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METHOD FOR SUB-PIXEL VALUE INTERPOLAT!ON
The present invention relates to a method for sub-pixel value interpolation in
the encoding and decoding of data. It relates particularly, but not

exclusively, to encoding and decoding of digital video.

Background of the invention

- Digital video sequences, like ordinary motion pictures recorded on film,

‘comprise a sequence of still images, the illusion of motion being created by

displaying the images one Aafter the other at a relatively fast frafne rate, -
typically 15 to 30 frames per se'cond. Because of the relatively fast frame

rate, images in consecutive frames tend to be quit’esimilar.and thus contain - |

-a considerable amount of redundant information. For example, a typical

scene may compnse 'some statlonary elements such as background

- scenery, and some moving areas, WhICh may take many d|fferent forms for

example the face of a newsreader, movmg traffic and so on. Alternatlvely,

the. camera recordihg the scene may itself be moving, in which cese all |
elements of the image have the same kind_of motion. In many cases, this
means that the overall change between one video frame and the next is
rathef 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 confains a number of moving elements, tae

change from one frame to the next is likely to be greater than in a scene

~where only one element is moving.

It should be appreciated that each Afr'ameof 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
array of image pixels. For example, in a commonly used digit’él video format,

known as the Quarter Common Interchange Format (QCIF), a frame
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comprises an array of 176 x 144 pixels; in which case each frame has

25,344 pixels. In tun, each pixel is'represented by a certain_number of bits,

. which carry information about the luminance and/or colour content of the

regionof the image correspondi'ng'to the pixel. Commonly, a so-calledYUV
colour model is used to represent the luminance and chromlnance content
of the image. The lumlnance or Y, component represents the mtensrty _

(brlghtness) of the rmage wh|Ie the colour content of the |mage is

, represented by two chrominance components labelled U and V..

Colour models based on a lumrnance/chromlnance representation of |magev :

content provide certain advantages compared with colour models that are = -

" based on a representatlon mvolvmg primary colours (that is Red Green and

Blue, RGB) The human visual system is more sensitive to lntenS|ty-' :

‘varlatlons than it is to colour variations; YUV colour models exploit thls

property by using a Iower spatlal resolution for the chromlnance

components (U V) than for the luminance component (Y). In thls way the i

| amount of information needed to code the colour mformatlon in an- |mage

can be reduced wrth an acceptable reduction i |n |mage quallty

The Iower spatlal resolution - of the chrominance components is usually -
attained by sub—sampllng Typically, a block of 16x16 image plxels is
represented by one block of 16x16 pixels comprising luminance lnfonnatlon
and the corresponding chromlnance components are each represented by
one block of 8x8 pixels representing an area of the image equwalent 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
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.
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A QCIF image comprises 11x9 macroblocks. If the luminance blocks and -
chromrnance blocks are represented wrth 8 bit resolution (that is by

numbers in the ‘range 0 to 255), the total number of bits required per
macroblock is (16x16x8)+2x(8x8x8) = 3072 bits. The number of bits needed

_ 'to represent a video frame in QCIF format is thus 99x3072 = 304,128 bits.
, This ‘means that the amount df data required 't'o transmit/record/disp'lay a
' video sedu_ence in QCIF format, representedusing a YUV colour model, at -
“a rate of 30 frames per second, is more than 9 Mbps (million bits per
- ~secdnd).*This is an extremely hi‘gh data 'rate end is impractical for use in

‘video recording, transmission and display applications because' of the very

Iarge storage - capacity, transmission channel capamty and. hardware .

performance reqmred

- If video data is to be transmltted in real-tlme over a ﬁxed line network such

as.an. ISDN (Integrated Servrces Dlgttal Network) or a conventional PSTN

-(Pub_hc ‘Service Telephone Network), the avallable data transmission

“bandwidth is 'typi_c.ally of the order of 64kbits/s. In mobile vtdeotelephony,

where transmission takes place at least in part over a radio communications
Iink, the availabte bandwidth can be as Ibw as 20_kbits/s. This means that a
signiﬂ_cent reduction in the amount of information used to represent video
data must be echieved in order to enable transmission of digital video
sequences ever low bandwidth communication networks. For this reason
video compression techniques he\re been developed which reduce the

amount ‘of information transmitted while retaining an acceptable image

quality.

Video compression methods are based on reducing the redundant and
perceptually irrelevant parts of video seduences. The redundancy in video
sequences can be categorised into spatial, temporal and spectral
redundancy. ’'Spatial redundaney' is the term used to describe the

correlation between neighbouring pixels within a frame. The term temporal
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redundancy’ expresses the fact that the objects appeanng in one frame of a
sequence are likely to appear in subsequent frames while ’'spectral
redundancy refers to the correlatlon between different colour components

of the same |mage

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

“Thus, most current video encoders also reduce the quality of those parts of

the video sequence which are subjectively the least important. In addition,,

the redundancy of the compressed video bit-stream is itself reduced 'by

"means of efficient Ioss-less encoding. Typlcally, this is achreved usmg a

‘technique known as vanable Iength codlng (VLC)

"Modern video compressmn standards, such as ITU-T recommendatlons N
H.261, H263(+)(++) H26L and the Motion Plcture Experts Group

A recommendatron MPEG-4 make use of motlon compensated temporal 3

prediction’. Th|s is a form of temporal redundancy reductlon in which the
content of some (often many) frames in a video sequence is predrcted from -
other frames in the sequence by tracing the motion of objects or regions of

an image between frames.

‘Compressed dimages which do not make use of temporat redundancy

reduction are usually called INTRA-coded or I-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
a spatially compressed prediction error (PE) frame is also associated with .
each INTER frame. Many video compression schemes can also make use _
of bi-directionally predicted frames, which are commonly referred to as B-
pictures or B-frames. B-pictures are inserted between reference or so-called

‘anchor’ picture pairs (I or P frames) and are predicted from either one or
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both of the ‘anchor pictures. 'B-pictures are not themselves used as anchor -
pictures that is no other frames are predlcted from them, and therefore

they can be discarded from the vrdeo sequence wrthout causnng

detenoration in the quality of future pictures.

The different. types of frame that oceur 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 wrth an INTRA or | frame 30. In

Figure 3, arrows 33 denote the 'forward’ prediction process by which P-

frames (labelled 34) are formed The. bi- directional prediction process by

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

respectively. -

A schematlc diagram of an example video coding system using motion

compensated predlction is shown in Figures 1 and 2. Figure 1 illustrates an

“encoder 10 employlng motlon.compensatlon and Figu,re 2 illustrates a

' correspondingdec_oder 20. The encoder 10 shown in Figure 1 comprises a

Motion Field Estimation block 11, a Motion Field Coding block 12, a Motion
Compensated Prediction block 13, a Prediction Error Coding block'_14, a |
Prediction Error' Decoding block 15, a ‘Multiplexing block 16, a Frame
Memory 17, and an adder 19. The decoder 20 comprises a Motion
Compensated Prediction block 21, a Prediction Error Decodlng block 22, a
Demultiplexing block 23 and a Frame Memory 24,

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 1,(x,y) being coded and a

prediction frame F,(x,y). The prediction error frame is thus:

En(xay):‘jn(xay)—Pn(x’y)- - (1)
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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

- frames, for example the frame rmmedrately preceding the current frame and

is available from the Frame Memory 17 of the encoder 10. More specrf cally,

the predlctlon frame P(x,y) is constructed by fi ndlng so-called predlctlon

prxels in the reference frame R (x, y) which correspond substantrally with .

pixels in the current frame. Motion mformatlon, describing the relationship

(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

is constructed as an approxrmate representatron of the current frame using . |
- pixel values in the reference frame. The prediction error frame referred to' o

- above ‘therefore represents the difference. between the approxrmate

representatron of the current frame provided by the prediction frame and the
current frame itself. The basic advantage provided by video encoders that -
use motion compensated prediction arlses from the fact that a
comparatively compact descnptlon of the current frame can be obtalned by
representing it in terms of the motion mformatron required to form its

prediction together with the associated prediction error information, in the

~ prediction error frame.

However, due to the very large number of pixels-in a frame, it is generally
not efficient to transmit separate motion inforrnation for each pixel to the
decoder. Instead, in most video coding schemes, the current frame is
divided into 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
coding standards, such-as H.26L, a macroblock can be divided into smaller

blocks, each smaller block being provided with its own motion information.
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The motion information usually takes the form of - motion vectors

* [Ax(x,3),Ay(x,)]. The pair of numbers Ax(x,y) and Ay(x,y) represents the

horizontal and vertical dlsplacements 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'caleulated"in the Motion- Field

Estimation block ‘1'1» and the set of motion vectors of the current frame

[Ax(-),Ay(-)] is r_eferred 'toAas the motion vector field.

-Typlcally, the Iocatlon of a macroblock in a current vndeo frame |s specnf ied

by the (x,y) co- ordmate of its upper Ieft-hand comer Thus, m a VIdeo"

'codlng scheme in which motion information is associated with each.

macroblock_of a frame, each motion vector descnbes the horizontal and
vertical displacement Ax(x,y) and Ay(x,y) of a pixel representing the upper

left-hand corner of a macroblock in the current frame I"(i, y) with respect to

a pixel in the upper I‘eft-'hand corner of a substantially correspohding block

of prediction pixels in the reference frame R, (x,y) (as shown in Figure 4b).

Motion estimation is a computationally - intensive task. Given a reference’

‘frame R, (x,y) and, for example, a square macroblock comprising" NxN

pixels in a current frame (as shown in Figure 4a), the objective of motion
estimation is to find an N x N pixel block in the referenee' frame that
matches the characteristics of the macroblock in the current picture
according to some criterion. This criterion can be, for example, a sum of
absolute differences (SAD) between the pixels of the macroblock in the
current frame and the block of pixels in the reference frame with which it is .
compared. This process is knoWn generally as 'block matching’. It should be _
noted that, in general, the geometry of the block to be matched and that in -
the reference frame do not have to be the same, as real-world objects can

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



10

15

Page 18 of 289

20

25

o
-3 . 8

current international video coding standards, only a translational motion -

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

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
imposes too high a computational burden on the video encoder. Instead,

the search region is restricted to region [— Ps p] around the original location

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

"In order to reduce the amount of motion information to be transmitted from

the encoder 10 to the'decoder 20, vthe motién' vecto.r 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-

- expressed using certain predetermined functions or, in other words, the

motion vector field is "represented with a model. Almost all currently used

“motion vector field models are additive motion models, complying with the

following general formula:

N-1

Ax(x,) = Y afixy) o )
=0

Ay(x;y)= Z_,bfg,(x,y) o . (3)
=0

where coefficients 4, 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. vectof_ﬂeld (Ax(x,y),Ay(x,y)) can be constructed using the

coefficients and the basis functions. As the basis functions are kndwn to

(that is stored in) both the encoder 10 and the decoder 20, only the motion
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coefficients need to be transmitted to fhe encoder, thus reducing the

amount of information required to fepresent the 'motion information of the

- frame.

The simplest'motion model is the translational motion. model which requires
only two coefficients to descnbe the motion vectors of each segment The

values of motion vectors are given by:

Ax(x,y) = a

.A)’-(x,)’)=bo o I B . ”(_4)-'

This model is wndely used ln various mternatlonal 'standards (ISO MPEG 1,
MPEG-2, MPEG-4 ITU-T Recommendatlons H. 261 and H.263) to describe .»'

the motlon of 16x16 and 8x8 pixel blocks. Systems which use a translational =

motion .model‘typically‘pe'rfohn motion estimaﬁon at full piiel resolution'or

some integer fraction of fuII pler resolution, for example at half or one. i

' quarter plxel resolutlon

The prediction frame P,,(x,y) is constructed in the Motion Compensated

Prediction block 13 in the encoder 10, and is given by:
P, (x,y)=R, [X+ Ax(x,y),y + By(x, » o | 04

In the Prediction Error Coding block 14, the prediction error frame E, (x,y) is

typically compressed by representing it as a finite series (trensform) of some |
2-dimensional functions. For example, a 2-dimensional Discrete Cosine
Transform (DCT) can be used. The transform coefficients are quantised and. -
entropy (for. example Huffman) coded before they are transmitted to the -
decoder (ihforrnation stream 1 in Figures 1 and 2). Because of the error
introduced by quantisation, this operation usually produces isome-

degradation (loss of information) in the prediction error frame E,(x,y). To
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compensate for this degradation, the encoder 10 also comprises a

_ Pre'diction-Error Decoding block 15, Where a decoded prediction error frame

E (x,y) is constructed usrng the transform coefficients. This locally decoded

predlctlon error frame is added to the predlctron frame P,(x,y) in the adder

19 and the resulting decoded current frame I (%) is stored in the Frame

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

The rnformatron stream 2 carrying mformatron about the motron vectors is-

o . combined with mformatron about the predrctlon error in multlplexer 16 and

10

15

20

25

an mformatron stream 3 containing typlcally at least. those two types of_

information is sent to the decoder 20
The operation of a corresponding video decoder 20jw'ill now be described.

‘ The Frame Memory 24 of the decoder 20 stores a prevrously reconstructed

reference frame R, (x y). The predlctron frame P (x,y) is constructed |n the

Motlon-Compensated Predlctron block 21 of the decoder 20 according to
equation 5, using received motion coefficient information and pixel values of

the previously reconStructed reference frame R,,(x, y) . The transmitted
transform coefficients of the prediction error frame E,(x,y) are used in the
PredictionError Decoding block 22 to con_str_uct the decoded prediction error
frame E (x,y). The pixels of the decoded current frame I (x,y) are then

reconstructed by adding the prediction frame F,(x,y) and the decoded

- prediction error frame E(xy):

T,(x,9) = B,(x, )+ B, (x,9) = R, [x+ &x(x, ), y + By(x, )]+ E, (x, ). (6)

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

next reference frame R, (x,y).
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In"the description of motion compensated encoding‘an'd 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 referenc:.e'
frame R.(x, jz) can point to any of the pixels in the reference frame. This
means that motion bet_ween frames of a digital video seqUenee-cen only be .
represented at a resolution which is determined by the image pixels in the
frame (so-called full pixél 'resolution). Real motion, hbwever, has arbitrary -
precision, " and th_us the - system described abbve can only prbvide»

approXimate modelling of the motion between successive frames of a digital-

video sequence. Typrcally, modellrng of motion between video frames wrth -

full pixel resolutlon is not suffi crently accurate to allow efﬁcrent mrnlmlsatlon S

of the prediction error (PE) mformatron associated wrth each'

'macroblock/frame Therefore to enable more accurate modellrng of real

motron and to heIp reduce the amount of PE mformatlon that must - be

» transmrtted from encoder to decoder, many video coding standards, such as |

H.263(+)(++) and H.26L, allow motion vectors to pornt in between rmage '
prxels In other words, the motion vectors can have 'sub-pixel’ resolutron
Allowing motron vectors to have sub-pixel resol_utlon adds to the complexity

of the encoding and decoding operations that must be performed, so-it is

still advantageous to limit the degree of spatial resolution a mbtion vector.

may have.v Thus,' video cdding standards, such as those .previousiy
mentioned, typically only allow motion vectors to have full-, half- or quarter-

pixel resolution.

Motion estimation with sub-pixel resolution is usually performed as a two-
stage process, as illustrated in Figure 5, for a video coding scheme which
allows motion vectors to have ft.rll- or half-pixel resolution. In the first step, a
motion vector having full-pixel resolution is deterrnined using any -

appropriate motion estimation scheme, such as the block-matching process
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described in the foregoing. The resultlng motion vector, having full-pixel-

resolution is shown in Flgure S.

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

in Figure 5, this is done by forming eight new search blocks of 16 x 16

- pixels, the location of the top-left corner of each block being marked with an-
X in Figure 5. These locations are denoted as [Ax + m/2, Ay + n/2], where m
“"and n can take the values -1 . 0 and +1, but cannot be zero at the same

time. As cnly the pixel values of original image pixels are known, the values

(for example Iumlnance and/or chromlnance values) of the sub-p:xels
residing at half-plxel locations must be estlmated for each of the elght new

search blocks using some form of- lnterpolatlon scheme

Having lnterpolated the values of the sub-pixels at half-pixel resolution,

" each of the eight search blocks is compared with the macroblock - whose

~ motion vector is being sought. As in the block matchlng process performed

in .order to determine the motion vector with full pixel resolution, the
rhacroblock is compared with each of the eight search blocks according to :
sorhe criterion, for example a SAD. As a result of the compafisons, a
minimum SAD value will generally be obtainedi. Depending on the nature of
the motioh in the video sequence, this minimum value may correspond to
the location speciﬁed by the original motion vector (having full-pixel
reSquticn), or it may correspond to a location having a half-pixel resolution.
Thus; it is possible to determine whether a motion vector should point to a
full-pixel or sub-pixel location and |f sub-pixel resolution is appropriate, to
determihe the correct sub-pixel resoluti_ori motion vector. It should also be
appreciated that the scheme just described can be extended to other sub-
pixel resolutions (for example, one-quarter-pixel resolution) in an entirely

analogous fashion.



10

Page 23 of 289

I

20

25

. - . .
e 13
In practice, the estimation of a sub-pixel value Vin 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-

integer location (x, y) = (n+Ax, m+4y), can be formulated as a two-

dimensional operation, represented mathematically as:

K=l L=l

F(xy)— > Zf(k+Kl+L)F(n+km+l) o : ' '(7)

k=~K l=-L

- where f{k,/) are filter coefficients and n and m are obtained .by".tru'ncating ) ¢

and Y, respectively, to integer values. Typically, the fi Iter coeffi cients are

dependent on the x and y values and the lnterpolatlon f lters are usually so-

called separable filters’, in Whlch case sub-pixel value F(x,y) can be

 calculated as follows:

- K=l K-l

F(x y)= Zf(k+K)Zf(I+K)F(n+km+I) o " ®)

k=-K l==K

The motion vectors are calculated in the encoder. Once the co‘rresponding
motion coefficients are transmitted to _the,rdecoder, it is a straightforward
matter to interpolate the required sub-pixels ‘using an ihterpolation method
identical to that used in the encoder. »In,>this way, a frame following a
refer_ence frame in the Frame Memory 24, can be reconstructed from the

reference frame and the motion vectors.

" The simplest way of applying sub-pixel value interpolation in a video coder

is to intefpolate each sub-pixel value every time it is needed. However, this
is not an efficient solution in a video encoder, because it is likely that the
same sub-pixel value will be required several times and thus calculations to

interpolate the same sub-pixel value will be performed multiple times. This
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results in an unnecessary increase of computational complexity / burden in

the encoder.

An alternative approach, which limits the complexity of the encoder, is to
pre-calculate and store all sub-pixel values in a memory associated with the
encoder. This solution' is called interpolation ’'before-hand’ interpolation

hereafter in this document.' While limiting complexity, before-hand |
interpolation has .the disadvantage of increasing memory usage by a large
margin. For exarhple, 'if the motion vector accuracy is one quarter pixel in
both- horizontal and vertical dimensions, storing 'pre-calcuiated sUb-pier'
values for a complete image results in a memory usage that is 16 times that
required to store the original, ndn-interpolated image. In additiorﬂ it involves
the calculation of some sub-pixels which might ﬁot 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

advantageous not to use pre-calculation in the decoder.

So-called ‘on-demand’ interpolation can be used to reduce memory
requirements in the encoder. For example, if the desired pixel precision is

quarter pixel resolution, only sub-pixels at. one half unit resolution are

interpolated before-hand for the whole frame and stored in the memory.

Values of one-quarter pixel resolution sub-pixels are only calculated during -
the motion estimation / compensation process as and when it is required. In
this case memory usage is only 4 times that required to store the original,

non-interpolated image.

It should be noted that when before-hand interpolation is used, the
interpolation process constitutes only a small fraction of the total encoder
computational complexity / burden, since every pixel is interpolated just
once. Therefore, in the encoder, the complexity of the interpolation process

itself is not very critical when before-hand sub-pixel value interpolation is



BAS

Page 25 of 289

10

15

20

25

30

15
used. On the other hand, on-demand interpolation poses a much higher-

computational burden on the encoder, since sub-pixels may be mterpolated

'many times. Hence the complexrty of mterpolatton process, which may be

considered in terms of the number -of computatlonal operations or
operatlonal cycles that must be performed in order to interpolate the sub-

pixel values, becomes an important consideration.

In the decoder the same sub-pixel values are used a few t|mes at most and

- some are not needed at all. Therefore, in the decoder itis advantageous not.

to use before hand mterpolatnon atall, thatis, it is advantageous not to pre-

calculate any sub prxel values.

Two ’interp'olation schemes have :be'en Adeveloped' as part of the work

on‘going'Ain the ITU-Telecommunications Standardtiza‘tion Sector, Study

| Group 16, Video Coding Experts 'Group' (VCEG), Questions 6 and 15.

These approaches - were proposed for incorporation -into ITU-T

_. recommendation H.26L and have been. implemented in test models (TML)

for the purposes’ of evaluation and further development. The test rnodel
corresponding to Question 15 is referred to as Test Model 5 (TML5), while -
that. resulting from Question 6 is known as Test Model 6 (TMLS). The |
interpo!ati'on sche_mes probosed in both ATMLS and TML6 will now be

described.

Throughout the description of the sub-pixel value lnterpolatlon scheme used

in test modeI TMLS, reference will be made to Figure 12a which defines a

- notation for describing plxel and sub-pixel locations specific to TML5. A

separate notation, defined in Figure 13a, will be used in the discussion of
the sub-pixel value interpolation scheme used in TML6. A still further
notation, illustrated in Figure 14a, will be used later in the text in connection
with the sub-pixel value interpolation method according to the invention. It

should be appreciated that the three different notations used in the text are
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intended to assist in the understanding of each interpolation method and to

help distinguish differences between them:. HoweVer, in all three figures, the

. letter A is used to denote original image pixels (full pixel resolution) More

specrf ically, the letter A represents the location of pixels in the image data
representlng a frame of a video sequence, the pixel values of pixels A being
elther received as current frame I (x,y) from a video source, or _
reconstructed, and stored as a reference frame R (x,y) in the Frame-
Memory 17, 24 of the encoder 10 or the decoder 20. All other letters
represent sub—plxel locations, the values of the sub-plxels situated at the.

sub -pixel Iocatlons being obtalned by mterpolatlon

" Certain other terms will also be used in a consrstent manner throughout the ) |

text to identify particular plxel and sub- plxel locatlons These are as follows

The tenn ‘unit horrzontal locatlon is used to.describe the Iocatlon of any
sub-prxel that is constructed in a column of the original image data. Sub-
pixels ¢ and e in Figures 12a and 13a, as well as sub—prxels b and e in

Figure 14a have unit honzontal locations.

The term 'unit vertical location’ is used to describe any sub-pixel that is -

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

The term ‘half horizontal location’ is used to describe the location of any
sub-pixel that is constructed in a column that lies at half pixel resolution.
Sub-pixels b, ¢, and e shown in Figures 12a and 13a fall into this category,
as do sub-pixels b, ¢ and f in Figure 14a. In a sirnilar manner, the term ’half

vertical location’ is used to describe the location of any sub-pixel that is
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constructed in a row that lies at half-pixel resolution, such as sub-pixels ¢ -

and d in Figures 12a and 13a, as well as sub-pixels b, ¢ and g in Figure

14a.

Furtherrnore the term 'quarter horizontal Iocatron refers to any sub-pixel

~ thati is constructed in a co|umn whuch lies at quarter-plxel resolutlon such as

~ sub- -pixels d and e in Figure 12a, sub-plxels d and g in Figure 13a and sub-

pixels d, g and h in Figure 14a. Analogonsly,' the term ‘quarter vertical

. location’ refers to sub-pixels that are 'con_structed in"a row which lies at

" quarter-pixel resolution. In Figure 12a, sub-pixels e and f fall into this

category, as do sub-pixels e, f and g in Flgure 13a and sub-pixels e fand h-

in Flgure 14a.

- The definition of each of the terms descnbed above is shown by envelopes

drawn on the correspondlng fi gures

~ 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-
dimenSionaI reference can be obtained by examining the intersection of the
envelopes in Flgures 12a, 13a and 14a. Applylng this prlnC|pIe pixel d in
Flgure 12a, for example, has a half horlzontal and half vertical location and
sub-pixel e has Va unit horizontal and quarter vertical location. In addition,
and for ease of reference, sub-pixets that reside at half unit horizontal and
unit vertical locations, unit hortzontal and half unit vertical locations as well

as half unit horizontal and half unit vertical locations, will be referred to as VA3

" resolution sub-pixels. Sub-pixels which reside at any quarter unit horizontal

and / or quarter unit vertical location wrll be referred to as % resolution sub-

plxels

It shouild also be noted that in the 'descriptions of the two test models and in

the detailed description of the invention itself, it will be assumed that pixels
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have a minimum value of 0 and a maxnmum value of 2'-1 where nis the

number of bits reserved for a pixel value. The number of bits is typlcally 8. .

- After a sub-pixel has been interpolated, if the value of that interpolated sub-

pixel exceeds the value of 2'-1, it is restricted to the range of [0, 2"-1] le |
values lower than the minimum allowed value will become the minimum

value (0) and values Iarger than the maximum will the become maxnmum

: value (2’-1). This operatlon is called cllppmg

The sub—plxel value mterpolatlon scheme accordlng to TMLS will now be .

descrlbed in detall with reference to Flgures 123, 12b and 120

1. The value for the sub-pixel at half unit horizontal and unit ve.rtical A'

Iocatlon that. |s Y2 resolutlon sub-pixel b lI"I Flgure 12a |s calculated £

usmg a 6-tap filter. The filter interpolates a value for % resolutlon sub- -
pixel b based. upon the values of the 6 pixels (A, to As) situated in a row
at unit honzontal locatlons and unit vertical locatlons symmetncally about.j :
b, as shown in Figure 12b, according to the formula b= (A1 5Az + 2OA3 "
+ 20A, - 5A5 + A + 16) / 32 The operator / denotes division with

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

- 2. Values for the %2 resolutlon sub-pixels Iabelled c are calculated usmg the

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 Flgure 12¢, the
filter interpolates a value for the Y2 resolution sub-pixel ¢ located at unit
horizontal and half vertical location based upon the values of the 6 plxels
(A, to A) situated in a column at unit horizontal locations and unit
vertical locations symmetrically about c, according to the formula ¢ = (A,
- 5A, + 20A, + 20A, - 5A; + A, + 16) / 32. Similarly, a value for the %2

resolution’ sub-pixel ¢ at half horizontal and half vertical location is
calculated accordlng to c = (b, - 5b, + 20b, + 20b, - 5b, + b, + 16) / 32.

Again, the operator / denotes division with truncation. The values
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calculated for the ¢ sub-pixels are further clipped to lie in the range [0,
2. | |

At this point in the interpdlatlon process the values of all ¥ resolution

sub-pixels have been calculated and the process. proceeds to the

calculation of ¥4 resolutlon sub plxel values.

*3. Values for the % resolution sub-pixels labelled d are calculated using

linear interpolation and. the values of the nearest pixels and /.or Yz
. rééolution sub-pixels in the horizontal direction. Mc're specif cally, values
for Y resolutlon sub-plxels d located at quarter horlzontal and unlt".
vertical locatlons are calculated by taking the average of the .
immediately nelghbourmg plxel at unit horizontal and unit vertlcal
location (plxel A) and the immediately nelghbourlng Yo resolutlon sub—
plxel at half horizontal and unit vertical location (sub—plxel b), i.e.
accordlng tod = (A +b)/ 2. Values for % resolution sub-pixels d located -
at quarter honzontal and half vertical locations, are calculated by takmg ’
-the average of the imme_diafely neighbouring Y2 resolution SUb-plxels c
which lie at unit horizdntal and half vertical location and half horizontal
and half vertical »Iocations'respectivelv, i.e. according to d = (c, + cz)/2§ :

Again operator / indicates division with truncation.

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

linear interpolation and the values of the'nearest pixels and / or ¥
resolution sub-pixels in the vertical direction. In parﬁcular, Y4 resolution
sub-pixels e at unit horizontal and quarter vertical locations are
calculated by taking the average of the immediately neighbouring pixel.
at unit horizontal and unit vertical location (pixel A) and the immediately
neighbouring sub-pixel at unit horizontal and half vertical location (sub-
pixel c) according to e = (A + ¢) / 2. ¥ resolution sub-piXels e, at half.

horizontal and quarter vertical locations are calculated by taking the
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average of the fmmediatély neighbouring sub-pixel at half horizontal and -
unit vertical location (sub-pixel b) and the immediately neighbouring sub-
pixel at half horizontal and hali.r vertical location (sub-pixel c), according
to e = (b + ¢) / 2. Furthermore, % resolution sub-pixels e at qu‘a.rterA
horizontal and quarter vertical locations are calculated by taking the
. average of the.immediately neighbouring sub—pixels at quarter horizontal
- and unit vertical location and the corresponding sub-pixel at quarter
- horizontal and half vertical location (sub-pixels d), accofding toe=(d, +

d,) / 2. Once more, operatof/ indicates division with truncation.

5. The value for ¥ resolution suprier f is interpolated by averéging the -
values of the 4 closest pixels values at unit horizontal and vertical
locations, according tof = (A, + A, + A, + A, + 2)/4, where plxels A, A,

L AaandA are the four nearest original pixels.

-A disadvantage of TML5 is that the decoder is computationally complex.

This results frorfn the fact that TML5 uses an approach in which interpolation
of Y resolution éub-pixel values depends upon the interpolation of ¥
reSblution sub-pixel values.' This means that in order to intefpolate the
values of the Y resolﬁtion 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 %4 resblution sub-pixels, truncation, of
the % resolution sUb-pier values has a deleterious effect on the precision of

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,

excess memory is required to store a result which is not ultimately required.
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The sub-pixel value interpolation scheme according to TMLS6, referred to
herein as direct interpolation, will now be described. In the encoder the'
interpolation method according to TML6 works like the previously described
TML5 interpolation - method, except that maximum precision is'retai'ned'
throughout. This is achiet/ed by using intermediate values which are neither

rounded nor clipped. A step—by4step description of interpolation method A

' accordlng to TML6 as apphed in the encoder is glven below with reference

to Flgures 13a, 13b and 13c.

1. The value for the sub-pixel at half unit horizontal and unit vertical

location, that is % resolutlon sub-pixel b in Figure 13a, is obtamed by -

first calculating an mtermedlate value b usmg a six tap fi Iter The fi Iter '
calculates b based upon the values of the 6 plxels (A to A) situated i |n a'}'
- row at unlt horizontal Iocatlons and unit vertlcal locations symmetrlcally ‘
about b, as shown in Flgure 13b, accordlng to the formula b=(A, - 5A2 +
20A, + 20A, - 5A, + A,). The final value of b | is then calculated as b = '(b"+ )
16)/ 32 and is clipped to lie in the range [0 2’-1] As before, the operator

-/ denotes dlwsnon with truncatlon

2. Values for the % resolution sub- plxels labelled ¢ are obtained by first.

calculating mtermedlate values c. Refemng to Figure 13c an
intermediate value c for the % resolution sub-pixel ¢ Iocated at unit
horizontal anc half vertical }lccation 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 %
resolution sub-pixel ¢ located at unit horizontal and half vertical location

is then calculated according to ¢ = (¢ + 16) / 32. Similarly,A,an |
intermediate value ¢ for the % resolution sub-pixel ¢ at half horizontal
and half vertical location is calculated according to ¢ = (b, - 5b, + 20b, +
20b, - 5b, + by). A final value for this ¥ resolution sub-pixel is then
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calculated according to (¢ + 512) / 1024. Again, the operator / denotes -
_division with truncation and the vélqes calculated for ¥z resolution sub-

pixels c are further clipped to lie in the range- [0, 2'-7].

. Values for the Y resolution sub-pixels I_abelledd ere calculated aé’
- follows. Values for_% res_olutien sub-pixels d located at-quarter
- horizontal and unit vertical locations, are calculated from the value
of the immedia{ely neighbouring biXeI at unit Vhorizontal and unit
‘ verticel location (pixél A) and the intermediate value b calCulated in |
| Step' (1) for the 'immedietely neighbouring % resp_lutio_h 's'ub—pixel at
~ half hor‘irz_ontalva»rid unit venical,iocetion (% resolution sub-pixel b), |
_ according to d = (32A + b + 32) / 64. Values for % resolution sub-
pixels d loceted at quartervhokrizontalrand .half \)ertical Ioeations; are

,interpoleted_ ,u‘sing:»the intermediate values c calculated for 'th'e

immediately neighbouring % resolution sub-pixels ¢ which lie at unit

horizontal and half vertical Vlocat‘iion, and half horizontal and.'half
vertical-locations'fespectively, accerd'ihg tod = (32¢, + c,+1024) /

- 2048. Again operator / indicates division with truncation and the

finally obtained % resclution sub-pixel values d are clipped to lie in
the range [0, 2°-1]. |

. Values for the Y% resolution sub-pixels labelled e are calculated as

fo!l'ows; Values for ¥ resolution sub-pixels e located at unit horizontal
and quarter - vertical locations are calculated from the value of the

immediately neighbouring pixel at unit horizontal and unit vertical

location (pixel A) and the intermediate value ¢ calculated in step (2)

- for the immediately neighbouring % resolution sub-pixel at unit

horizontal and half vertical location, according to e = (32A + ¢+ 32) /

64. Values for % resolution sub-pixels e located at half horizontal and
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quarter vertical locations are.calculated from the intermediate value b
~ calculated in step (1)'fer the imrnediately neighbouring Y resolution sub- .

pixel at half horizontal and unit vertical location and the mtermedlate

- value ¢ calculated in step (2) for the |mmed|ately neighbouring %2 -

- resolution sub-pixel at half_ honzontal and hatf vertical location,
accordingA to e = (32b + ¢ + 1024) / 2048. Once more, oberator [
~indicates division wrth truncatlon and the fi naIIy obtalned Ya

resolutron sub-plxel values e are chpped to lie in the range [0 2"-1]

5. Values for Y resolution sub-plxels labelled g are computed usrng the .

value of the nearest orlgrnal pixel A and the mtermedlate values of the' ‘
three nearest nelghbounng Y2 resolution sub- -pixels, accordlng tog =
(1024A + 32b + 32c, + ¢, + 2048) / 4096. As before operator / mdrcates

_ division wrth truncatron and the finally obtained for % resolutlon sub-

pixel values g are Cllpped to lie in the range [0, 2"-1].

6. The value for V4 resolutlon sub-plxel fis interpolated by averagrng the
values of the 4 closest prxels at unit horizontal and vertrcal locations,
accordrng tof=(A +A + As +A, +2)]/4, where the locations of pixels .

A, A, A and A, are the four nearest orlglnal pixels.

In the decoder, eub-pixel values can be obta.ined directly by applying 6-tap
filters in. horizontal and vertrcal directions. In the case of % sub-plxel
resolution, refernng 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
A, [1; -5, 52, 20, -3, 1] for a set of six sub-pixels d, [2, -10, 40, 40, -10, 2] for
a set of six sub-pixels b, and [1, -5, 20, 52, -5, 1] for a set of six sub-pixels- A
d. These filter coefficients are applied to respective sets of pixels or sub-

pixels in the same row as the sub-bixel values being interpolated.
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After applying the filters in the horizontal and vertical directions, interpolated:
vaI:ue cis ndrmalized according tb c=(c +2048) / 4096 and clipped to Iié_ 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 implementatidn of TML6, differeht branches are used in the
software which are dptimised fpr thé different sub-pixel cases so that there

are no multiplications by zero coefficients. -

It should be noted that in TMLS, % resolution sub-pixel values are obtained

 directly using the intermediate values referred to above and are not derived

from rounded'and,cilipped values for ¥ resolution sub-pixels. Therefore, in-

‘obtai'ning the'% resolution sub-pixel vavlu-és, it is not necessary to calculate

ﬁn’al values for any of the ¥z -resolrution' sub-pixels. SpéCiﬂcally, it is not -

necessary to E:arryout the truncation and clipping operations associated

with the calculation of_ final values for tAh‘ev‘/,z resolution sub-pixels. Neither is

- it necessary to have stored final values for % resolution sub-pixels for use in

the calcu,latic:)n of the % resolution sdb-pixel values. Therefore TML6 is

corﬁputationally less complex than TML5, as fewer truncating and clipping
operations areAArequir_ed. However, a disadvantagé of TML6 is that high
preéisibn.arithr_netic is required both in the encoder and in the decoder. High
precfsion intefpolation requires more silicon Aarea in ASICs and requires
more corhputations in some CPUs. Furthermore, implementation of direct
interpolation~ as sbebiﬁéd in TMLG in an on-demand fashion has a high
memory requirement. This is an important' factor, particulafly in embedded

devices.

In view of the previously présented discusSion, it should be appreciated that
due to the different requirements of thAe video encoder and decoder with
regard to sub-bixel interpolation, there exists a significant problem in
developing a method of sub-pixel value interpolation capable of pro'viding

satisfactory performance in both the encoder and decoder. Furthermore,
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neither of the current test models (TMLS3, TML6) described in the foregoing-

can provide a solution that is opﬁmUm for application in both encoder and

decoder.

‘Summary of the Invention

Accordlng to a first aspect of the rnventlon there is provrded method of

‘ mterpolatlon in video codrng in whuch an lmage compnsmg 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 Ioeations, is -interpolated to.

generate values for sub-pixels at fractional horizontal and vertical locations,

- the fractional horizontal and vertical Idcatibns being defined according to

_ 1/2 where X is a posmve integer havmg a maximum value N, the method ‘

compnsrng

. a) when values for sub -pixels at 1/2%' unit horlzontal and unit vertical -

locations, and unit horizontal and 1/2*" unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at
unit horizontal and unit vertical iocations;~ '

b) when values for sub-pixels at 1/2* unit horizontal and 1/2"" unit vertical
locations are required, interpolating such values directly using a choice of a
first weighted sum of values for sub-pixels residing at 1/2%" unit horizdntal
and unit vertical locations and a second \rveighted 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

- ¢) when a value for a sub-pixel situated at'a 1/2" unit horizontal and 1/2" unit

vertical location is required, interpolating such a value by taking a weighted
average of the value of a first sub-pixei or pixel situated at a 1/2™" unit
horizontal and 1/2™" unit vertical Iocatienv and the value of a second sub-
pixel or pixel located at a 1/2™® unit horizontal and 1/2™° unit vertical

locétion, variables m, n, p and q taking integer values in the range 1to N
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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.

Preferably a first and a second weight are used in the weighted average
referred to in (c), the relative magnitudes of the weights being inveréely
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" |

vertical location.

In a situation where the first and the second sub-pixel or pixé! are
SymmetriCally located with respect to (equidistant frbm) the sub-pixel at 1/2" R
unit horizontal and 1/2" vertical location, the first and second weights may

have equal values.

The first weighted sum of values for sub-pixels reéiding at 1/2* L_lnit
horizontal and unit vertical locations in step b) may be used when a sub-

pixel at 1/2%' unit horizontal and 1/2" unit vertical location is required.

The second weighted sum of values for sub-pixels residing at unit horizontal
and 1/2"" unit vertical locations in step b) may be used when a sub-pixel at f

1/2" unit horizontal and 1/2"%" unit vertical location is required.

In one embodiment, when values for sub-pixels at 1/2" unit horfzontal and
unit vertical locations, and 1/2" horizontal and 1/2%' vertical locations are
required, such values are interpolated by taking the average of the values of
a first pixel or sub-pixel located at a vertical location corresponding to that of
the sub-pixel being calculated and unit horizontal location and a second
pixel or sub-pixel located at a vertical location corresponding to that of the

sub-pixel being calculated and 1/2™* unit horizontal location.
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When values for sub-pixels at unit horizontal and 1/2" unit vertical locations, -

and 1/2*' unit horizontal and 1/2" unit vertical locations are required, they

'may be interpolated by taking the average of the values of a first pixel or

sub-pixel located at a horizontal location corresponding to that of the sub-'_
pixel being calculated and unit vertical location and a second pixel or sub-
pixel located at a horizontal location corresponding to that of the sub-pixel

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

. .Valhues for sub-pixels at 1/2" l‘m}i‘t horizoﬁtal and 1/2" unit vertical locations’

“may be interpolated by taking the >average of values of a pixel located ata

unit horizontal and unit vertical location, and a sub-pixel located ata 1/2%

unit horizontal and 1/2%' unit vertical location.

. Values for sub-pixels at 1/2" unit horizontal and 1/‘2". unit vertical locations
“may be intérpola_ted by. taking the average. of values of a sub-pixel located

~ata 1/2™ unit horizontal and unit vertical location, and a sub-pixel located at

a unit horizontal and 1/2"' unit vertical location.

Values for half of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations may be intefpolated 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 vertical location and |
values for the other h:alflof the sub-pixels at 1/2" unit horizontal and 1/2" unit
vertical locations are interpolafed by taking the average of a second pair of

values of a pixel located at a unit horizontal and unit vertical Iocétion, and a

* sub-pixel located at a 1/2*' unit horizontal and 1/2*' unit vertical location.

Values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical_ locations
are alternately interpolated for one such sub-pixel by taking the average of a
first pair of values of a sub-pixel located at a 1/2"" unit horizontal and unit

vertical location, and a sub-pixel located at a unit horizontal and 1/2%" unit
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vertical location and values and for a neighbouring such sub-bixel by taking
the average of a second 'pair of values of a pixel located at a unit horizontal

and unit vertical location, and a sub-pixel located at a 1/2™" unit honzontal

and 1/2"" unit vertical location.

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

alternately interpolated in a horizontal direction.

The sub- plxels at 1/2" unit horizontal and 1/2N unlt vertical locations may be

alternately rnterpolated in a honzontal drrectlon

~ When values for ‘some sub-plxels at 1/2N unit honzontal and 1/2N unit vertlcal ) |

Iocatrons are required, such values may be lnterpolated by takrng the:

average ofa pluralrty of nearest nelghbounng pixels.

At least one of step a) and step b) interpolating sub-pixel values direcﬂy :

using weighte’d 'sums may involve the calculation of an intermediate value

for the sub-plxel values having a dynamrc range greater than the specrﬁed

dynamic range

‘The intermediate value for a sub-pixel having 1/2™ sub-pixel resolutien may

be used the calculation of a sub-pixel value having 1/2" sub-pixel resolution.

According to a second aspect of the invention, there is provided a method of
interpolation in \rideo coding in which an image comprising pixels arranged
in rows and columns and represented by values having a specified dynamic
range, the pixels in the rows residing at unit horizontal locations and the
pixels in the columns residing"at unit vertical locations, is interpolated to
generate values for sub-pixels at fractional horizontal and vertical locations,

the method comprising:
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a) when values for sub-pixels at half unit horizontal and unit vertical -

locations, and unit horizontal and half unit vertical locations are required,

]nterpolatlng such values dlrectly using weighted sums of pixels residing at

unit horizontal and unit vertical locatlons ‘
b) when values for sub-pixels at half unit horizontal and half unit vertical

locations are required, interpolating' such valués directly using a weighted

k sum of values for sub-pixels residing at half unit horizontal and unit vertical

locations calculated accordmg to step (a); and

N c) when values for sub-plxels at quarter unit horizontal and quarter unit

~vertical _locatlons are required, mterpolatmg such values :by~ taking .the

average of at least one pair of a first pair of values of a s‘ub-pixél located at .
a half unit horizontal and unit vertical location, and a. sub-pixel located at a

unit,horiiontal and half unit vertical location and a second pair of values of a

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

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

~ According to a thlrd aspect of the mventlon there is provided a method of

lnterpolatlon in video coding in Wthh 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 uhit horizontal locations and the
pixelé in the columns residing at unit vertical ‘Vlocations, is interpolated to
generate values for sub-pixels at frabtional{horizontal and vertical locations,
the fractional horizontal and vertical Iocétions béing defined according to
1/2" \Alvherevx is a p_os'itiveAinteger having a maximum value N, the method

compnsmg

~a) when values  for sub -pixels at 1/2““ ‘unit horizontal and unlt vertical

locations, and unit horizontal and 1/2* unit vertical locations are required,
interpolating such values directly using wé_ighted sums of pixels residing at
Unit horizontal and unit vertical locations;

b) when a value for a sub-pixel at a sub-pixel horizontal and sub-pixel

vertical location is required, interpolaiing such a value directly using a
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choice of a first weighted sum of values for sub-pixels located at a vertical

location corresponding to that of the sub-pixel being calculated and a

_ second weighted sum of values for sub-pixels located at a horizontal

location corresponding to that of the sub-pixel being calculated.

The sub-pixels used in the first weighted sum may be sub-pixels residing at ‘
1/ "f' unit horizontal and unit vertical locations ‘and the first weightedA sum.
may be used to i_nterp'olate a value for a sub-pixel at.1/2*" unit horizontal

and 1/2" unit vertical location.

The sub-pixels used in the _'.s,econd weig'hted sum may be -sub-pixels =
- residing at unit horizontal and 1/2™' unit vertical locations and the se"con'd
welghted sum may be used to interpolate a value for a sub-plxel at 1/2" unlt L

. honzontal and 1/2’“ unit vertlcal location.

When values for sub-pixelslat 1/2" unif horizontal and 1/2" unit vertical

~ locations are récjuired, they may be interpolated by taking the a\ierage of at .

least one pair of a first pair of values of a sub-pixel located at a 1/2" unit
horizontal and unit vertical location, and a sub-pixel located at a unit

horizontal and 1/2*' unit vertical location and a second pair of values of a -

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

located at a 1/2"%' unit horizontal and 1/2™' unit vertical location.

In the foregoing, N may be equal an integer selected from a list consisting of

the values 2, 3, and 4.

Sub-pixels at quarter unit horizontal Iocaﬁon are to be interpreted as being
sub-pixels having as their left-hand nearest neighbour a pixel at unit
horizontal location and as their right-hand nearest neighbour a sub-pixel at
half unit horizontal location as well as sub-pixels having as their left-hand

nearest neighbour a sub-pixel at half unit horizontal location and as their
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right-hand nearest neighbour a pixel at unit horizontal location.
Correspondingly, sub-prxels at quarter unit vertical location are to be
mterpreted as being sub-puxels havrng as their upper nearest nelghbour a
pvrxeli at unit vertical location and as their lower nearest neighbour a sub—
pixel at half unit vertical Iecationas well as sub-pixels having as their upper

nearest neighbour a sub-pixel at half unit vertical location and as their Iower ‘

nearest neighbour a plxel at unlt vertical location.

The term dynamlc range, refers to the range of values which the sub-plxel |

values and the welghted sums can take.

- Preferably. changing the dynamic 'range whether by extending it or reducing
it, means changlng the number of bits whuch are used to represent theft--
- dynamlc range
~15 , A

In an embodiment of the mventron the method is apphed to an |mage that is

- sub- leded into a number of image blocks. Preferably each image block -

comprises four corners each corner being deﬂned by a pixel Iocated at a
unit horizontal and unit vertical location. Preferably the method is applied to

each image block as the block becomes available for sub—plxel value |

.interpolation. Alternatrvely, sub-pixel value mterpoiatlon accordlng to the

method of the invention is performed once all image blocks of an image

have become avallable for sub-pixel value interpolation.

Preferably the method is used in video encoding. Preferably the rnefhod is -

used in video decoding.

In one embodiment of the invention, when used in encoding, the method is .
carried out as before-hand interpolation, in which values for all sub-pixels at
half unit locations and values for all sub-pixels at quarter unit locations are

calculated and stored before being subsequently used in the determination
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of a prediction frame during motion predictive coding. In alternative -
embodiments, the rﬁethod is carried out as a combination of before-hand
and on-demand interpolation.' In this cése, a certain proportion or category
of sub-pixel values is calculated and stored before being used in the
detefmination ‘of a prediction frame and certain other sub-pixel values'are

calculated only when required during. motion prédictive coding.

Preferably, when the method is used in decoding, subépixels are only

. intefpolated when their need is indicated by a motion vector.
10 |

According to'a fourth aspect of the invention, there is provided a video .
coder for coding an image comprising pix"els 'arranged in rows and columns

and'repfésented by values having aAspecified dynamic range, the pixels in-

_the rows residing at unit horizontal locations and the plxels in the columns

residing at unit vertical locations, the video coder compnsmg an lnterpolator

“adapted to generate values for sub-pixels at fractional horizontal and

vertical locations, the fractlonal horlzonta! and vertical locations being
defined at:cording 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.
locations, and unit horizontal and 1/2"' unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and un'it vertical
locations; o

™' unit horizontal and 1/2"" unit

b) interpolate values for sub-pixels at 1/
vertical locations directly using a choice of a first weighted sum of values for
sub-pixels residing at 1/2%' unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2¥" unit vertical locations, the first and second weighted sums of values
being calculated according to step (a); and

c) interpolate a value for a sub-pixel situatéd at a 1/2" unit horizontal and
1/" 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
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location and the value of a second sub-pikel or pixel located at a 1/2"* unit
horizontal and 1/2"° unit vertical location, variablee 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 unlt

honzontal and 1/2" vertlcal location.

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

video decoder

~According to a fifth aspect of the invention, there is p_rQVided, a.

communicationsA terminal 'compriSing a video coder for coding' an image' ‘
compnsmg pixels arranged in.-rows and columns and represented by values_]
having -a specrfled dynamic range, the pixels in the rows resndlng at umt
honzqntal Ioe_atlons and the pixels in the columns residing at unit vertical
Iocat_ions, the vide'o }coder‘eomprising an interpolator,adapted to generete .
values. for sub-pixels at fractional horizontal and vertical locations, the .
fractional -hori}_ontal and vertical locations beirrg defined aecording te 1/2%,
wh'ere X is a positive integer having a meximum value N, the.‘interpolatdr
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.

weighted sums _of pixels residing at unit horizontal and unit vertical
locations; A |

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
secohd 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

1/2" unit vertical location by taking a weighted average of the value of a first
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sub-pixel or pixel situated at a 1/2*" unit horizontal and 1/2** unit vertical

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

“horizontal and 1/2™° unit vertical Ioc_atioh, variables m, n, p and q taking

integer values in the range 1to N such that the first and second sub-pixels‘
or plxels are Iocated diagonally with respect to the sub- plxel at 1/2" unit

honzontal and 1/2" vertical location. -

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 communlcatlons terminal - comprlsmg a ‘user interface, a

- processor and at least one of a transmlttmg block and a recelvmg block, and
! vndeo coder accordlng to at least one of the third and fourth aspects of the -

" invention. Preferably the processor controls the operation of the transmlmng

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

'According to -a -sixth aspect "of the invention, there is provided a

telecommunications system compnsmg a communications terminal and a
network, the telecommunications network and the communications terrmnal(
being-connected by a communications link over which coded video can be
transmitted, the communications terminal comprising a video coder for
codmg for coding an image comprising pixels arranged i 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 video coder comprising an interpolator

‘adapted to generate values for sub-pixels at fractional horizontal and

vertical locations, the fractional honzontal 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)_interboiate values for sub-pixels at 1/2"' unit horizontal and unit vertical

locations, and unit horizontal and 1/2%" unit vertical locations directly using
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weighted sums of pixels resndlng at umt horizontal and unit vertical
locations; . ‘

b) interpolate values for sub-pixels at 1/2" unit horizontal and /2% unit
vertical locations directly using a choice of a first weighted sum of velues 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 unlt horizontal and ‘

1/2'“ unit vertical Iocatlons the first and second weighted sums of values

belng calculated accordlng to step (a); and -

c) interpolate a value for a sub- plxel situated at a 1/2" unit horizontal andA

1/2" unit vertlcal location by taklng a weighted average of the value of a first

“sub-pixel or plxel snuated at a' 1/2™" unit horizontal and 1/2 unlt vertical .

o Iocatlon and the value of a second sub-pixel or plxel located at a 1/2% unlt' '

15

20

25 .

30

honzontal and 1/2"*‘ unit. vertlcal location, variables m, n, p and q taklng oo

' mteger values in the range 1 to N such that the first and second sub-plxels

or pixels are . located diagonally with respect to the sub- plxel at 1/2" unn'

horizontal and 1/2" vertical location.

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 bemg formed by a'radio link. Preferably the network '

"enables the communlcatlons terminal to communicate ~with other»

communlcatlons termmals connected to the: network over commumcatlons

links between the other communications terminals and the network.

According to a seventh aspect of .the inventioh, there is provided a
telecommunications system comprising a communications terminal and a
netwbrk, the telecommunications network and the communications terminal
being connected by a communications link ever which coded video can be
transmitted, the network comprising a video coder for ceding for coding an
image comprising pixels arranged in rows and columns and represented by

values having a specified dynamic range, the pixels in the rows residing at
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unit horizontal locations and the pixels in the columns residing at unit
vetﬁeal ‘Iocations, the video coder comprising an interpolator adapted'Ato
generate values for sub'-piXers'at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2, where x is a positive intéger having a maximum value N, 'the
interpolafor being adapted to: ' | |

a) interpolate values for' sub- piXeIs at 1/2"" unit horizontal and unit vertical

~ locations, and unit horizontal and 172" un'it'veriical Iocatio‘ns directly using
_we;ghted sums  of pnxels res:dmg at umt honzontal and unit vertical
10" locations; ‘ _

o b) |nterpolate values for sub-pixels at 1/2 ' unit honzontal and 172" unit

vertical locations dlrectly usmg a choice of a first wenghted sum of values for

sub-pixels residing at 1/2"" unit horizontal and unit vertlcal_locatlon_s and a E
seéond 'weighted sum of '\}alues' for sub-pixels 'residing at 'qnit horizontal and
1/2"H unit vertical locations, the first and second weightéd sums of valhes
be'ing calculated ’according to step (a); and

c) interpolaie a value for a sub- -pixel situated' at a 1/2" unit. horizontal and
1/2" unlt vertical Iocatlon by taking a welghted average of the value of a first
sub- plxel or pixel sxtuated 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
horizortal and 1/2% unit vertical location, variablés m, n, p and q taking
integer va_llues in the range 1 to N such that the first and 'second'sub-pixels
or pixels are located diagonally with respeét to the sub-pixel at 1/2" unit

horizontal and-1/2" vertical location.

According to an eighth 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

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
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vertical locations, the resolution of the sub-pixels being determined by a
posiiive integer N, the interpolator being}adapted to:
a) interpolate values for ’sub-pixeis at 1/2%" unit horizontal and unit vertical -
Iocétions, and unit horizontal and 1/2™" unit vertical locations directly using
weighted sums of pixels résiding ‘at’ unit horizontal and unit vertical’
IocationS‘ | _ ‘ | B
b) mterpolate a value for a sub-pixel at a sub-plxel horizontal and sub-pixel

vertical locat:on is requnred dlrectly using a choice of a first weighted sum of

_values for 'sub-plxels located at a vertical location correqundlng to that of

the sub-pixel being calculated and a second weig'hted sum of'values for
sub-pixels located at a horlzontal location correspondlng to that of the sub- -

plxel belng calculated

‘The mterpolator may be further adapted to form the first weighted sum using

the values of sub- plxels residing at 1/2"”1 unit horlzonta! and unlt vertical

locations and to-use the first welghted sum to interpolate a value for a sub-

pixel at 1/2"" unit horizontal and 1/2" unit vertlcal location. _

The interpolator may be further adapted to form the éecond weighted sum
using the values of sub-pixels residing at unlt honzontal and 1/2%" unit

vertical Iocatlons and to use the second welghted sum to interpolate a value

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

The interpolator may be further adapted to interpolate values for sub-pixels

“at 1/2" unit horizontal and 1/2" unit vertical locations by taking the average

of at least one pair of a first pair of values of a SUb-pier located at a 1/2"'
unit horizontal and unit vertical Iocaﬁon and a sub-pixel located at a unit
horizontal and 1/2"" unit vertical Iocat|on and a second pair of values of a
pixel located at a unit horizontal and unit vertical location, and a sub-pixel

located at a 1/2™" unit horizontal and 1/2™" unit vertical location.
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According to a ninth 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
having a specified dynamic range, the pixels in the rows residing at_uhit
horiiontal locations and the pixels in the columns residing at unit vertical
Iocations,A 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
beirig adapted to: | _ . _
a) interpolate values for sdb-pixels at 1/2% unit horizontal and unit vertical
locations, and unit-hqrizohtal and 1/2™" unit vertical Idcations direétly using -
weighted stims of pixels reéiding at unit horizontal and --'t_init vvenical- '
locations; o | o
b) interpolate a value for a sub-pixel at a sub-pixel horizontal ahd sub-pixel
vertical location is required directly using a choice of a first weighted sum of
values for sub-pixels' located at a vertical location corresponding to thaf of
the sub-pixel béing caiculated and a second weighted sum of values: for
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

‘According to a tenth aspect of the invention there is provided a

telecommunications system comprising a communicatidns\ terminal and a
network, the telecommunications network and the communications terminal
being connected by a communications link over which coded video can be
transmitted, the communications terminal Comprising a video coder for
coding an image comprising pixels arranged in rows and columns and

represented by values having a specified dynamic range, the pixels in the

rows residing at unit horizontal locations and the pixels in the columns

residing at unit vertical 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:
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a) interpolate values for sub—pixels at 1/2"" unit horizontal and unit vertical - '
locations, and unit horizontalj_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
| values for sub-pixels located at a vertical location corresponding to that of
“the sub—plxel bemg calculated and a second welghted sum of values for
- sub-pixels located at a honzontal Iocatlon corresponding to that of the sub-
10 pixel being calculated. '

_ Accordlng to an eleventh aspect of the mventlon there is provided a

telecommunlcatlons system compnsmg a communlca’uons terminal and a-

- network the telecommunlcatlons network and the commumcatnons terminal
'bemg connected by a commumcatlons link over Wthh coded vndeo can be

,transmltted the network compnsnng a v:deo coder for codlng for codlng an

image comprising plxels arranged in rows and columns and represented by
values havmg a specified dynamlc range, the pixels in the rows residing at
unit horizontal - locations and the plxels in the columns residing at unit
vertical locations, the coder comprising an interpolator adapted to gener_ate

values for sub-pixels ‘at fractional horizontal and vertical locations, the

| resolution .of the sub- -pixels being determlned by a positive integer N, the

lnterpolator being adapted to:
a) mterpolate values for sub-plxels at 1/2"' umt horizontal and unit vertical

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

iwelghted sums - of plxels 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
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
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sub-pixels located at a horizontal Iocatlon correspondlng to that of the sub-

pixel being calculated.
Brief Description of the Figures

An embodiment of the mventron will now be described by way of example ‘

R only with- reference to the ‘accompanying drawings in which:

_ Flgure 1 shows a vrdeo encoder according to the prior art;

Figure 2 shows a vrdeo decoder according to the prior art;

Figure 3 shows the types of frames used in video encodlng, .

F Frgures 4a 4b, and 4c show steps in block-matchlng,

Frgure 5 illustrates the process of motion estrmatron to sub—prxel resolutlon

Figure 6 shows a terminal device comprising video encodlng and decodrng -

equipment in which the method of the invention- may be impleme‘nted ‘
Figure 7 shows a video encoder according an embodrment of the present '

mventron

* Figure 8 shows 'a video decoder according to an embodiment of the present

invention; ' _ .
Figures 9 and 10 have not been used and any such figures should be

disregarded,;

‘Figure 11 shows a schematic diagram of a mobile telecommunications‘-

network according to an embodiment of the present invention;

Figure 12a shows a notation for describing pixel and sub-pixel locations
specific to TML5; |

Figure 12b shows interpolation of a half resolution sub-pixels;

Figure 12c shows interpolation of a half resolution sub-pixels; '
Figure 13a shows a notation for describing pixel and sub-pixel locations
specific to TML6;

Figure 13b shows interpolation of a half resolution sub-pixels;

Figure 13c shows interpolation of a half resolution sub-pixels;
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Figure 14 shows a notation for descnbmg plxel and sub-prxel locations

specific to the invention;

Figure 14b. shows interpolation of a half resolution sub-pixels accordlng to

the invention;

Figure 14c shows interpolation of a half resolution sub-pixels according to

‘the invention;

Figure 15 shows possible choices of diagonal interpolation for sub-pixels;

Figure 16 shows the half resolutlon sub-plxel values requrred to calculate

‘ _other half resolution sub plxel values

<F|gure 17a shows the half resolution sub-pixel values that must be

calculated in order to interpolate ‘values for qu‘arter' resolution. sub-pixels in
an image block using the interpolation method of TML5

Figure 17b shows the half resolutlon sub- plxel values that must be

A o , calculated in order to interpolate values for quarter resolutlon"sub-plxels in
15

an image block using the interpolation method according to the invention;

A Flgures 18a shows the nurhbers of half resolution sub- pixels that must be

- calculated in order to obtain- values for quarter resolutlon sub-plxels wrthm

an image block usmg the sub- prxel value mterpolatlon method accordmg to
TML5 ’

Figure 18b shows the numbers of half resclution sub-pixels that must be
calculated in order to obtain values for quarter resolution sub-pixels within
an image block usmg the sub- plxel value lnterpolatron method according to
the invention; ' |
Figure 19 shows a numberihg scheme for each of the 15 sub-pixel

positions;

‘: 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:
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- Figure 21b shows the diagonal directionto be used in the interpolation of

each eighth resolution sub—pixel in- another embodiment of the invention;
and . |
Flgure 22 shows nomenclature used to describe eighth resolution sub-plxels

wuthln an |mage

Detailed Description

Flgures 1to 5, 12a 12b 12c, 13a 13b, and 13c have been descnbed in the

foregomg

E Flgure 6 presents a termlnal devnce compnsrng video encodmg and

‘decodmg equnpment Wthh may be adapted to operate in- accordance wrth'u o

o “the present invention. More precisely, the fgure |Ilustrates a multlmedla

15

20

25

- 30

Page 52 of 289

terminal 60 lmplemented accordlng to ITU-T recommendatlon H.324. The ‘

terminal can be regarded as a multlmedla transceiver device. It lncludes ,

‘ elernents that'capture, encode and multiplex multimedia data streams for

transmission via a communications network, as well as elements that
receive, de-multiplex, decode and display received multimedia content. ITU-

T recomrnendation‘ H.324 defines the overall operation of the terminal and

~ refers to other recommendatlons that govern the operation of its vanous

constituent parts. This kind of multimedia terminal can be used in real-tlme _

‘applications such as conversatlonal videotelephony, or non real-time

applications such as the retrieval/streaming of video clips, for example from

a multimedia content server in the IAnternet.

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 alterna_tive‘ s
multimedia terminal implementations suited to application of the inventive
method. It should also be noted that a number of alternatives exist relating

to the location and implementation of the terminal equipment. As illustrated
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in Figure 6, the multimedia terminal may be located in communications
equipment connected to a fxed line telephone network such as an
analogue PSTN (Public Switched Telephone Network). In this case the
multimedia terminal is equnpped with a modem 71, compliant with lTU-T
recommendatlons V.8, V.34 and optionally V.8bis. Alternatively, the
multimedia terminal may be connected to an external modem The modem '

enables . conversion of the multiplexed digital data and control sngnals

produced by the multlmedla terminal into an analogue form suitable for

transmnssnon over the PSTN It further enables the multimedia terrnlnal to

receive data and control srgnals in analogue form from the PSTN and to

_convert them into a dlgltal data stream that can be demulitplexed and_' E

processed in an appropnate manner by the termlnal

An H.324 multimedia termmal may also be |mplemented in such a way that
it can be connected directly to a digital fixed llne network, such as an ISDN
(Integrated Services Dlgltal Network) In this case the modem T1is replaced
with an ISDN -user-network interface. In Figure 6 this ISDN user-network

interface is represented by alternatlve block 72

H.324 mUltimedia terminals may also. be adapted for use in mobile
communication applications. If use_d with a wireless communication Iink, the
modem 71 can be replacedwith any appropriate wireless i'nterface, as
represented by alternative block 73 in Figure 6. For example, an H.324/M
multimedia terminal can include a radio transceiver enabling connection to
the current 2™ generation GSM mobile telephone network, or the proposed

3" generation UMTS (Universal Mobile Telephone System).

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
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decoder pair is often implemented as a single combined functional unit,

referred to as a 'codec’.

Because a video encoder according to the invention performs motion
compensated video encoding to sub-pixel resolution using a specrfc
mterpolatlon scheme and a particular combination of before-hand and on-

demand sub-pixel value interpolation, it is generally necessary for a video

decoder of a receiving termrnal to be implemented in a manner compatible
| ‘with the encoder of the transmrttlng terminal which formed the compressed

- video data stream. Failure to ensure this compatibility may have an adverse

effect on the quality of the motlon compensatlon and the accuracy of.

reconstructed video frames.

A typrcal H.324 multlmedla termmal will now be descnbed in further detall

wrth reference to Flgure 6.

The multimedia terminal 60 includes a variety of elements referred to as

terminal equipment’. This inc_ludes 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 '

microphone for example for capturing spoken messages, and a
loudspeaker for reproducing received audio content The audio equipment

may also include additional audlo processmg units. The telematic

“equipment 63, may include a data terminal, keyboard, electronic whiteboard

or a still image transceiver, such as a fax unit.

The video equipment 61 is coupled to a video codec 65. The video codec
65 comprises a video encoder and a corresponding video decoder both

implemented according to the invention. Such an encoder and a decoder

ey
e
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will be described in the following. The \iideo codec 65 is responsible for
encoding captured video data in an appropriate form for further transmission
over a communications link and decoding compressed video content
received from the communications network. In the example illustrated in
Figure 6, the video codec is implemented . according toA ITU-T
recommendation H. 26‘3 with apprdpriate modifications to 'impl'ement the
sub-pixel value interpolatlon method according to the invention in both the

encoder and the decoder of the video codec.

Slmilarly, the termlnals audio equrpment lS coupled to an audio codec

denoted in Flgure 6 -by reference number 66. Like the V|deo codec the[lr

~ audio codec compnses an encoder/decoder pair It converts audio data

captured by the termmals audio equrpment into a form suntable for
transmission over the communications link and transforms encoded audio
data received from the network back into a form suitable for reproductlon

for example on the terminal’s loudspeaker. The output of the audio codecis »
passed to a delay block 67. This compensates-for the delays i'ntroduced by -
the video .coding process and thus ensuresl_s'ynchronisation of audio and

video content.

‘The system control block 64 of the multimedia terminal controls end-to-

network signalling using an appropriate control protocol (sig‘nalling block 68)
to establish a common 4mode of operation between a transr_nitting and a
receiving-terminal. The signalling block 68 exchanges information about the
encoding and decoding capabilities of the transmitting and receiving
terminals and can be used to enable the various coding modes of the video -
encoder. The system control block 64 also controls the use of data
encryption. Information regarding the type of encryption to be used in data R
transmission is passed from encryption block 69 to the multiplexer/de-
multiplexer (MUX/DMUX unit) 70. '
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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
smgle bit-stream. Information concernlng the type of data encryption (if any)
to be applied to the bit-stream, provided by encryptlon block 69, is used to
select an encryption mode. Correspondlngly, when a multiplexed and
possibly encrypted multlmedla bit-stream |s belng received, MUX/DMUX

unit 70 is responsible-. for decryptlng the bit-stream, d|V|d|ng it into its

. constltuent multimedia components and passrng those components to the
‘appropnate codec(s) and/or termlnal equipment for decodlng and

-reproduction. - -

It should be noted that the funct'ional etements of the multimedia terminal,

‘_video'encoder decoder and video codec according"to the invention can be

|mplemented as software or dedicated hardware, or a combination of the

,two The video encodlng and decodlng methods accordlng to the invention

-are partlcularly surted for |mplementat|on in the form of a computer program

comprising machine4readable instructions for performing the functional
steps of the invention. As such, the encoder and decoder according to the
invention may be implemented as software code stored on a storage
mediu'm and executed ina computer, such as a 'pereonal desktop computer
in order to provrde that computer wnth vrdeo encoding and/or decoding

functlonallty

f the multimedia terminal 60 is a m_obile terminal, that is if it is eqoipped 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

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
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terminal, a random access memory RAM,.a read only memory ROM, and a
digital camera. The microprocessor's operating instructions, that is program
code corresponding to the basic functions of the multimedia terminal 60, is
stored in the read-only memory ROM and can be executed as requured by
the microprocessor, for example under control of the user. In accordance
with the program code the mrcroprocessor uses the radio transceiver 73 to
form a connectlon with a mobrle communication network, enabllng the
multimedia termlnal 60 to transmit information to and receive .information

from the mobile communication network over a radio' path.

The microprocessor monltors the state of the user interface and controls the . E

- digital camera.” In response to" a user command the mrcroprocessor

instructs the camera to record digital images into the RAM Once an image
is captured or alternatively during the capturlng process the
mlcroprocessor segments the lmage into image segments (for example

macroblocks) and uses the encoder to perform  motion compensated

~encoding for the segments in order to generate a compressed |mage -

sequence as explarned in the foregomg descnptron A user may command
the multrmedla ‘terminal 60 to display the captured images on its display or
to send the compressed i lmage sequence usmg the radio transceiver 73 to
another multimedia termunal a video telephone connected to a fixed line -
network (PSTN) or some other telecommunications device. In a preferred
embodiment, transmrssuon of image data is started as soon as the first
segment .is encoded so that the recipient can start a correspondlng

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

base stations BTS are further connected, through a so-called Abis interface,



Page 58 of 289

10

15

20

25

30

48 -
to a base station controller BSC, which controls and manages several base

stations.

The entity formed by a number of base stations BTS (typically, by a .few
tens of base stations) and a single base station controller BSC, controlling
the base stations, is called a base station subsystem BSS. Particulariy,» 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-

‘ordinates the formation of connections to and from mobile stations. A further

‘connection is made, through the moblle serwce swntchlng centre MSC, to '

.outsnde the mobile communicatlons network. Outside the mobile

communications network: there may further reside other network(s)

»connected' to the mobile communications network by gateway(s) GTW, for

example the Internet or a Public Swntched Telephone Network (PSTN). In

such an extemal network, or Within the telecommunications network there

‘may be Iocated video decoding or encoding stations, such as computers

~ PC. In an embodiment of the invention, the mobile telecommunications

network comprises a video server VSRVR to provide video data to a MS
subscribing to such a service. The video data is compressed using the
motion compensated video compression method as described in the
foregoing. The video server may function as a gateway to an online video
source or it may comprise previously recorded video clips. Typical
videotelephony applications may involve, for example, two mobile stations

or one mobile station MS and a videotelephone connected to the PSTN, a

PC connected to the Internet or a H.261 compatible terminal connected

either to the Internet or to the PSTN.

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.
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The encoder 700 comprises an invput 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

intérpolation block 750, implemented in combination with motion estimation

blbc_:k 760. The encoder also _comprises'é ‘motion'ﬁeld- coding block 770 and

--a motion -compensated prediction block 780. Switches 7_02 and 714 are

‘operated co-operatively by a control manager. 720 to switch the encoder

between an INTRA-mode of video encoding and an»I'NTER-mode of video-
encoding. The encoder 700 also comprises a multiplexer unit (MUX/DMUX)

790 to form a single bit-stream .from the various. types of information

- produced by the encoder 700 for further transmission to a remote receiving

terminal, or for example for storage on a mass storage medium such as a

: Cdmputer hard drive (not shown). ’

It shouid be noted that the presence and implementations of before-hand
sub-pixel interpolation block 730 and on-demand sub-pixel value
interpoiation block 750 in the encoder ‘architecture depend on the way in
which the sub-pixel interpolation method abbording to the invention is
applied. In embodiments of the invention-in which before-hand sub-pixel
value interpolation is not performed,Aencoder 700 does not comprise before-

hand sub-pixel value interpolation block 730. In other embodiments of the

invention, only before-hand sub-pixel interpolaﬁon is performed and thus the

encoder does not include on-demand sub-pixel value interpolation block
750. In embodiments in which both before-hand and on-demand sub-pixel
value interpolation are performed, both blocks 730 and 750 are present in
the encoder 700.
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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
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 eech
frame in INTER-format, unless one of the following conditions is.met: 1) it is
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.

The occurrence of condition 1) is detected by monltorlng the output of the
combiner 716. The combiner 716 forms a dlfference between the current
macroblock of the frame being coded and its prediction, produced in the -
motion compensated prediction block 780. If a measure of this difference
(for example a sum of absolute differences of pixel values)A exceeds a

predetermined threshold, the combiner 716 informs the control manager

720 via a control line 717 and the control manager 720 operates the

switches 702 and 714 so as to switch the encoder 700 into INTRA’ codlng
mode. Occurrence of condition 2) is monitored by means of a tlmer or frame
counter implemented in the control manager 720, in such a way that if the
timer expires, or the frame counter reaches a predetermined number of
frames, the control manager 720 operates the switches 702 and 714 to
switch the encoder into INTRA coding mode. Condition 3) is triggered if the
control manager 720 receives a feedback signal from, for example, a
receiving termiﬁal, via control line 718 indicating that an INTRA frame
refresh is required by the receiving terminal. Such a condition might arise,

for example, if a previously transmitted frame were badly corrupted by
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interference during its transmission, rendering it impossibie 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.

It will further be assumed that the encoder and decoder are implemented in
such a way as to allow the determination of motion vectors with a spatial

resolution of up to quarter-pixel resolution. As will be seen in the following,

~ finer levels of resolution are also possible.
10

Operation of the encoder 700 in INTRA coding mode will now be,described. :
In INTRA-mode, the control manager 720 operates the switch 702 to accept

video - input from input line 719.-'Tne‘v'ideo signal input is received-

~macroblock by macroblock from input 701 via the input line 719 and each

macroblock of original image prxels is transformed into DCT coeffi crents by

‘the DCT transformer 705. The DCT coefficients are then passed to the

quantiser 706, where they are quantlsed using a’ quantrsatlon parameter
QP. Selection of the- quantisation parameter QP is controlled by the control
manager 720 via control line 722. Each DCT transformed and quantised
macroblock that makes up the INTRA codedimage information 723 of the
frame is passed from the quantiser 706 to ‘.the MUX/DMUX 790. The:
MUX/DMUX 790 combines the INTRA coded image information with
possrble control information (for example header data, quantlsatron
parameter mfonnatlon, error correction data etc.) to form a single bit-stream

of coded image information 725. Variable length coding (VLC)V is used to

“reduce redundancy of the compressed video bit-stream, as is known to

those skrlled in the art

A locally decoded picture is formed in the encoder 700 by passing the data
output by the quantiser 706 thrcugh inverse quantiser 709 and applying an

inverse DCT transform 710 to the inverse-quantised data. The resulting
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data is then input to the combiner 712. In lNTRA mode, switch 714 is set so

that the input to the combiner 712 via the switch 714 is set to zero. In this

- 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
interpolation is perfor_med, the output from combiner 712 isapplied to
before-hand sub-pixel interpolation block 730. The input to the before-hand .
sub-pixel value interpolation block 730 takes the form of decoded image
blocks. In the before-hand sub-pixel value interpolation block 730, each

decoded macroblock is subjected to sub-pixel lnterpolatron in such a way ’
that a predetenmned sub-set of sub-pixel resolutlon sub-prxel values is-
calculated according to the interpolation method of the |nvent|on and IS

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

In embodlments in which before-hand sub-pixel mterpolatlon is not

performed, before hand sub-pixel |nterpolat|on block is not present in the
encoder architecture and the output from combiner 712, comprising

decoded image blocks rs applled directly to frame store 740.

' As subsequent macroblocks of the current frame are received and undergo

the previously descrlbed coding and decoding steps in blocks 705, 706

- 709, 710, 712, a decoded version of the INTRA frameis built up inthe- frame

store 740. When the last macroblock of the current frame has been INTRA
coded and_ subsequently decoded, the frame' store 740 contains a
comoletely decoded frame, available for use as a prediction reference frame
in coding a subsequently received video frame in INTER format. In
embodiments of the invention in which before-hand  sub-pixel value
inte_rpolation is performed, the reference frame held in frame store 740 is at

least partially interpolated to sub-pixel resolution.
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Operation of the encoder 700 in INTER coding mode will now be described.
In INTER coding mode, the control manager 720 operates switch 702 to
receive its input from line 721, which comprises the output of the combiner
716. The combiner 716 forms prediction error information representing the
difference between the current macfoblock of the frame being coded and its
prediction, produced in the motion compensated }prediction block 780. The

prediction error information is DCT transformed in block 705 and quantised

in block 706 to form a macroblock”of DCT transformed- and quantised

- prediction error infonnatien. Each macroblock of DCT transformed and

quantised prediction error information is passed from the quantfser 706 to
the MUX/DMUX unit 790. The MUX/DMUX unit 790 combines the prediction

error ' information 723 with motion coeff'ments 724 (descnbed in the

- following) and control information (for example header data, quantlsatlon

parameter mformatlon error correction data etc ) to form a s:ngle bit-stream

. of coded i lmage mformatlon 725.

Locally decoded predlctnon error information for the each macroblock of the
INTER coded frame is then formed in the encoder 700 by passing the -

encoded predlctlon error information 723 output by the quantiser 706

. through the inverse quantiser 709 and applyin-g'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 sc‘;t'

- so that the combiner 712 also receives motion predicted macroblocks for

the L:Urrent INTER frame, produced in the motion compensated prediction

block 780. The combiner 712 combines these two pieces of information to

produce 'reconstructed image' blocks for the current INTER frame.

As - described above when considering INTRA coded frames, in
embodiments of the invention in which before-hand sub-pixel value

interpolation is performed, the output from combiner 712 is. applied to the



Page 64 of 289

10

15

20

25

30

54

before-hand sub-pixel interpolation block 730. Thus, the input to the before- -
hand sub-pixel value interpolation block 730 in INTER coding mode also
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 wéy that a predetermined sub-set of sub-pixél 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 performed,
before-hand sub-pixel interpolation block is not present in the encoder
architecture and the output from combiner 712, cdmprising decoded ilmag‘e

blocks, is applied directly to frame store 740.

- As subsequent macroblocks of the video signal ai_re received from the video

source and undergo the previously described 'boding and decoding steps in
blocks 705, 7_06_, 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
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 t_he invention in which before-hand sub—bixel.

value interpolation is performed, the reference frame held in frame store

740 is at least partially .in'terpolated to sub-pixel resolution.

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

described.

Any frame encoded in INTER format requires a reference frame for motion
compensated prediction. This means, inter alia, that when encoding a video
sequence, the first frame to be encoded, whether it is the first frame in the
sequence, or some other frame, must be encoded in INTRA format. This, |n

turn, means that when the video encoder 700 is swutched into INTER coding
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mode by control manager 720, a complete reference frame, formed by
locally decoding a previously encoded frame, is already available in the
frame store 740 of the encoder. In general, the reference frame is formed by

locally decoding either an INTRA coded frame or an INTER coded frame.

The first step in forming a prediction for a macroblock of the current frame is
performed by motion estimation block 760. The motion estimation block 760
receives the current macroblock of the frame being coded via line 727 and

performs a block matchmg operation in order to |dent|fy a region in the

. reference frame which corresponds substantlally with . the current

macroblock According to the invention, the block-matchlng process is
performed :to sub-pixel resolution in a manner that depends on the

|mplementatlon of the encoder 700-and the degree of before-hand sub-pixel -

~ interpolation performed. However, the basic pnncnple behind the block-

matching process_is- similar in all cases. Specifically, motion estimation

~block 760 performs block-matching by calculating difference values (e.g.

- sums of absolute differences) representmg the dlfference in pixel values

between the macroblock of the current frame under examination and
candidate best-matching regions of plxels / sub-pixels in the reference |
frame. A dlfference value is produced for all possuble offsets (e.g. quarter- or
one eighth sub-pixel precision x, y dlsplacements) between the macroblock"
of the current frame and candidate test reglon within a predefined search

region of the reference frame and motion estlmatlon block 760 determines

~ the smallest calculated difference value. The offset between the macroblock

in the current frame and the candldate test reglon of pixel values / sub—ptxel

* values in the reference frame that yields the smallest difference value

defines the motion vector for the macroblock in question. In certain
embodiments of the invention, an initial estimate for the motion vector
having unit pixel precision is first determined and then refined to a finer level

of s,ub—biXel precision, as described in the foregoing.
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In embodiments of the encoder in which before-hand sub-pixel value
interpolation is not performed, all sub-pixel values required in the block
matching process are calculated in on-demand sub-pixel .value interpolation
block 750. Motion estimation block 760 controls on-demand sub-pixel value
interpolation block 750 io calculate each sub-pixel value needed in the
block-rnatching process in an on-demand fashion, as and when it is
required: In this case, motion estimation block 760 may be implemented- so |
as to perform block-matching as a' one-step process, in which case a motion
vector with the desired sub-pixel resolution is sought directly, or it may be
|mplemented so as to perform block-matchmg as a two step process. If the
two-step process is adopted, the first step may comprise a search fore.g. a =
full or half-pixel resolution motion vector and the second step'is performed |
in order to refine the the motion vector to the desired s'ub-pixel reSqution .}
As block matching is an exhaustive process, |n which blocks ofnxm plxels
in the current frame are compared one-by-one with blocks of n x m prxels or

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 'calcula"ted multiple times as
successive differe_nce values are determined. In a video encoder, this

approach is not the- most efficient possible in terms - of computational - -

- complexity / burden.

In embodimentsof 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 valoes of the reference frame required to determine a 'motion :
vector with the desired sub-pixel resolution are calculated before-hand in
block 730 and stored in frame store 740. Thus, they are directly available for
use in the block—matching p_roCess and can be retrieved as required from
frame store 740 by motion estimation block 760. However, even in the case
where all sub-pixel values are available from frame store 740, it is still more

computationally efficient to perform block-matching as a two-step process,
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as fewer difference calculations are requlred. It should be appreciated that
while full before-hand sub-pixel value interpolation reduces. computational
complexity in the encoder, it is not the most efficient approach in terms of

memory consumption.

In embodiments of the encoder in which both before-hand and on-demand ' |

"sub-plxel value mterpolatlon are used, motion estimation block 760 is

|mplemented in such a way that it can retrieve sub-pixel values prevnously -

calculated.in beforejhand sub-pixel value interpolation block 730 andsto_red_
in frame store 740 and further control on-demand sub-pixel value
i'nterpolation' block 750 to calculate any additional sub-pixel values that may
be required. The block-matching 'process may be performed as a one-step i
or a two-step process. If a two-step 'implementation is 'used, befo're-han‘d-"
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 lmplemented S0 as
to use sub-plxel values calculated by on-demand sub-puxel value ,
mterpolatlon block 750. In thls case, certain sub-pixel values used.in the
second step of the _block matching process_ ‘may need to be calculated
multiple times as successive comparisons are made, but the number of

such duplicate calculations is significantly Iess than if before-hand sub-pixel

-value calculation is not used Furthermore memory consumptlon is reduced

w1th respect to embodiments in which only before-hand sub—plxel value

interpolation is used.

Once the motion estimation block 760 has produced a motion vectcr"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
then approximates the motion v'ector. received from motion estimation block »
760 using a motion model. Themotion 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
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coefficients) which, when multiplied by the basis functions, form an
abproximation of the motion vector. The motion coefﬁcienfs 724 are passed
'from motion field coding block 770 to motion compensated prediction block
780. Motion compensated prediction block 780 also receives the pixel / sub-
pixe'l. values of the best;matching candidate test region of the reference
frame identified by motion estimation block 760. In Figure 7, these values
are shown to be passed via line 729 from on-demand sub-pixel interpolation
block 750. In alternative embodiments of the i.nvention, the pixel values in

. question are provided from the motion-estimation block'760 itself.

Using the approximate representaﬁon of the motion vector generated by -
motion field coding block 770 and the pixel / sub—piﬁ(el values of the best-
matching candidate test region, motion compensated prediCtion block 780
- produces a macroblock of predicted pixel values. The macroblock of
predicted pixel values represents a prediction for the pixel values of the
current macroblock generafed from the interpolated referencé frame. The
macroblock of predicted pixel values is péssed to the combiner 716 where it
is subtracted from' the new current frame in-order to pro‘duce prediction error

information 723 for the macroblock, as described in the foregoing.

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 possibI;
control i_nforrnatidn from control manager 720 to form an encpdéd video

stream 725 for transmission to a receiving terminal.

Operation of a video decoder 800 éccording to the invention will now be
described. Referring to Figure 8, the decoder 800 comprises a
~“demultiplexing unit (MUX/DMUX) 810, which receives the encoded video
» stream ‘725 from the encoder 700 and demultiplexes it, an inverse quantiser

820, an inverse DCT transformer 830, a motion compensated prediction
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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-
demand sub-pixel interpolation block 890 assoeiated with the motion
compensated prediction block 840. In practice the control manager 870 of
the decoder 800 and the control manager 720 of the encoder 700 may be
the same processor. This may be the case if the encoder 700 an'd decoder

800 are part of the same video codec.

Figure 8 shows an embodiment in which a combination of before-hand and
on-demand sub-pixel value interpolation is used in the decoder.:lr‘l' other
embodiments, only before-hand sub-pixel value interpolation is- used, in -
which case decoder 800 does’ not include on}demand‘ sub-pixel value
interpolation block 890. In a preferred embodiment of the invention, no
before-hand sub;pixel value interpolation is used in the -decoder and:
therefore befd.re-h'and sub-pixel value interpdlatiori bl‘ock'845“'is omitted

from the decoder architecture. If both before-hand and on;demand sub-pixel .

‘ value inteil"polativ‘on are performed, the decoder comprises both ',blocks 845

and 890.

The contrdl manager - 870 controls the . operation of the,decoder 800 in

response to whether an INTRA or an INTER frame is being decoded. An-

INTRA / INTER trigger control signal, which causes the decode_r to switch

between decoding modes is derived, for example, from picture type

~ information provided in the header portion of each compressed video. frame

received from the encoder. The INTRA / INTER trigger control signal is -
passed to ‘control manager 870 via control line 815, together‘wfth‘other
video codec control signals demultiplexed from the encoded video stream
725 by the MUX/DMUX unit 810. |

e

When an INTRA frame is decoded, the encoded video stream 725 is

demultiplexed into INTRA coded macroblocks and control information. No
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motion vectors are included in the encoded video stream 725 for an INTRA -
coded frame. The decoding process is performed macroblock-by-
macroblock. When the enceded information 723 for a macroblock is
extracted from video stream 725 by MUX/DMUX unit 810, it is passed to
inverse quantiser 820. The control manager controls inverse quantiser 820
to apply a suitable level of inverse quantlsatlon to the macroblock of
encoded information, according to control information provided in video

stream 725. The ' inverse quantised macroblock is 'then inversely

_ trahsformed in the inverse DCT transformer 830 to form a decoded block of

“image information. Control manager 870 controls combiner 860 to prevent

-any reference information belng used in the decodlng of the INTRA coded
macroblock. The decoded block of i |mage lnformatlon is passed to the video
output 880 of the decoder. ' '

In embodiments of the decoder which 'employ before-hand sub-pixel value

_interpolation, the deceded block of image information (i.e. pixel values)

“produced as a resuit of the inverse qu'antisatiori and inverse transform

operations performed in blocks 820 and 830 is passed to before-hand sub-
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 -\'/alue interpo’lati}on applied being determined by the details of -
the decoder implementation. In embodiments of the invention in which on-

demand sub-pixel value interpolatien is not performed, before-hand suB—

_ pixel value interpolation block 845 interpolates all sub-pixelvalues. In

embodiments that use a combination of before-hand and dn-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—piXeIs

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
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subsequent macroblocks are decoded, before-hand interpolated and stored,
a decoded frame, at least partially interpolated to sub-pixel resolution is
progressively assembled in the frame store 850 and becomes available for

use as a reference frame for motion compensated prediction.

In embodiments of the decoder which do not employ before-hand sub-pixel
value interpolation, the decoded block of image information (i.e. pixel |
valdes) produced.'as a result of the inverse quantisation and inverse
transform operatlons performed on the macroblock in blocks 820 and 830 is

passed directly to frame store 850. As subsequent macroblocks are

decoded and stored, a decod_ed frame, having unit pixel resolution is
. progressively assembled in the frame store 850 and becomes available for |

use as a reference frame for motion compensated prediction.

When an INTER frame is decoded, the encoded video stream 725 is

demultiplexed . into encoded prediction error information 723 for each -

" macroblock of the frame, associated motlon coeff cients 724 and control )

information. Again, the decoding process |s performed macroblock-by-
macroblock. When the encoded predlctlon error information 723 for a
macroblock is extracted from the vudeo stream 725 by MUX/DMUX unit 810,

. it is passed to inverse quantlser 820. Control manager 870 controls mverse

quantiser 820 to appIy a suitable level of inverse quantlsatlon to the

macroblock of encoded predlctlon error information, according to control

~ information received in video stream 725. The inverse quantised

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

information for the macroblock.

The rnotion coefficients 724 associated with the macroblock in question are
extracted from the video stream 725 by MUX/DMUX unit 810 and passed to

motion compensated prediction block 840, which reconstructs a motion
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vector for the macroblock using the same motion model as that used to-
encode the INTER-coded macroblock in encoder 700. The reconstructed
motion vector approximates the motion vector originally determined by
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-p'ixe| values in .a prediction
reference frame stored in frame store 850. The reference frame may be, for

example, a previously decoded INTRA frame, or a previously decoded

" INTER frame. In either case, the block of pixel / sub-pixel values indicated

by the reconstructed motion vector, represents the predidtion of the

macroblock in question.

The reconstructed motion vector may point to any pixel or sub-pixel. If the -

~motion vector indicates that the prediction for the current macroblock is

formed from pixel values (i.e. the values of pixels at unit pixel IoCations),

_these can simply be'retrie'ved_fro'm frame store 850, as the values in

- question are bbtained directly during the decoding of each frame. If'the

motion vector'indicates that the prediction for the current macroblock is
formed from sub-pixel values, these must either be retrieved from ‘frame
store 850, or calculated in on-demand sub—pixel interpolation block 890.
Whether sub-pixel values must be calculated, or can simply be retrieved
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 émploy before-hand sub—pixel>

“value interpolation, the required sub-pixel values are all calculated in on-

demand sub-pixel value interpolation block 890. On the other hand, in
embodiments in which all sub-pixel values are interpolated before-hand,
mbtion compensated prediction block 840 can retrieve the reqﬁired 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
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which sub-pixel values are interpolated before-hand. Taking as an example
an embodiment. in which all sub-pixel values at half-pixel locations are
calculated before-hand, it is evident that if a reconstructed motion vector for
a macroblock points to a pixel at unit location or a sub-pixel at half-pixel

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 84O.Alf, however, the

. motion vector indicates a sub-pixel at a quarter-pixel location, the sub-pixels

: requrred to form the predlctlon for the macroblock are not present in frame

store 850 and are therefore calculated. in on-demand sub—plxel value
interpolation block 890. In this case, on-demand sub-pixel value

interpolation block 890 retrieves any pixel or sub-pixel required to perform

the mterpolatlon from frame store 850 and applies the interpolation method

descnbed below. “Sub-pixel values calculated In on-demand sub-prxel value

_interpolation biock 890 are passed to motion compensated predlctlon block

840.

Once a prediction for a macroblock has been obtaihed, the prediction (that
is, a macroblock of predicted pixel val-ues) is passed from motion
compensated prediction block 840 to combiner 860 where it combined. with -
the decoded predrctlon error information for the macroblock to form a

reconstructed image block Wthh in turn, is passed to the video output 880

~ of the decoder.

: 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
mterpolatlon that is performed, can be chosen according to, or dictated by,
the hardware lmplementatlon of the video encoder 700, or the environment

in which it is intended to be used. For example, if the memory available to
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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
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
communications environment, for example, when video encodrng and
decoding functionality is incorporated in a mobile telephone or similar.
wireless terminal for communication with a mobile telephone network, both
rrlemory and 'processing power may be limited. In this case a combination of
before-hand and on-demand sub-pixel value interpolation may be the beet
choice to obtain an efficient irnplementation in the videoA encoder. In video
decoder 800, use of before-hand sub-pixel value is generally not preferred
as it typlcally results in the calculation of many sub-pixel values that are not
actually used in the decoding process. However, it should be appreciated
that although different amounts of before-hand and on-demand interpolation
can be used in tﬁe encoder and decoder in order to eptimise the operation
of each, both encoder and decoder can be implemented so as to use the
same division between before-hand and on-demand sub-pixel - value

interpolation.

Although the foregoing description does not describe the construction of.t;i-
directionally predicted frames (B-frames) in the encoder 700 and the
decoder 800, it should be understood that in embodiments of the invention,
such a capability may be provided. Provision of such capability is

considered within the ability of one skilled in the art.

An encoder 700 or a decoder 800 according to the invention can be realised

using hardware or software, or using a suitable combination of both. An

encoder or decoder implemented in software may be, for example, a-
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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.

The encoder 700 and decoder 800 can further be combined in order to form
a video codec having both encoding and decoding functionality. In addition

to being implemented in a muitimedia terrhinal, such a codec may also be

. implemented in @ network. A codec-according to the invention may be a

. computer program or a computer program element or. it may be

|mplemented at least partly using hardware

The sub-pixel interpolation method usedin the encoder 700 and decoder

- 800 accordlng to the invention now be described in detail. The method will

f rst be rntroduced at a general conceptual level and then two preferred

- embodlments will be described. In the first preferred embodiment, sub-pixel

value mterpolatlon is performed to ¥ pixel resolution and in the second the

method is extended to X pixel resolutlon

It should be noted that interpolation must produce identical values in the
encoder and the decoder, but its implementation should be optimized for
both entities separately For example in an encoder accordmg to the fi rst~

embodlment of the invention in which sub-prxel value mterpolatlon |s

~ preformed to %4 plxel resolutlon, it is most efficient to calculate ¥ resolution
P : 0 C _ _

ixels before-hand and to calculate values for Y4 resolution sub-pixels in an

" on-demand fashion, only when they are needed during motion estimation.

This has the effect of limiting memory usage while keeping the
computational complexuty / burden at an acceptable level. In the decoder
on the other hand, it is advantageous not to pre-calculate any of the sub-
pixels. Therefor_e, it should be apprec_:iated that a preferred embodiment of

the decoder does not include before-hand sub-pixel value interpolation
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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 pdéitions depicted in Figure 14a. In this figure pixels
labelled A represent original pixels (that is, pixels residing at unit horizontal
and vertical locations). Pixels labelled with other letters represent sub—pikels |
that are to be intérpolated; The description that follows will adhere to the
previously lntroduced conventlons regarding the descnptlon of plxel and

sub-puxel Iocatlons

Next, the steps required to interpolate all sub—pixej positions are,describedi

~ Values for the % resolution sub-pixels labelled b are obtained by first

calculating an intermediate value b using a Kth order filter, acpording to:
b= x, A | e

where x, is a vector of filter coeffi cients, A, is a corresponding. vector of-

- original pixel values A situated at unit horizontal and unit vertical Iocatlons

and K is an integer which defines the order of the filter. Thus, equatlon 9

can be re-expressed as:

DX, A+ XA+ XA X At XA (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
be used in the calculatlon of different sub-pixels within an embodiment. In .
other embodlments, the values of filter coefficients x and the order of the

fiter may depend on which of the Y% resolution b sub-pixels -is ‘being
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interpolated. Pixels A are disposed symmetrically with respect to the V-
resolution sub-pixel b being interpolated and are the closest neighbours of
that sub-pixel. In the case of the % resolution sub-pixel b situated at half
horizontal and. unit vertical location, pixels A are disposed horizontally with
respect to b (as shown in Figure 14b). If the ' resolution sub-pixel b
é_ituated ét unit horizontal and half vertical location is being interpolated,

pixels A, are disposed vertically with respect to b (as shown in Figure 14c).

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 result to lie in the rang-e' [0, 2-1]. In alternative

~ embodiments: of the invention rounding may be 'perfonned in$t_ead of

truncation. Preferably, constant scalé1 is chosen to be eqUal to the sum of

filter coefficients x,

,A'value for the % resolution sub-pixel labelled c is also obtained by first

: calculating an intermediate value ¢ using’anthh order filter, avccording' to: ’

c= i Y|b| . : ' - » -(11)A

i=l

where y, is a vector of filter coefficients, b is a corresponding vector of

intermediate values b, in the honzontal or vertlcal direction. i.e.:

_C=y1b1+Y2b2+Ay3b3+""‘+yM-1bM—1+YMbM (12)

‘The values of the fiter 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-plxels within an embodiment.
Preferably, the b values are intermediate values for ¥ resolution sub-pixels
b whicﬁ are disposed symmetricalfy with respect to 2 resolution sub-pixel ¢

and are the closest neighbours of sub-pixel ¢. In an embodiment of the
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invention, the 2 resolution sub-pixels b are disposed horizontally with
respect to sub-pixel c, in an alternative embodiment they are disposed

vertically with respect to sub-pixel c.

A ﬂhal value of %2 resolution sub-pixel ¢ is computed by dividing -
intermediate value ¢ by a constant scale,, truncating it to obtain ‘an integer
number and clipping the result to lie in the range [0, 2°-7]. In altematlve
embodiments of the invention rounding may be performed- mstead of

truncation. Preferably, constant scale, is equal to scale, * scale,.

It should be noted that the use of intermediate values b in the horizontal -
direction leads to the same result as usmg lntermedlate values b in the

vertucal direction.

There are two altefnatives.for interpolating values for the V4 resolUtioh sub—
pixels labelled h. Both involve linear mterpolatlon along a dlagonal llne .
linking 2 resolutlon sub—plxels nelghbounng the % resolution sub-pixel h
being mterpolated In a first embodiment, a value for sub-p|er h is
calculated by averaglng the values of the two % resolutlon sub-plxels b

closest to sub—plxel h. In a second embodiment, a value for sub-plxel his

calculated by averaging the values of the closest pixel A and the closest %

resolution sub-plxel c. It s'hould be.- appreciated that this brovldes tlle

possibility of using different combinations of diag'dnal irit"el'polatlon_svto

. determine the values for sub-pixels h wlt_hin the confines of different groups

of 4 image pixels A. However, it should also be'realised that the same
combination should be used in both the encoder and the decoder-in order to
produce identical interpolation results. Figure 15 depicts 4 possible c.:hoic‘es. :
of diagonal interpolation for sub-pixels h in adjacent groups of 4 pixels .
within an image..Simulations in the TML environment have verified that both
embodiments result in similar compression efﬁeiency. The second

embodiment has higher complexity, since calculation of sub-pixel ¢ i'ecjuires -
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calculation of several intermediate values;'Therefore the first embodiment is

preferred.

Values for ¥ resolution sub-pixels labelled d and g are calculated from the
values of their nearest horizontal neighbours using linear interpolation. In
other words, a value for % resolution sub-pixel d is obtained by' averaging
values of its nearest horizontal neighbours, original image pixel A and V2
resolution sub-pixel b. Similarly, a value for resolution sub-pixel gis
obtained by taking the average of its two nearest horizontal ne|ghbours Va

resolutlon sub-pnxels b andec.

Values for 4 resolutlon sub-plxels IabeIIed e, fand i are calculated from the B
values of their nearest neighbours. in the vertlcal direction usmg Ilnear”
lnterpolatlon More specifically, a value for Y resolutlon sub-plxel e |s
obtained by averagmg the. values of its two nearest vertlcal nelghbours

original image pixel A and ‘/z resolution sub-pixel b. Slmllarly, a value for ‘/4 )

~ resolution sub—plxel f is obtained by taking the average of its’ two nearest

vertical neighbours, i resolutnon sub-pixels b and c. In an embodiment of

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

identical fo that just described in connection with % resolution sub—pixel f.

.However, in an alternatlve embodiment: of the invention, and in common'

with the H.26 test models TMLS and TML6 previously descnbed Vao
resolution sub-puxel iis determined using the values of the four closest

original image plxels accordmg to (A, +A+A+A, +2) /4.

It should also be noted that in all cases where an average involving pixel
and / or sub-pixel values is determined, the average may be formed in any
appropriate manner. For example, the value for ¥ resolution sub-pixel d _cank A
be defined asd = (A +b)/2orasd=(A+b+1)/2. The addition of 1 to
the sum of values for pixel A and % resolution sub-pixel:b has the effect of

causing any rounding or truncation operation subsequently applied to round
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or truncate the value for d to the next highest integer value. This is true for
any sum of integer values and may be applied to any of the averaging

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 TMLS6.

. In contrast to TMLS, in which the values of some of the % resolution sub-

‘pixels depend on previously interpolated values obtained for other Y

resolution sub-pixels, in the method ‘according to the invention, all %
resolution sub-pixels are calculated from original image pixels or %

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 in‘termedialte truncation and clipping of the other Y 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, %
resolution sub-pixels h (and sub-pixel i in one embodiment of the invention)‘
are interpolated diagonally in order to reduce dependency on other V-
pixels. Furthermoré, in the method according to the invention, the number of
calculations (and therefore the number of processor cycles) required to
obtain a yélue for those % resolution sub-pixels in the decoder is reduced

compared with TMLSQ Additionally, the calculation of any 4 resolution suB—

- pixel value requires a number of calculations which is substantially similar to
the number of calculations required to determine any other Vi resolution

" sub-pixel value. More specifically, in a situation where the required %

resolution sub-pixél values are already available, e.g. they have been
calculated before-hand, the number of calculations required to interpolate a
Y resolution sub-pixel value from the pre-calculated ¥ resolution sub-pixel ‘

values is the same as the number of calculations required to calculate any
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other %4 resolution sub-pixel value from the available Y resolution sub-pixel

values.

In comparison with TML6, the method according to the invention does ndt
require high precision arithmetic to be used in the calculation of all sub-
pixels. Speciﬂcally, as all of the Y resolution sub-pixel values are calculated
from original image pixels or 2 resolution sub-pixéi values using linear
interbo!ation, lower precision arithmetic can be used in their interpblation.
Consequently, in hardware implementations of the inventive method, for

example in an ASIC (Application Specific Integrated Circuit), the use of

lower precision arithmetic reduces the number of components (e.g. gates)
that must be devoted to the calculation of % resolution sub-pixel values. |

This, in turn, reduces the ovérall area of'silicon'that must b‘e dediéated to

the mterpolatlon function. As the majority of sub—plxels are, in fact Ya

resolution. sub—plxels (12 out of the 15 sub-pixels illustrated in thure 14a)

the advantage provnded by the invention in this respect IS partlcularly :
significant. In software implementations, where sub—plxel mterpolat|on is
‘performed using the standard instruction set of a general purpose CPU
(Central Processor Unit) or using a DSP (Digital Slgnal Processor), a

reduction in the precis'ion of the arithmetic required generally leads to an :

increase in the speed at which the calculations can be performed. This is,
particularly advantégeous in 'low cost implementations, in which it .i‘s

desirable to use a generél pﬁrpoSe CPU rather than any form of ASIC.

The method according to the invention provides still further advantages

compared with TML5. As mentioned previously, in the decoder only 1 out of

the 15 sub-pixel positions is required at any given time, riamely that which is

indicated by received motion vector information. Therefore, it is

advantageous if the value of a sub-pixel in any sub—piXeI location can be

calculated with the .minimum number of steps that result in a correctly

interpolated value. The method according to the invention providés this

'Y
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capability. As mentioned in the detailed description provided above, Y
resolution sub-pixel ¢ can be interpoléted by filtering in either the vertical or

the horizontal direction, the same value being obtained for ¢ regardiess of

wheiher horizontal or vertical ﬁltering is used. The decoder can therefore

- take advantage of this property when calculating values for % resolution

sub-pixels f and g in such a way as to ,minimise‘ the number of operations
required in order to obtain the required values. For example, if the decoder

requires a value for ¥4 resolution sub-pixel f, ¥ resolution sub-pixel ¢ should

- interpolated in the vertical direction. if a value is required for ¥4 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 meihod according to the *
invention pfOVides flexibility in the way in which- values are derived for

certain ¥4 resolution sub—pixelé. No such flexibility is provided in TMLS.

Two specific embodiinents_ will now be_described in detail. The first

‘represents a pl_'eferred embodiment for calculating sub-pixels with up to ¥

“pixel resolution, while in the second, the method aécording to the invention

is extended to the calculation of values for sub-pixels having up to )% pixel
résoiuti_on. For both embodiments a coinparison is provided bétweén the
cdmputatiohal “complexity / burden resulting ‘fl"om use of the _'method'
according to thve invention and that .which would result from use of the
interpolatién methods according to TML5 and TML6 in equivélegt .

circumstances.

-The pieferred embodiment for interpolating sub-pixels at %4 pixel resolution

will be described with reference to Figures 14a, 14b and 14c. In the
following, it will be assumed that all image pixels and final interpolated
values for sub-pixels are represented with 8-bits.

Calculation of Y2 resolution sub-pixels at i) half unit horizontal and unit

vertical locations and ii) unit horizontal and half unit vertical locations.
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1. A value for the sub-pixel at half unit horizontal and unit vertical location,

that is %2 resolution sub-pixel b in. Figure 14a, is obtained by first
calculating intermediate value b = (A, - 5A, + 20A,+ 20A,- 5A,+ A,) using
the values of the six pixels (A, to A,) which are situated at unit horizontal
and unit vertical locations in either the row or the column of ‘pixels
containing b and wh|ch are dlsposed symmetrically about b, as shown in .
Figures 14b and 14c. A final value for % resolution sub-pixel b is
ealculated as (b + 16) / 32 where the operator / denotes division with

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

Calculatlon of Ya resolut|on sub-pixels at haif umt honzontal and half unit
vertical locations.

2. A value for the suprier at half- unit horizontal and half unif vertical

Iocatlon that is 72 resolution sub-pixel ¢ in Figure 14a is caIcuIated as c
(b 5b,+ 20b + 20b,- 5b,+ b, + 512) / 1024 using the intermediate
values b for the six closest 'z resolution sub—plxels which are situated in :

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

| disposed symmetncally about c. Again, operator / denotes,duvnsuon W|th

truncation and the result is clipped to lie in the range [0, —255].' As
previously explained, using intermediate values b for ¥ resolution- sub-
pixels b in the honzontal direction leads to the same result as usmg'
mtermednate values b for Y% resolution sub-pixels b in the vertlcal :

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

for interpolating Y2 resolution sub-plxels b can be chosen accordingtoa -

preferred mode of |mplementat|on In" a decoder according to the’
invention, the direction for interpolating sub-pixels b is chosen according
to which, if any, % resolution sub-pixels will be interpolated using ‘the

result obtained for Yz resolution sub-pixel c.

30 Calculation of % resolution sub-pixels at i) quarter unit horizontal and unit

vertical locations; ii) quarter unit horizontal and half unit vertical locations; iii)
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unit horizontal and quarter unit vertical locations; and iv) half unit horizontal

and quarter unit vertical locations.

3. Values for % resolution sub-pixels d, situated at quarter unit horizontal

and unit vertical locations are calculated according to d = (A+Db)/2
using the nearest original image pixel A and the closest ¥: resolution

sub-pixel b in the horizontal direction. 'Similarly, values for % resolution

- sub-pixels g, situated at quarter unit hprizontal and half unit vertical

| _Iocatiohs are calculated according to g = (b + ¢) / 2 using the two nearest

% resolution sub-pixels in the horizontal direction. In a similar manner,

~values for Y% resolution sub-pixels e, situated at unit horizontal and

quarter unit vertical locations, are calculated accerding e=(A+b)/2

using the nearest original image pixe'l A and the closest Y resolution

'sub-pixel b in the vertical direction. Values for ¥4 resolution sub-pixels f,
- situated at_half unit honzontal and quarter unit vertical locations, . are

determmed from f (b+c)/ 2 using the two nearest 2 resolutlon sub-

pixel i in the vertical direction. In aIl cases, operator / denotes dlwsuon with

truncatlon

Calculatlon of % resolutlon sub-pixels at quarter unit honzontal and quarter

unit vertlcal locations.

- 4,

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

direction. Again, operator / denotes division with truncation.

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

operator / denotes division with truncation.

>

An analysus of the computatlonal complexity of the first . preferred

embodiment of the invention will now be presented.
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In the encoder, it is likely that the same sub-pixel values will be calculated
multiple times. Therefore, and as previously explained, the complexity of the
encoder can be reduced by pre-calculating all sub-pixel values and stori'ng~

them in memory. However, this solution increases memory usage by a large

. margin. In the preferred embodiment of the invention, in which motion

véptdr accuracy is Vs pixel resolution in both the horizontal and vertical

dimensions, storing -pré-calculated sub-pixel values for the whole image

'requnres 16 times the memory required to store the onglnal non-

mterpolated lmage To reduce memory usage, aII Ve resolutlon sub-pixels
can be mterpolated before-hand and % resolutlon sub-pixels can be

calculated on-demand, that is, only when they are needed. According to the

'méthod of the invention, on-demand interpolation of values for Ya reéolution

‘sub-pixels only requires linear interpolation from % resolution sub-pixels.

Fqur times the original picture. memdry is required to store the pre-

‘calculated ¥ resolution sub-pixels since only 8 bits are necessary to
, ce A Sary

- represent them.

20

25

30

waever, if the same strategy of pré-calculating all ¥z resolution SUEpiers
using - before-hand interpolation is used in conjunction with the direct
interpolation scheme of TMLS, the meméry requirements increase to 9
times the mem'ory required to store the original non-interpolated image. This
resuits from the fact that a larger number of bits is required to store the high

precision intermediate values associated with each % resolution sub-pixel in

TMLG. 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 ¥z and V4 sub-pixel location.

In the following, the complexity .of the sub_-pixel value interpolation method
accordi'ng to the invention, when applied in a video decoder, is compared

with that of the interpolation schemes used in TML5 and TML6. Throughout
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the analysis which follows, 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 further
assumed that each method is implemented in a block based manner, that
is, intermediate values common for all the sub-pixels to be interpolated in a
particular N x M block are calculated only once. An illustrative example is
provided in Figure 16. Referring to Figure 16, it can be seen that in order to
calculate a 4 x 4 block of ¥ resolution sub-pixels ¢, a 9 x 4 block of %

resolution sub-pixels b is first calculated.

Compared with the sub-pixel value interpolation method used in TML5, the .~

method according to the invention has a lower computational complexity for

the following reasons:

1. Unlike the sub—pixel value interpolation scheme _used in TMLS,
éccording to the method of the invention, a value for ¥ resolution. sub-
pixel cvcan'bé obtained by filtering in either the vertical or thé horizontal
direction. Th&s, in order to reduce the number of operations, Y
resolution sub-pixel ¢ can be interpolated in the vertical direction if a
value for Y résolution sub-pixel f is required and in the horizontal
direction if a value fbr_ Y4 resolution sub-pikel pixel g .is required.-As an
example, Figure 17 shows all the 2-resolution sub-pixel valués that must
be calculated .vin order to interpolate values for V4 resolution. sUb—piers—Q
in an image block defined by 4 x 4 original image pixels using the
interpolation method of TML5 (Figure 17a) and using the method
according to the invention (Figure 17b). In this example, the sub-pixel
value interpolation method accbrding to TMLS requires a total of 88 V2
resolution sub-pixels to be ihterpolated, while the method according to
the invention ’requires the calculation of 72 V% resolution sub-pixels. As

can be seen from Figure 17b, according to the invention, 14 resolution
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sub-pixels c are interpolated in the horizontal direction in order to reduce-

the number of calculations required.

2. According to the method of the invention, 4 resolution sub-pixel h is
calculated by linear interpolation from its two closest neighbouring %2
resolution . sub-pixels in the diagenal directidn. The respective numbers

: of Y2 resolution sub-pixels that must be calculated in order to obtain
- values for ¥4 resolution sub-pixels h within a 4 x 4 block of original image
pixels using the sub-pixel value interpolation. method according to TML5
and the method according to the invention are shown in Figures 18(a)
and 18(b),~respectivel.y. Using'the method eccording'to TMLS it is
necessary to interpolate a total of 56 % resolljtion sub-pixels, while
according to the method of the invention it is necessary to interpolate 40 ' |

Y2 resolution sub-pixels.

.Table 1 summarizes the decoder complexmes of the three sub—plxel value

’mterpolatlon methods considered here, that accordlng to TML5 the dlrect

interpolation method used in. TML6 and the method according to the |
invention. Compiexity is measured in tel"'msAof, the number of SQtap filtering
and  linear ihtefpolaﬁon operations -performed. It is assumed that
Interpolation of % resolution sub—pixel i is calculated accordingtoi= (A, + A,
+A+A+2)/4 which is bilinear mterpolatlon and effectively comprises two

linear mterpolatlon -operations. The operatlons needed to mterpolate sub—

. pixel values with one 4 x 4 block of original i |mage 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 briginal image pixel A and locations 2
to1_6 are sub-pixel locations. Location. 16 is the location of 4 resolution sub-
pixel i. In order fo compute the average number of operations it has been
assumed that the probability:?of a vmotion vector pointing to each sub-pixel

position is the same. The average complexity is therefore the'average of the
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15 sums calculated for each sub-pixel Alocation and the single full-pixel

location.
TML5 TML6 Inventive
Method
Location .| linear. 6-tap | linear. | 6-tap [ linear. | 6-tap
1 -0 0 0 0 0 0
3.9 0 16 0 _16 0 16
24,513 16 16 0 16 16 16
11 o 0 . 52 0 52 | 0 52
7,15 - 16 52 0 52 16 52
10,12 16| - 68 0 52 16 52
6,8,14 : 48 68 0 52 16 32
16 32 0 32 0 32| - .0
Average 19| 37 2 - 32 13 | 28.25

Table 1: Complexﬂy of V4 resolution sub-pixel interpolation in TML5 TML6

and the method according to the mventlon

It can be seen from Table 1 that the method accordmg to the invention ‘
requires fewer 6- -tap filter operations than the sub-pixel value mterpolatlon
method accordlng to TML6 and only a few additional linear interpolation
operations. Since 6-tap filter operétions are'm.uch more comple‘x than linear

interpolation operations the complexity of the two methods is similar. The

. sub-pixel value mterpolatlon method accordlng to TML5 has a consnderably

hlgher complexuty

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

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

Figure 20 presents the nomenclature used to describe pixels, 4 resolution

“sub-pixels, % resolution sub-pixels and. ¥ resolution sub-pixels in this

extended applicaﬁon of the method according to the invention.
1. Values for the ' resolution and % resolution sub-pixels labelled b', b?

and b’ in Figure 20 are obtained by first calculating intermediate values
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b'= (-3A, + 12A,- 37A,+ 220A,+ T1A,- 21A, + 6A, - A)); b*= (-3A, + 12A,
- 39A,+ 158A, + 158A, - 39A, + 12A,- 3A,); and b’ = (-A, + 6A,- 21A, +
T1A, + 229A;- 37A, + 13A, - 3A,) using the values of the eight nearest
image pixels (A, to A,) situated at unit horizontal and unit vertical
locations in either the row or the column contammg b', b* and b’ and
disposed . symmetrically about V. resolution sub-pixel b’ The
asymmetries in the filter coefficients used to obtain intermediate values
b' and b’ account for the fact that plxels A, to A, are not symmetncally
located with respect to % resolutlon sub-pixels b' and b®. Final values
for sub-pixels b, i=1, 2, 3 are calculated according to b' = (b’+ 128) / 256
where the operator / denotes division with frUn'cation; The ‘result is -

clipped to lie in the range [0, 255).

_ Values for the ¥: resolution and Y resolution sub-pixels labelled ¢', i, j =

1,2, 3, are calculated accordlng toc’=(-3b/ + 12bf 37bi+ 229b] +

71b] - 21 bl +6bl - bi + 32768)/'65536, c?= (-3b] + 12b] -39b] +
158b] + 158b] - 39b] + 12b} - 3b] +32768) / 65536 and ¢’ = (-bf +"

. 6b - 21b] + 71b] + 229b] - 37b] + 13b] - 3b] + 32768) / 65536

using the intermediate values.b’, b* and b’ calculated for the eight
closest sub-pixels (b, to b)) in the vertical direction, sub-pixels b’ being

situated in the column comprising the %2 fesolution and % resolution sub—

A plxels c' belng mterpolated and dlsposed symmetrically. about the ‘/z

resolution sub—plxel c”. The asymmetries in the filter coefficients used to -

obtain values for sub-pixels ¢” and c* account for the fact that sub-pixels

- b, to b, are not symmetrically located with respect to ¥ resolution sub-

pixels ¢” and c’. Once more, operator / denotes division with truncation.

Before the interpolated values for sub-pixels ¢’ are stored in the frame

_ Amemory fhey' are clipped to lie in the range [0, 255]- In an éltemative

embodiment of the invention, V4 resolution and % resolution sub-pixels ¢
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are calculated using in an analogous manner using intermediate values

" b', b> and b’ in the horizontal direction.

. Values for ) resolution sub-pixels labelled d are calculated using linear

interpolation from the values of their closest neighbouring image pixel, %
resolution or % resolution sub-pixels in the horizontal or vertical
direction. For example, upper leftmost ) resolution sub-pixel d is

calculated according to d = (A + b' + 1) / 2. As before, operator /

indicates division with truncation.

. Values for ) resolution sub-pixels labelled e and f are calculated using - |

linear interpolation from the values of image ‘pixels, ¥; resolution or %

resolution sub-pixels in the diagonal direction. For exar'nple,v referring to

'Figure 20, upper leftmost pixel ¥ resolution sub-pixel. e is calculate_d :
according to e = (b'+b'+1)/2. The diagdna| direction to be used in the

interpolation. of each % resolution sub-pixel in a first prefered =

embodiment . of the invention, héreinaftejrA referred to as 'préferréd |
method 1', is'indicated in Figure 21(a)_. Values for ¥ resblutioh sub-
pixels labelled g are calculated according to g = (A + 3c22.+ 3)./ 4;_As '
always, operator / denotés division'with-‘truncation. In an alternative
embodiment of the - invention, heréinaﬁer referre'd to as 'preferred
method 2', computational complexity is further reduéed by interpolating
jA resolution sub-pixels f using finear interpolation from % resolution |
sub-pixels b?, that is, according to the relationship f=(3b*+ b’ + .2) 4.
The b* sub-pixel which is closer to f is multiplied by 3. The diagonal

interpolation scheme used in this alternative embodiment of the

" invention is depicted in Figure 21(b). In further alternative embodiments,

different diagonal interpolation schemes can be envisaged.

-
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It should be noted that in all cases where an average involving pixel and / or
sub-pixel values is used in the determination of .}§ resolution sub-pixels, the
average may be formed in any appropriate manner. The addition of 1 to the
sum of values used in ca_lcolating such an average has the effect of causihg
any rounding or truncation operation subsequently applied to round or
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 vaiue interpolation to % pixel resolution

prevnously described, memory requnrements in the encoder can be reduced

by pre-calculatlng only a part of the sub-pixel values to be mterpolated In,

the case of sub-pixel value mterpolatlon to % pixel resolution, it is
advantageous to calculate all % resolution and % resolution sub-pixels
before-hand and to comp‘ute values for % resolution sub-pixels in an on-

demand fashion, only when they are required. When this approach is taken,

' both the interpolation method according to TML5 and that according to the l»

invention require 16 times the original picture memory to store ‘the %2
resolution and Y resolution sub-pixel values. However, if the direct
interpolation method acoording to TML6 is used in the same Way,

intermediate values for the 2 resolution and ¥ pixel resolution s'ub‘-pixel's{

‘must be stored. These_ intermediate values are represented with 32-bit

precision and th_i's.resul'_ts in a memo‘ry requirement 64 times that for tt__ie v

original, non-interpolated image.

In the followmg, the complexity of the sub-pixel value interpolation method
according to the invention, when applied in a video decoder to calculate
values for sub-pixels at up to }{ plxel resolution, is compared with that of -
the interpolation schemes used in TML5 and TMLS6. As in the equivalent -
analysis for-%4 pixel resolution sub-pixel value mterpolatron described above
it is assumed that in each method the interpolation of any sub-p|xel value is

performed using only the minimum number of steps required to obtain a -
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correctly interpolated value. It is also assumed that each method is
implemented in a block based manner, such that intermediate values
common for all the sub-pixels to be interpolated in a particular N x M block

are calculated only once.

Table 2 summarizes complexities of the three interpolation methods.
Complexity is measured in terms of the number of 8-tap filter and linear

interpolation operations performed in each method. The table presents the

- number of operations required to interpolate each of the 63 ¥ resolution

'sub-pixels within one 4 x 4 block of original image pixels, each sub-pixel

location being identified with a corresponding number as illustrated in
Figure 22. In Figure 22, location 1 is the location of an ongmal image pixel

and locations 2 to 64 are sub-plxel locations. When computing the average

-number of operations, it has been assumed that the probability of a motion
-vector pointing to each sub-pixel position is the same. The average

-complexny is thus the average of the 63 sums calculated for each sub—plxel

location and the sungle full-pixel location.

TMLS © TML6 Preferred Preferred

Method 1 Method 2

Location | linea | 8-tap linea | 8-tap linera | 8-tap linear |-8-tap

r. r.

1 0 0 0 0 0 0 0 0o -
35,7,17,33,49 0 16 0 16 0 16 0 16
19,21,23,35,37,39, | 0 60 0 60 0 60 0. |60
51,53,55 ' ’ ‘
1 2.8,9.57 16 |16 0 16 16 |16 16 |16
4,6,25,41 16 |32 o 16 16 |32 16 |32
10,16,58,64 32 |76 0 60 16 |32 16 |32
11,13,15,59,61,63 | 16 | 60 0 60 16 |60 16 |60
18,24,34,40,50,56 |16 | 76 0 60 16 |60 16 |60
12,14,60,62 32 |120 |o 60 16 |32 . |16 |32
26,32,42,48 32 |108 |0 60 16 |32 16 |32
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20,22,36,38,52,54 | 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 32 162 0 60 16 60 16 60
Average 64 290.25 | 0 197.75 | 48 214.75 | 48 192.75

Table 2: Complexity of ) resolution sub-pixel interpolation in TML5, TML6

and the method according to the invention. (Results shown

separateiy for Preferred Method 1 and Preferred Method 2).

As can be seen from Table 2, the number of 8-tap filtering operations
perforfned according to preferred methods 1 and 2 are, respéctively, 26%
and 34% lower than the numberipf 8-tap filtering operation perforfned in the
sub-pixel value interpolation méth‘od_ of TMLS. The nUr_nber lo}f linear -
operations is 25% lower, in both preferred method 1 and brefer_red method
2, compared with TML5, but this improvernent is of lesser importance

compared to the reduction in 8-tap filtering operations. It can further be seen

- that the direct. interpolation method used in TML6 has a -complexity

comparable that of both preferred methods 1 .and 2 when used to ’

interpolate values for % resolution sub-pixels. -

In view of the foregoing description it will be evident to a person skilled in :

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 shbuld be apparent that many modifications a_n'd

" variations thereto are possible, all of which féll within the true spifit and

scope of the invention.
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CLAIMS

1. A method of interpolation in video coding in which an image comprising
pixels arranged in rows and columns and represented by values having a
specified dynamic range, the pixels in the rows residing at unit horizontal
locations and the pixels in the columns residing at.unit vertical locations, is
interpolated to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2*, where x is.a positive integer having a maximum
value N, the method comprising: ‘

a) when values for sub-pixels at 1/2' unit horizontal and unit vertical
locations, ahd unit horizontal and 1/2"" unit vertical locations are required,
interpolating sdéh values directly using weighied sums of pixels residing at

unit honzontal and unit vertlcal Iocatlons

' b) when values for sub-pixels at 1/2"' unit honzontal and 1/2"' unit vertical

locations are required, mterpolatlng such values directly using a choice of a

first weighted sum of values for sub-pixels residing at 1/2%" unit horizontal

and unit vertical Iocatlons and a second welghted 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) when a value for a sub-pixel situated at a 1/2 unit horizontal and 1/2N unit
venrtical Iocatlon is required, lnterpolatlng such a value by taklng a weighted
average of the value of a first sub-pixel or pixel situated at a 1/2“'“Au_nit
horizontal and 1/2™" unit vertical location and the value of a second sub-
pixel or pixel located at a 1/2"* unit horizontal and 1/2% unit vertical

location, variables m, n, p and q taking integer values in the range 1 to N

“such that the first and second sub-pixels or pixels are located diagonally

with respect to the sub-pixel at 1/2" unit horizontal and 1/2" vertical location.

2. A method aécording to claim 1 wherein a first and a second weight are
used in the welghted average referred to-in (c), the relative magnitudes of
the weights belng inversely proportional to the (straight-line diagonal)
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proximity of the first and the second sub-pixel or pixel to the Sub-pixel at

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

3. A method according to claim 2, wherein 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" unlt horizontal and 1/2" vemcal

locatlon the first and second weights have equal values.

4. A method according to claim 1 in which the first weighted sum of values
for sub-piXeIs residing at 1/2"" unit horizontal and unit vertical locations in
step b) is used when a sub-pixel at 1/2*" unit horizontal and 1/2" umt vertlcal =

location is required.

5. A method according to claim 1 in which the second weighted sum of
values for sub-pixels residing at unit horizontal and 1/2% unit vertical

locations in step b) is used when a sub-pixel at 1/2" unit honzontal and 1/72%

~ unit vemcal location is required.

6. A method accordlng to claim 1 in which, when values for sub—plxels at -
1/2" unit horizontal and unit vertical locations, and 1/2" horizontal and 1/2""
vertical locations are required, |nterpolat_|ng~such values by takmg‘ the

average of the values of a first pixel or sub-pixel located at a vertical

~ location correspo_nding to that of the: sub-pixel being calculated and ur_iit

horizontal location and a second pixel or sub-pixel located ai a vertical -
location ‘corresponding to that of the ‘sub-pixel being calculated and 1/2"

unit horizontal location.

7. A method according to, claim 1 in which, when values for sub-pixels at
unit horizontal and 1/2" unit vertical locations, and 1/2'“ unit horizontal and

1/2" unlt vertical Iocatlons are required, interpolating such values by taking

‘the average of the values of a first pixel or sub-pixel located at a honzontal

location correspondmg to that of the sub-pixel being calculated and unit
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vertical location and a second pixel or sub-pixel located at a horizontal
location corresponding to that of the sub-pixel being calculated and 1/2"%'

unit vertical location.

8. A method according to claim 1 in which values for sub-pixels at 1/2" unit

horizontal and 1/2" unit vertical locations are"-interpolated by taking the

average of values of a pixe! located at a unit horizontal and unit vertical

location, and a sub-pixel located at a 1/2'“ unit horizontal and 1/2%' unit

vertical location.

9. A method accordlng to claim 1 in'which values for sub-plxels at-1/2" unit
horizontal and 1/2" unit vertical. locations are lnterpolated by taking the

average of values of a sub-pixel located at a 1/2"" unit horizontal and unit

. vertical Iocatlon and a sub-plxel located at a unit honzontal and 1/ ™' unit

_vemcal location.

_'10.‘A method according to claim 1 in which values for half of the sub-pixels

_ at 1/2" unit horizontal and 1/2" unit vertical locations are interpolated by

taking the average of a first pair of values of a sub-pixel located at a 1/2*'
unlt horizontal and unit vertical locatlon and a sub-pixel located at a unlt_ |
horizontal and 1/2'“ unit vertical location and values for the other half of the
sub-pixels at 1/2% unit horizontal and 1/2" unit vertical locations are '
interpolated by takmg the average . of a ‘second pair of values of a plxel

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

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

’11 A method according to claim 10 in which values for sub-pixels at 1/2"

unit horizontal and 1/2" unit vertical Iocatlons are altemnately interpolated for
one such sub- plxel 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-

and for a neighbouﬁng such sub-pixel by taking the average of a second
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pair of values of a pixel located at a unit horizontal and unit vertical location, -
and a sub-pixel located at a 1/2"' unit horizontal and 1/2*' unit vertical -

location.

12. A method according to claim 11 in which the sub-pixels at 1/2" unit
horizontal and 1/2" unit vertlcal locations are altemately interpolated in a

honzontal direction.

13. A method according to claim 11.in which the sub-pixels at 1/2" unit

“horizontal and 1/2" unit vertical locations are altemately interpolated in a

horizontal d|rect|on

14. A method according to claim 1 in which when values for some sub-,
pnxels at 1/2" unit horizontal and 1/2" unit vertical locations are required,

‘such values are mterpolated by taking the average of a plurahty of nearest
_ nelghbounng plxels ~ . 4

15. A method accordmg to claim 1 in which. N equals an integer selected

froma llst consnstlng of the values 2, 3 and 4.

16. A,methbd according to claim 1 in which in at least one of step a) and
step b) interpolating sub-pixel values directly using weighted sums involves'
the calculation of an intermediate value for.the sub-pixel values having a

dynamic range greatér than fhe specified dynamic range.

17. A method according to claim 14 in which the intermediate value for a
“sub- plxel having 1/2"' sub- plxel resolution is used the calculation of a sub-

pixel value having 1(2 sub-pixel resolution.

18 A method of lnterpolatlon in video coding in which an lmage 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
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locations and the pixels in the columns residing at unit vertical locations, is
interpolated to generate values for sub-pixels at fractional horizontal and
vertical locations, the method comprising:

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

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

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

19. A method of interpolation in video coding in which an image comprising
pixels arranged in rows.and columns and represented by values having aA '
specified dynamic~range, the pixels in the rows residing at unit horizontal-‘
locations and the pixels in the columns residing at unit vertical locations, is

interpolated to generate values for sub-pixels at fractional horizontal and

- vertical locations, the fractional horizontal and vertical locations being

defined according to 1/2* where x is a positive integer having a maximum
value N, the method comprising:

a) when values for sub-pixels at 1/2"' unit horizontal and unit vertical
locations, and unit horizontal and 1/2*" unit vertical locations are required,

interpolating such values directly using weighted sums of pixels residing at

unit horizontal and unit vertical locations:;:
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b) when a value for a sub—pixel- at a sub-pixel horizontal and sub-pixel
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 béing calculated.

20. A method according to claim 1 in which the sub-pixels used in the first

~ weighted sum are sUb-piers’ residing at 1/2%" unit hbrizontal and unit

vertical locations and the first weighted sum is used to interpolate a value

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

21. A method according to claim 1 in which the sub-pixels used in the
second weighted sum are sub-pixels residing at unit horizontal and 1/2"'

unit vertical locations and the second weighted sum is used to interpolate a
value for a sub-pixel at 1/2" unit horizontal and 1/2*' unit vertical location.

22. A method according to claim 1 in which when values for sub-pixels at
1/2" unit horizontal ahd 1/2" unit vertical locations are reduired, théy ‘are
interpolated by takihg the average of at least one pair of a first pair of values
of‘a sub-pixel located at a 1/2""' unit horizontal and unit vertical locafion, and

a sub-pixel located at a unit horizontal and 1/2"" unit vertical location and a_
second pair of values of a pixel located at a unit horizontal and unit veftic__al
location, and a Asub-pixel located at a 1/2*" unit horizontal and 1/2"" uriit

vertical location.

:23. A video coder for coding an image comprising pixels arranged in rows

and columns and represented by values ha_ving a specified dynamic range,
the pixels in the rows residing at unit horizontal locations and the pixels in
the columns res.iding at unit vertical locations, the video coder comprising
an intérpblator adapted to générate values for sub-pixels at fractional

horizontal and vertical locations, the fractional horizontal and vertical
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locations being defined according to 1/25(, where x is a positive integer

having a maximum value N, the interpolator being adapiéd 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
weighted sums of pixel>s‘ residing at unit horizontal and unit vertical

locations;

b) interpolate values for sub-pixels at 1/2%' unit horizontal and 1/2%' unit |

vertical locations dfrectly using a choice of a first weighted sum of values for

sub-pixels residing at 1/2*' unit horizontal and unit vertical locations and a

second weighted sum of values for sub-pixels residing at unit horizontal and

1/2%" unit vertical locations, the first and second weighted sums of values

being calculated according to sfep (a); and

c) interpolate a value for a sub-pixel situated at a 1/2" uh_it _hofizontal 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 ‘valu.e of a second sub-pixel or pixel located at a.1/2""‘ unit

horizontal and 1/2" unit vertical location, variables m, n, p-and q taking

integer values in the range 1 to N such that the first and se'cqnd sub-pixels |

or pixels are located diagonally with respect to the sub-pixel at 1/72N unit

horizontal and 1/2" vertical location.

- 24.A video coder according to claim 23, comprising a video encoder.

25. A video encoder accordihg to claim 23, comprising a video décoder.

26. A codec comprising the video encoder of claim 24 and the video

decoder of claim 25.

27. A communications terminal- comprising a video coder for coding an _

image compfising 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
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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 definéd 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
Iocations and unit horizontal and 1/2%" unit vertical locations directly using

welghted 'sums of - pixels resndlng at unit honzontal and unit vertical

locations;

- b) interpolate values for sub-pixels at 1/2"' unit horizontal and 1/2"" unit

vertical locations directly using a choice of e first weighted sum of values for
sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a

second welghted sum of values for sub-plxels residing at unit horizontal and

1/ . unit vertical locatlons the fII'St and second welghted sums of values

| being calculated accordmg to step (a);and

c) mterpolate a value for a- sub-pixel situated at a 1/2" unit_horizontal'a'nd _

“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 hcrizontal and 1/2™" unit vertical -
Iocatidn and the value of a second sub-pixel or pixel located at a 1/2’”’ unit -
horizontal and 1/2% unit vertical location, variables m, n, p and q taking '
integer values i in the range 1 to N such that the first and second sub—plxels
or pixels are located diagonally with respect to the sub-pixel at 1/2" unlt

honzontal and 1/2 vertlcal locatlon

28. A communications terminal according to claim 27 comprising a video

encoder.

29. A communlcatlons terminal accordmg to claim 27 comprising a video

decoder

s

30. A communications terminal "according to claim 27 having a video codec

comprising a video encoder and a video decoder.
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31. A telecommunications system comprising a c,orhmunications terminal.
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the 6ommunications terminal comprising a vidéo coder
for coding for coding an image comprising pixels arranged in rows and
columns and represented by values having a specified dynamic range, 'the
pixels in the rows;residing at unit horizontal locations and the pixels in the
columns r_esiding at uhit 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 vertiéal locations being -

defined accordlng to 1/2°, where X is a positive mteger having a. maxnmum

value N, the lnterpolator being adapted to: o ,
a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical
Iocatlons, and unlt honzontal and 1/2%" unit vertical Iocatlons dlrectly usmg
weighted sums of plxels residing at unit honzontal and - umt vertlcal .
locations; ' v » ) |
b) interpolate values for sub-pixels at 1/2"' unit horizontél and 1/2'“-,unit
verticél 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 honzontal and

“1/2"" unit vertical locations, the first and second welghted sums of values

being calculated accordmg to step (a); and .

c) interpolate a value for a sub- -pixel situated at a 1/2" unit honzontal 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
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.
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32. A telecommunications system according to claim 31 which is a mobile
telecommunications system comprising a mobile communications terminal -
and a wireless network, the connection between the mobile communications

terminal and the wireless network being formed by a radio link.

33. A telecommunications system according to claim 31 in which the _
network enables the communications terminal to communicate with other
communications terminals connected to the network over communications

links between the other communications terminals and the network.

34. A telecommunications sysfem comprising a communicétions terminal

and a network, the telecbmmunicatiohs network and'the,communications |
terminal being connected by a communications link over which boded video
can be transmitted, the network comprising a video coder for coding for

coding an image ‘comprising pixels arranged in rows and columns and

represented by values having a specified dynamic range, the pixels in the .
rows residing at unit horizontal locations and the pixels in_ the columns
residing at unit vertical locations, the video coder comprising an ‘ihter-pvolator
adapted to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations b'eingA

defined acdording to 1/2°, where x is a bositivé integer having a maximum’

value N, the interpolator being adapted to:

a) interpolate values for sub-pixelé at 1/2' unit horizontal and unit vertical -
locations, and unit horizontal and 1/2"%" unit vertical locations directly using
weighted sums. of pixels residihg at unit horiz_ontal and unit vertical
locations; _ | '
b) interpolate values for sub-pikels at 1/2% unit horizontal andA1/2"M 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 residi;_g at unit horizontal and
1/2"" unit vertical Ioéations, the first and second wéighted sums of values

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

horizontal and 1/2" vertical location.

35. A video coder for coding an image comprising pixels arranged in rows
and columns and represented by values having a specified dynamic range,
the pixels in' the rows residing at unit horizontal locations and the pixels in
the columns residing at unit vertical locations, the coder comprisihg an
interpolator adapted to generate values for sub—pixels at fractional horizontal
and vertical locations, the 'resoIUtion of the sub-pixels being determined by a -
positive integer N, the inierpolator being adapted to:

" a) interpolate values for sub-pixels at 1/2*' unit horizontal and unit vertical

20

25

locations, -and" unit horizontal and 1/2%' unit vertical locations directly using
weighted sdms Qf pixels residing at unit horizontal and unit vertical -
locations; ' , o
b) interpolate a value for a sub-pixel atAa sAub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighfed 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 fbr

sub-pixe'ls located at a horizontal location corresponding to that of the sub-

. pixel being calculated.

30

36. A video coder according to claim 35 in which the interpolator is further
adapted to form the ﬂrs;_Weighted sum using the values of sub-pixels
residing at 1/2™" unit horizontal and unit vertical locations and to use the first

weighted sum to interpolate a value for a sub-pixel at 1/2%' unit horizontal

and 1/2" unit vertical location.
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37. A video coder according to claim 35 in which the interpolator is further
adapted to form the second weighted sum using the values of sub-pixels

residing at unit horizontal and 1/2"' 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.

38. A method according to claim 35 in which the interpolator is further
adapted to interpolate values for sub-pixels at 1/2"‘ unit horizontal ar_\d 1'/2",
unit vertical locations by taking the average of at least one pair of a first pair
6f values of a sub-pixel located at a 1/2*' unit horizontal and unit vertical

location, and a 'sub-pixel located at a unit horizontal and 1/2% unit vertical a
Iocatlon and a second palr of values of a plxel located at a umt honzontal'v
and unit vertical location, and a sub-pixel located at a 1/2'“ unlt honzontal

and 1/2™' unit vertical location.
39. A video coder according to claim 35, comprising a video encoder..

40. A video encoder according to claim 35, comprising a video decoder.

-41. A codec comprisihg the video encoder of claim 39 and the video

decoder of claim 40.

42. A communiéations terminal comprising a video coder for coding an
image comprising pixels arranged‘ in rows and columns and represented by
values having a specified dynamic range, the pixels in the rows residing at
unit horizontal locations and the pixels in the columns residing at unit
vertical locations, the coder comprising an interbolator adapted to genei'ate A
values for sub-pixels at fractional horizontal and vertical locations, the
resolution df the sub-pixels being determined by a positive integer N, the

interpolatér being adapted to:
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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
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 choi‘ce 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 horizohtal location corresponding to that of the sub-
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-~ pixel being calculated.

43. A communications termmal accordlng to claim 42 compnsmg a video-

encoder.

44 A communlcatlons termmal accordlng to claim 42 compnsmg a video

“decoder.

45. A communications terminal abCording to claim 42 having a video codec

comprising a video encoder and a video decoder.

46. A telecommunications system compnsmg a commumcatlons terminal -
and a network the telecommunications network and the communications

terminal being connected by a communications link over which coded video -

- can be transmitted, the communications terminal comprising a video coder

for coding an image comprising pixels arranged in rows and columns and

. represented by values having a specified dynamic range, the pixels in the

rows residing at unit horizontal locations and the pixels in the columns
residing'at unit vertical Iocétions, the coder comprising an interpolator
adapted to generate values fdr sub-pixels at fractional horizontal and
vertical locations, the resolution of the sub-pixels being detenmned by a

Al

positive integer.N, the interpolator belng adapted to:
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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
weighted sums of pixels res.iding at unit horizontal and unit vertical
locations; '
5 b) mterpolate a value for a sub-pixel at a sub-pixel honzontal and sub-pixel
vertical location is requnred 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-

10  pixel being calculated.

47. A telecommunucatlons system accordlng to clalm 46 WhICh |s a mobile
telecommumcatlons system compnsmg a mobile commumcatlons ten'nmal
and a w:reless network, the connectlon between the mobile communlcatlons_

15 termlnal and the wireless network being formed by a radio link.

48. A telecommunications system according to claim 46 in which the
network enables the communications terminal to communicate with other
communications terminals connected to the network over communications.

20 links between the other communications terminals and the network.

49. A telecommunications system comprising a communications 'tenninai'
and a nefwork, the telecommunications network and the comrﬁunisatioﬁs |
terminal being connected by a communications link over which coded video
25 can be transmitted, the network compnsmg a video coder for coding for.
codlng an |mage compnsnng pixels arranged in rows and columns and
represented by values.having a specified dynar_mc 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 -

30  adapted to generate values for sub-pixels at fractional horizontal and

vertical Iecations, the resolution of the sub-pixels being determined by'a‘

Page 107 of 289 positive integer N, the interpolator being adapted to:
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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
weighted sums' of pixels residing at unit horizontal and unit vertical
locations; | | . |
b) interpolate a value for a sub-pfxel at a sub-pixel horizontal and sub-pixel
vertical location is réquired directly Osing a chofée 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 Weighied sum of values for

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

- pixel being calculated.
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99

ABSTRACT

A method of interpolation in video coding in which an image comprising
pixels arranged in rows and columns and represented by values having a
specified dynamic range, the pixels in the rows residing at unit horizontal
locatiqns and the pixels in the columns residing at unit vertical locations, is
interpolated to generate values for'sub-pixels Aat fractional horizontal and
vertical locations, the method comprising:

a) when. values for sub¥pixels at half unit horizontal Aa'nd unit vertical

locations, and unit horizontal and half unit vertical locations are required,’

mterpolatlng such values directly using welghted sums of plxels residing at

unit honzontal and umt vertical locations;
b) when values for sub- -pixels at half unit horizontal and half unit vertical
locatlons are required, lnterpolatmg such values dlrectly usmg a weighted

sum of values for sub-pixels reS|dmg at half unit honzontal and unit vertlcaI_A

Iocatlons calculated accordmg to step (a); and

c)- when values for sub-plxels at quarter unit horizontal and: quarter unit

_'vemcal Iocatlons are required, interpolating such values by taklng the

average of at least one pair of a first pair of Values of a sub-pixel locatéd at

~ a half unit horizontal and unit vemcal location, and a sub-plxel located at a

umt horizontal and half unit vertical Iocatlon and a second pair of values ofa .
pixel located at a unit horizontal and unit vertical location, and a sub-plxel _

Iocated ata half unit horizontal and half unit vertlcal location.
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Attorney’s Docket No. PATENT

COMBINED DECLARATION AND POWER OF ATTORNEY

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL,
CONTINUATION OR C-I-P)

As a below named inventor, [ hereby declare that:

TYPE OF DECLARATION
This declaration is of the following type: (check one applicable item below) ' C @ P Y
X odginal o
[] design

[ supplemental

NOTE: If the declaration is for an International Application being filed as a divisional, continuation or continuation-in-
purt application, do not check next item; check appropriate one of lust three items.

[OJ national stage of PCT

NOTE: if one of the jollowing 3 items upply, then complete und also attuch ADDED PAGES FOR DIVISIONAL,
CONTINUATION OR C-I-P.

D divisional
(] continuation
(] continuation-in-part (C-I-P)

INVENTORSHIP IDENTIFICATION

WARNING: If the inventors are each not the inventors of all the claims, an explanation of the facts; including the
ownership of all the claims at the time the last claimed invention was made, should be submitted.

My residence, post office address and citizenship are as stated below next to my name.

[ believe I am the original, first and sole inventor (if only one name is listed below) or an original, -
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and
for which a patent is sought on the invention entitled:

TITLE OF INVENTION

Method for sub-pixel value interpolation

SPECIFICATION IDENTIFICATION
the specification of which: (complete (a), (b) or (c))

(a) [] is attached hereto.
(b) [X] was filed on 17 Sep. 2001 as X Serial No. 09/954,608
" or [_] Express Mail No., as Serial No. not yet known

and was amended on (if applicable)
(Declaration and Power of Attomney [!-1]-page 1 of 5)

=5T AVAILABLE COPY

Page 136 of 289



NOTE: Amendments filed after the original papers are deposited with the PTO which contain new matter are not

accorded a filing date by being referred to in the declaration. Accordingly, the amendments involved are those
filed with the application papers or, in the case of a supplemental declaration, are those amendments claiming matter not
encompassed in the original statement of invention or claims. See 37 CFR 1.67.

(¢) [J was described and claimed in PCT International Application No.
filed on and as
anrended under PCT Article 19 on (if any).

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR

[ hereby state that [ have reviewed and understand the contents of the above identified specification,
* including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information
= which is material to patentability as defined in 37, Code of Federal
Regulations, § 1.56
(also check the following items, if desired)

X] - -and which is material to the examination of this application, namely,
information where there is a substantial likelihood that a reasonable
examiner would consider it important in deciding whether to allow the
application to issue as a patent, and
O In compliance with this duty there is attached an information
disclosure statement in accordance with 37 CFR 1.98.

PRIORITY CLAIM (35 U.S.C. § 119)

[ hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any foreign
application(s) for patent or inventor’s certificate or of any PCT International application(s)
designating at least one country other than the United States of America listed below and have also
identified below any foreign application(s) for patent or inventor’s certificate or any PCT
International application(s) designating at least one country other than the United States of America
filed by me on the same subject matter having a filing date before that of the application(s) of which
priority is claimed.
(complete (d) or (e))

(d) X no such applications have been filed.
(e) [ such applications have been filed as follows.

NOTE: Where item (<) is entered ubove und the Internationul Application which designated the U.S. itself claimed priority
check item (e), enter the details below und mauke the priority claim.

(Declaration and Power of Attorney [1-1]-page 2 of §)

A. PRIOR FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS
. (6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION
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AND ANY PRIORITY CLAIMS UNDER 35 U.S.C.§ 119

COUNTRY (OR APPLICATION DATE OF FILING PRIORITY CLAIMED
INDICATE IF NUMBER (day, month, year) UNDER 37 USC 119
PCT)
] YES No([]
J YES No[]
[] YES No[]
] YES No[ ]

[] YES No[]

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS
(6) MONTHS FOR DESIGN PRIOR TO THIS U.S. APPLICATION

NOTE: If the application filed more thun 12 months from the filing date of this upplication is u PCT filing forming the
basis for this upplicution eniering the United States as (1) the national stuge, or (2) a continuation, divisional, or
continuation-in-purt, then also complete ADDED PAGES TO COMBINED DECLARATION AND POWER OF ATTORNEY
FOR DIVISIONAL, CONTINUATION OR C-{-P APPLICATION for benefit of the prior U.S. or PCT application(s) under
35 USC y 120

POWER OF ATTORNEY

[ hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact
all business in the Patent and Trademark Office connected therewith. (List name and registration
number)

Clarence A. Green (24,622)

Mark F. Harrington (31,686)

Janik Marcovici  (42,841)

(check the following item, if applicable)

D Attached as part of this declaration and power of attormey is the authorization of the above
named attorney(s) to accept and follow instructions from my representative(s).

Declaration and Power of Attorney [1-1]-page 3 of 5)

SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO:
’ (Name and telephone number)
Perman & Green Mark F. Harrington

425 Post Road
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Fairfield, CT 06430-6232 (203) 259-1800

DECLARATION

[ hereby declare that all statements made herein of my own knowledge are true and that all statements
made on information and belief are believed to be true; and further that these statements were made
with the knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such
willful false statements may jeopardize the validity of the application or any patent issued thereon.

SIGNATURE(S)

NOTE: Carefully indicate the family (or last) name as it should appear on the filing receipt and all other documents.

Full name of sole or first inventor

Marta Karczewicz

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)
Inventor’s signature _F<<~ /9 5 1 ),

Date M/ AD £ 20 yRORL Country of Citizenship Poland

Residence  Irving, Texas, U.S.A. .
Post Office Address 1224 Hidden Ridge, #3097 Irving, TX 75038, U.S.A.

Full name of second joint inventor, if any
Antti Hallapuro
(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)

Inventor’s signature
Date Country of Citizenship Finland
Residence Tampere, Finland

Post Office Address Insinddrinkatu 60 B 115, FIN-33720 Tampere, Finland

(Declaration and Power of Attorney [1-1]-page 4 of 5)
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Full name of third joint inventor, if any

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)

Inventor’s signature
Date Country of Citizenship
Residence

Post Office Address

CHECK PROPER BOX(ES) FOR ANY OF THE FOLLOWING ADDED PAGE(S) WHICH FORM
A PART OF THIS DECLARATION

O Signature for fourth and subsequent joint inventors. Number of pages added

O Signature by administrator(trix), executor(trix) or legal representative for deceased or
incapacitated inventor. Number of pages added

| Signature for inventor who refuses to sign or cannot be reached by person authorised under
37 CFR 1.47. Number of pages added

| Added page for signature by one joint inventor on behalf of deceased inventor(s)
where legal representative cannot be appointed in time (37 CFR 1.47).

H Added pages to combined declaration and power of attorney for divisional, continuation, or
continuation-in-part (C-I-P) application. Number of pages added

O Authorization of attorney(s) to accept and follow instructions from representative.
(If no further pages form a part of this Declaration, then end this Declaration with this page and
check the following item:)

[X] This declaration ends with this page.

(Declaration and Power of Attorney [1-1]-page 5 of 5)
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Attormey’s Docket No. PATENT

COMBINED DECLARATION AND POWER OF ATTORNEY

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL,
CONTINUATION OR C-I-P)

As a below named inventor, I hereby declare that:
TYPE OF DECLARATION

This declaration is of the following type: (check one applicable item below)

X original
[ design
] supplemental

NOTE: If the declaration is for an International Application being filed as a divisional, continuation or
continuation-in-part application, do not check next item; check appropriate one of last three items.

[] national stage of PCT

NOTE: if one of the following 3 items apply, then complete and also attach ADDED PAGES FOR
DIVISIONAL, CONTINUATION OR C-1-P.

D divisional
[] continuation
[J continuation-in-part (C-I-P)

INVENTORSHIP IDENTIFICATION

WARNING: If the inventors are each not the inventors of all the claims, an explanation of the facts,
including the ownership of all the claims -at the time the last claimed invention was made, should be
submitted.

My residence, post office address and citizenship are as stated below next to my name.
I believe I am the original, first and sole inventor (if only one name is listed below) or an
original, first and joint inventor (if plural names are listed below) of the subject matter

which is claimed and for which a patent is sought on the invention entitled:

TITLE OF INVENTION

Method for sub-pixel value interpolation

SPECIFICATION IDENTIFICATION
the specification of which: (complete (a), (b) or (c))

(a) [ is attached hereto.
(b) X] was filed on 17 Sep. 2001 as [X] Serial No. 09/954,608
or [ ] Express Mail No., as Serial No. not yet known

and was amended on (if applicable)
(Declaration and Power of Attorney [1-1}-page 1 of 5)
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NOTE: Amendments filed after the original papers are deposited with the PTO which contain new matter
are not accorded a filing date by being referred to in the declaration. Accordingly, the amendments
involved are those filed with the application papers or, in the case of a supplemental declaration, are those
amendments claiming matter not encompassed in the original statément of invention or claims. See 37 CFR
1.67.

(c) [] was described and claimed in PCT International Application No.
filed on and as ‘
amended under PCT Article 19on __~_ (if any).

ACKNOWLEDGEMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR

I hereby state that I have reviewed and understand the contents of the above identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information
X which is material to patentability as defined in 37, Code of Federal
Regulations, § 1.56
(also check the following items, if desired)

X and which is material to the examination of this application, namely,
information where there is a substantial likelihood that a reasonable
examiner would consider it important in deciding whether to allow the

application to issue as a patent, and
In compliance with this duty there is attached an information
disclosure statement in accordance with 37 CFR 1.98.

PRIORITY CLAIM (35 U.S.C. § 119)

I hereby claim foreign priority benefits under Title 35, United States Code, § 119 of any
foreign application(s) for patent or inventor’s certificate or of any PCT International
application(s) designating at least one country other than the United States of America
listed below and have also identified below any foreign application(s) for patent or
inventor’s certificate or any PCT International application(s) designating at least one
country other than the United States of America filed by me on the same subject matter
having a filing date before that of the application(s) of which priority is claimed.
(complete (d) or (e))

- (d) X no such applications have been filed.
(e) [J such applications have been filed as follows.

NOTE: Where item (c) is entered above and the International Application which designated the U.S. itself
claimed priority check item (e), enter the details below and make the priority claim.

(Declaration and Power of Attorney [1-1]-page 2 of 5)
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A. PRIOR FOREIGN/PCT APPLICATION(S) FILED WITHIN 12 MONTHS
(6 MONTHS FOR DESIGN) PRIOR TO THIS APPLICATION
AND ANY PRIORITY CLAIMS UNDER 35 U.S.C. § 119

COUNTRY (OR APPLICATION DATE OF FILING | PRIORITY CLAIMED
INDICATE IF NUMBER (day, month, year) | UNDER 37 USC 119
PCT)
[ vES No[_]
] YES No[ ]
] YES NO[_]
(J-yes - n~o[]
] YES No[ ]

ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS
(6) MONTHS FOR DESIGN PRIOR TO THIS U.S. APPLICATION

NOTE: If the application filed more than 12 months from the filing date of this application is a PCT filing
forming the basis for this application entering the United States as (1) the national stage, or (2) a
continuation, divisional, or continuation-in-part, then also complete ADDED PAGES TO COMBINED
DECLARATION AND POWER OF ATTORNEY FOR DIVISIONAL, CONTINUATION OR C-I-P
APPLICATION for benefit of the prior U.S. or PCT application(s) under 35 U.S.C. § 120.

POWER OF ATTORNEY

I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application
and transact all business in the Patent and Trademark Ofﬁce connected therewith.
(List name and registration number)

Clarence A. Green (24,622)
Mark F. Harrington (31,686)
Janik Marcovici  (42,841)
(check the following item, if applicable)
O Attached as part of this declaration and power of attorney is the authorization of
the above named attorney(s) to accept and follow instructions from my
representative(s).

Declaration and Power of Attorney [1-1]-page 3 of 5)
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SEND CORRESPONDENCE TO DIRECT TELEPHONE CALLS TO:
(Name and telephone number)

Perman & Green Mark F. Harrington

425 Post Road

Fairfield, CT 06430-6232 (203) 259-1800
DECLARATION

I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and further
that these statements were made with the knowledge that willful false statemernts and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of' the United States Code, and that such willful false statements may
jeopardize the validity of the application or any patent issued thereon.

SIGNATURE(S)

NOTE: Carefully indicate the family (or last) name as it should appear on the ﬁhng recetpt
and all other documents.

Full name of sole or first inventor

Marta Karczewicz
(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)

Inventor’s signature
Date Country of Citizenship Poland
Residence  Irving, Texas, U.S.A.

Post Office Address 1224 Hidden Ridge, #3097 Irving, TX 75038, U.S.A.

Full name of second joint inventor, if ahy

Antti olli Hallapuro

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)
Inven_tor s signature J[/l/(r W"\A

Date -10. 2001 Country of Citizenship Finland

Residence Tampere, Finland
Post Office Address Insinéérinkatu 60 B 115, FIN-33720 Tampere, Finland

(Declaration and Power of Attorney [1-1]-page 4 of 5)
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Full name of third joint inventor, if any

(GIVEN NAME) (MIDDLE INITIAL OR NAME) 'FAMILY (OR LAST NAME)

Inventor’s signature
Date Country of Citizenship’
Residence

Post Office Address

'CHECK PROPER BOX(ES) FOR ANY OF THE FOLLOWING ADDED PAGE(S)
WHICH FORM A PART OF THIS DECLARATION

O Signature for fourth and subsequent joint inventors. Number of pages added

O Signature by administrator(trix), executor(trix) or legal representative for
deceased or incapacitated inventor. Number of pages added

O Signature for inventor who refuses to sign or cannot be reached by person
authorised under 37 CFR 1.47. Number of pages added

A Added page for signature by one joint inventor on behalf of deceased inventor(s)
where legal representative cannot be appointed in time (37 CFR 1.47).

n Added pages to combined declaration and power of attorney for divisional,
continuation, or continuation-in-part (C-I-P) application. Number of pages added

[J . Authorization of attorney(s) to accept and follow instructions from
representative.

(If no further pages form a part of this Declaration, then end this Declaration with this
page and check the following item:)

X] This declaration ends with this page.

(Declaration and Power of Attorney [1-1]-page 5 of 5)
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This Page is Inserted by IFW Indexing and Scanning
Operations and is not part of the Official Record

BEST AVAILABLE IMAGES

Defective images within this document are accurate representations of the oniginal
documents submitted by the applicant.

Defects in the images include but are not limited to the items checked:

U] BLACK BORDERS
0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES
| }Wﬁ TEXT OR DRAWING
| L BLURRED OR ILLEGIBLE TEXT OR DRAWING
a SKEWED/SLANTED IMAGES |
U COLOR OR BLACK AND WHITE PHOTOGRAPHS
O GRAY SCALE DOCUMENTS
U LINES OR MARKS ON ORIGINAL DOCUMENT
0 REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY

- UJ OTHER:

IMAGES ARE BEST AVAILABLE COPY.
As rescanning these documents will not correct the image

problems checked, please do not report these problems to
the IFW Image Problem Mailbox.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) : Karczewicz et al.

SERIAL NO.: ART UNIT:

FILING DATE: Herewith EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY

DOCKET NO.: 442-010567-US (CO01)

Mail Stop Amendment
Commissioner of Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

I. INTRODUCTION

Please amend the Application as follows:
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II. SPECIFICATION AMENDMENTS

On page 1, after the title, please insert:

-~CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation of, and claims priority to,
co-pending U.S. Application Serial No. 09/954,608, filed on
September 17, 2001, now allowed.--
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III. CLAIM AMENDMENTS

1. (Original) A method of interpolation in video coding in
which an image comprising pixels arranged in rows and columns and
represented by values having a specified dynamic range, the
pixels in the rows residing at unit horizontal locations and the
pixels in the columns residing at unit vertical locations, is
interpolated to generate values for sub-pixels at fractional
horizontal and vertical locations, the fractional horizontal and
vertical locations being defined according to 1/2%, where x is a

positive integer having a maximum value N, the method comprising:

a) when values for sub-pixels at 1/2"! unit horizontal and unit
vertical locations, and unit horizontal and 1/2"' unit
vertical locations are required, interpolating such values
directly using weighted sums of pixels residing at unit

horizontal and unit vertical locations;

b) when values for sub-pixels at 1/2"! unit horizontal and
1/2¥! unit vertical locations are required, interpolating
such values directly using a choice of a first weighted sum
of values for sub-pixels residing at 1/2"' unit horizontal
and unit vertical locations and a second weighted sum of
values for sub-pixels residing at unit horizontal and 1/2"*
unit vertical locations, the first and 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 1/2" unit vertical location is required,
interpolating such a value by taking a weighted average of

the value of a first sub-pixel or pixel situated at a 1/2"™
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unit horizontal and 1/2%" unit vertical location and the
value of a second sub-pixel or pixel located at a 1/2"P® unit
horizontal and 1/2"9 unit vertical location, variables m, n,
p and g 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.

2. (Original) A method according to claim 1 wherein a first and
a second weight are used in the weighted average referred to in
(c), the relative magnitudes of the weights being inversely
proportional to the (straight-line diagonal) proximity of the
first and the second sub-pixel or pixel to the sub-pixel at 1/2

unit horizontal and 1/2" vertical location.

3. (Original) A method according to <claim 2, wherein 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"% unit horizontal and 1/2" vertical 1location, the

first and second weights have equal values.

4. (Original) A method according to claim 1 in which the first
weighted sum of values for sub-pixels residing at 1/2%* unit
horizontal and unit vertical locations in step b) is used when a
sub-pixel at 1/2%! unit horizontal and 1/2" unit vertical

location is required.
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5. (Original) A method according to claim 1 in which the second
weighted sum of values for sub-pixels residing at unit horizontal
and 1/2"! unit vertical locations in step b) is used when a sub-
pixel at 1/2" unit horizontal and 1/2"! unit vertical location is

required.

6. (Original) A method according to claim 1 in which, when values
for sub-pixels at 1/2" wunit horizontal and wunit vertical
locations, and 1/2" horizontal and 1/2"?! vertical locations are
required, interpolating such values by taking the average of the
values of a first pixel or sub-pixel located at a vertical
location corresponding to that of the sub-pixel being calculated
and unit horizontal location and a second pixel or sub-pixel
located at a vertical location corresponding to that of the sub-

pixel being calculated and 1/2"' unit horizontal location.

7. (Original) A method according to claim 1 in which, when values
for sub-pixels at unit horizontal and 1/2"% unit vertical
locations, and 1/2"! wunit horizontal and 1/2" unit vertical
locations are required, interpolating such values by taking the
average of the values of a first pixel or sub-pixel located at a
horizontal location corresponding to that of the sub-pixel being
calculated and unit vertical location and a second pixel or sub-
pixel located at a horizontal location corresponding to that of

the sub-pixel being calculated and 1/2“! unit vertical location.
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8. (Original) A method according to claim 1 in which values for
sub-pixels at 1/2" unit horizontal and 1/2% unit vertical
locations are interpolated by taking the average of values of a
pixel located at a unit horizontal and unit vertical 1location,
and a sub-pixel located at a 1/2"! unit horizontal and 1/2"! unit

vertical location.

9. (Original)A method according to claim 1 in which values for
sub-pixels at 1/2" unit horizontal and 1/2" wunit vertical
locations are interpolated by taking the average 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 1/281

unit vertical location.

10. (Original) A method according to claim 1 in which values for
half of the sub-pixels at 1/2" unit horizontal and 1/2" unit
vertical locations are interpolated by taking the average of. a
first pair of values of a sub-pixel located at a 1/2%' unit
horizontal and unit vertical location, and a sub-pixel located at
a unit horizontal and 1/2"! unit vertical location and values for
the other half of the sub-pixels at 1/2" unit horizontal and 1/2N
unit vertical locations are interpolated by taking the average of
a second pair of values of a pixel located at a unit horizontal
and unit vertical location, and a sub-pixel located at a 1/2"*!

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

Page 154 of 289



11. (Original) A method according to claim 10 in which values for
sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations are alternately interpolated for one such sub-pixel by
taking the average of a first pair of values of a sub-pixel
located at a 1/2%?! unit horizontal and unit vertical location,
and a sub-pixel located at a unit horizontal and 1/2"! unit
vertical location and values and for a neighbouring such sub-
pixel by taking the average of a second pair of values of a pixel
located at a unit horizontal and unit vertical 1location, and a
sub-pixel located at a 1/2"! unit horizontal and 1/2"' unit

vertical location.

12. (Original) A method according to claim 11 in which the sub-
pixels at 1/2" unit horizontal and 1/2" unit vertical locations

are alternately interpolated in a horizontal direction.

13. (Original) A method according to claim 11 in which the sub-
pixels at 1/2" unit horizontal and 1/2" unit vertical locations

are alternately interpolated in a horizontal direction.

14. (Original) A method according to claim 1 in which when values
for some sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations are required, such values are interpolated by taking

the average of a plurality of nearest neighbouring pixels.

15. (Original) A method according to claim 1 in which N equals an
integer selected from a list consisting of the values 2, 3, and

4.
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16. (Original) A method according to claim 1 in which in at least
one of step a) and step b) interpolating sub-pixel values
directly using weighted sums involves the calculation of an
intermediate value for the sub-pixel values having a dynamic

range greater than the specified dynamic range.

17. (Original) A method according to claim 14 in which the
intermediate value for a sub-pixel having 1/2"! sub-pixel
resolution is used the calculation of a sub-pixel value having

1/2" sub-pixel resolution.

18. (original) A method of interpolation in video coding in which
an 1image 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 wunit vertical 1locations, is
interpolated to generate values for sub-pixels at fractional

horizontal and vertical locations, the method comprising:

a) when values for sub-pixels at half unit horizontal and unit
vertical 1locations, and wunit horizontal and half unit
vertical locations are required, interpolating such wvalues
directly using weighted sums of pixels residing at unit

horizontal and unit vertical locations;

b) when values for sub-pixels at half unit horizontal and half
unit vertical locations are required, interpolating such

values directly using a weighted sum of values for sub-
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pixels residing at half unit horizontal and unit vertical

locations calculated according to step (a); and

c) when values for sub-pixels at quarter unit horizontal and
quarter unit vertical locations are required, interpolating
such values by taking the average of at least one pair of a
first pair of values of a sub-pixel located at a half unit
horizontal and unit vertical 1location, and a sub-pixel
located at a unit horizontal and half unit vertical location
and a second pair of values of a pixel located at a unit
horizontal and unit vertical 1location, and a sub-pixel
located at a half unit horizontal and half unit vertical

location.

19. (Original) A method of interpolation in video coding in which
an image comprising pixels arranged in rows and columns and
represented by values having a specified dynamic range, the
pixels in the rows residing at unit horizontal locations and the
pixels in the columns residing at unit vertical 1locations, is
interpolated to generate values for sub-pixels at fractional
horizontal and vertical locations, the fractional horizontal and
vertical locations being defined according to 1/2* where x is a

positive integer having a maximum value N, the method comprising:

a) when values for sub-pixels at 1/2%?! unit horizontal and unit
vertical 1locations, and unit horizontal and 1/2"*' unit
vertical locations are required, interpolating such values
directly using weighted sums of pixels residing at unit

horizontal and unit vertical locations;
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b)

20.

when a value for a sub-pixel at a sub-pixel horizontal and
sub-pixel 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 1location
corresponding to that of the sub-pixel being calculated and
a second weighted sum of wvalues for sub-pixels located at a
horizontal location corresponding to that of the sub-pixel

being calculated.

(Original) A method according to claim 1 in which the sub-

pixels used in the first weighted sum are sub-pixels residing at

1/2"! unit horizontal and unit vertical locations and the first

weighted sum is used to interpolate a value for a sub-pixel at

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

21-49
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III. REMARKS

1. Claims 21-49 are cancelled with prejudice.

For all of the foregoing reasons, it is respectfully submitted
that all of the claims now present in the application are clearly
novel and patentable over the prior art of record, and‘are in
proper form for allowance. Accordingly, favorable
reconsideration and allowance is respectfully requested. Should
any unresolved issues remain, the Examiner is invited to call

Applicants’ attorney at the telephone number indicated below.

The Commissioner is hereby authorized to charge payment for any
fees associated with this communication or <credit any over

payment to Deposit Account No. 16-1350.

espectfully submitted,

28 Moncw 2005~

Date

Reg. No. 44,004

Perman & Green, LLP
425 Post Road
Fairfield, CT 06824
(203) 259-1800
Customer No.: 2512

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with
the United States Postal Service on the date indicated below as
first class mail in an envelope addressed to the Mail Stop
Amendment, Commissioner of Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

Date: MOfC/b 95 A0S Signature: \//V(,QAJ/Q@ULBW

Person Making DepQEﬁt‘

11
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) : Karczewicz et al.

SERIAL NO.: ART UNIT:

FILING DATE: Herewith EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY ‘

DOCKET NO.: 442-010567-US (CO01)

Commissioner of Patents
P.O. Box 1450 .
Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
(37 C.F.R. §1.97(b) (3))

Sir:

This information disclosure statement is being filed before the

mailing of a first Office Action on the merits.

The following information is being disclosed to the Patent and
Trademark Office as information that may be material to the
examination of the above-identified patent application.

Applicants’ Attorney is aware of the following references:

Us 4,937,666
Us 5,452,377
Us 5,488,419
UsS 5,521,642
Us 5,568,597
Us 5,570,436
UsS 5,844,616
Us 5,901,248
US 6,219,464 Bl
Us 6,252,576 Bl

2002/0064229
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WO 99/04574
EP 0,576,290 A2
GB 2,205,707
FPM 21.3, “An Interpolator for HD-MAC Decoder”, Chao et al.
“Directional Interpolation for Magnetic Resonance Angiography
Data”, Mehran Mashfeghi, IEEE Transactions on Medical Imaging,
Vol. 12, No. 2, June 1993.
Document Q15-K-59, “H.26L Test Model Long Term Number 5 (TML-5)
draftO"” ITU, Study Group 16.

Document VCEG-L20, “Complexity Reduced Motion Compensated
Prediction with 1/8-pel Displacement Vector Resolution”, ITU,
Study Group 16.

English translation of Japanese publication No. Hei 6-14739.
Japanese Patent document No. JP 62-039920

Enclosed is a Form PTO-1449.

The filing of this Statement 1is not to be construed as a
representation that a search has been made regarding the claimed
invention (37 C.F.R. §1.97(g)) or that no other possible material
information exists. In addition, the filing of this Information
Disclosure Statement is not to be construed to be an admission
that the information cited in the Statement is, or is considered

to be, material to patentability (37 C.F.R. §1.97(h)).
The Commissioner is hereby authorized to charge payment for any

fees associated with this communication or credit any over

payment to Deposit Account No. 16-1350.
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Respectfully submitted,

. Ziegle%, I Date
Reg. No. 44,004

PERMAN & GREEN, LLP
425 Post Road
Fairfield, CT 068424
Customer No. 2512

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with
the United States Postal Service on the date indicated below as
first class mail in an envelope address to the Commissioner of
Patents, P.0O. Box 1450, Alexandria, VA 22313-1450.

Date: AV ourch 85 /aUOT— Signature: W ’?)%

Person Makling Depo&¥t
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Page No.:1 of: 1

INFORMATION DISCLOSURE Docket No.: 442-010567-US (CO1) Serial No.:
CITATION FORM FOR
PATENT APPLICATION Applicant(s): Karczewicz et al.
(FORM PTO-1449)
(Substitute) Filing Date: Herewith Group:
U.S. PATENTS
Initials Patent Number Issue Date Name Class Sub- Filing date
class
US 4,937,666 6/26/90 Yang 358 136 12/4/89
US 5,452,377 9/19/95 Igarashi 382 238 4/01/92
US 5,488,419 1/30/96 Hui et al. 348 402 3/15/93
US 5,521,642 5/28/96 Park 348 409 10/7/93
US 5,568,597 10/22/96 | Nakayama et al. 395 132 5/20/94
US 5,570,436 10/29/96 | Fukushima et al. 382 300 12/8/94
US 5,844,616 12/01/98 | Collet et al. 348 441 5/28/94
US 5,901,248 5/4/99 Fandrianto et al. 382 236 8/6/96
US 6,219,464 B1 4/17/01 Greggain et al 382 298 8/24/99
US 6,252,576 B1 6/26/01 Nottingham 345 127 8/6/98
U.S. PATENT PUBLICATIONS
Initials | Publication No. Pub. Date Name Class Slllb- Filing Date
class
2002/0064229 5/30/02 Nakaya 375 240.17 11/28/01
FOREIGN PATENT DOCUMENTS
Initials Document Number Date Country Name Translation?
Yes/No/n/a
WO 99/04574 1/28/99 | PCT Robert Bosch GMBH No
EP 0,576,290 A2 12/29/93 | Europe Sony Corporation N/a
GB 2,205,707 12/14/88 | United Kingdom Sony Corporation N/a
OTHER DOCUMENTS (Title, Author, Date, Pages, Etc., if known)
FPM 21.3, “An Interpolator for HD-MAC Decoder”, Chao et al.
“Directional Interpolation for Magnetic Resonance Angiography Data”,
Mehran Mashfeghi, IEEE Transactions on Medical Imaging, Vol. 12, No.
2, June 1993.
Document Q15-K-59, “H.26L Test Model Long Term Number 5 (TML-5)
draftO"” ITU, Study Group 16.
Document VCEG-L20, “Complexity Reduced Motion Compensated Prediction
with 1/8-pel Displacement Vector Resolution”, ITU, Study Group 16.
English translation of Japanese publication No. Hei 6-14739.
Japanese Patent Document No. JP 62-038320
Examiner’s Signature: | Date Considered:
Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not considered.
Include a copy of this citation form with your next correspondence to the Applicant(s).

Customer No.: 2512
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

| APPLICATION NUMBER | FILING OR 371 (c) DATE | FIRSTNAMEDAPPLICANT |  ATTORNEY DOCKET NUMBER |
11/090,717 03/25/2005 Marta Karczewicz 442-010567-US (CO1)

CONFIRMATION NO. 6454
Perman & Green FORMALITIES LETTER

B e JAAUAL L 0 R

Fairfield, CT 06430-6232 oL

Date Mailed: 05/02/2005

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

¢ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

s The drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a bottom
margin of at least 1.0 cm. (3/8 inch).See Figures(s) 14c.

The following item(s) appear to have been omitted from the application:
o Figure(s) 9,10 described in the specification.

I. Should applicant contend that the above-noted omitted item(s) was in fact deposited in the U.S. Patent and
Trademark Office (USPTO) with the nonprovisional application papers, a copy of this Notice and a petition (and
$400.00 petition fee (37 CFR 1.17(f))) with evidence of such deposit must be filed within TWO MONTHS of the
date of this Notice. The petition fee will be refunded if is determined that the item(s) was received by the USPTO.

I1. Should applicant desire to supply the omitted item(s) and accept the date that such omitted item(s) was filed in
the USPTO as the filing date of the above-identified application, a copy of this Notice, the omitted item(s) (with a
supplemental oath or declaration in compliance with 37 CFR 1.63 and 1.64 referring to such items), and a petition
under 37 CFR 1.182 (with the $400.00 petition fee (37 CFR 1.17(f)) requesting the later filing date must be filed
within TWO MONTHS of the date of this Notice.

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing
date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date
of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment of
a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted items(s) and the petition (and petition fee) requesting the later filing

v
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date.

lil. The failure to file a petition (and petition fee) under the above options (l) or (Il) within TWO MONTHS of the
date of this Notice (37 CFR 1.181(f)) will be treated as a constructive acceptance by the applicant of the
application as deposited in the USPTO. THIS TWO MONTH PERIOD IS NOT EXTENDABLE UNDER 37 CFR
1.136(a) or (b). In the absence of a timely filed petition in reply to this Notice, the application will maintain a filing
date as of the date of deposit of the application papers in the USPTO, and original application papers (i.e., the
original disclosure of the invention) will include only those application papers present in the USPTO on the date of
deposit.

In the event that applicant elects not to take action pursuant to options (!) or (II) above (thereby constructively
electing option (lll)), amendment of the specification to renumber the pages consecutively and cancel incomplete
sentences caused by any omitted page(s), and/or amendment of the specification to cancel all references to any
omitted drawing(s), relabel the drawing figures to be numbered consecutively (if necessary), and correct the
references in the specification to the drawing figures to correspond with any relabeled drawing figures, is required.
A copy of the drawing figures showing the proposed changes in red ink should accompany with any drawing
changes . Such amendment and/or correction to the drawing figures, if necessary, shouid be by way of
preliminary amendment submitted prior to the first Office action to avoid delays in the prosecution of the
application.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

Mo Ne
Office of Initial Patent Examination (703) 308-1202
PART 3 - OFFICE COPY
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NUMBER | FILING OR 371 (c) DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NUMBER |
11/090,717 03/25/2005 Marta Karczewicz 442-010567-US (CO1)

1 P s
O'F &N CONFIRMATION NO. 6454
%, FORMALITIES LETTER

} 0

i *0C000000015908151*

Perman & Green
425 Post Road 2
Fairfield, CT 06430-6232 h
Date Mailed: 05/02/2005

NOTICE TO FiLE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from
the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

o Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:

= The drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a bottom
margin of at least 1.0 cm. (3/8 inch).See Figures(s) 14c.

The following item(s) appear to have been omitted from the application:
¢ Figure(s) 9,10 described in the specification.

. Should applicant contend that the above-noted omitted item(s) was in fact deposited in the U.S. Patent and
Trademark Office (USPTO) with the nonprovisional application papers, a copy of this Notice and a petition (and
$400.00 petition fee (37 CFR 1.17(f))) with evidence of such deposit must be filed within TWO"MONTHS of the
date of this Notice. The petition fee will be refunded if is determined that the item(s) was received by the USPTO.

1. Should applicant desire to supply the omitted item(s) and accept the date that such omitted item(s) was filed in
the USPTO as the filing date of the above-identified application, a copy of this Notice, the omitted item(s) (with a
supplemental oath or declaration in compliance with 37 CFR 1.63 and 1.64 referring to such items), and a petition
under 37 CFR 1.182 (with the $400.00 petition fee (37 CFR 1.17(f)) requesting the later filing date must be filed

. within TWO MONTHS of the date of this Notice.

Applicant is advised that generally the filing fee required for an application is the filing fee in effect on the filing
date accorded the application and that payment of the requisite basic filing fee on a date later than the filing date
of the application requires payment of a surcharge (37 CFR 1.16(f)). To avoid processing delays and payment of
a surcharge, applicant should submit any balance due for the requisite filing fee based on the later filing date
being requested when submitting the omitted items(s) and the petition (and petition fee) requesting the later filing
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date.

1. The failure to file a petition (and petition fee) under the above options (1) or (1) within TWO MONTHS of the
date of this Notice (37 CFR 1.181(f)) will be treated as a constructive acceptance by the applicant of the
application as deposited in the USPTO. THIS TWO MONTH PERIOD IS NOT EXTENDABLE UNDER 37 CFR
1.136(a) or (b). In the absence of a timely filed petition in reply to this Notice, the application will maintain a filing
date as of the date of deposit of the application papers in the USPTO, and original application papers (i.e., the
original disclosure of the invention) will include only those application papers present in the USPTO on the date of
deposit.

in the event that applicant elects not to take action pursuant to options (1) or (ll) above (thereby constructively
electing option (1ll)), amendment of the specification to renumber the pages consecutively and cancel incomplete
sentences caused by any omitted page(s), and/or amendment of the specification to cancel all references to any
omitted drawing(s), relabel the drawing figures to be numbered consecutively (if necessary), and correct the
references in the specification to the drawing figures to correspond with any relabeled drawing figures, is required.
A copy of the drawing figures showing the proposed changes in red ink should accompany with any drawing
changes . Such amendment and/or correction to the drawing figures, if necessary, should be by way of
preliminary amendment submitted prior to the first Office action to avoid delays in the prosecution of the
application.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies should be mailed to:  Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450
Alexandria VA 22313-1450

A copy of this notice MUST be returned with the reply.

ne

Office of Initial Patent Examination (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) : Karczewicz et al.

SERIAL NO.: 11/090,717 ART UNIT:

FILING DATE: 03/25/2005 EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY

DOCKET NO. : 442-010567-US (CO01)

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

I. INTRODUCTION

This is in response to the Notice to File Corrected Application
Papers mailed May 2, 2005 in regard to the above-identified

patent application.

Please amend the Application as follows:
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II. DRAWINGS

In the drawings, please cancel Figures 9 and 10.
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III. REMARKS

The application drawings do not include figures 9 and 10.
Applicant thus proposes to cancel the drawings. The specification

indicates that Figures 9 and 10 are omitted.

A replacement set of drawings is enclosed herewith resulting in

28 pages of drawings.

The Commissioner is hereby authorized to charge payment for any
fees associated with this communication or credit any over

payment to Deposit Account No. 16-1350.

fiizzzjfully supmitted,
gfwﬂ%@ & o None Qoo™

Gez&)C. ziegley, Jr.” Date
Reg. No. 44,004

Perman & Green, LLP
425 Post Road
Fairfield, CT 06824
(203) 259-1800
Customer No.: 2512

CERTIFICATE OF MAILING

I hereby certify that this correspondence is being deposited with
the United States Postal Service on the date indicated below as
first class mail in an envelope addressed to the Mail Stop
Amendment, Commissioner of Patents, P.O. Box 1450, Alexandria, VA
22313-1450.

Date:, }gm “Q! aaﬁ Signature: M

Person MZking Depfshit
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) : Karczewicz et al.

SERIAL NO.: 11/090, 717 ART UNIT:

FILING DATE: 03/25/2005 EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATiON
ATTORNEY

DOCKET NO. :- 442-010567-US (C01)

Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE OF DRAWING INCONSISTENCY WITH
SPECIFICATION

I. INTRODUCTION
This is in response to the Notice mailed August 8, 2005 in regard

to the above-identified patent application.

Please amend the Application as follows:
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II. DRAWINGS

In the drawings, please cancel Figures 9 and 10.
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ITII. IN THE SPECIFICATION

Please replace the section beginning on page 40, line 4, through

page 42, line 5 as rewritten below:

Brief Description of the Figures

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;

Figure 2 shows a video decoder according to the prior art;

Figure 3 shows the types of frames used in video encoding;

Figures 4a, 4b, and 4c show steps in block-matching;

Figure 5 illustrates the process of motion estimation to sub-
pixel resolution;

Figure 6 shows a terminal device comprising video encoding and
decoding 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;

Figure 11 shows a schematic diagram of a mobile

telecommunications network according to an embodiment of the
present invention;

Figure 12a shows a notation for describing pixel and sub-pixel
locations specific to TML5;

Figure 12b shows interpolation of a half resolution sub-pixels;

Figure 12c shows interpolation of a half resolution sub-pixels;

4
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Figure 13a shows a notation for describing pixel and sub-pixel
locations specific to TML6;

Figure 13b shows interpolation of a half resolution sub-pixels;
Figure 13c shows interpolation of a half resolution sub-pixels;
Figure 14 shows a notation for describing pixel and sub-pixel
locations specific to the invention; .
Figure 14b shows interpolation of -a half resolution sub-pixels
according to the invention;

Figure 1l4c shows interpolation of a half resolution sub—pixels
according to the invention;

Figure 15 shows possible choices of diagonal interpolation for
sub-pixels;

Figure 16 shows the half resolution sub-pixel values required to
calculate other half resolution sub-pixel values;

Figure 17a shows the half resolution sub-pixel wvalues that must
be calculated in order to interpolate wvalues for quarter
resolution sub-pixels in an image block using the intérpolation
method of TMLS5;

Figure 17b shows the half resolution sub-pixel values that must
be calculated in order to interpolate <values for quarter
resolution sub-pixels in an image block using the interpolation
method according to the invention; »
Figures 18a shows the numbers of half resolution sub-pixels that
must be calculated in order to obtain wvalues for quarter
resolution sub-pixels within an image block using the sub-pixel
value interpolation method according to TML5; ‘

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

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

positions;
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Figure 20 shows nomenclature used to describe pixels, half
resolution sub-pixels, quarter resolution sub-pixels and eighth
resolution sub-pixels

Figure 2la shows the diagonal direction to be used in the
interpolation of each eighth resolution sub-pixel in an
embodiment of the invention;

Figure 21b shows the diagonal direction to be used in the
interpolation of each eighth resolution sub-pixel in another
embodiment of the invention; and

Figure 22 shows nomenclature used to describe eighth resolution

sub-pixels within an image.
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IV. REMARKS

The application drawings do not include figures 9 and 10.

Applicant thus proposes to cancel the drawings.

The specification is amended to delete the reference to Figures 9

and 10.

The Commissioner is hereby authorized to charge payment for any
fees associated with this communication or credit any over

payment to Deposit Account No. 16-1350.

Respectfully subpittgd,

VG Q;ocfo_sf oo

Date

Reg>~No. 44,004

Perman & Green, LLP
425 Post Road
Fairfield, CT 06824
(203) 259-1800
Customer No.: 2512

CERTIFICATE OF FACSMILE

I hereby certify that this correspondence is being transmitted by
fax to 571-273-8300, addressed ~ to Mail Stop ISSUE FEE,
Commissioner for Patents, P.0O. Box 1450, Alexandria, VA 22313~
1450.

pﬂ%.\ao,m signacure:AN008L0N BAYL

"Person Making Deposit)
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USP10.gov

APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. | CONFIRMATION NO. |
11/090,717 03/25/2005 Marta Karczewicz 442-010567-US (CO1) 6454
7590 02/09/2007 I —I
EXAMINER
Perman & Green
425 Post Road ' AN, SHAWN S
Fairfield, CT 06430-6232
| ART UNIT | PAPER NUMBER I
2621
| SHORTENED STATUTORY PERIOD OF RESPONSE | MAIL DATE I DELIVERY MODE . ‘ I
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Please find below and/or attached an Office communication concerning this application or proceeding.
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Application No. Applicant(s)
11/090,717 KARCZEWICZ ET AL.
Office Action Summary Examiner Art Unit
Shawn S. An 2621

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 25 March 2005.
2a)[]] This action is FINAL. 2b)X This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 213,

Disposition of Claims

4)X] Claim(s) 1-20 is/are pending in the application.

4a) Of the above claim(s) ______is/are withdrawn from consideration.
5)[] Claim(s) is/are allowed.
6)X] Claim(s) 1-20 is/are rejected.
7)[] Claim(s) ____is/are objected to.
8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)X] The drawing(s) filed on 20 June 2005 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or {f).
a)lJAll b)[] Some * ¢c)[JJ None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [X] Notice of References Cited (PTO-892) 4) [ interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PT0-948) Paper No(s)/Mail Date.
3) X] Information Disclosure Statement(s) (PTO/SB/08) 5) [ Notice of Informal Patent Application
Paper No(s)/Mail Date 3/25/05 . 6) [:] Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20070203
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Application/Control Number: 11/090,717 Page 2
Art Unit: 2621

DETAILED ACTION

Response to Preliminary Amendment
1. As per Applicant’s instructions as filed on 3/25/05, claims 21-49 have been

canceled.

Double Patenting
2. The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the "right to exclude" granted by a patent
and to prevent possible harassment by multiple assignees. See In re Goodman, 11
F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ
645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In
re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and, In re Thorington, 418 F.2d
528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321© may be used
to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the conflicting application or patent is shown to be commonly owned
with this application. See 37 CFR 1.130(b).

Effective January 1, 1994, a registered attorney or agent of record may sign a
terminal disclaimer. A terminal disclaimer signed by the assignee must fully comply with
37 CFR 3.73(b).

3. Claims 1-20 are rejected under the judicially created doctrine of double patenting
over claims 1-20 of U. S. Patent No. 6,950,469 B2, respectively, since the claims, if
allowed, would improperly extend the "right to exclude" already granted in the patent.
The subject matter claimed in the instant application is fully disclosed in the
patent and is covered by the patent since the patent and the application are claiming

common subject matter, as follows:
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Application/Control Number: 11/090,717 Page 3
Art Unit: 2621

Claims 1-20 recite all of the subject matter as recited in the patented claims
1-20. Therefore, the claims 1-20 have been rejected in view of double patenting.

Furthermore, there is no apparent reason why applicant was prevented from
presenting claims corresponding to those of the instant application during prosecution of
the application, which matured into a patent. See In re Schneller, 397 F.2d 350, 158
USPQ 210 (CCPA 1968). See also MPEP § 804.

Conclusion
4. Any inquiry concerning this communication or earlier communications from the
Examiner should be directed to Shawn S. An whose telephone number is 571-272-7324.

5. The fax phone number for the organization where this application or proceeding
is assigned is 571-273-8300.

6. Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

2/03/07
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INFORMATION DISCLOSURE Docket No.: 442-010567-US (CO1) Serial No.:
CITATION FORM FOR
PATENT APPLICATION Applicant(s): Karczewicz et al.
(FORM PTO-1449)
(Substitute) Filing Date: Herewith Group:
U.S. PATENTS
Initials Patent Number Issue Date Name Class Sub- Filing date
class
=/ US 4,937,666 6/26/90 Yang 358 136 12/4/89
A~ US 5,452,377 9/19/95 Igarashi 382 238 4/01/92
US 5,488,419 1/30/96 Hui et al. 348 402 3/15/93
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U.S. PATENT PUBLICATIONS
Initials | Publication No. Pub. Date Name Class S‘ll:s.s Eiling Date
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410,)/—2002/0064229 5/30/02 Nakaya 375 240.17 11/28/01
FOREIGN PATENT DOCUMENTS
Initials Document Number Date Country Name Translation?
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é@"‘wo 99/04574 1/28/99 | PCT Robert Bosch GMBH No
$4—| EP 0,576,290 A2 12/29/93 | Europe Sony Corporation N/a
<o | GB 2,205,707 12/14/88 | United Kingdom Sony Corporation N/a
OTHER DOCUMENTS (Title, Author, Date, Pages, Etc., if known)
&5/ TFPM 21.3, “An Interpolator for HD-MAC Decoder”, Chao et al.
“Directional Interpolation for Magnetic Resonance Angiography Data”,
W‘Mehran Mashfeghi, IEEE Transactions on Medical Imaging, Vol. 12, No.
2, June 1993,
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Examiner’s Signature: S ——— | Date Considered: 22 /27
Initial if reference was considered, whether or not citation is in conformance with MPEP. Mark through citation if not€onsidered.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT(s): Karczewicz et al. CONF. NO. 6454
SERIAL NO.: 11/090,717 ART UNIT: 2621

FILING DATE: Herewith EXAMINER:  An, Shawn S
TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY

DOCKET NO.: 982-010567-US (CO1)

Mail Stop Amendment
Commissioner of Patents
P.O. Box 1450

Alexandria, VA 22313-1450

AMENDMENT

| INTRODUCTION
This is in response to the Office Action mailed February 9, 2007 in regard to the above-
identified patent application. Reconsideration of the rejection is respectfully solicited in

light of the following amendment and remarks.

Please amend the Application as follows:
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II. CLAIM AMENDMENTS

1-49 (Cancelled)

50. (New) A method for sub-pixel value interpolation to determine values for sub-pixels
situated within a rectangular bounded region defined by four corner pixels with no
intermediate pixels between the corners, the pixels and sub-pixels being arranged in
rows and columns, the pixel and sub-pixel locations being representable mathematically
within the rectangular bounded region using the co-ordinate notation K/2, L/2N, K and L
being positive integers having respective values between zero and 2%, N being a positive
integer greater than one and representing a particular degree of sub-pixel value

interpolation, the method comprising:

interpolating a sub-pixel value for a sub-pixel having co-ordinates with odd values of
both K and L, according to a predetermined choice of a weighted average of the
value of a nearest-neighbouring pixel and the value of the sub-pixel situated at
co-ordinates 1/2, 1/2, and a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with even values of both K and
L, including zero, situated within a quadrant of the rectangular bounded region
defined by corner pixels having co-ordinates 1/2, 1/2 and the nearest

neighbouring pixel;

interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to an
even value and L equal zero and sub-pixels having co-ordinates with K equal to
zero and L equal to an even value, used in the interpolation of the sub-pixels
having co-ordinates with odd values of both K and L, using weighted sums of the
values of pixels located in rows and columns respectively; and
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interpolating sub-pixel values for sub-pixels having co-ordinates with even values of
both K and L, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with odd values of both K and L, using a predetermined
choice of either a weighted sum of the values of sub-pixels having co-ordinates
with K equal to an even value and L equal to zero and the values of sub-pixels
having corresponding co-ordinates in immediately adjacent rectangular bounded
regions, or a weighted sum of the values of sub-pixels having co-ordinates with K
equal to zero and L equal to an even value and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent bounded rectangular regions.

51. (New) A method according to claim 50, comprising using a first and a second
weight in the weighted average chosen to interpolate the sub-pixel value for a sub-pixel
having co-ordinates with odd values of both K and L, wherein when the chosen weighted
average is that involving the value of a nearest neighbouring pixel and the value of the
sub-pixel situated at co-ordinates 1/2, 1/2, selecting the relative magnitudes of the first
and second weights to be inversely proportional to the respective straight-line diagonal
distances of the nearest-neighbouring pixel and the sub-pixel situated at co-ordinates
1/2, 1/2 to the sub-pixel having co-ordinates with odd values of both K and L whose

value is being interpolated.

52. (New) A method according to claim 50, comprising using a first and a second
weight in the weighted average chosen to interpolate the sub-pixel value for a sub-pixel
having co-ordinates with odd values of both K and L, wherein when the chosen weighted
average is that involving the values of a pair of diagonally-opposed sub-pixels having co-
ordinates with even values of both K and L, selecting the relative magnitudes of the first
and second weights to be inversely proportional to the respective straight-line diagonal
distances of the sub-pixels having co-ordinates with even values of both K and L to the
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sub-pixel having co-ordinates with odd values of both K and L whose value is being

interpolated.

53. (New) A method according to claim 51, comprising using first and second weights
with equal values when the nearest-neighbouring pixel and second sub-pixel situated at
co-ordinates 1/2, 1/2 are equidistant from the sub-pixel having co-ordinates with odd

values of both K and L whose value is being interpolated.

54. (New) A method according to claim 52, comprising using first and second weights
with equal values when the sub-pixels having co-ordinates with even values of both K
and L are equidistant from the sub-pixel having co-ordinates with odd values of both K

and L whose value is being interpolated.

55. (New) A method according to claim 50, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with even values of both K and L, used in interpolation of
sub-pixel values for the sub-pixels having co-ordinates with odd values of both K and L,
using a weighted sum of the values of sub-pixels having co-ordinates with K equal to an
even value and L equal to zero and the values of sub-pixels having corresponding co-
ordinates in immediately adjacent rectangular bounded regions when the value of a sub-
pixel having co-ordinates with K equal to an even value and L equal to an odd value is

also required.

56. (New) A method according to claim 50, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with even values of both K and L, used in interpolation of
sub-pixel values for the sub-pixels having co-ordinates with odd values of both K and L,
using a weighted sum of the values of sub-pixels having co-ordinates with K equal to
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zero and L equal to an even value and the values of sub-pixels having corresponding co-
ordinates in immediately adjacent rectangular bounded regions when the value of a sub-
pixel having co-ordinates with K equal to an odd value and L equal to an even value is

also required.

57. (New) A method according to claim 50, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with K equal to an odd value O and L equal to an even
value E, not including zero or 2V, by taking an average of the value of a first sub-pixel
having co-ordinates with K equal to the even value O - 1 and L equal to E and a second

sub-pixel having co-ordinates with K equal to the even value O + 1 and L equal to E.

58. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 1 and L equal to zero, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal to
zero, and a sub-pixel having co-ordinates with K equal to 2 and L equal to zero.

59. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to zero, by taking
an average of the value of a pixel having co-ordinates with K equal to 2" and L equal to
zero, and a sub-pixel having co-ordinates with K equal to 2" - 2 and L equal to zero.

60. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 1 and L equal to 2", by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal to
2N, and a sub-pixel having co-ordinates with K equal to 2 and L equal to 2",
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61. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to 2", by taking an
average of the value of a pixel having co-ordinates with K equal to 2" and L equal to 2",
and a sub-pixel having co-ordinates with K equal to 2" - 2 and L equal to N.

62. (New) A method according to claim 50, comprising interpolating sub-pixel values for
sub-pixels having co-ordinates with K equal to an even value E, not including zero or 2V,
and L equal to an odd value O, by taking an average of the value of a first sub-pixel
having co-ordinates with K equal to E and L equal to the even value O - 1 and a second
sub-pixel having co-ordinates with K equal to E and L equal to the even value O + 1.

63. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to zero and L equal to 1, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal to
zero, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2.

64. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 2" and L equal to 1, by taking an
average of the value of a pixel having co-ordinates with K equal to 2" and L equal to
zero, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2.

65. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 0 and L equal to 2" - 1, by taking an
average of the value of a pixel having co-ordinates with K equal to zero and L equal to
2N, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2" - 2.

Page 221 of 289



66. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for a sub-pixel having co-ordinates with K equal to 2" and L equal to 2" - 1, by taking an
average of the value of a pixel having co-ordinates with K equal to 2V and L equal to 2",
and a sub-pixel having co-ordinates with K equal to 2" and L equal to 2" - 2.

67. (New) A method according to claim 50, comprising interpolating a sub-pixel value
for the sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to 2" - 1, by
taking a weighted average of the values of the four corner pixels that define the

rectangular bounded region.

68. (New) A method according to claim 50, comprising selecting a value for N from a list

consisting of the values 2, 3, and 4.

69. (New) A method for quarter resolution sub-pixel value interpolation to determine
values for sub-pixels situated within a rectangular bounded region defined by four corner
pixels with no intermediate pixels between the corners, the pixels and sub-pixels being
arranged in rows and columns, the pixel and sub-pixel locations being representable
mathematically within the rectangular bounded region using the co-ordinate notation
K/4, L/4, K and L being positive integers having respective values between zero and 4,

the method comprising:

interpolating a sub-pixel value for a sub-pixel having co-ordinates with both K and L
equal to 1 or 3, according to a predetermined choice of a weighted average of the
value of a nearest-neighbouring pixel and the value of the sub-pixel situated at
co-ordinates 2/4, 2/4, and a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with both K and L equal to
zero, 2 or 4, situated within a quadrant of the rectangular bounded region defined
by corner pixels having co-ordinates 2/4, 2/4 and the nearest neighbouring pixel;
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interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to 2
and L equal zero and sub-pixels having co-ordinates with K equal to zero and L
equal to 2, used in the interpolation of the sub-pixels having co-ordinates with
both K and L equal to 1 or 3, using weighted sums of the values of pixels located

in rows and columns respectively; and

interpolating a sub-pixel value for the sub-pixel having co-ordinates with both K and
L equal to 2, used in the interpolation of sub-pixel values for the sub-pixels having
co-ordinates with both K and L equal to 1 or 3, using a predetermined choice of
either a weighted sum of the values of the sub-pixel having co-ordinates with K
equal to 2 and L equal to zero and the values of sub-pixels having corresponding
co-ordinates in immediately adjacent rectangular bounded regions, or a weighted
sum of the value of the sub-pixel having co-ordinates with K equal to zero and L
equal to 2 and the values of sub-pixels having corresponding co-ordinates in
immediately adjacent rectangular bounded regions.

70. (New) A method for eighth resolution sub-pixel value interpolation to determine
values for sub-pixels situated within a rectangular bounded region defined by four corner
pixels with no intermediate pixels between the corners, the pixels and sub-pixels being
arranged in rows and columns, the pixel and sub-pixel locations being representable
mathematically with the rectangular bounded region using the co-ordinate notation K/8,
L/8, K and L being positive integers having respective values between zero and 8, the

method comprising:

interpolating a sub-pixel value for a sub-pixel having co-ordinates with both K and L
equal to 1, 3, 5 or 7, according to a predetermined choice of a weighted average
of the value of a nearest-neighbouring pixel and the value of the sub-pixel
situated at co-ordinates 4/8, 4/8, and a weighted average of the values of a pair
of diagonally-opposed sub-pixels having co-ordinates with both K and L equal to
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71.

zero, 2, 4, 6 or 8, situated within a quadrant of the rectangular bounded region
defined by corner pixels having co-ordinates 4/8, 4/8 and the nearest

neighbouring pixel;

interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to 2, 4

or 6 and L equal zero and sub-pixels having co-ordinates with K equal to zero and
L equal to 2, 4 or 6, used in the interpolation of the sub-pixels having co-
ordinates with both K and L equal to 1, 3, 5 or 7, using weighted sums of the
values of pixels located in rows and columns respectively; and

interpolating sub-pixel values for sub-pixels having co-ordinates with both K and L

equal to 2, 4 or 6, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with both K and L equal to 1, 3, 5 or 7, using a
predetermined choice of either a weighted sum of the values of sub-pixels having
co-ordinates with K equal to 2, 4 or 6 and L equal to zero and the values of sub-
pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions or a weighted sum of the values of sub-pixels having co-
ordinates with K equal to zero and L equal to 2, 4 or 6 and the values of sub-
pixels having corresponding co-ordinates in immediately adjacent rectangular

bounded regions.

(New) An apparatus for sub-pixel value interpolation, the apparatus being

operable to determine values for sub-pixels situated within a rectangular bounded region

defined by four corner pixels with no intermediate pixels between the corners, the pixels

and sub-pixels being arranged in rows and columns, the pixel and sub-pixel locations

being representable mathematically within the rectanguiar bounded region using the co-
ordinate notation K/2", L/2%, K and L being positive integers having respective values
between zero and 2N, N being a positive integer greater than one and representing a

particular degree of sub-pixel value interpolation, the apparatus comprising:
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72.

circuitry operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates

with odd values of both K and L, according to a predetermined choice of a
weighted average of the value of a nearest-neighbouring pixel and the value of
the sub-pixel situated at co-ordinates 1/2, 1/2, and a weighted average of the
values of a pair of diagonally-opposed sub-pixels having co-ordinates with even
values of both K and L, including zero, situated within a quadrant of the
rectangular bounded region defined by corner pixels having co-ordinates 1/2, 1/2

and the nearest neighbouring pixel;

circuitry operable to interpolate sub-pixel values for sub-pixels having co-ordinates

with K equal to an even value and L equal zero and sub-pixels having co-
ordinates with K equal to zero and L equal to an even value, used in the
interpolation of the sub-pixels having co-ordinates with odd values of both K and
L, using weighted sums of the values of pixels located in rows and columns

respectively; and

circuitry operable to interpolate sub-pixel values for sub-pixels having co-ordinates

with even values of both K and L, used in the interpolation of sub-pixel values for
the sub-pixels having co-ordinates with odd values of both K and L, using a
predetermined choice of either a weighted sum of the values of sub-pixels having
co-ordinates with K equal to an even value and L equal to zero and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions, or a weighted sum of the values of sub-pixels having co-
ordinates with K equal to zero and L equal to an even value and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent bounded

rectangular regions.

(New) An apparatus according to claim 71, wherein the apparatus is operable to

use a first and a second weight in the weighted average chosen to interpolate the sub-
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pixel value for a sub-pixel having co-ordinates with odd values of both K and L, wherein
when the chosen weighted average is that involving the value of a nearest neighbouring
pixel and the value of the sub-pixel situated at co-ordinates 1/2, 1/2, the apparatus is
operable to select the relative magnitudes of the first and second weights to be inversely
proportional to the respective straight-line diagonal distances of the nearest-
neighbouring pixel and the sub-pixel situated at co-ordinates 1/2, 1/2 to the sub-pixel
having co-ordinates with odd values of both K and L whose value is being interpolated.

73.  (New) An apparatus according to claim 71, wherein the apparatus is operable to
use a first and a second weight in the weighted average chosen to interpolate the sub-
pixel value for a sub-pixel having co-ordinates with odd values of both K and L, wherein
when the chosen weighted average is that involving the values of a pair of diagonally-
opposed sub-pixels having co-ordinates with even values of both K and L, the apparatus
is operable to select the relative magnitudes of the first and second weights to be
inversely proportional to the respective straight-line diagonal distances of the sub-pixels
having co-ordinates with even values of both K and L to the sub-pixel having co-
ordinates with odd values of both K and L whose value is being interpolated.

74. (New) An apparatus according to claim 72, wherein the apparatus is operable to use
first and second weights with equal values when the nearest-neighbouring pixel and
second sub-pixel situated at co-ordinates 1/2, 1/2 are equidistant from the sub-pixel
having co-ordinates with odd values of both K and L whose value is being interpolated.

75. (New) An apparatus according to claim 72, wherein the apparatus is operable to use
first and second weights with equal values when the sub-pixels having co-ordinates with
even values of both K and L are equidistant from the sub-pixel having co-ordinates with
odd values of both K and L whose value is being interpolated.

11
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76. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate sub-pixel values for sub-pixels having co-ordinates with even values of both K
and L, used in interpolation of sub-pixel values for the sub-pixels having co-ordinates
with odd values of both K and L, using a weighted sum of the values of sub-pixels
having co-ordinates with K equal to an even value and L equal to zero and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions when the value of a sub-pixel having co-ordinates with K equal to an

even value and L equal to an odd value is also required.

77. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate sub-pixel values for sub-pixels having co-ordinates with even values of both K
and L, used in interpolation of sub-pixel values for the sub-pixels having co-ordinates
with odd values of both K and L, using a weighted sum of the values of sub-pixels
having co-ordinates with K equal to zero and L equal to an even value and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions when the value of a sub-pixel having co-ordinates with K equal to an
odd value and L equal to an even value is also required.

78. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate sub-pixel values for sub-pixels having co-ordinates with K equal to an odd
value O and L equal to an even value E, not including zero or 2", by taking an average
of the value of a first sub-pixel having co-ordinates with K equal to the even value O - 1
and L equal to E and a second sub-pixel having co-ordinates with K equal to the even

value O + 1 and L equal to E.

79. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 1 and L
equal to zero, by taking an average of the value of a pixel having co-ordinates with K

12
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equal to zero and L equal to zero, and a sub-pixel having co-ordinates with K equal to 2

and L equal to zero.

80. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" - 1
and L equal to zero, by taking an average of the value of a pixel having co-ordinates
with K equal to 2" and L equal to zero, and a sub-pixel having co-ordinates with K equal

to 2V - 2 and L equal to zero.

81. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 1 and L
equal to 2", by taking an average of the value of a pixel having co-ordinates with K
equal to zero and L equal to 2", and a sub-pixel having co-ordinates with K equal to 2

and L equal to 2V,

82. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" - 1
and L equal to 2, by taking an average of the value of a pixel having co-ordinates with
K equal to 2" and L equal to 2V, and a sub-pixel having co-ordinates with K equal to 2" -
2 and L equal to N.

83.  (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate sub-pixel values for sub-pixels having co-ordinates with K equal to an even
value E, not including zero or 2", and L equal to an odd value O, by taking an average of
the value of a first sub-pixel having co-ordinates with K equal to E and L equal to the
even value O - 1 and a second sub-pixel having co-ordinates with K equal to E and L

equal to the even value O + 1.

13
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84. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to zero and
L equal to 1, by taking an average of the value of a pixel having co-ordinates with K
equal to zero and L equal to zero, and a sub-pixel having co-ordinates with K equal to

zero and L equal to 2.

85. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" and L
equal to 1, by taking an average of the value of a pixel having co-ordinates with K equal
to 2V and L equal to zero, and a sub-pixel having co-ordinates with K equal to zero and L

equal to 2.

86. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 0 and L
equal to 2" - 1, by taking an average of the value of a pixel having co-ordinates with K
equal to zero and L equal to 2", and a sub-pixel having co-ordinates with K equal to zero

and L equal to 2" - 2.

87. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" and L
equal to 2" - 1, by taking an average of the value of a pixel having co-ordinates with K
equal to 2" and L equal to 2", and a sub-pixel having co-ordinates with K equal to 2"

and L equal to 2" - 2.

88. (New) An apparatus according to claim 71, wherein the apparatus is operable to
interpolate a sub-pixel value for the sub-pixel having co-ordinates with K equal to 2N - 1

14
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and L equal to 2" - 1, by taking a weighted average of the values of the four corner
pixels that define the rectangular bounded region.

89.  (New) An apparatus according to claim 71, wherein N is set equal to 2.

90. (New) An apparatus according to claim 71, wherein N is set equal to 3.

91. (New) A video encoder comprising an apparatus for sub-pixel value interpolation

according to claim 71.

92. (New) A still image encoder comprising an apparatus for sub-pixel value

interpolation according to claim 71.

93. (New) A video decoder comprising an apparatus for sub-pixel value interpolation

according to claim 71.

94. (New) A still image decoder comprising an apparatus for sub-pixel value interpolation

according to claim 71.

95. (New) A codec comprising a video encoder according to claim 72 and a video

decoder according to claim 73.

96. (New) A codec comprising a still image encoder according to claim 93 and a still

image decoder according to claim 45.

15
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97. (New) A communications terminal comprising a video encoder according to claim 72.

98. (New) A communications terminal comprising a still image encoder according to

claim 93.

99. (New) A communications terminal comprising a video decoder according to claim
73.

100. (New) A communications terminal comprising a still image decoder according to

claim 95.

16
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II. REMARKS

1. Claims 1 - 49 are cancelled without prejudice. Claims 50 — 100 are new.
2. Claims 50 — 100 should overcome the double patenting rejection.

It is respectfully submitted that all of the claims now present in the application are
clearly novel and patentable over the prior art of record, and are in proper form for
allowance.  Accordingly, favorable reconsideration and allowance is respectfully
requested. Should any unresolved issues remain, the Examiner is invited to call
Applicants’ attorney at the telephone number indicated below.

The Commissioner is hereby authorized to charge $1,550 for (31) extra claims and $200
for (1) extra dependent claim along with payment for any other fees associated with this
communication or credit any over payment to Deposit Account No. 16-1350.

espectfully submitted,

4 Moy 2000
U

Date

Reg. No. 44,004

PERMAN & GREEN, LLP
425 Post Road
Fairfield, CT 06824
(203) 259-1800
Customer No.: 2512
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request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.
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Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
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or Fax (571)-273-2885
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l APPLN, TYPE I SMALL ENTITY l ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE l DATE DUE |
nonprovisional NO $1400 $300 $0 $1700 08/15/2007
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Application No. Applicant(s)
] e 11/090,717 KARCZEWICZ ET AL.
Notice of Allowability Examiner Art Unit
Shawn S. An 2621

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. '

1. [ This communication is responsive to 5/7/07.
2. X] The allowed claim(s) is/are 50-100.

3. [0 Acknowledgment is made of a ctaim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).

a)[dJ Al b)[OJ Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No -
3. [T Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: ___
Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [J A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [[] CORRECTED DRAWINGS ( as “replacement sheets") must be submitted.
(a) [J including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date
(b) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ______

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. (J DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [J Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application
2. [J Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date

3. [ Information Disclosure Statements (PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date .
4. [] Examiner's Comment Regarding Requirement for Deposit 8. ) Examiner's Statement of Reasons for Allowance

of Biological Material

9. [ Other

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20070509
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Application/Control Number: 11/090,717 Page 2
Art Unit: 2621

EXAMINER’S AMENDMENT

1. An Examiner's amendment to the record appears below. Should the changes
and/or additions be unacceptable to Applicant, an amendment may be filed as provided
by 37 CFR 1.312. To eﬁsure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

IN THE CLAIMS:
A) Please amend claim 96 as follows:

96. (Currently Amended) A codec comprising a still image encoder according to
claim 93 and a still image decoder according to claim 45-94.

REMARKS:
Claim 96 has been amended as discussed above, as authorized by Applicant’s
attorney, Geza Ziegler, Jr. (44,004) on May 10, 2007.

2. Any inquiry concerning this communication or earlier communications from the
Examiner should be directed to Shawn S. An whose telephone number is 571-272-7324.

I e
.‘/
N

SHAWN AN
PRIMARY EXAMINER

5/10/07
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Application/Control NumberE 11/090,717 Page 3

Art Unit: 2621
Reasons for Allowance
Response to Amendment
1. As per Applicant’s instruction as filed on 5/07/07, claims 1-49 have been

canceled, and claims 50-100 have been newly added.

Statement of Reasons for Allowance
2. Claims 50-100 are allowed as having incorporated the similar novel features as
the parent patent (# 6950469) independent claims.

The prior art of record fails to anticipate or make obvious the novel features as
specified in claims 50 and 69-71.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled "Comments on
Statement of Reasons for Allowance."

Conclusion
3. Any inquiry concerning this communication or earlier communications from the
Examiner should be directed to Shawn S. An whose telephone number is 571-272-7324.

4. Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Publié PAIR.
Status information for-unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the EIecfronic
Business Center (EBC) at 866-217-9197 (toll-free).
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Application/Control Number: 11/090,717 Page 4
Art Unit: 2621 -

5. The fax phone number for the organization where this application or proceeding
is assigned is 703-872-9306.

Ak
o a
£ GHAWN AN
PRIMARY EXAMINER

5/10/07
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/4[0 9, 707

Figure 13a shows a notation for describing pixel and sub-pixel
locations specific to TML6; '
Figure 13b shows interpolation of a half resolution sub-pixels;
Figure 13c shows interpolation of a half resolution sub-pixels;
{. Figure‘lkbshows a notation for describing pixel and sub-pixel
ggb@“ locations specific to the invention;
Figure 1l4b shows interpolation of -a half resolution sub-pixels
according to the invention;
Figure 1l4c shows interpolation of a half resolution sub—pixeis
according to the invention;
Figure 15 shows possible choices of diagonal interpolation for
sub-pixels;
Figurg 16 shows the half resolution sub-pixel values required to
calculate other half resolution sub-pixel values; A
Figure 17a shows the half resolution sub-pixel wvalues that must
bé calculated in order to interpolate values for quarter
resolution sub-pixels in an image block using the intérpolation
method of TML5; |
Figure 17b shows the half resolution sub-pixel values that must
be calculated in order to interpolate wvalues for quarter
resolution sub-pixels in an image block using the interpolation
method according to the invention; .
Figures 18a shows the numbers of half resolution sub-pixels that
must be calculated in order to obtain wvalues for quarter
resolution sub-pixels within an image block using the sub-pikel
value interpolation method according to TMLS; ' ‘ 4
Figure 18b shows the numbers of half resolution sub-pixels that
must be calculated in order to obtain wvalues for quarter
resolution sub-pixels within an image block using the sub-pixel
value interpolation method according to the invention;
Figure 19 shows a numbering scheme for each of the 15 sub-pixel

positions;
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II.

CLAIM AMENDMENTS

1-49 (Cancelled)

50. (Previously Presented) A method for sub-pixel value interpolation to determine
values for sub-pixels situated within a rectangular bounded region defined by four corner
pixels with no intermediate pixels between the corners, the pixels and sub-pixels being
arranged in rows and columns, the pixel and sub-pixel locations being representable
mathematically within the rectangular bounded region using the co-ordinate notation
K/2N, L/2Y, K and L being positive integers having respective values between zero and

2", N being a positive integer greater than one and representing a particular degree of

sub-pixel value interpolation, the method comprising:
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interpolating a sub-pixel value for a sub-pixel having co-ordinates with odd values of

both K and L, according to a predetermined choice of a weighted average of the
value of a nearest-neighbouring pixel and the value of the sub-pixel situated at
co-ordinates 1/2, 1/2, and a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with even values of both K and
L, including zero, situated within a quadrant of the rectangular bounded region
defined by corner pixels having co-ordinates 1/2, 1/2 and the nearest

neighbouring pixel;

interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to an

even value and L equal zero and sub-pixels having co-ordinates with K equal to
zero and L equal to an even value, used in the interpolation of the sub-pixels
having co-ordinates with odd values of both K and L, using weighted sums of the

values of pixels located in rows and columns respectively; and



interpolating sub-pixel values for sub-pixels having co-ordinates with even values of
both K and L, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with odd values of both K and L, using a predetermined
choice of either a weighted sum of the values of sub-pixels having co-ordinates
with K equal to an even value and L equal to zero and the values of sub-pixels
having corresponding co-ordinates in immediately adjacent rectangular bounded
regions, or a weighted sum of the values of sub-pixels having co-ordinates with K
equal to zero and L equal to an even value and the values of sub-pixels having
corresponding co-ordinates in immediately adjacent bounded rectangular regions.

51.  (Previously Presented) A method according to claim 50, comprising using a first
and a second weight in the weighted average chosen to interpolate the sub-pixel value
for a sub-pixel having co-ordinates with odd values of both K and L, wherein when the
chosen weighted average is that involving the value of a nearest neighbouring pixel and
the value of the sub-pixel situated at co-ordinates 1/2, 1/2, selecting the relative
magnitudes of the first and second weights to be inversely proportional to the respective
straight-line diagonal distances of the nearest-neighbouring pixel and the sub-pixel
situated at co-ordinates 1/2, 1/2 to the sub-pixel having co-ordinates with odd values of

both K and L whose value is being interpolated.

52.  (Previously Presented) A method according to claim 50, comprising using a first
and a second weight in the weighted average chosen to interpolate the sub-pixel value
for a sub-pixel having co-ordinates with odd values of both K and L, wherein when the
chosen weighted average is that involving the values of a pair of diagonally-opposed
sub-pixels having co-ordinates with even values of both K and L, selecting the relative
magnitudes of the first and second weights to be inversely proportional to the respective
straight-line diagonal distances of the sub-pixels having co-ordinates with even values of
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both K and L to the sub-pixel having co-ordinates with odd values of both K and L whose

value is being interpolated.

53. (Currently Amended) A method according to claim 51, comprising using first and
second weights with equal values when the nearest-neighbouring pixel and seeend sub-
pixel situated at co-ordinates 1/2, 1/2 are equidistant from the sub-pixel having co-
ordinates with odd values of both K and L whose value is being interpolated.

54. (Previously Presented) A method according to claim 52, comprising using first and
second weights with equal values when the sub-pixels having co-ordinates with even
values of both K and L are equidistant from the sub-pixel having co-ordinates with odd

values of both K and L whose value is being interpolated.

55. (Previously Presented) A method according to claim 50, comprising interpolating
sub-pixel values for sub-pixels having co-ordinates with even values of both K and L,
used in interpolation of sub-pixel values for the sub-pixels having co-ordinates with odd
values of both K and L, using a weighted sum of the values of sub-pixels having co-
ordinates with K equal to an even value and L equal to zero and the values of sub-pixels
having corresponding co-ordinates in immediately adjacent rectangular bounded regions
when the value of a sub-pixel having co-ordinates with K equal to an even value and L

equal to an odd value is also required.

56. (Previously Presented) A method according to claim 50, comprising interpolating
sub-pixel values for sub-pixels having co-ordinates with even values of both K and L,
used in interpolation of sub-pixel values for the sub-pixels having co-ordinates with odd
values of both K and L, using a weighted sum of the values of sub-pixels having co-
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ordinates with K equal to zero and L equal to an even value and the values of sub-pixels
having corresponding co-ordinates in immediately adjacent rectangular bounded regions
when the value of a sub-pixel having co-ordinates with K equal to an odd value and L

equal to an even value is also required.

57. (Previously Presented) A method according to claim 50, comprising interpolating
sub-pixel values for sub-pixels having co-ordinates with K equal to an odd value O and L
equal to an even value E, not including zero or 2V, by taking an average of the value of a
first sub-pixel having co-ordinates with K equal to the even value O - 1 and L equal to E
and a second sub-pixel having co-ordinates with K equal to the even value O + 1 and L

equal to E.

58.  (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 1 and L equal to zero,
by taking an average of the value of a pixel having co-ordinates with K equal to zero and
L equal to zero, and a sub-pixel having co-ordinates with K equal to 2 and L equal to

Zero.

59.  (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to
zero, by taking an average of the value of a pixel having co-ordinates with K equal to 2V
and L equal to zero, and a sub-pixel having co-ordinates with K equal to 2V - 2 and L

equal to zero.

60.  (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 1 and L equal to 2V,
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by taking an average of the value of a pixel having co-ordinates with K equal to zero and
L equal to 2V, and a sub-pixel having co-ordinates with K equal to 2 and L equal to 2",

61.  (Currently Amended) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" - 1 and L equal to
2V, by taking an average of the value of a pixel having co-ordinates with K equal to 2"
and L equal to 2", and a sub-pixel having co-ordinates with K equal to 2" - 2 and L equal
to N 2N,

62. (Previously Presented) A method according to claim 50, comprising interpolating
sub-pixel values for sub-pixels having co-ordinates with K equal to an even value E, not
including zero or 2V, and L equal to an odd value O, by taking an average of the value of
a first sub-pixel having co-ordinates with K equal to E and L equal to the even value O -
1 and a second sub-pixel having co-ordinates with K equal to E and L equal to the even

value O + 1.

63. (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to zero and L equal to 1,
by taking an average of the value of a pixel having co-ordinates with K equal to zero and
L equal to zero, and a sub-pixel having co-ordinates with K equal to zero and L equal to
2.

64. (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" and L equal to 1,
by taking an average of the value of a pixel having co-ordinates with K equal to 2" and L
equal to zero, and a sub-pixel having co-ordinates with K equal to zero and L equal to 2.
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65.  (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 0 and L equal to 2" -
1, by taking an average of the value of a pixel having co-ordinates with K equal to zero
and L equal to 2", and a sub-pixel having co-ordinates with K equal to zero and L equal
to 2V - 2.

66. (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for a sub-pixel having co-ordinates with K equal to 2" and L equal to 2" -
1, by taking an average of the value of a pixel having co-ordinates with K equal to 2N
and L equal to 2", and a sub-pixel having co-ordinates with K equal to 2" and L equal to
V-2,

67. (Previously Presented) A method according to claim 50, comprising interpolating a
sub-pixel value for the sub-pixel having co-ordinates with K equal to 2" - 1 and L equal
to 2" - 1, by taking a weighted average of the values of the four corner pixels that

define the rectangular bounded region.

68. (Previously Presented) A method according to claim 50, comprising selecting a value

for N from a list consisting of the values 2, 3, and 4.

69. (Previously Presented) A method for quarter resolution sub-pixel value interpolation
to determine values for sub-pixels situated within a rectangular bounded region defined
by four corner pixels with no intermediate pixels between the corners, the pixels and
sub-pixels being arranged in rows and columns, the pixel and sub-pixel locations being
representable mathematically within the rectangular bounded region using the co-
ordinate notation K/4, L/4, K and L being positive integers having respective values

between zero and 4, the method comprising:
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interpolating a sub-pixel value for a sub-pixel having co-ordinates with both K and L

equal to 1 or 3, according to a predetermined choice of a weighted average of the
value of a nearest-neighbouring pixel and the value of the sub-pixel situated at
co-ordinates 2/4, 2/4, and a weighted average of the values of a pair of
diagonally-opposed sub-pixels having co-ordinates with both K and L equal to
zero, 2 or 4, situated within a quadrant of the rectangular bounded region defined
by corner pixels having co-ordinates 2/4, 2/4 and the nearest neighbouring pixel;

interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to 2

and L equal zero and sub-pixels having co-ordinates with K equal to zero and L
equal to 2, used in the interpolation of the sub-pixels having co-ordinates with
both K and L equal to 1 or 3, using weighted sums of the values of pixels located

in rows and columns respectively; and

interpolating a sub-pixel value for the sub-pixel having co-ordinates with both K and

L equal to 2, used in the interpolation of sub-pixel values for the sub-pixels having
co-ordinates with both K and L equal to 1 or 3, using a predetermined choice of
either a weighted sum of the values of the sub-pixel having co-ordinates with K
equal to 2 and L equal to zero and the values of sub-pixels having corresponding
co-ordinates in immediately adjacent rectangular bounded regions, or a weighted
sum of the value of the sub-pixel having co-ordinates with K equal to zero and L
equal to 2 and the values of sub-pixels having corresponding co-ordinates in

immediately adjacent rectangular bounded regions.

70. (Previously Presented) A method for eighth resolution sub-pixel value interpolation to

determine values for sub-pixels situated within a rectangular bounded region defined by

four corner pixels with no intermediate pixels between the corners, the pixels and sub-

pixels being arranged in rows and columns, the pixel and sub-pixel locations being
representable mathematically with the rectangular bounded region using the co-ordinate
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notation K/8, L/8, K and L being positive integers having respective values between zero

and 8, the method comprising:
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interpolating a sub-pixel value for a sub-pixel having co-ordinates with both K and L

equal to 1, 3, 5 or 7, according to a predetermined choice of a weighted average
of the value of a nearest-neighbouring pixel and the value of the sub-pixel
situated at co-ordinates 4/8, 4/8, and a weighted average of the values of a pair
of diagonally-opposed sub-pixels having co-ordinates with both K and L equal to
zero, 2, 4, 6 or 8, situated within a quadrant of the rectangular bounded region
defined by corner pixels having co-ordinates 4/8, 4/8 and the nearest

neighbouring pixel;

interpolating sub-pixel values for sub-pixels having co-ordinates with K equal to 2, 4

or 6 and L equal zero and sub-pixels having co-ordinates with K equal to zero and
L equal to 2, 4 or 6, used in the interpolation of the sub-pixels having co-
ordinates with both K and L equal to 1, 3, 5 or 7, using weighted sums of the
values of pixels located in rows and columns respectively; and

interpolating sub-pixel values for sub-pixels having co-ordinates with both K and L

equal to 2, 4 or 6, used in the interpolation of sub-pixel values for the sub-pixels
having co-ordinates with both K and L equal to 1, 3, 5 or 7, using a
predetermined choice of either a weighted sum of the values of sub-pixels having
co-ordinates with K equal to 2, 4 or 6 and L equal to zero and the values of sub-
pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions or a weighted sum of the values of sub-pixels having co-
ordinates with K equal to zero and L equal to 2, 4 or 6 and the values of sub-
pixels having corresponding co-ordinates in immediately adjacent rectangular

bounded regions.



71.

(Previously Presented) An apparatus for sub-pixel value interpolation, the

apparatus being operable to determine values for sub-pixels situated within a
rectangular bounded region defined by four corner pixels with no intermediate pixels
between the corners, the pixels and sub-pixels being arranged in rows and columns, the

pixel and sub-pixel locations being representable mathematically within the rectangular
bounded region using the co-ordinate notation K/2V, L/2¥, K and L being positive
integers having respective values between zero and 2V, N being a positive integer

greater than one and representing a particular degree of sub-pixel vaiue interpolation,

the apparatus comprising:
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circuitry operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates
with odd values of both K and L, according to a predetermined choice of a
weighted average of the value of a nearest-neighbouring pixel and the value of
the sub-pixel situated at co-ordinates 1/2, 1/2, and a weighted average of the
values of a pair of diagonally-opposed sub-pixels having co-ordinates with even
values of both K and L, including zero, situated within a quadrant of the
rectangular bounded region defined by corner pixels having co-ordinates 1/2, 1/2

and the nearest neighbouring pixel;

circuitry operable to interpolate sub-pixel values for sub-pixels having co-ordinates
with K equal to an even value and L equal zero and sub-pixels having co-
ordinates with K equal to zero and L equal to an even value, used in the
interpolation of the sub-pixels having co-ordinates with odd values of both K and
L, using weighted sums of the values of pixels located in rows and columns

respectively; and

circuitry operable to interpolate sub-pixel values for sub-pixels having co-ordinates
with even values of both K and L, used in the interpolation of sub-pixel values for
the sub-pixels having co-ordinates with odd values of both K and L, using a
predetermined choice of either a weighted sum of the values of sub-pixels having

10



co-ordinates with K equal to an even value and L equal to zero and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent rectangular
bounded regions, or a weighted sum of the values of sub-pixels having co-
ordinates with K equal to zero and L equal to an even value and the values of
sub-pixels having corresponding co-ordinates in immediately adjacent bounded

rectanguiar regions.

72.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to use a first and a second weight in the weighted average chosen to
interpolate the sub-pixel value for a sub-pixel having co-ordinates with odd values of
both K and L, wherein when the chosen weighted average is that involving the value of
a nearest neighbouring pixel and the value of the sub-pixel situated at co-ordinates 1/2,
1/2, the apparatus is operable to select the relative magnitudes of the first and second
weights to be inversely proportional to the respective straight-line diagonal distances of
the nearest-neighbouring pixel and the sub-pixel situated at co-ordinates 1/2, 1/2 to the
sub-pixel having co-ordinates with odd values of both K and L whose value is being

interpolated.

73.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to use a first and a second weight in the weighted average chosen to
interpolate the sub-pixel value for a Sub-pixel having co-ordinates with odd values of
both K and L, wherein when the chosen weighted average is that involving the values of
a pair of diagonally-opposed sub-pixels having co-ordinates with even values of both K
and L, the apparatus is operable to select the relative magnitudes of the first and second
weights to be inversely proportional to the respective straight-line diagonal distances of
the sub-pixels having co-ordinates with even values of both K and L to the sub-pixel
having co-ordinates with odd values of both K and L whose value is being interpolated.

11
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74. (Currently Amended) An apparatus according to claim 72, wherein the apparatus is
operable to use first and second weights with equal values when the nearest-
neighbouring pixel and seeend sub-pixel situated at co-ordinates 1/2, 1/2 are equidistant
from the sub-pixel having co-ordinates with odd values of both K and L whose value is

being interpolated.

75. (Previously Presented) An apparatus according to claim 72, wherein the apparatus is
operable to use first and second weights with equal values when the sub-pixels having
co-ordinates with even values of both K and L are equidistant from the sub-pixel having
co-ordinates with odd values of both K and L whose value is being interpolated.

76. (Previously Presented) An apparatus according to claim 71, wherein the apparatus is
operable to interpolate sub-pixel values for sub-pixels having co-ordinates with even
values of both K and L, used in interpolation of sub-pixel values for the sub-pixels having
co-ordinates with odd values of both K and L, using a weighted sum of the values of
sub-pixels having co-ordinates with K equal to an even value and L equal to zero and the
values of sub-pixels having corresponding co-ordinates in immediately adjacent
rectangular bounded regions when the value of a sub-pixel having co-ordinates with K

equal to an even value and L equal to an odd value is also required.

77. (Previously Presented) An apparatus according to claim 71, wherein the apparatus is
operable to interpolate sub-pixel values for sub-pixels having co-ordinates with even
values of both K and L, used in interpolation of sub-pixel values for the sub-pixels having
co-ordinates with odd values of both K and L, using a weighted sum of the values of
sub-pixels having co-ordinates with K equal to zero and L equal to an even value and the
values of sub-pixels having corresponding co-ordinates in immediately adjacent
rectangular bounded regions when the value of a sub-pixel having co-ordinates with K
equal to an odd value and L equal to an even value is also required.

12
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78. (Previously Presented) An apparatus according to claim 71, wherein the apparatus is
operable to interpolate sub-pixel values for sub-pixels having co-ordinates with K equal
to an odd value O and L equal to an even value E, not including zero or 2V, by taking an
average of the value of a first sub-pixel having co-ordinates with K equal to the even
value O - 1 and L equal to E and a second sub-pixel having co-ordinates with K equal to

the even value O + 1 and L equal to E.

79.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 1 and L equal to zero, by taking an average of the value of a pixel having co-
ordinates with K equal to zero and L equal to zero, and a sub-pixel having co-ordinates

with K equal to 2 and L equal to zero.

80.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 2" - 1 and L equal to zero, by taking an average of the value of a pixel having
co-ordinates with K equal to 2V and L equal to zero, and a sub-pixel having co-ordinates

with K equal to 2" - 2 and L equal to zero.

81.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 1 and L equal to 2", by taking an average of the value of a pixel having co-
ordinates with K equal to zero and L equal to 2", and a sub-pixel having co-ordinates

with K equal to 2 and L equal to 2".

82. (Currently Amended) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K

13
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equal to 2" - 1 and L equal to 2V, by taking an average of the value of a pixel having co-
ordinates with K equal to 2" and L equal to 2", and a sub-pixel having co-ordinates with
K equal to 2V - 2 and L equal to N.2".

83.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate sub-pixel values for sub-pixels having co-ordinates with K
equal to an even value E, not including zero or 2", and L equal to an odd value O, by
taking an average of the value of a first sub-pixel having co-ordinates with K equal to E
and L equal to the even value O - 1 and a second sub-pixel having co-ordinates with K

equal to E and L equal to the even value O + 1.

84.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to zero and L equal to 1, by taking an average of the value of a pixel having co-
ordinates with K equal to zero and L equal to zero, and a sub-pixel having co-ordinates

with K equal to zero and L equal to 2.

85.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 2" and L equal to 1, by taking an average of the value of a pixel having co-
ordinates with K equal to 2" and L equal to zero, and a sub-pixel having co-ordinates

with K equal to zero and L equal to 2.

86.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 0 and L equal to 2" - 1, by taking an average of the value of a pixel having co-
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ordinates with K equal to zero and L equal to 2", and a sub-pixel having co-ordinates

with K equal to zero and L equal to 2V - 2.

87.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for a sub-pixel having co-ordinates with K
equal to 2" and L equal to 2" - 1, by taking an average of the value of a pixel having co-
ordinates with K equal to 2" and L equal to 2", and a sub-pixel having co-ordinates with

K equal to 2V and L equal to 2" - 2.

88.  (Previously Presented) An apparatus according to claim 71, wherein the apparatus
is operable to interpolate a sub-pixel value for the sub-pixel having co-ordinates with K
equal to 2V - 1 and L equal to 2" - 1, by taking a weighted average of the values of the

four corner pixels that define the rectangular bounded region.

89.  (Previously Presented) An apparatus according to claim 71, wherein N is set equal

to 2.

90.  (Previously Presented) An apparatus according to claim 71, wherein N is set equal
to 3.

91.  (Previously Presented) A video encoder comprising an apparatus for sub-pixel

value interpolation according to claim 71.

92.  (Previously Presented) A still image encoder comprising an apparatus for sub-

pixel value interpolation according to claim 71.
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93. (Previously Presented) A video decoder comprising an apparatus for sub-pixel value

interpolation according to claim 71.

94. (Previously Presented) A still image decoder comprising an apparatus for sub-pixel

value interpolation according to claim 71.

95.  (Currently Amended) A codec comprising a video encoder according to claim 72

91 and a video decoder according to claim 73.93.

96.  (Currently Amended) A codec comprising a still image encoder according to claim
93 92 and a still image decoder according to claim 94. l

97. (Currently Amended) A communications terminal comprising a video encoder

according to claim-72.91. '

98.  (Currently Amended) A communications terminal comprising a still image encoder
according to claim 93.92. ‘

99. (Currently Amended) A communications terminal comprising a video decoder

according to claim 73.93. '

100. (Currently Amended) A communications terminal comprising a still image decoder

according to claim 95_94. l
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III. REMARKS

1. Claims 53, 61, 74 and 82 are amended to correct antecedent basis and
grammatical errors.

In claims 53 and 74 there is no antecedent basis for “second” sub-pixel.
In claims 61 and 82 “N” should be “2"",
Claims 95-100 are amended to reflect the proper claim dependencies.

These amendments are needed for proper protection of the claimed subject matter and
require no substantial amount of additional work on the part of the United States Patent

and Trademark Office.

No matter is being introduced in the claims.

The Commissioner is hereby authorized to charge for payment of any fees associated
with this communication or credit any over payment to Deposit Account No. 16-1350.

Respectfully submitted,
(50wt Q]

Geza C. Ziegler, Ir. Date
Reg. No. 44,004

PERMAN & GREEN, LLP
425 Post Road
Fairfield, CT 06824
(203) 259-1800
Customer No.: 2512
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CERTIFICATE OF ELECTRONIC FILING

I hereby certify that this correspondence is being transmitted electronically on the date
indicated below addressed to the Mail Stop ISSUE FEE, Commissioner of Patents, P.O.
Box 1450, Alexandria, VA 22313-1450.

Date: 1.5 Uy, %g;ﬂi 3007 Signature: %mmnﬁ‘(xm@

Shannon D’Amico
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o PATENT
titioner’s Docket No. 982-010567-US (C01)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

>Patent Number: US 7,280,599 B2

Ceriifi

Issued: October 9, 2007 mcate
Name of Patentee: Karczewicz et al. NOV g 9 2007
Title: METHOD FOR SUB-PIXEL VALUE INTERPOLATIONOf Correction

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

LETTER CALLING ATTENTION TO ERROR IN PATENT

It is respectfully requested that this letter, calling attention to the following error(s) in this patent,
be made of record in the patent file:

In column 46, line 39, in claim 3, delete “second” and insert --and--, therefor.
In column 47, line 47, in claim 12, delete “2y” and insert —2" --, therefor.
In column 51, line 44, in claim 34, delete “zero” and insert --2". --, therefor.

In column 45, lines 57-58, in claim 1, delete “L equal zero” and insert —L_ equal to zero--,
therefor.

In column 48, line 43, in claim 20, delete “L equal zero” and insert —L equal to zero--, therefor.
In column 49, line 18, in claim 21, delete “L equal zero” énd insert —L equal to zero--, therefor.
In column 49, line 64, in claim 22, delete “L equal zero” and insert —L equal to zero--, therefor.
in column 50, line 56, in claim 27, delete “claim 23" and insert —claim 44--, therefor.

In column 50, line 58, in claim 22, delete “claim 26" and insert —claim 46--, therefor.
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Reg. No. 44,004 Geza C. Ziegler, Jr.

(type or print name of practitioner)

Tel. No. (203) 259-1800 PERMAN & GREEN, LLP
P.O. Address

Customer No.: 2512 425 Post Road, Fairfield, CT 06824

NOTE: Letters which merely call attention to errors in patents, with a request that the letter be made of record in the patented
file, will not be acknowledged” MPEP § 1480.

(Letter Calling Attention to Error in Patent [14-4)



Practitioners Docket No. 982-010567-US (PAR) PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Number: 7,280,599 B2

Issued: October 09, 2007

Name of Patentee: Karczewicz et al.

Title of Invention: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

ATTENTION: Decision and Certificate of Correction
Branch of the Patent Issue Division

REQUEST FOR CERTIFICATE OF CORRECTION OF PATENT
FOR PTO MISTAKE (37 C.F.R. 1.322(a))

1. Attached, is Form PTO-1050.
2. The exact page and line number where the errors are shown correctly in the application file

are:

All errors are shown correctly in the Amendment under 37 CFR 1.312 that was filed on

August 15, 2007. The respective claim and line numbers are as follows:

Page 4, in claim 53, line 2.

Page 6, in claim 61, line 5.

Page 13, in claim 81, line 5.

Page 16, in claim 97, line 2.

Page 16, in claim 99, line 2.

3. Please send the Certificate to:
Name:  Geza C. Ziegler, Jr.

Address: Customer No. 2512
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Signature of assignee or person authorized to sign on behalf of assignee

Geza C. Ziegler, Jr.
(type or print name of authorized person signing)

Attorney of Record
Title of authorized person signing
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Patent No.: 7,280,599 B2
Application No.: 11/090,717
Issue Date: 10/09/2007

inventor(s): Karczewicz et al.

It is certified that an error or errors appear in the above-identified patent and that said Letters
Patent is hereby corrected as shown below:

In column 486, line 39, in claim 3, delete “second” and insert --and--, therefor.
In column 47, line 47, in claim 12, delete “2y" and insert --2N--, therefor.

In column 51, line 44, in claim 34, delete “zero” and insert --2N--, therefor.

In column 50, line 26, in claim 27, delete “23” and insert --44--, therefor.

In column 50, line 28, in claim 28, delete “26” and insert --46--, therefor.

MAILING ADDRESS OF SENDER (Please do not use customer number below):
Perman & Green, LLP

425 Post Road
Fairfield, CT 06824
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Marta Karczewicz

Correspondence Address:

Perman & Green

425 Post Road

Fairfield cT

us 2032591800

06430-6232

Filer:

GEZA CZIEGLER JR/Fran Snow

Filer Authorized By:

GEZA CZIEGLER JR

Attorney Docket Number:

442-010567-US (C01)

Receipt Date: 09-FEB-2009
Filing Date: 25-MAR-2005
Time Stamp: 13:17:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment
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File Listing:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT
Practitioner’s Docket No. 982-010567-US (C01)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Number: US 7,280,599 B2
Issued: Qctober 9, 2007

Name of Patentee: Karczewicz et al.
Title: METHOD FOR SUB-PIXEL VALUE INTERPOLATION

Commissioner of Patents
P.O. Box 1450
Alexandria, VA 22313-1450

LETTER CALLING ATTENTION TO ERROR IN PATENT

It is respectfully requested that this letter, calling attention to the following error(s) in this patent,
be made of record in the patent file:

In Column 46, line 22, in claim 1, delete “bounded rectangular” and insert --rectangular
bounded--, therefor.

In Column 48, line 3, in claim 16, delete “0” and insert --zero--, therefor.
In Column 49, line 2, in claim 21, delete “with “ and insert --within--, therefor.

In Column 50, line 16, in claim 22, delete “bounded rectangular” and insert --rectangular
bounded--, therefor.

In Column 50, line 36, in claim 25, delete “23" and insert --26--, therefor.

in Column Column 52, line 17, in claim 39, delete “0" and insert --zero--, therefor.

Reg. No. 44,004 Geza C. Ziegler, Jr.
(type or print name of practitioner)
Tel. No. (203) 259-1800 PERMAN & GREEN, LLP
P.O. Address
Customer No.:2512 425 Post Road, Fairfield, CT 06824

NOTE: Letters which merely call attention to errors in patents, with a request that the letter be made of record in the patented
file, will not be acknowledged” MPEP § 1480.

(Letter Calling Attention to Error in Patent [14-4)
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SUBJECT . Request for Certificate of Correction for Appl. No.: //ﬂ@//7 Patent No.: ZZ (/_lég E ﬁ%

Please respond to this request for a certificate-of correction’ wuthm 7-days: T m o
FOR IFW FILES: |

Please review the requested changes/corrections. as_shown inthe. COCIN document(s).in..
the IFW application image. No new matter should be mtroduced nor should the scope or
meaning of the claims be changed ‘

Please complete the resp,onsel(see below) and forward the cempleted response to scanning-
using document code COCX. -

FOR PAPER FILES:

Please review the requested changes/corrections as shown in the attached certificate of
correction. Please complete this form (see below) and forward it with the file to:

Certificates of Correction Branch (CofC)
South Tower - 9A22
Palm Location 7580

Certlflcates of Correction Branch

703-308- 9390 ext. 113

__Thank You For Your Assistance =~~~
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U Approved _ All changes apply.

0 A!p_proved in Part v Specify below which changes do not apply. -
U Denied ' State the reasons for denial.below.
Comments:
SPE Art Unit
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 7,280,599 B2 Page 1 of 1
APPLICATION NO. : 11/090717

DATED : October 9, 2007

INVENTOR(S) : Karczewicz et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

In column 46, line 39, in claim 3, delete “second” and insert --and--, therefor.
In column 47, line 47, in claim 12, delete “2y” and insert --2~--, therefor.

In column 51, line 44, in claim 34, delete “zero” and insert --2~--, therefor.
In column 50, line 56, in claim 27, delete “23” and insert --44--, therefor.

In column 50, line 58, in claim 28, delete “26” and insert --46--, therefor.

Signed and Sealed this

Fourteenth Day of July, 2009

A Q.28

JOHN DOLL
Acting Director of the United States Patent and Trademark Office
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filed in the U.S. District Court ' Eastern District of North Carolina on the following

[0 Trademarks or A Patents. ( [ the patent action involves 35 U.S.C. § 292.%:

DOCKET NO. DATE FILED U.S, DISTRICT COURT ‘
5:19-CV-427-BO 9/25/2019 Eastern District of North Carclina
PLAINTIFF DEFENDANT
Nokia Technologies Oy Lencvo (Shanghai) Electronics Technology Co., Ltd. et al
PATENT OR DATE OF PATENT
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17,533, ¥0¢
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43, /¢, 16 Y

9,300, 59/

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT
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PETER A. MOORE, JR. 9/26/2019
Morinbabl Lpet

Copy 1—Upon initiation of action, mail this copy to Director Copy 3—Upon termination of action, mail this copy to Director
Copy 2—Upon filing decument adding patent(s), mail this copy to Director Copy 4—Case file copy

Case 5:19-cv-00427-BO Document 6 Filed 09/26/19 Page 1 of 1
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