &g{xel b _bei ng. I nterpol ated and are the closest nei ghbours of
20 t hat sub-aru5'>! ng p ntgrmediate yalupusing gadyiy orgar Eitey, preending toi t uat ed at
hal f horizontal and unit vertical |ocation, pixels A are disposed
horizontally with respect to b (as shown in Figure 14b). If the Y2
resol ution suS:pi xel b situated at unit horizontal and half vertical
| ocati on i s¢ e ng}"i‘ﬁt erpol ated, pixels A are disposed verticallly with
respect to b (ds shown in Figure 14c). 25 A final value for 1/2 resol ution
sub-pixel b is calculated by dividing internmediate value b by a constant
scale,, truncating it to obtain an integer nunber and clipping the result
tolie in Wipreande 4 Qeckrlof fikér abemERAl, 'R iscReHedBBAGING! yddiér bvent | on
roundi ng may be performed instead of 30 truncation. efer be, const ant
scal e, is #HeuBadiale yaluegdnlin the hadzoniaharfverticadl trectimefiki:ci ents x; 64 A
value for the 9% resolution sub-pixel labelled c is also obtained by first
calculating an intermedi ate value ¢ using an Mh order filter, according
to: Mc=Y ¥i-bj b;.;%iyzmr[@s.yjmusyﬂ_‘m‘tgry beMfi | ter coeffici erelié), Ais a
;rﬁorresPonding vector of ° .

‘ 0 The values of the filter coefficients y; and the order of the filter M may vary

from embodiment to embodiment. Equally, different coefficient values may
be used in the calculation of different sub-pixels within an embodiment.
Preferably, the b values are intermediate values for % resolution sub-pixels
b which are disposed symmetrically with respect to % resolution sub-pixel ¢

15 and are the closest neighbours of sub-pixel c. In an embodiment of the
invention, the %2 resolution sub-pixels b are disposed horizontally with
respect to sub-pixel c, in an altemative 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,; truicating it to obtain an inieger
number and clipping the result to lie in the range [0, 2’-1]. In altemnative
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 horizonta!
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 fine

linking %2 resolution sub-pixels neighbouring the % resolution sub-pixel h




internedi ate values b in the horizontal or vertical direction. i.e.: c=y,
b, +y2b2+y3b3+.... +yM, bM,6 +yMoM (12) 10 The values of the filter
coefficients y; and the order of the filter Mmay vary from enbodi nent to
enbodi ment. Equally, different coefficient values may be used in the

cal cul ation of different sub-pixels w i n an enbodi ment . Preferably, the

b val ues arge.int di, at al ue or Y2 resolution sub-pixels b which are
di sposed syﬁemﬁ}e]grﬁggﬁo)ﬁﬁﬁt nr@sﬁ@itemeo‘j'(%»l & i values ulier psufepixel 5 iand ar e
the cl osestcaleulgtew by Saiiraging- el '&F{,%'b dioent. of the [nvention,
the y2 resol ution sug-pi xe?seb are glléigcf)sqgg -ori’gc{ﬁg@f"iﬁnvﬁ‘{bﬁp‘x?@s%ect to

sub- pi xel cclosestdn subrpikebhi Incaesodd emboditvent 3 Sialies RYSSsh-pief hiigal | v
val ue of Y2 resolution sub-pixel c

with respect ub-pi xel c. 20 A final
i s corrpuf e&%@ﬂﬁ%ﬁﬁﬁe%!ﬂ% Y@lugsol, e alosest\pixel b asidatht dastise %
“truncasi ngekdlutién © ' | ft S48 r_an lLipping the result to lie
in the rangg ?(l)“rzl %%P&Fﬁrbél I'?er n_atklj V@%@%ﬁp%gé&@ﬁm heravigesniheon
roundi ng miessbilitgr éfousing idifterenld combinationeabi Magbhsf ﬁf@@hoY tiof\%nﬁ:; ant
scale2 is &l% 10 Rcal @ * scale, 25 It should b% not ec! i e use of
i nt er medi at%% Nedne veivesder adh-pixsli Bwithin thecconfindscalddifferert eosme T esul t
as using i gfef wagdhat | me MBr L ical directiqn. 30 There are two
al ternatives for apﬁt@}(égglﬂai ﬂ?glé\\/%{’ulgg‘;hlpéﬁ %'1'?8 ép4rep§§%ql 3B‘P'oﬂ‘esﬁémepi xel s
| abel | ed hcosbinationstioutd bemsed in bottr el ericodBr ahaMRe 8etbadgCAHrdl B3e

the "/. resolution sub-pixel

| i nki ng, %2 [& ol utj o ub- i)ieLs nei ghbourin

h 65 i nf ‘i‘%{"&r'ﬁ'&{‘g‘?"’zdﬂ‘e&? align tesu Hierdhtdepicts #l pesside cholvesi xel h is

. gal cul at edgp iyt ' : wo. % resol ution sub-pixels b

,;CJ| osest toosfllo- Di gﬁhﬁg"?'ﬁﬁ%ﬂggﬁgﬁﬁ*ﬁﬁﬁ ﬁ%;ﬂ@lg%er@aﬂfegpﬁo?f dubix@Exel h is
cal cul at edwihinear irage Sittulaticmisir the TMLhenvilonpRsTit HiveSlerfie@Hat g, C! 0sest ' /

5 resol uti -pixel c.. 1t shoul d be appreciated that this provides the
possi bi | i tg&gﬁﬁﬁg&ﬂ% JP?‘H'&rEht_S'E!@ i RATPHEsiQl Qﬂl&‘ml Theergeabadi ons to
eterm ne odihostshdsdighePeathpkity, g , nes .0 ifferen
det éinbodimhentsha ecdthplaty, bited SiBuiahiEn $71 bplxelc,Ic recg;ugrfes '

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

preferred.

Values for % resolution sub-pixels labelled d and g are caiculated 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 %
\ resolution sub-pixel b. Similarly, a value for % resolution sub-pixel g is
obtained by taking the average of its two nearest horizontal neighbours, %

resolution sub-pixels b and c.

25

Values for % resolution sub-pixels labelied 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 %4 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

i i 1 : - . . . .
the invention, a value for % resolution sub-pixel i is obtained in manner




of 4 image pixels A However, it should also be realised that the sane
conbi nati on should be used in both the encoder and the decoder in order to
10 produce identical interpolation results. Figure 15 depicts 4 possible
choi ces of diagonal interpolation for sub-pixels h in adjacent groups of 4
pixels wthin an image. Sinulations i66the TM. environnment have verified
that both enbodinents result in simlar conpression efficiency. The second

enbodi ment ifastitalghahat juspldesctiyed $n coensctictuvithi Breabligivh- fbsGixelCs.F equi res
15 cal cul atj,on of several internedjate values. Therefore the first

embodi ment FGWEYtle f"érar‘bélte’\') ivie embedimpant «f e ipvention, panelis doasdhed d and
| f t t al b
Dsing |1 noay o' HORS @81 HBueiSs TRILS Mild, T1P6 Blatils SeineTdbr ot on

usi ng linear

sub- pi xel desslutibn asubepixblyi & eloterimiged WRlivg e Tvdidss WQhéSfouFQﬂ%s@%@t al

nei ghbo r| Lnal image pixel A and h Tesolution sub-pixel

Siml arg 8299 PRI Se6PIHiNG 10 stk Ani-AetAxg2) 4. obt ai ned by taking the
aver age of |ts two nearest horizontal neighbours, h resolution sub-pixels
b and c. 25 Values for 1/4 resolution sub-pixels labelled e, f and i are

cal cul at ed If slhonldheso bel netedahat reill cagas agtierdean W@@kﬁ ir{\‘/oﬁ\mjg E%‘[ ' Ca'
direction using linear interpolation. Mre specifically, '

resol uti on a8dd-¢ji Sibr-pie] @fu%f%ﬂﬁ@ﬂﬂm\lbe &yerape maywe termeaf ini arey t wo

near est ver, r g pi X A and % resol ution
sub- pi xel bb@rﬁ%r v, %g I:\S/%{Ieé‘gi F ih%avalvgg%e'ﬁtrﬁﬁﬁug%sﬂgmelfj ¢a opt ai ned
by takibg bb@eiumﬂeegﬁd&f (A tD)tA® onerest(A ¥Qj’]i.lﬂq!|2 nﬁi@ﬁ@ﬂiﬁbﬁ of 1Nto

. resolution sub-pixel Fnd c. I'n an enbodi ment he invention, a value
flor /4 rel® ﬁ‘t'ﬁ'o?f ‘éq;%@fp dixel A andie geselution snafpmel l:sbas itz effectadf t o t hat

Jjust d Ho
Ll tor narReang By 0036 8 ttiiatior SpERAION & b ebi8aBY. BRI UKL H 26
t est nodel or FvhSatarttie Mal:fe tmei/toouw yextasighédtafiteget dalfet THid!ls e fH0- pi xel |

i's determned usin ge val ues of the four cl osest 5 ori ?.I nal 1 mage pixels,
“accordi ng f8Y EAM é ARtegRy nguqs and may be applied to any of the averaging

15 operations performed according to-the method 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 TMLSE.

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 TML5
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, réferring to Figure 14a, %
30 resolution sub-pixels h (and sub-pixel i in one embodiment of the invention)
are interpofated diagonally in order to reduce dependency on other %-
pixels. Furthermore, in the method according to the invention, the number of

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




It should also be noted that in all cases where an average involving pixel
and / or sub-pixel values is determ ned, the average may be fornmed in any
appropriate nmanner. For exanple, the value for 1/4 resolution sub-pixel d
can 10 be defined as d = (A +b) / 2 or asd=(A+b+ 1) / 2. The
addition of 1 to the sumof values fobf7pixel A and viz resolution

sub-pi xel b he,effect of causing any rounding or truncation operation
subsequent | E/’ﬂggb%i‘@(ﬁu? &0 &lﬂ?& Y geseluting sub-pixelsvalthe decoddr forddigetext

hi ghest i ntesaparcd wih T\ S Additi f um of integer values and may
be applied to gny of the ave}r@%ﬂh‘?\gﬁ 5%%83@["&3'#9 Ogénfyo}té Oﬁﬂ@ﬂrw%g to the

met hod of tpixelivahemrequiresra noohber bbcalegiatings Wh%!ﬂﬁiwlﬁs%ntfailggﬁﬁﬂér‘is‘
ef fects. Itt shoulg be nothe}ﬁat hat the sub-pixel value interpolation method
accor di ng t'B¢ RY{B0en Ok ralcifations, ranmired dicadetesminavoy atheh 1ofregdlufomnd TML6.

20 I'n cgntrq ik . A WoYales val yes. of.. some of the r/4 resolution
sub- pi xel sﬁg;%%leﬁ]dwgfﬁébrﬂgg{%w}ﬁ(é?m#a@er'ﬁ'o?at"’@dat{% -r%b{hﬁ Fequirest Yot her 1/4
resol uti on restjupion esuh-pixel Mabuee ke i di i L,on | '/4
resolution s b-' i a&l ? are c(gl cul ated from gylai‘ghltﬂg| b%agﬁebﬁirﬁ%gﬁgsb%% 1/2 25
resol ution -%P eloreshand, e mumheriof waloulatiansrequised oo intdipesatetae
reduction S kAL 4.resol ut.ion sup-pi xel val ues_which
occurs in #Nt@égé:lgﬁ(&eﬁ? gﬁ eeiit\}r%tﬂga?ﬁéé‘ %@@r’?ﬂlﬁ@ﬁ?‘%ﬁ%&?iﬁ%%ﬂ%ﬁ t he

ot her 1/4 walielsusitbe sasubapithe Inbnibied B2l , es not

t ake phﬁce h_ln t.he r?ahhod ccording to th%%@gﬁeﬁgﬁgaﬁé%%ﬂﬁgﬁ@?,
referrifg POYEGUPROIHAN Suppixg valiisoiram e availaplexs! resblutioncsubupixel xel i in
-one enbodi gRIesOf the invention) are interpolated diagonally in order to

. reduce dependency on other 1/4- pixels. Furthernmore, in the nethod
according to the invention, the nunber of calculations (and therefore the

resol ut i onlSABTBRREYS With"THL6adhe methed aceamsbrgiio SumimeationiddssTsts.
S umber o e RoRneelsi ShtieRClo bel FRRLM AL AIIARA O aliSitimber of
cal cul kX i opi¥else§peeibicaliy, agealofithads aegolalidiesub-bixel 98ReY tdr8 Ralculated
from original image pixels or ¥% resolution sub-pixel values using tinear
interpolation, fower 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.
™y This, in tum, reduces the overall area of silicon that must be dedicated to
thg 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 implemeqtations, where sub-pixel interpolation is
performed using the standard instruction set of a general purpose CPU
(Ce‘ntral 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.




5 sub-pi xel value. Mre specifically, in a situation where the required '/2
resol ution sub-pixel values are already available, e.g. they have been
cal cul at ed before-hand, the nunber of calculations required to interpolate
a '"Aresolution sub-pixel value fromthe pre-calculated /2 resol ution
sub-pi xel values is the sane as the nygber of calculations required to

cal cul ate any 10 other 1/4 resolution sub-pixel value fromthe available %

resol uti on Jab- pictiedd acabfifg tbMHeORABMLS libBs Tdvub d accordi ng
to the invention does not r%qw re |gh|pr‘rPrepc!?%s"|H§% %ﬂrﬂl LH#L}?I%F ? Sused in

the cal cul afPBRaERd With L5145 prentioped Sreviotsigainl the desoabl ofify £ 8@[ df s

resol ution cal culated from.original inage pixels or
'/2 resol ut f“é’ﬁ’ss) SEE‘;S“*XI%F’%@@P@&ES (=urs 9, f}fn?éafrgwrhh@ﬁpaamahothat Mt is
reci si on aindidated i &vCacbRedS t [ o] nse uently, in

p yC ar@cBReds 8ftotion t Reblor! rlﬁﬂr@ﬁh?ﬁ '?’hgzrﬁ% X X\SI c

hardwar e inpl ementations of the inventive neth
(ApplicaXi oﬂd\a:;‘é@wmes ifithegralve of @ sobipijel it imyustﬁ)-pfxe?%détféﬂrcéﬁ gei sion
b

arithnetic W‘glt rrbe.r of co nent s ates t hat nust be
devoted to Yhe éﬁ?l%cu rgipimum, Bg&\ |an5‘§9§ §5'|3 dpsylhlines. cormeetly, in
turn, redudaterpblatey eanld, 'ﬁﬁ@ﬁ‘né’ﬂmoﬁ' éd:é"d?aﬂnbhﬁib tﬁ@ﬁﬁ\{%ﬁgﬁ% %r QA qesgy% 9 the

|nterpolat|onfunct|on As the majority o pi xe

resol uti on cAPbllitkeAs mentioned df thee diafalledbdesmﬁiti@nl b}mé@tgygwén 1/§| gur e
14a), 25t t [,ovided h i nvention in this respect
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: Preg\lj: (r-"g%' Z‘fe%diréshif \ygﬁc‘éﬁﬁﬁgﬁ Pél;'oY foyoﬁuu.fp-ﬁ&m gg rq-.ssolutxon  Su Ié%txe??:sslhghl%ns '
fnterpolated in the verttcal 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 Y% resolution sub-pixels. No such flexibility is provided in TMLS.

F 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 ¥ 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 TMLS and TML6E 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




i ndi cated by received notion vector information. Therefore, it is 5

advant ageous if the value of a sub-pixel in any sub-pixel |ocation can be
calculated with the m ni mum nunber of steps that result in a correctly

i nterpol ated value. The nethod according to the invention provides this
capability. As nentioned in the detail 9 description provided above, 16
resol ution sub-pixel c can be interpolated by filtering in either the
vertical orfollowings ihaill Zsnassurdedeibial afl, inidge pavals \@ld! GinARimerpRkliad ned for
c regardles§lof mhebher horizontal or, vertical filtering is used. The
decoder can’@H&F 4 SUB-PixelR are irp{rpayedavith 8ibitspr oper ty when cal cul at i ng
val ues for 144 resolution sub-pixels f and g in such a way as to m nim se
t he nunber of operations required in order to obtain the required val ues.

For exanpl eCaictilatine ofeéodesolifiorr sybipigsls aatv )l Balf fifit hoAz6RaPaHE Gt

sub- pi XSI f. ' .r? ol ution 5 -Rixel_ c should interpolated in the vertical
directidn. yartica ang an 529 ft &igrizental and half ainitvestical dadationsel g, it is
advant ageo ' 2 e 1.0 the horizontal . direction.
Thue, | n gerer syl RoRb Gttt Ol Boligoghadl Lsf et sedien.

i nvention prothallels ¥ essditiornt ysubmikdlebwhy Figurehitah, V&l dRsinghepyiagsyved for
20 certain 1/4 res?l uti.on Sﬁbiepi xels. No such flexibility 1s provided in
TML5. Two spebiftiatingiigrmediate Yalue benAve- 88scr ROAd + 20Met 5k + Ae fir st
represents a f& ' oL .cal cul atii ng. sub-pi xels with up to '/4
pi xel resol ut?%ﬁé%mgﬁﬁé&fggeftngggc%g%’? @etongf)hwg'cgcﬁﬁ??ﬁit%e@ Gyt

i nvent 16n 25 herizonta ratetiunib vbrizat ioatibas iie eivkr RS ¥6% dotheStluMn*@ S having

up toy pixel .resolution. For poth enbodi nents a conparison 1's provided
" Petween the RI¥RFONRIBING g(%“%"&%"’(?’@ dispoged sysemetrically fabout bsasof t he

met hod accorgh i ' | AR jch, would.result.fromuse of
the inter pol_at%nﬁﬁr:e' Ege Sﬁggéﬂgﬁ?ﬁgﬂﬁ (')'{#&%g}gg{r?g Af ﬁ@'?%%&'@??’@&ﬁefaﬁt 30

ci rcumst anceds calayigiedfasrbed 16jrh 82 whkere ther opdthriry Aetiotéd dridiorPivig! s at 1/ 4
pi xel resolution. . .wl bed, with reference to Figures 14a, 14b and

be d A th
l4c. In the e9NGEIPRy '%g%s”ﬁﬁscw'wedo'@ liesie thedapge {0, 455)i nage pi xel s and

final {gterpolated values for sub-pixels are represented with 8-bits.

Calculation of % resolution sub-pixels at half unit horizontal and half unit
verttical locations.

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

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

20 = (b1 - 5b2+ 20b3+ 20b4- Bbs + bs+ 512) / 1024 using the intermediate

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

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

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

truncation and the resuit 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 % 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. fn 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 % resolution sub-pixel c.




Cal cul ation of '/2 resolution sub-pixels at i) half unit horizontal and
unit 5 vertical locations and ii) unit horizontal and half unit verti cal
| ocations. 1. A value for the sub-pixel at half unit horizontal and unit
vertical location, that is Y2 resolution sub-pixel b in Figure 14a, is
obtained by first <calculating interneditate value b = (A - 5A2 + 20A3 +
20A4 - 5A5 + A6) wusing the values of the six pixels (A to A6) which are
situated at unit 10 horizontal and unit vertical locations in either the

row or the . I xel g containing b and which are disposed

symet ri cal ?%Ia Otﬂ(% B)f wéﬁsiﬂtb%sﬁiﬁ'%%%taég quayiernenit herizeptal aad updll ue f or
"h resol uti gerticablopaliGhs; ) qiaitér G&t ALk i e hhe
operator / denotes di vissi ())rql Wi trh truh%%r'?lg'o%ﬁj ﬁlﬁ%ﬁpé?éﬁ{%?ﬁocﬁ?&&é@ tolie
in the rang¥nitdorizestal and quartet uattiventical lodationsphnd i) hafulnibhagichtat hal f

unit hord zo I hal,f uni vertical locations. 2. A value for the

sub- pi x aghﬁ;ﬂuﬁﬂgﬁﬂ“tHB&FQL'HFQﬁ'O%d hal f unit vertical location, that is"
h resol uti og, yHlues X6 14Crd ' S o | gt . 20.= (hr - 562+
2063+ 20b4- 5b5+ b6+ 5{25és/6 '@8%% ‘ﬁ’s‘ﬁﬁ‘g’% ﬁ'es'ﬁ%tégréﬁ'%’%i}ﬁﬂé@zﬁnﬁ%r t he

si x cl osest' / anesyhitivedica idcations| arewricilardeastdrimigerd Hn= At hay) the row or

t he col unm of sub-g}xel S c?ntalni ng ¢ and which are  di sposed symetrically

about c. Agai ATELIENEATEST ALighial dImage; RixehAvand, the clersst iterreaslttione resul t
is clipped toslubsii B . b OUS xpl ai ped, using
i nt er medi at e \?gf)ﬁ)qﬂéé]bﬁ PgEﬂéﬂgﬁzeirg?'u%?%;rt\mgﬁgﬁg?%%"Lge%l ﬁ%tlﬁégﬁ‘glpﬁ‘%nt al

di rect il®n | eagubtpixels g, ssitvated il quarterushio horizohtal nadi abR YAk Wasidalifor 1h

resol uti on sub-pi.xels b in e,vertical direction. Thus, in an encoder
according to F%%“PW@F& P@'ﬁyﬁ%agqqrgmtgrg:{w 6)d245iag the two wearestol uti on

sub- pi xel s b ¢ARedRuidP S6H-PAEIL re of
I npl ementation. In a decodgr acf:rgggigrqgﬁ%‘gu?ﬁgﬁéﬂ?@éA'F?‘o%m%ﬁén%‘i"?eéct ion for
i nt er pol at i ngvaies plox e¥ss rasolusionh sslepiaets @, dsingited catwinhit thorizoniYand / @

resol ution Sug@g}iiéﬁpﬁ%VelﬂgcapFocla%gé,pgrleact:aelgulgtsédn cct:or}gingrgsgl(;t\ +olt3)§ f;uzned for'/

resol ution su
15 using the nearest original image pixel A and the closest % 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 fromf=(b+c)/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 +
by) / 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 fromi= (A; +

30 Az + Az + Ay +2 ) / 4 using the four nearest original pixels A. Once more,
operator / denoles division with truncation.




70 Cal cul ation of Y4 resolution sub-pixels at i) quarter unit horizontal
and unit wvertical locations; ii) quarter unit horizontal and half unit
vertical locations; iii) unit horizontal and quarter unit vertical

| ocations; and iv) half unit horizontal 5 and quarter unit verti cal

| ocations. 3. Values for 1/4 resol utionjsub-pixels d, situated at quarter
unit horizontal and unit vertical l|locations are calculated according to d

= (A + b) /A8 amiysis toe tﬂéarc@ﬁipméti&idvabohﬂm},pidfek%@ ﬁ,lrgil Pnﬁe% sest %
imlarly,

resolution sub-pixel b in the horizontal direction. val'ues for
1/ 4 resol ut?’BEPO@’LB"%'MB)fﬁh&&Vﬁﬂg?"Mllmm preseptedt er unit horizontal and
hal f unit vertical |ocations are calculated according tog = (b +c¢c) / 2
-using the two nearest ' resol.ution sub-pixels in the horizontal direction.

In a siml Vi 4 resolution,sub-pixels e, sjtuated at
unit hori zgﬁttg? r}gﬁg e(r:fu'gﬁ#@?eliﬁ?&%tj‘égrﬁai"ieaf’u#"g&ﬁl i"@ﬁ‘?,s ‘ﬁﬁeb%ﬁf“’@l:l‘aé?@d
accordi 8g anaitiple timbs. ThéYeldre landg i el h,?g?eg(ﬂi oY A and
the cl osest 1/ 3 resol ution 2ub- pi ?(H?@\gﬁiﬁ’%ﬁ?ﬁ@a\%rcﬂt@fmd rec :%(lf))rq% Val ues
for Y4 resdNFOO8H calReradkicedrby prerealeulating all isabtpixeli valties andrstavingind
quarter uni t L NSy .determned fromf = + c) / 2 using
the two neé&%r‘sﬁﬁ hf@@?ﬁ'ﬁf%‘%‘%& lsas[bcﬁwé‘?n VW"?%S\/E?WP%PS%Qé Bitaiiéfﬂe In all
cases, opemaamirl. tetius qretbireds efibodithbnt & the URGakHGH) - inCaliaH ahdin of '/ 4

resol uti on sub-pi xel s at quar_t er unit horizontal and quarter ‘unit vertical
I ocati ons. VECIOp,¢a4a¢Y IS 4 Rixgolegelugionsinbbpihx tes horizentali @inedvedticgliar t er

it hepi . s t  t tical | i | | at ed
U e fhoions, S S, S BT S
* Sub- pi xel s réquirest 1@ tiniesgheaterndiyrrequired to £@m the SRAAAL ﬁbplin@fﬂgéﬁ?i di vi si on
e

Wi th truncation. 5. A value for theresolution sub-pi xe abe RS
conput ed f FBAYE- 10 feduce memory.ugage, all 4o resolutionngubipixdl® caméer est

71 Tan analetrofpd BefGeNRiEs and BE 1B Altion SRR o b lelsd e red
demand, that is, only when they are needed. According to the method of the -
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 ¥ 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 % resolution sub-pixel in
TMLE. In addition, the complexity of sub-pixel interpolation during motion
estimation is higher in TMLS, 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 interpol.ation method
according to the invention, when applied in a video decoder, is compared
with that of the interpolation schemes used in TML5 and TMLS. Throughout

the analysis which follows, it is assumed that in each method the




enbodi nent of the invention will now be presented. In the encoder, it is

i kely that the sane sub-pixel values will be calculated 5 nultiple tines.
Therefore, and as previously explained, the conplexity of the encoder can
be reduced by pre-calculating all sub-pixel values and storing themin
menory. However, this solution increasgg nenory usage by a large margin.
In the preferred enbodi nent of the invention, in which notion vector
accuracy i sintérpofaitisel off &% kUbiphiel VaIRS T pb fo riical 10

di mensi ons, storing pr e@?gl_culﬁgibed sub- prglﬁnﬁg{jues ?Pifﬁ% %ﬁ'&’f‘g’mrrage
requi res 16NYMRBECE Hepseeriited tobitaiaca corretty iatérpelatsd gama! it is further

non-i nt.er po, ' 10 [e e._nmenory usage, all '$ resolution

sub- pi xel s -él(i:%'trli'ﬂg%d iﬁ%@ﬂo’ﬁ&[ﬁyﬁé %mﬁ\éfﬁff%a block basgd manmesuthapi xel s
can be cal qy] jaterehediate dalsiSeorhfidhn fop k needed. Accordi ng
to the nethod of the 15 invention, onaggﬁr%)régwﬂﬁ?ees%E@%’gﬁhgeﬁpﬁgg%ﬂﬁ"u%s for'/.

resol ut Son paricyiax bl x Miblgck arcalcalatéd el ohes,cAR HlRtiatile fs@mplé 2 ‘
e_ original picture nmenory i s required

luti -pi,xel s, F ' h
Lo stor o IASHABYLE RayertE, rerBFinarioute Te.lboah beissesthebinoompr o bi . are
necessary lcaldfmbesank 4 MRtk 80y U RHion ' gz,;;,geég%ge%?; £ D %

pre-calculating all '%resol ution sub-pixée
i nt er pol at irepplttiorusearpixelsbis finstcalonlatéd.h the direct interpolation schene
of TML6, the nenory requirenents increase to 9 tinmes the nenory required
to store the original non-interpolated image. This results fromthe fact
that apdar GomparelavitPthesispixe! Vami! i i L&h ﬁ@ recision
internedi ate val ues associ at gd W ?ﬂgégﬁpﬁﬁgébgé%@pﬁg%dgub "geﬁ‘el n TMG6.
" 1)n addi ti omethed aﬁ@@rﬂlrmq tynecnvemtoruhwlla lbwbscgmblﬁfdti@haﬂet?‘rhﬁgxwﬁé{on

estimation,i Lgher in TM.6, since scaling and clipping has to be
per f or med tdeipﬂgﬁrwafan%nd " A sub-pixel - ocation. 30 In the foll ow ng,
the conplexity of the sub-pixel value interpolation nethod according to
the invention, when applied in a video decoder, is conpared wth that of
the interpdi dinlike dbeerub-pixald valweTNhrpoidtidivl Schdeougedutin trivisinal ysi s
whi ch | O\A/sdcc'b 1S, : I n.each nmethod the 72 interpolation of
any su{)g?)pi xel vafdllj|J1 F(Zﬁf)&e%?%% e yestiep. ?h‘@?ﬁ'ﬁ feMm{antesolution’ sub-

: pixel ¢ can be obtained by filtering in either the vertical or the horizontal

direction. Thus, in order to reduce the number of operations, %
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 % resolution sub-pixel values:that must
be calculated in order to interpolate values for % 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 1%
resolution sub-pixels to be interpolated, while the method according to
the invention requires the calculation of 72 % resolution sub-pixels. As :
can be seen from Figure 17b, according to the invention, % resolution

30 sub-pixels ¢ are interpolated in the horizontal direction in order to reduce
the number of calculations required.




nunber of steps required to obtain a correctly interpolated value. It is
further assunmed that each nethod is inplenented in a bl ock based manner
that is, internediate values conmon for all the sub-pixels to be
interpolated in a 5 particular N x M block are cal cul ated only once. An
illustrative exanple is provided in Figgure 16. Referring to Figure 16, it
can be seen that in order to calculate a 4 x 4 block of Y2 resolution

sub- pi xel s @, Accrding tol thek nthd@ of rthedhvéhtioh, SUbreBbkaion $ub-pixel hsis
cal cul ated. 10 UE%ar ed with the sub-pixel value int er{)ol ation net hod used
in TML5, the gd 2y dpapndnteepalafion freemitsotwa £losgest ewighbooripgt 4t i onal

conplexity for QW : 1S, Jnl I - Rl xel val ue

i nterpol ati on rsegéllgﬁ%ﬁ %gé%%gfﬁwﬁgé%ﬁ@%aécdjggﬁ'ﬁg ffggtr%g[?%&tvﬁdﬁjrﬂgerﬁhe

i nvention, a \uil%erdsolutite seis-pixets dmatspiusPibectaleuiatsd e RRERKES btaiM
filtering in ei Eher the vertjcal or the horizontal direction. Thus, in

gr der toor qud’é‘ yasdon ntaselionspi-pikelsdy withirpa 4red @llfmiﬁf ofrorigimalginage ¢ can
. e . ! . o vr \
oub i xel -1 SXAS BTG HE SR GEVAITE IneE i gt acising oo Phbue o

Ys resol uti on amdbthei methad aetordingstd #RUinveftioaré@BhofMaRPEBurdd 980} 17
shows all the % resolution sub-pixel values that nmust be Calculatéd in

order to intedidl A8}y spsRactively. Wsingsthieumethod uacgsirdiegstay TMLS ait is mage

bl ock defi ned Of.J: Qi i piXxeks,, using . .the jnterpolation

net hod of TM zéﬁsfsg%\{éol g%pgf#ée u@ﬁ%lt?{eghe?hﬁo%wgcéﬁbﬂ it W%{l‘l’le

i nventin (Fi geeerdingoto. therméthiodl ehtagTmeantionat BURsddiss&ly toMiAledSolkfd 26 Pol at i on
met hod according to TM.5 requires a total of 88 Y2 résolution sub-pixels

“tlo be i nter polafesgiutign; sub-piKelsmet hod according to the invention requires
the cal culation of 72 Y2 resolution sub-pixels. As can be seen from Figure
17b, according to the invention, Y2 resoluwion 30 sub-pixels c are

i nt er pol at eFable 1t Semhwrizes theldedioder compléxitisl dthel thre6 Subixdihgliember  of
According to the nethod of the invention, 1/4

cal culations, requi.red. 73 2.
resol ution '@W@P&l‘éﬂ f‘?ﬁfﬁedwpea'fisf%hsge,|.ﬁ1abamrdm oiTMLSthe rdifect t s t wo
cl osestysneiigpediatio nféthod 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 toi= (A1 + Az
+ A3+ A4 +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 originél 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 1016 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-pixe! location and the single full-pixel

30 location.

TML5 TMLE Inventive
Method

[ Location finear. | 6-tap | linear. | 6tap | finear. | 6-tap




resol uti on sub-pixels in the diagonal direction. The respective nunbers of
I h resolution sub-pixels that nust be calculated in order to obtain 5,
values for 1/a resolution sub-pixels h within a 4 x 4 block of original

i mmge pixels using the sub-pixel value interpolation nethod according to
TML5 and the method according to the invention are shown in Figures 18(a)
and 18(b), respectively. Using the nethod according to TM.5 it is
necessary to interpolate a total of 5% 1h resolution sub-pixels, while 10

according to the.nethod of the |invepntion it -is—necessary—to interpolate 40
1r4 resolution { ixelb—Talle 1 Slnmadd es-SHe—deRbdert npl exities of

1 H ...,\,\l‘I H ® C 41 1 U ! 1 1
the three sub- piFgg=—at-te— g |JUI1§ o et ogy congderggl here, that
according to TMEgy thedyrect IS5 Tgbgrpor@ T Ofsafer Nog[USegE | n TML6 and t he
met hod accordi ng7§ the 1 IOnsz Conplei Tys21{Ss maasurege | n ternms of the
nunber of 6-tap|fphgerin ang [l 1 neal | nteey polsat)i on16per add pns perf ornmed.
It is assuned tha&i8,14] nt ef pol aw8ijon 681/ 4 G esoli3t}i on1 - el i s
calcul ated accondBng tao ) = (8] + AP} + 3R A404 ) B2 i%h is bilinear
i nterpol ati on andvemgectivel 8daonmsdfses t%n 22|l ned? | 282} hol ati on

operations. The operations needed to I nter pol ate sub- pixel values with one
4 x 4 block of original image pixels are |isted for each of the 15

sub- pi xel it §.0 InC Q | £RAC f TN ered
sccording Hatih” Seortlstl of M S UER RGN pbRIRRA THEE TS
| ocation 1 is the dnoictheimathod aseordingdorbe invaat@n.pi xel A and | ocations 2 25
tol6 arg sub-pixel locations. Location 16 is the location of 1/4 resolution
sub- piXel i. In order to conpute the average nunber of operations it has

' been assumedat et sédre frproiiable it tiiab thea nvathod acverding t thenirivegtion each

sub- pi xel osition is the sane. The erage ¢ | exi is therefore the

aver age of "pfwresy “@ﬁr%taeéll@ﬁlog?@}'opﬁﬁ%@%zﬁe §H§%£(¥Fhﬂ)éo@§%rpgﬁ{'%%d t he

single ful |mé’ti1256'acc§ﬂjirﬁg)€égl‘ﬁtmr6 ahBCaily o feMaRiliMobhnYiesdr interpblatied | i near .
a

6-taplinear. 6-talinear.  6-t; . .
operations. Since 6-tap filter operations are much more complex than linear

10 interpolation operatiohs the complexity of the two methods is similar. The
sub-pixel value interpolation method according to TML5S has a considerably
higher complexity.

The preferred embodiment for interpolating sub-pixels with up to ¥ pixel

15 resolution will now be described with reference to Figures 20, 21 and 22.

S Figure 20 presents the nomenclature used to describe pixels, ¥% resolution
sub-pixels, % resolution sub-pixels and ¥4 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+ 220A, + 7T1As - 21Ag + 6A7 - Ag); b = (-3A; +
12A; - 39A; + 158A4 + 158As - 39A; + 12A7 - 3Ag); and b® = (-Aq + 6A; -
21Aa + 71A4 + 229A; - 37Ag + 13A7 - 3Ag) using the values of the eight
25 nearest image pixels (A: to Ag) situated at unit horizontal and unit vértical
locations in either the row or the column containing b', b? and b® and
disposed symmetrically about % resolution sub-pixel b2 The
asymmetries in the filter coefficients used to obtain intermediate values




74 10000 3 ,9016016 2,4 5,131616016 11052052 7, 151652052W 10, 121668052 6

, 8, 144868052 16320320 Aversel9372321328.25 Table 1: Conplexity of '/4

resol uti on sub-pixel interpolation in TM.5, TML6 and the nethod accordi ng
to the invention. 5 1t can be seen from T Table 1 that the nethod according
to the invention requires fewer 6-tap filter operations than the sub-pi xel
val ue interpolation nethod accordingst0 TM.6 and only a few additional

| inear interpolation operations. Since 6-tap filter operations are nuch

more compl ex. 1§iafal $MERbudior e RAMAL AREIBRRIBIACA® Aayaaalicalyt y of the

two nmethods is simle T ub-pi xel,” value interpol afion nmethod
according to TodsSechaithaespentitaek aiesglution ghbrpbxaisnhl @ad b, Fimal vgiusSer r ed

enbodi ment for,_inter. tir | ] : i ke Dggesol ution
will now be dé%’c?ﬁt%@%g\%m%rﬁ%eﬁ??%’%c%ﬂ”ﬁa‘%t&&?@@'%,"‘zﬂgﬁal’%@% Figure 20
presents the mmadhat operaiesed denotdesdivision piitketrsncatiod. rideo reguitols

sub-pi xels, 1/ .resol uti.on sub-pixe and % resolution sub-pixels in this
ext endedg appl i%%@?‘gwﬂt?f'“t?‘ﬁ%r dég%]cordi ng to the invention. 20 1. Val ues
for the "h resolution and '/4 resolution sub-pixels |abelled b', b2 and b3

in Figure 20 are obtained by first cal culating internedjate walues b' =
(-3A, + 12A2- Vayesdfop fpnlpirepelutign anglAgaselution S%@Psxelﬁzlaée‘iﬁ%% LY=12A2- 39A3
" 37he + 1347 b 2adep o ARH SR ng R U 4 G e A e ol kel <
(A to AB) situghed,pfy Y py hopii 29abak) ARSEARIE Y RBY CRl2pi -30b] +
g 10 158b] + 15851 - 39b) + 12b! - 3b] + 32768) / 65536 and ¢* = (-b] +
6bi - 21bl + 71b] + 229b! - 37b] + 13b) - 3b] + 32768) / 65536
using the intermediate values b’, b° and b® calculated for the eight
closest sub-pixels (b to bg)) in the vertical direction, sub-pixels b being
situated in the column comprising the Y2 resolution and % resolution sub-
15 pixels ¢ being interpolated and disposed symmetrically about the %
resolution sub-pixel ¢3. 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-pixeis c
are calculated using in an analogous manner using intermediate values

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.




| ocations in either the row or the colum containing b', b2 and b3 and

di sposed symmetrically about % resol ution sub-pixel b2. The asymetries
in the filter coefficients used to obtain internediate values 75 b' and b3
account for the fact that pixels Al to A8 are not symetrically |ocated
wWith respect to 1/a resolution sub-pixels b' and b3. Fi naI val ues for

sub-pixels b', i=1, 2, 3 are cal cul at%l according to b'= (b'+ 128) / 256
where the operator / denotes division With truncation. The result is 5
clipped to Aigy u'%sthF [?91 Lﬁ)sé&elsaabé@dl@ﬁnﬁ(?raré r(‘;ﬁlclﬂéltéci?ﬁélhgt ion and
1/4 resolution sub p| ? | 2, 3, are calculated

according to ﬁnearqn(erﬁoibuon iroﬂn'Zﬂ'ib va!&ébhfﬁnﬂ@@tpﬂxels Rirdsolitiondt B, + 6 b; -
be + 32768) / 65536, c' ' s - 39

+ lbé. -:?.9 b:. + 10 1'58 2' + ]1t58 b
b'' + 12 b, - resofigion %@7@86}'8/'" é‘%%%’ﬁa igection Fog,exafnplg, felerting {0, . 24 .
+ 229 bs - 37F ure 2ol gPer Iefﬁn&ﬁ |x§2Z6$ésd!utﬁ>55§ﬁ) piei BUistdculatear ned at e
e

val ues b’ nd b3 c culate for t ei ght closest sub-pixels (bll to
be') ing he vacd:Ordm:Ig tdier=e (i o, + $)ub2 pTheetimgbnaladinegtionsia bmuset indhehe col um

the Y2 I 1/ 4 | ut 5 | 4P
[t or pol A e RPRCRBsEl SGhiiot  EaPkGOR, B el 8, & AR RIeARICL D o

c2 - The asy BRigoufifent” of hﬁef Invbffiorf, ORBdifAIRA! foreifd! 100 asofirafoftenal ues for

sub- pi xel s ¢ account fact that sub-pixels bll to be' are
not synmetri calatlyod dt &s dadiantet lneglggtﬂ 2d (a)1 Maluesstor uki sesobilien $ikel s c1' :
not es di VIS on w 20 Before

and c37. Once rm at or ragNcAt
the inter pol apg@s\ﬁgpg@g{g(ﬁre%u%tggpgcgr ng 0 gk "%GL{S % th gaﬁ‘ﬁ nmenor y

. they arg clipg g%od pbfatb/ IdEotN ARididh wilPkruntdtichn 1Al deraneimative
enbodi nent of thé invention, 1/2 resolution and 1/a resolution syb-pixels

| ¢ are cal cupmbedimentngt ithe aivantion gbateinaiiaicrefeset o ABeMR8IaHe val ues
b, b2 and 638{%5&‘9 ek gﬂgagfo?xlal gblrn ﬁatxﬁ '?s fv.ﬁ'ﬁﬁe? TeRdE ﬁyirﬁérp%laﬁnﬁ@m ution

sub- pi xel s | abelled d ar ate I near 1 nter oatlonfromthe
val ues of thei¥ resolution subippkei® drusiog |I|nage iserpelationHrome¥orasolulignor ' / 4
resol ution SUb Ipigc(?-:*llssbé rt]hétqg ert]cocrolr 88%3 lthe? Felr\:l/t%nshlpa# (3b% + b®+ 2)/ 4.
15 The b2 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 1t 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 reéotution, it is

advantageous to calculate all % resolution and % resolution sub-pixels




direction. For exanple, upper leftnost %resolution sub-pixel dis 30

cal cul ated according tod = (A +b'" + 1) / 2. As before, operator /

i ndicates division with truncation. 76 4. Values for Y. resolution

sub-pi xels labelled e and f are cal culated using linear interpolation from
the val ues of inmage pixels, 1/2 resolution or 1/4 resolution sub-pixels in
the di agonal direction. For exanple, Keferring to Figure 20, upper

| ef t rost pi xel % resol ution sub-pixel e is calculated 5 according to e =

(bl + bl + ﬂ%ﬂa?e—hZﬁﬁ '%O&ﬁpﬂb% _ésoﬁfgig RBolHEH suB-pifids it Bhegpol ation of

each Y. resolution sub-pixel Tnaftirst eferred enbodi nment of the
i nvention, Hemanddadhion, roplewhenltHey e requirdde Wiesh thiayrdadh is taken,ndi cat ed

in Figure 21(a). Values for Y. resolution - pixels |abelle are

cal cul at ed %é’&oﬁhﬁi'ﬂt&'ﬁﬂa'ﬁ’”:‘"ﬂi‘og %@?ﬁé*&g@%& g’)éﬁ?g a&F%%%g, %O%Sr ator /
denot es di vingbRforMrbuite UBC Bfe8 Nthe! Brigifaleblclira aferfory @Bbodreané »f the

I nvention, herelnafter referred to as 'preferred nethod 2', conputational

conpl exily fesolulionhandr &duesdutign i sittepine)l yalues. Nowevaro|ifitthgn IeH- pi xel s f
using line | -nal ati f e i:Qn = Phieel , at is,
accordi ng ?@t‘%rﬁéﬁﬁ a |eg%i%&g}dlﬁ%3%2%y%§2£) ?iﬁ?g kI"T1e'g %ﬁ'ﬁ%u‘gé )i xel which
i s closer tintdérmediatel valydsi fod tivy ¥3 restigioni and alpixel esalgisinasylopixehene used

in this alternative, enbod nent  of | nvent i ' ' . bR Fi gure
21(by. 1 PGS BITET LT AR R AUES rPrigh Bt it 2t

i nt er pol at i preciidieaRs thanrdsaits it asmeatbry 28quitensdrd 84l tiesnibakdort that i n al |
cases where an averag?e inYoI‘g'[n%qui xel and / or sub-pixel values is used
in the Hét ePHP'RAL NOATYPIARIFRIBNEES - on sub- pi xel s, the average may be fornmed
- 1in-any appropriate manner. The addition of 1 to the sumof values used in
“cal cul ating such an average has the effect of causing any rounding or

truncat i on bpéeatollowingu epneniexily abHie aup-pixet vlve injerppiation metod he
erbod; ment sEerng tor e, Aiefir st Baniedncg oetPuioder Jo SIGTAET e case
- of sub- pi xevalues fier sutt-pixpis! attupto 4 phiel resolution; éscompaed witih dbatodls| y
descr] bFSd ’ tr;}%n%rtgrpgﬁ%grll rs%ﬂ‘earr:]ateg ulsgdt igeﬂ%ﬂg Oa%%r Tl\%ig Res irnet?xlécgéjuivalent

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 intérpolated 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
interpoletion 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 operat’iolns, it has been assumed that the probability of a motion

vector pointing to each sub-pixel position is the same. The average




30 by pre-calculating only a part of the sub-pixel values to be

I nterpolated. In the case of sub-pixel value interpolation to Y. plxel
resolution, it is advantageous to calculate all 1/2 resolution and 1/4
resol uti on sub-pixels 77 before-hand and to conpute values for )/,

resol ution sub-pixels in an on- dermand fashion, only when they are

requi red. Wien this approach is taken both the interpol ati on net hod
according to TML5 and that according to the invention require 16 tines the
original pi t ution
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12,14,60,62 32 1120 0 60 16 32 16 |32
26,32,42,48 32 |108 0 60 16 32 16 32
12022,36,38,5254 |16 | 120 0 60 16 76 - |16 76
27,29.31,43,45,47 |16 |76 0 60 16 76 16 76
28,30,44,46 32 |152 0 60 16 60 16 60
Average 64 |29025]0 197.75 | 48 214.75 | 48 192.75
5 | -
) 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 TMLS, 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 compiexity




30 Figure 22. In Figure 22, location | is the |location of an original inmage
pi xel and locations 2 to 64 are sub-pixel |ocations. Wen conputing the
average numnber of operations, it has been assuned that the probability of
a notion vector pointing to each sub-pixel position is the sane. The
average 78 conmplexity is thus the average of the 63 suns cal cul ated for
each sub-pi xel |ocation and the singb@ full-pixel location. 5
TMLSTML6Preferred Preferred Met hod 1Mefhod 2 Locationlinea 8-taplinea
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11, 13, 15, 59, 61, 63166006016601660 18, 24, 34, 40, 50, 56167606016601660

12, 14, 60, 623212006016321632 26, 32, 42, 483210806016321632

20, 22, 36, 3853 dBR0RRYLRTP 469Giphon IOwibe! Bvidbntibl4 SHIRLOITG

28, 30, 44, 463215206016601660 "Aver age64290. 250197. 7548214. 7548192. 75
5 the art that various modifications may be made within the scope of the

invention. While a number of preferred embodiments of the invention have
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.




- Table 2: Conplexity of %resolution sub-pixel interpolation in TM.5, TM.6
and the nethod according to the invention. (Results shown separately for
Preferred Method 1 and Preferred Method 2). 10 As can be seen from Table 2,
“the nunber of 8-tap filtering operations perforned according to preferred

methods 1 and 2 are, respectively, 26% and 34% | ower than the nunber of
8-tap filtering operation performed i n80he sub-pixel value interpolation
~met hod of TML5. The nunber of linear operations is 25% 1| ower, in both

preferred ﬂﬁh@gd 1 and preferred nmethod 15 2, conpared with TM.5, but this
inproveneg of | esser inportance conpared to the reduction in 8-tap
filtering operations. It can further be seen that the direct interpolation
met hod used in TM.6 has a conplexity 79 conparable that of both preferred
met hods 11.and A& métbod of édetpolation iarvidecacading inesidhoan imags obmiptising
sub-pixels.lln view.of the fqre oingtﬂescrﬁgtion it .wi|l be evident to a
person skiPIATAN9eE g FQwS And IS, the aethndiconRiising BterRpIalBo HalHesw t hi n
thes scopediRictlyRingwerhteisuMidl BixdisHisAhg Bk nBRSLEI Skt Oofies] BBl t he
i nventi on have been described in detail, Tt shou e apparent that nmany
nodi fications and variations thereto are possible, all of which fal
within the true spirit and scope of the invention. -80 CLAIMS 1. A nethod
of interpolation in video coding in which an i mage conprising pixels
arranged in rows and col unms, the nethod conprising interpolating values 5
directly using weighted suns of pixels residing at horizontal and vertical
| ocati ons. '




