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METHOD FOR SUB-PIXEL VALUE INTERPOLATION

The present invention relates to a method for sub-pixel value interpolation in
the encoding and decoding of data. It relates particularly, but not

5 exclusively, to encoding and decoding of digital video.

Background of the invention

Digital video sequences, like ordinary motion pictures recorded on film,
10 comprise a sequence of still images, the illusion of motion being created by
displaying the images one after the other at a relatively fast frame rate,
typically 15 to 30 frames per second. Because of the relatively fast frame
rate, images in consecutive frames tend to be quite similar and thus contain
a considerable amount of redundant information. For example, a typical
15 scene may comprise some stationary elements, such as background
scenery, and some moving areas, which may take many different forms, for
example the face of a newsreader, moving traffic and so on. Alternatively,

the camera recording the scene may itself be moving, in which case all

elements of the image have the same kind of motion. In many cases, this

20  means that the overall change between one video frame and the next is
| rather small. Of course, this depends on the nature of the movement. For
example, the faster the movement, the greater the change from one frame

to the next. Similarly, if a scene contains a number of moving elements, the
change from one frame to the next is likely to be greater than in a scene

25  where only one element is moving.

It should be appreciated that each frame of a raw, that is uncompressed,
digital video sequence comprises a very large amount of image information.
Each frame of an uncompressed digital video sequence is formed from an
30 array of image pixels. For example, in a commonly used digital video format,

known as the Quarter Common Interchange Format (QCIF), a frame
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comprises an array of 176 x 144 pixels, in which case each frame has
25,344 pixels. In turn, each pixel is represented by a certain number of bits,
which carry information about the luminance and/or colour content of the
region of the image corresponding to the pixel. Commonly, a so-called YUV
colour model is used to represent the luminance and chrominance content
of the image. The luminance, or Y, component represents the intensity
(brightness) of the image, while the colour content of the image is

represented by two chrominance components, labelled U and V.

Colour models based on a luminance/chrominance representation of image
content provide certain advantages compared with colour models that are
based on a representation involving primary colours (that is Red, Green and
Blue, RGB). The human visual system is more sensitive to intensity
variations than it is to colour variations; YUV colour models exploit this
property by using a lower spatial resolution for the chrominance
components (U, V) than for the luminance component (Y). In this way the
amount of information needed to code the colour information in an image

can be reduced with an acceptable reduction in image quality.

The lower spatial resolution of the chrominance components is usually
attained by sub-sampling. Typically, a block of 16x16 image pixels is
represented by one block of 16x16 pixels comprising luminance information
and the corresponding chrominance components are each represented by
one block of 8x8 pixels representing an area of the image equivalent to that
of the 16x16 pixels of the luminance component. The chrominance
components are thus spatially sub-sampled by a factor of 2 in the x and y
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 macrobiock, for short.
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A QCIF image comprises 11x9 macroblocks. If the luminance blocks and
chrominance blocks are represented with 8 bit resolution (that is by
numbers in the range 0 to 255), the total number of bits required per
macroblock is (16x16x8)+2x(8x8x8) = 3072 bits. The number of bits heeded
to represent a video frame in QCIF format is thus 99x3072 = 304,128 bits.
This means that the amount of data required to transmit/record/display a
video sequence in QCIF format, represented using a YUV colour model, at
a rate of 30 frames per second, is more than 9 Mbps (million bits per
second). This is an extremely high data rate and is impractical for use in
video recording, fransmission and display applications because of the very
large storage capacity, transmission channel capacity and hardware

performance required.

If video data is to be transmitted in real-time over a fixed line network such
as an ISDN (Integrated Services Digital Network) or a conventional PSTN
(Public Service Telephone Network), the available data transmission
bandwidth is typically of the order of 64kbits/s. In mobile videotelephony,
where transmission takes place at least in part over a radio communications
link, the available bandwidth can be as low as 20kbits/s. This means that a
significant reduction in the amount of information used to represent video
data must be achieved in order to enable transmission of digital video
sequences over low bandwidth communication networks. For this reason
video compression techniques have been developed which reduce the

amount of information transmitted while retaining an acceptable image

quality.

Video compression methods are based on reducing the redundant and
perceptually irrelevant parts of video sequences. The redundancy in video
sequences can be categorised into spatial, temporal and spectral
redundancy. ’'Spatial redundancy’ 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 appearing in one frame of a
sequence are likely to appear in subsequent frames, while ’spectral
redundancy’ refers to the correlation between different colour components

of the same image.

Sufficiently efficient compression cannot usually be achieved by simply
reducing the various forms of redundancy in a given sequence of images.
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 loss-less encoding. Typically, this is achieved using a

technique known as ’variable length coding’ (VLC).

Modern video compression standards, such as ITU-T recommendations
H.261, H.263(+)(++), H.26L and the Motion Picture Experts Group
recommendation MPEG-4 make use of 'motion compensated temporal
prediction’. This is a form of temporal redundancy reduction in which the
content of some (often many) frames in a video sequence is ’predicted’ from
other frames in the sequence by tracing the motion of objects or regions of

an image between frames.

Compressed images which do not make use of temporal 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 predicted from them, and therefore,
they can be discarded from the video sequence without causing

deterioration in the quality of future pictures.

The different types of frame that occur in a typical compressed video
sequence are illustrated in Figure 3 of the accompanying drawings. As can
be seen from the figure, the sequence starts with an INTRA or | frame 30. In
Figure 3, arrows 33 denote the ‘forward’ prediction process by which P-
frames (labelled 34) are formed. The bi-directional prediction process by
which B-frames (36) are formed is denoted by arrows 31a and 31b,

respectively.

A schematic diagram of an example video coding system using motion
compensated prediction is shown in Figures 1 and 2. Figure 1 illustrates an
encoder 10 employing motion compensation and Figure 2 illustrates a
corresponding decoder 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 Decoding 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 I (x,y) being coded and a

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

E,(x,y)=1,(x,y) - F,(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 immediately preceding the current frame and
is available from the Frame Memory 17 of the encoder 10. More specifically,
the prediction frame FP,(x,y) is constructed by finding so-called ’prediction
pixels’ in the reference frame R, (x,y) which correspond substantially with

pixels in the current frame. Motion information, describing the relationship
(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
pixels according to the motion information. In this way, the prediction frame
is constructed as an approximate representation of the current frame, using
pixel values in the reference frame. The prediction error frame referred to
above therefore represents the difference between the approximate
representation 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 arises from the fact that a
comparatively compact description of the current frame can be obtained by
representing it in terms of the motion information 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 information 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,y), Ay(x,y)]. The pair of numbers Ax(x,y) and Ay(x,y) represents the
horizontal and vertical displacements of a pixel at location (x,y) in the
current frame 1 (x,y) with respect to a pixel in the reference frame R, (x,y).
The motion vectors [Ax(x,y),Ay(x,y)] are calculated in the Motion Field
Estimation block 11 and the set of motion vectors of the current frame

[Ax(),A¥()] is referred to as the motion vector field.

Typically, the location of a macroblock in a current video frame is specified
by the (x,y) co-ordinate of its upper left-hand corner. Thus, in a video
coding scheme in which motion information is associated with each
macroblock of a frame, each motion vector describes 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 1,(x,y) with respect to
a pixel in the upper left-hand corner of a substantially corresponding 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 N x N
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 reference 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
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current international video coding standards, only a translational motion

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

Ideally, in order to achieve the best chance of finding a match, the whole of
the reference frame should be searched. However, this is impractical as it
imposes too high a computational burden on the video encoder. Instead,
the search region is restricted to region [~ p, p] around the original location

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

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

following general formula:

Ax(x,y) = Za,-f,-u,y) )
A(xy)= 3 bgi(%,5) 3)

i=0

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

coefficients are transmitted to the decoder 20 (information stream 2 in

Figures 1 and 2). Functions f, and g, are called- motion field basis
functions, and are known both to the encoder and decoder. An approximate

motion vector field (Ax(x,y),Ay(x,y)) can be constructed using the

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

(that is stored in) both the encoder 10 and the decoder 20, only the motion
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coefficients need to be transmitted to the encoder, thus reducing the
amount of information required to represent the motion information of the

frame.

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

values of motion vectors are given by:

Ax(x,y)=a,

Ay(x,3) = b, ®)
This model is widely used in various international standards (1ISO MPEG-1,
MPEG-2, MPEG-4, ITU-T Recommendations H.261 and H.263) to describe
the motion of 16x16 and 8x8 pixel blocks. Systems which use a translational
motion model typically perform motion estimation at full pixel resolution or
some integer fraction of full pixel resolution, for example at half or one

quarter pixel resolution.

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

Prediction block 13 in the encoder 10, and is given by:

P.(x,3) = R, b+ Kx(x, ), v + By(x, )] (5)

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

typically compressed by representing it as a finite series (transform) 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 (information stream 1 in Figures 1 and 2). Because of the error
introduced by quantisation, this operation usually produces some

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

~ Prediction Error Decoding block 15, where a decoded prediction error frame

E (x,y) is constructed using the transform coefficients. This locally decoded
prediction error frame is added to the prediction frame P,(x,y) in the adder
19 and the resulting decoded current frame I,(x,y) is stored in the Frame

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

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

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

The Frame Memory 24 of the decoder 20 stores a previously reconstructed

reference frame R, (x,y). The prediction frame F,(x,y) is constructed in the

Motion Compensated Prediction 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

Prediction Error Decoding block 22 to construct the decoded prediction error
frame E’,,(x,y). The pixels of the decoded current frame Tn(x,y) are then

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

prediction error frame E,(x,y):

T.(5,7) = P, (%, 9) + B, (x,) = R, Jx + K, ),y + By )|+ B, (5, ). (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 and decoding of digital
video presented above, the motion vector [Ax(x, y), Ay(x, y)] describing the
motion of a macroblock in the current frame with respect to the reference

frame R, (x,y) can point to any of the pixels in the reference frame. This

means that motion between frames of a digital video sequence can only be
represented at a resolution which is determined by the image pixels in the
frame (so-called full pixel resolution). Real motion, however, has arbitrary
precision, and thus the system described above can only provide
approximate modelling of the motion between successive frames of a digital
video sequence. Typically, modelling of motion between video frames with
full pixel resolution is not sufficiently accurate to allow efficient minimisation
of the prediction error (PE) information associated with each
macroblock/frame. Therefore, to enable more accurate modelling of real
motion and to help reduce the amount of PE information that must be
transmitted from encoder to decoder, many video coding standards, such as
H.263(+)(++) and H.26L, allow motion vectors to point ‘in between’ image
pixels. In other words, the motion vectors can have ‘sub-pixel’ resolution.
Allowing motion vectors to have sub-pixel resolution 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 motion vector
may have. Thus, video coding standards, such as those previously
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 full- or half-pixel resolution. In the first step, a
motion vector having full-pixel resolution is determined using any

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

resolution is shown in Figure 5.

In the second stage, the motion vector determined in the first stage is
refined to obtain the desired half-pixel resolution. In the example illustrated
in Figure 5, this is done by forming eight new search blocks of 16 x 16
pixels, the location of the top-left corner of each block being marked with an
X in Figure 5. These locations are denoted as [Ax + m/2, Ay + n/2], where m
and n can take the values -1, 0 and +1, but cannot be zero at the same
time. As only the pixel values of original image pixels are known, the values
(for example luminance and/or chrominance values) of the sub-pixels
residing at half-pixel locations must be estimated for each of the eight new

search blocks, using some form of interpolation scheme.

Having interpolated the values of the sub-pixels at half-pixel resolution,
each of the eight search blocks is compared with the macroblock whose
motion vector is being sought. As in the block matching process performed
in order to determine the motion vector with full pixel resolution, the
macroblock is compared with each of the eight search blocks according to
some criterion, for example a SAD. As a result of the comparisons, a
minimum SAD value will generally be obtained. Depending on the nature of
the motion in the video sequence, this minimum value may correspond to
the location specified by the original motion vector (having full-pixel
resolution), 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 if sub-pixel resolution is appropriate, to
determine the correct sub-pixel resolution 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.
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In practice, the estimation of a sub-pixel value in the reference frame is
performed by interpolating the value of the sub-pixel from surrounding pixel

values. In general, interpolation of a sub-pixel value F(x,y) situated at a non-
integer location (x, y) = (n+4Ax, m+A4y), can be formulated as a two-

dimensional operation, represented mathematically as:

fk+K,1+ DYF(n+k,m+1) )

K=1 L=1

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

calculated as follows:

F(x,y)= Iff(k+K)§f(l+K)F(n+k,m+l) ®)
K

k= I=—K

The motion vectors are calculated in the encoder. Once the corresponding
motion coefficients are transmitted to the decoder, it is a straightforward
matter to interpolate the required sub-pixels using an interpolation method
identical to that used in the encoder. In this way, a frame following a
reference 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 interpolate 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 example, if the motion vector accuracy is one quarter pixel in
both horizontal and vertical dimensions, storing pre-calculated sub-pixel
values for a complete image results in a memory usage that is 16 times that
required to store the original, non-interpolated image. In addition, it involves
the calculation of some sub-pixels which might not actually be required in
calculating motion vectors in the encoder. Before-hand interpolation is also
particularly inefficient in a video decoder, as the majority of pre-calculated
sub-pixel values will never be required by the decoder. Thus, it is

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
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used. On the other hand, on-demand interpolation poses a much higher
computational burden on the encoder, since sub-pixels may be interpolated
many times. Hence the complexity of interpolation process, which may be
considered in terms of the number of computational operations or
operational 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 times at most and
some are not needed at all. Therefore, in the decoder it is advantageous not
to use before-hand interpolation at all, that is, it is advantageous not to pre-

calculate any sub-pixel values.

Two interpolation schemes have been developed as part of the work
ongoing in the [TU-Telecommunications Standardization 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 model
corresponding to Question 15 is referred to as Test Model 5 (TMLS5), while
that resulting from Question 6 is known as Test Model 6 (TML6). The
interpolation schemes proposed in both TML5 and TML6 will now be

described.

Throughout the description of the sub-pixel value interpolation scheme used
in test model TML5, reference will be made to Figure 12a, which defines a
notation for describing pixel and sub-pixel locations specific to TMLS. 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
specifically, the letter A represents the location of pixels in the image data
representing a frame of a video sequence, the pixel values of pixels A being
either received as current frame [ (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-pixel locations, the values of the sub-pixels situated at the

sub-pixel locations being obtained by interpolation.

Certain other terms will also be used in a consistent manner throughout the

text to identify particular pixel and sub-pixel locations. These are as follows:

The term ’unit horizontal location’ is used to describe the location of any
sub-pixel that is constructed in a column of the original image data. Sub-
pixels ¢ and e in Figures 12a and 13a, as well as sub-pixels b and e in

Figure 14a have unit horizontal locations.

The term ’unit vertical location’ is used to describe any sub-pixel that is
constructed in a row of the original image data. Sub-pixels b and d in
Figures 12a and 13a as well as sub-pixels b and d in Figure 14a have unit

vertical locations.

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 similar 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.

Furthermore, the term 'quarter horizontal location’ refers to any sub-pixel
that is constructed in a column which lies at quarter-pixel resolution, such as
sub-pixels d and e in Figure 12a, sub-pixels d and g in Figure 13a and sub-
pixels d, g and h in Figure 14a. Analogously, the term ’quarter vertical
location’ refers to sub-pixels that are constructed 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 Figure 13a and sub-pixels e, f and h

in Figure 14a.

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

drawn on the corresponding figures.

It should further be noted that it is often convenient to denote a particular
pixel with a two-dimensional reference. In this case, the appropriate two-
dimensional reference can be obtained by examining the intersection of the
envelopes in Figures 12a, 13a and 14a. Applying this principle, pixel d in
Figure 12a, for example, has a half horizontal and half vertical location and
sub-pixel e has a unit horizontal and quarter vertical location. In addition,
and for ease of reference, sub-pixels that reside at half unit horizontal and
unit vertical locations, unit horizontal and half unit vertical locations as well
as half unit horizontal and half unit vertical locations, will be referred to as %2
resolution sub-pixels. Sub-pixels which reside at any quarter unit horizontal
and / or quarter unit vertical location will be referred to as % resolution sub-

pixels.

It should 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 maximum value of 2°-1 where n is the

number of bits reserved for a pixel value. The number of bits is typically 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'-7], i.e.

values lower than the minimum allowed value will become the minimum

value (0) and values larger than the maximum will the become maximum

value (2°-7). This operation is called clipping.

The sub-pixel value interpolation scheme according to TML5 will now be

described in detail with reference to Figures 12a, 12b and 12c.

1.

The value for the sub-pixel at half unit horizontal and unit vertical
location, that is 2 resolution sub-pixel b in Figure 12a, is calculated
using a 6-tap filter. The filter interpolates a value for 2 resolution sub-
pixel b based upon the values of the 6 pixels (A, to A;) situated in a row
at unit horizontal locations and unit vertical locations symmetrically about
b, as shown in Figure 12b, according to the formula b = (A, - 5A, + 20A,
+ 20A, - BA, + A, + 16) / 32. The operator / denotes division with

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

Values for the 2 resolution sub-pixels labelled ¢ are calculated using 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 Figure 12c, the
filter interpolates a value for the ¥ resolution sub-pixel c located at unit
horizontal and half vertical location based upon the values of the 6 pixels
(A, to A, situated in a column at unit horizontal locations and unit
vertical locations symmetrically about ¢, according to the formula ¢ = (A,
- BA, + 20A, + 20A, - 5A, + A, + 16) / 32. Similarly, a value for the %2
resolution sub-pixel ¢ at half horizontal and half vertical location is
calculated according to ¢ = (b, - 5b, + 20b, + 20b, - 5b, + b, + 16) / 32.

Again, the operator / denotes division with truncation. The values
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calculated for the ¢ sub-pixels are further clipped to lie in the range [0,
2’-1].

At this point in the interpolation process the values of all % resolution
5 sub-pixels have been calculated and the process proceeds to the

calculation of % resolution sub-pixel values.

3. Values for the % resolution sub-pixels labelled d are calculated using
linear interpolation and the values of the nearest pixels and / or %

10 resolution sub-pixels in the horizontal direction. More specifically, values
for % resolution sub-pixels d located at quarter horizontal and unit

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 %2 resolution sub-

15 pixel at half horizontal and unit vertical location (sub-pixel b), i.e.
according to d = (A + b) / 2. Values for % resolution sub-pixels d located

at quarter horizontal and half vertical locations, are caiculated by taking

the average of the immediately neighbouring %2 resolution sub-pixels ¢
which lie at unit horizontal and half vertical location and half horizontal
20 and half vertical locations respectively, i.e. according to d = (c, + ¢,)/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 %

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

at unit horizontal and unit vertical location (pixel A) and the immediately
neighbouring sub-pixel at unit horizontal and half vertical location (sub-

30 pixel ¢) according to e = (A + c) / 2. ¥ resolution sub-pixels e, at half

horizontal and quarter vertical locations are calculated by taking the

Page 25 of 350



10

15

20

25

30

20

average of the immediately neighbouring sub-pixel at half horizontal and
unit vertical location (sub-pixel b) and the immediately neighbouring sub-
pixel at half horizontal and half vertical location (sub-pixel c), according
to e = (b + ¢) / 2. Furthermore, % resolution sub-pixels e at quarter
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), according to e = (d, +

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

5. The value for % resolution sub-pixel f is interpolated by averaging the
values of the 4 closest pixels values at unit horizontal and vertical
locations, according to f= (A, + A, + A, + A, + 2)/ 4, where pixels A,, A,,

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

A disadvantage of TML5 is that the decoder is computationally complex.
This results from the fact that TML5 uses an approach in which interpolation
of % resolution sub-pixel values depends upon the interpolation of 2
resolution sub-pixel values. This means that in order to interpolate the
values of the % resolution sub-pixels, the values of the %2 resolution sub-
pixels from which they are determined must be calculated first. Furthermore,
since the values of some of the V4 resolution sub-pixels depend upon the
interpolated values obtained for other %4 resolution sub-pixels, truncation of
the % resolution sub-pixel values has a deleterious effect on the precision of
some of the % resolution sub-pixel values. Specifically, the %2 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 %2 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 TMLS, 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 retained

5  throughout. This is achieved by using intermediate values which are neither
rounded nor clipped. A step-by-step description of interpolation method
according to TML6 as applied in the encoder is given below with reference
to Figures 13a, 13b and 13c.

10 1. The value for the sub-pixel at half unit horizontal and unit vertical
location, that is % resolution sub-pixel b in Figure 13a, is obtained by
first calculating an intermediate value b using a six tap filter. The filter

calculates b based upon the values of the 6 pixels (A, to A,) situated in a

row at unit horizontal locations and unit vertical locations symmetrically
15 about b, as shown in Figure 13b, according to the formula b = (A, - 5A, +
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 division with truncation.

20 2. Values for the % resolution sub-pixels labelled ¢ are obtained by first
calculating intermediate values c. Referring to Figure 13c, an
intermediate value c for the % resolution sub-pixel ¢ located at unit
horizontal and half vertical location is calculated based upon the values
of the 6 pixels (A, to A,) situated in a column at unit horizontal locations

25 and unit vertical locations symmetrically about ¢, according to the
formula ¢ = (A, - 5A, + 20A, + 20A, - 5A; + A,). The final value for the %2
resolution sub-pixel ¢ located at unit horizontal and half vertical location
is then calculated according to ¢ = (¢ + 16) / 32. Similarly, an
intermediate value c for the ¥ resolution sub-pixel ¢ at half horizontal

30 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 values calculated for 2 resolution sub-

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

. Values for the Yz resolution sub-pixels labelled d are calculated as

follows. Values for 4 resolution sub-pixels d located at quarter
horizontal and unit 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 b calculated in
step (1) for the immediately neighbouring % resolution sub-pixel at
half horizontal and unit vertical location (V2 resolution sub-pixel b),
according to d = (32A + b + 32) / 64. Values for V4 resolution sub-
pixels d located at quarter horizontal and half vertical locations, are
interpolated using the intermediate values c¢ calculated for the
immediately neighbouring % resolution sub-pixels ¢ which lie at unit
horizontal and half vertical location and half horizontal and half
vertical locations respectively, according to d = (32¢, + ¢, + 1024) /
2048. Again operator / indicates division with truncation and the
finally obtained % resolution sub-pixel values d are clipped to lie in
the range [0, 2°-1].

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

follows. Values for %4 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 ¢ calpulated 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 Y4 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) for the immediately neighbouring %2 resolution sub-
pixel at half horizontal and unit vertical location and the intermediate
value ¢ calculated in step (2) for the immediately neighbouring 2
5 resolution sub-pixel at half horizontal and half vertical location,
according to e = (32b + ¢ + 1024) / 2048. Once more, operator /
indicates division with truncation and the finally obtained Vi

resolution sub-pixel values e are clipped to lie in the range [0, 2’-7].

10 5. Values for ¥ resolution sub-pixels labelled g are computed using the
value of the nearest original pixel A and the intermediate values of the
three nearest neighbouring %2 resolution sub-pixels, according to g =
(1024A + 32b + 32¢,+ c,+ 2048) / 4096. As before, operator / indicates

division with truncation and the finally obtained for %4 resolution sub-

15 pixel values g are clipped to lie in the range [0, 2"-17].

6. The value for V4 resolution sub-pixel f is interpolated by averaging the

values of the 4 closest pixels at unit horizontal and vertical locations,
according to f = (A, + A, + A, + A, + 2) / 4, where the locations of pixels

20 A, A, A, and A, are the four nearest original pixels.

In the decoder, sub-pixel values can be obtained directly by applying 6-tap
filters in horizontal and vertical directions. In the case of 2 sub-pixel
resolution, referring to Figure 13a, the filter coefficients applied to pixels and

25 sub-pixels at unit vertical location are [0, 0, 64, 0, 0, 0] for a set of six pixels
A, [1, -5, 52, 20, -5, 1] for a set of six sub-pixels d, [2, -10, 40, 40, -10, 2] for
a set of six sub-pixels b, and [1, -5, 20, 52, -5, 1] for a set of six sub-pixels
d. These filter coefficients are applied to respective sets of pixels or sub-
pixels in the same row as the sub-pixel values being interpolated.

30
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After applying the filters in the horizontal and vertical directions, interpolated
value c is normalized according to ¢ = (¢ + 2048) / 4096 and clipped to lie in
the range [0, 2’-1]. When a motion vector points to an integer pixel position
in either the horizontal or vertical direction, many zero coefficients are used.
In a practical implementation of TMLG6, different branches are used in the
software which are optimised for the different sub-pixel cases so that there

are no multiplications by zero coefficients.

It should be noted that in TMLG6, % resolution sub-pixel values are obtained
directly using the intermediate values referred to above and are not derived
from rounded and clipped values for %z resolution sub-pixels. Therefore, in
obtaining the % resolution sub-pixel values, it is not necessary to calculate
final values for any of the 'z resolution sub-pixels. Specifically, it is not
necessary to carry out the truncation and clipping operations associated
with the calculation of final values for the %z resolution sub-pixels. Neither is
it necessary to have stored final values for %z resolution sub-pixels for use in
the calculation of the V4 resolution sub-pixel values. Therefore TML6 is
computationally less complex than TML5, as fewer truncating and clipping
operations are required. However, a disadvantage of TML6 is that high
precision arithmetic is required both in the encoder and in the decoder. High
precision interpolation requires more silicon area in ASICs and requires
more computations in some CPUs. Furthermore, implementation of direct
interpolation as specified in TML6 in an on-demand fashion has a high
memory requirement. This is an important‘ factor, particularly in embedded

devices.

In view of the previously presented discussion, it should be appreciated that
due to the different requirements of the video encoder and decoder with
regard to sub-pixel interpolation, there exists a significant probiem in
developing a method of sub-pixel value interpolation capable of providing

satisfactory performance in both the encoder and decoder. Furthermore,
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neither of the current test models (TML5, TML6) described in the foregoing

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

decoder.

Summary of the Invention

According to a first aspect of the invention there is provided method of
interpolation in video coding in which an image comprising pixels arranged
in rows and columns and represented by values having a specified dynamic
range, the pixels in the rows residing at unit horizontal locations and the
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™" 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 g taking integer values in the range 1 to 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 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.

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 location, the first and second weights may

have equal values.

The first weighted sum of values for sub-pixels residing at 1/2"" unit
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

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

In one embodiment, when values for sub-pixels at 1/2" unit horizontal and

M vertical locations are

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

Values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations
may be interpolated by taking the average of values of a pixel located at a
unit horizontal and unit vertical location, and a sub-pixel located at a 172"

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 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 1/2"" unit vertical location.

Values for half of the sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations may be 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 1/2% unit
vertical locations are interpolated by taking the average of a second pair of
values of a pixel located at a unit horizontal and unit vertical location, and a

sub-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-pixel by taking
the average of a second pair of values of a pixel located at a unit horizontal
and unit vertical location, and a sub-pixel located at a 1/2™" unit horizontal

and 1/2"" unit vertical location.

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

alternately interpolated in a horizontal direction.

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

alternately interpolated in a horizontal direction.

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

average of a plurality of nearest neighbouring pixels.

At least one of step a) and step b) interpolating sub-pixel values directly
using weighted sums may involve the calculation of an intermediate value
for the sub-pixel values having a dynamic range greater than the specified

dynamic range.

The intermediate value for a sub-pixel having 1/2"" sub-pixel resolution 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 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 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,
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-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 location, and a sub-pixel

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

According to a third aspect of the invention, there is provided 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 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
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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
1/2%" unit horizontal and unit vertical locations and the first weighted sum
may be used to interpolate a value for a sub-pixel at 1/2™" unit horizontal

and 1/2" unit vertical location.

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

horizontal and 1/2"" unit vertical location.

When values for sub-pixels at 1/2" unit horizontal and 1/2" unit vertical
locations are required, they may be interpolated by taking the average of at
least one pair of a first pair of values of a sub-pixel located at a 1/2"" unit
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 location 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-pixels at quarter unit vertical location are to be
interpreted as being sub-pixels having as their upper nearest neighbour a
pixel at unit vertical location and as their lower nearest neighbour a sub-
pixel at half unit vertical location as well as sub-pixels having as their upper
nearest neighbour a sub-pixel at half unit vertical location and as their lower

nearest neighbour a pixel at unit vertical location.

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

values and the weighted sums can take.

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

dynamic range.

in an embodiment of the invention, the method is applied to an image that is
sub-divided into a number of image blocks. Preferably each image block
comprises four corners, each corner being defined by a pixel located at a
unit horizontal and unit vertical location. Preferably the method is applied to
each image block as the block becomes available for sub-pixel value
interpolation. Alternatively, sub-pixel value interpolation according to the
method of the invention is performed once all image blocks of an image

have become available for sub-pixel value interpolation.

Preferably the method is used in video encoding. Preferably: the method 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 case, a certain proportion or category
of sub-pixel values is calculated and stored before being used in the
determination of a prediction frame and certain other sub-pixel values are

calculated only when required during motion predictive coding.

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

interpolated when their need is indicated by a motion vector.

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

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

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

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 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 unit
horizontal locations and the pixels in the columns residing at unit vertical
locations, the video coder comprising an interpolator adapted to generate
values for sub-pixels at fractional horizontal and vertical locations, the
fractional horizontal and vertical locations being defined according to 1/27
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 unit vertical
locations;

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

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

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 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.

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

comprising a video encoder and a video decoder.

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

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

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

~ telecommunications system comprising a communications terminal and a

network, the telecommunications network and the communications terminal
being connected by a communications link over which coded video can be
transmitted, the communications terminal comprising a video coder for
coding for coding an image comprising pixels arranged in rows and columns
and represented by values having a specified dynamic range, the pixels in
the rows residing at unit horizontal locations and the pixels in the columns
residing at unit vertical locations, the video coder comprising an interpolator
adapted to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2°, 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
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weighted sums of pixels residing at unit horizontal and unit vertical
locations;

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

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

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 being formed by a radio link. Preferably 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.

According to a seventh aspect of the invention, there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communications terminal
being connected by a communications link over which coded video can be
transmitted, the network comprising a video coder for coding for coding an
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
vertical locations, the video coder comprising an interpolator adapted to
generate values for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical locations being defined according to
1/2°, where x is a positive integer having a maximum value N, the
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 unit vertical
locations;

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

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

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
positive integer 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 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
sub-pixels located at a horizontal location corresponding to that of the sub-

pixel being calculated.

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

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

The interpolator may be 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.

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-pixel located at a 172"
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

iocated 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 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:

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 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.

According to a tenth aspect of the invention there is provided a
telecommunications system comprising a communications terminal and a
network, the telecommunications network and the communications terminal
being connected by a communications link over which coded video can be
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 horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
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.

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

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 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 location corresponding to that of the sub-

pixel being calculated.

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;

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 TMLE6;

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 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 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 resolution sub-pixel values required to calculate
other half resolution sub-pixel values;

Figure 17a 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 of TML5;

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 values 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;

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 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.

Detailed Description

Figures 1 to 5, 12a, 12b, 12c, 13a, 13b, and 13c have been described in the

foregoing.

Figure 6 presents a terminal device comprising video encoding and
decoding equipment which may be adapted to operate in accordance with
the present invention. More precisely, the figure illustrates a multimedia
terminal 60 implemented according to ITU-T recommendation H.324. The
terminal can be regarded as a muitimedia transceiver device. It includes
elements that capture, encode and multiplex multimedia data streams for
transmission via a communications network, as well as elements that
receive, de-multiplex, decode and display received multimedia content. ITU-
T recommendation H.324 defines the overall operation of the terminal and
refers to other recommendations that govern the operation of its various
constituent parts. This kind of multimedia terminal can be used in real-time
applications such as conversational videotelephony, or non real-time
applications such as the retrieval/streaming of video clips, for example from

a multimedia content server in the Internet.

In the context of the present invention, it should be appreciated that the
H.324 terminal shown in Figure 6 is only one of a number of alternative
multimedia terminal implementations suited to application of the inventive
method. It should also be noted that a number of alternatives exist relating

to the location and implementation of the terminal equipment. As illustrated

Page 48 of 350



10

15

20

25

30

43

in Figure 6, the multimedia terminal may be located in communications
equipment connected to a fixed line telephone network such as an
analogue PSTN (Public Switched Telephone Network). In this case the
multimedia terminal is equipped with a modem 71, compliant with ITU-T
recommendations 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 signals
produced by the multimedia terminal into an analogue form suitable for
transmission over the PSTN. It further enables the multimedia terminal to
receive data and control signals in analogue form from the PSTN and to
convert them into a digital data stream that can be demulitplexed and

processed in an appropriate manner by the terminal.

An H.324 multimedia terminal may also be implemented in such a way that
it can be connected directly to a digital fixed line network, such as an ISDN
(Integrated Services Digital Network). In this case the modem 71 is replaced
with an ISDN user-network interface. In Figure 6, this ISDN user-network

interface is represented by alternative block 72.

H.324 multimedia terminals may also be adapted for use in mobile
communication applications. If used with a wireless communication link, the
modem 71 can be replaced with any appropriate wireless interface, as
represented by alternative block 73 in Figure 6. For example, an H.324/M
multimedia terminal can include a radio transceiver enabling connection to
the current 2™ generation GSM mobile telephone network, or the proposed
3" generation UMTS (Universal Mobile Telephone System).

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 specific
interpolation 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 terminal to be implemented in a manner compatible
with the encoder of the transmitting terminal which formed the compressed
video data stream. Failure to ensure this compatibility may have an adverse
effect on the quality of the motion compensation and the accuracy of

reconstructed video frames.

A typical H.324 muitimedia terminal will now be described in further detail

with reference to Figure 6.

The multimedia terminal 60 includes a variety of elements referred to as
‘terminal equipment’. This includes video, audio and telematic devices,
denoted generically by reference numbers 61, 62 and 63, respectively. The
video equipment 61 may include, for example, a video camera for capturing
video images, a monitor for displaying received video content and optional
video processing equipment. The audio equipment 62 typically includes a
microphone, for example for capturing spoken messages, and a
loudspeaker for reproducing received audio content. The audio equipment
may also include additional audio processing units. The telematic
equipment 63, may include a data terminal, keyboard, electronic whiteboard

or a still image transceiver, such as a fax unit.
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
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will be described in the following. The video 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 to ITU-T
recommendation H.263, with appropriate modifications to implement the
sub-pixel value interpolation method according to the invention in both the

encoder and the decoder of the video codec.

Similarly, the terminal’s audio equipment is coupled to an audio codec,
denoted in Figure 6 by reference number 66. Like the video codec, the
audio codec comprises an encoder/decoder pair. It converts audio data
captured by the terminal's audio equipment into a form suitable for
transmission over the communications link and transforms encoded audio
data received from the network back into a form suitable for reproduction,
for example on the terminal’s loudspeaker. The output of the audio codec is
passed to a delay block 67. This compensates for the delays introduced by
the video coding process and thus ensures synchronisation of audio and

video content.

The system control block 64 of the multimedia terminal controls end-to-
network signalling using an appropriate control protocol (signalling block 68)
to establish a common mode of operation between a transmitting and a
receiving terminal. The signalling block 68 exchanges information about the
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
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
single bit-stream. Information concerning the type of data encryption (if any)
to be applied to the bit-stream, provided by encryption block 69, is used to
select an encryption mode. Correspondingly, when a mulitiplexed and
possibly encrypted multimedia bit-stream is being received, MUX/DMUX
unit 70 is responsible for decrypting the bit-stream, dividing it into its
constituent multimedia components and passing those components to the
appropriate codec(s) and/or terminal equipment for decoding and

reproduction.

It should be noted that the functional elements of the multimedia terminal,
video encoder, decoder and video codec according to the invention can be
implemented as software or dedicated hardware, or a combination of the
two. The video encoding and decoding methods according to the invention
are particularly suited for implementation in the form of a computer program
comprising machine-readable 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
medium and executed in a computer, such as a personal desktop computer,
in order to provide that computer with video encoding and/or decoding

functionality.

If the multimedia terminal 60 is a mobile terminal, that is if it is equipped with

a radio transceiver 73, it will be understood by those skilled in the art that it

may also comprise additional elements. In one embodiment it comprises a

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 required by
the microprocessor, for example under control of the user. In accordance
with the program code, the microprocessor uses the radio transceiver 73 to
form a connection with a mobile communication network, enabling the
multimedia terminal 60 to transmit information to and receive information

from the mobile communication network over a radio path.

The microprocessor monitors the state of the user interface and controls the
digital camera. In response to a user command, the microprocessor
instructs the camera to record digital images into the RAM. Once an image
is captured, or alternatively during the capturing process, the
microprocessor segments the image into image segments (for example
macroblocks) and uses the encoder to perform motion compensated
encoding for the segments in order to generate a compressed image
sequence as explained in the foregoing description. A user may command
the multimedia terminal 60 to display the captured images on its display or
to send the compressed image sequence using the radio transceiver 73 to
another multimedia terminal, a video telephone connected to a fixed line
network (PSTN) or some other telecommunications device. In a preferred
embodiment, transmission of image data is started as soon as the first
segment is encoded so that the recipient can start a corresponding

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,
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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. Particularly, the
base station controller BSC manages radio communication channels and
handovers. The base station controller BSC is also connected, through a
so-called A interface, to a mobile services switching centre MSC, which co-
ordinates the formation of connections to and from mobile stations. A further
connection is made, through the mobile service switching centre MSC, to
outside the mobile communications network. Outside the mobile
communications network there may further reside other network(s)
connected to the mobile communications network by gateway(s) GTW, for
example the Internet or a Public Switched Telephone Network (PSTN). In
such an external network, or within the telecommunications network, there
may be located 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 input 701 for receiving a video signal from a
camera or other video source (not shown). It further comprises a DCT
transformer 705, a quantiser 706, an inverse quantiser 709, an inverse DCT
transformer 710, combiners 712 and 716, a before-hand sub-pixel
interpolation block 730, a frame store 740 and an on-demand sub-pixel
interpolation block 750, implemented in combination with motion estimation
block 760. The encoder also comprises a motion field coding block 770 and
a motion compensated prediction block 780. Switches 702 and 714 are
operated co-operatively by a control manager 720 to switch the encoder
between an INTRA-mode of video encoding and an INTER-mode of video
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

computer hard drive (not shown).

it should be noted that the presence and implementations of before-hand
sub-pixel interpolation block 730 and on-demand sub-pixel value
interpolation block 750 in the encoder architecture depend on the way in
which the sub-pixel interpolation method according to the invention is
applied. In embodiments of the invention in which before-hand sub-pixel
value interpolation is not performed, encoder 700 does not comprise before-
hand sub-pixel value interpolation block 730. In other embodiments of the
invention, only before-hand sub-pixel interpolation 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 each
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 monitoring the output of the
combiner 716. The combiner 716 forms a difference between the current
macroblock of the frame being coded and its prediction, produced in the
motion compensated prediction block 780. If a measure of this difference
(for example a sum of absolute differences of pixel values) 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 coding
mode. Occurrence of condition 2) is monitored by means of a timer 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 terminal, 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 impossible to decode at the
receiver. In this situation, the receiver would issue a request for the next
frame to be encoded in INTRA format, thus re-initialising the coding

sequence.

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.

Operation of the encoder 700 in INTRA coding mode will now be described.
In INTRA-mode, the control manager 720 operates the switch 702 to accept
video input from input line 719. The video signal input is received
macroblock by macroblock from input 701 via the input line 719 and each
macroblock of original image pixels is transformed into DCT coefficients by
the DCT transformer 705. The DCT coefficients are then passed to the
quantiser 706, where they are quantised using a quantisation parameter
QP. Selection of the quantisation parameter QP is controlled by the control
manager 720 via control line 722. Each DCT transformed and quantised
macroblock that makes up the INTRA coded image 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
possible control information (for example header data, quantisation
parameter information, error correction data etc.) to form a single bit-stream
of coded image information 725. Variable length coding (VLC) is used to
reduce redundancy of the compressed video bit-stream, as is known to

those skilled in the art.
A locally decoded picture is formed in the encoder 700 by passing the data

output by the quantiser 706 through 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 INTRA 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 performed, the output from combiner 712 is applied to
before-hand sub-pixel interpolation block 730. The input to the before-hand
sub-pixel value interpolation block 730 takes the form of decoded image
blocks. In the before-hand sub-pixel value interpolation block 730, each
decoded macroblock is subjected to sub-pixel interpolation in such a way
that a predetermined sub-set of sub-pixel resolution sub-pixel values is
calculated according to the interpolation method of the invention and is

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

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

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

As subsequent macroblocks of the current frame are received and undergo
the previously described coding and decoding steps in blocks 705, 706,
709, 710, 712, a decoded version of the INTRA frameis built up in the frame
store 740. When the last macroblock of the current frame has been INTRA
coded and subsequently decoded, the frame store 740 contains a
completely 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
interpolation 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 macroblock of the frame being coded and its
prediction, produced in the motion compensated prediction block 780. The
prediction error information is DCT transformed in block 705 and quantised
in block 706 to form a macroblock of DCT transformed and quantised
prediction error information. Each macroblock of DCT transformed and
quantised prediction error information is passed from the quantiser 706 to
the MUX/DMUX unit 790. The MUX/DMUX unit 790 combines the prediction
error information 723 with motion coefficients 724 (described in the
following) and control information (for example header data, quantisation
parameter information, error correction data etc.) to form a single bit-stream

of coded image information, 725.

Locally decoded prediction error information for the each macroblock of the
INTER coded frame is then formed in the encoder 700 by passing the
encoded prediction error information 723 output by the quantiser 706
through the inverse quantiser 709 and applying an inverse DCT transform in
bilock 710. The resulting locally decoded macroblock of prediction error
information is then input to combiner 712. In INTER-mode, switch 714 is set
so that the combiner 712 also receives motion predicted macroblocks for
the current 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
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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 way that a predetermined sub-set of sub-pixel values
is calculated according to the interpolation method of the invention and is
stored together with the decoded pixel values in frame store 740. In
embodiments in which before-hand sub-pixel interpolation is not performed,
before-hand sub-pixel interpolation block is not present in the encoder
architecture and the output from combiner 712, comprising decoded image

blocks, is applied directly to frame store 740.

As subsequent macroblocks of the video signal are received from the video
source and undergo the previously described coding and decoding steps in
blocks 705, 706, 709, 710, 712, a decoded version of the INTER frame is
built up in the frame store 740. When the last macroblock of the frame has
been INTER coded and subsequently decoded, the frame store 740
contains a completely decoded frame, available for use as a prediction
reference frame in encoding a subsequently received video frame in INTER
format. In embodiments of the invention in which before-hand sub-pixel
value interpolation is performed, the reference frame held in frame store
740 is at least partially interpolated to sub-pixel resolution.

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

described.

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, in

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

- block-matching 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
implemented so as to perform block-matching as a two step process. If the
two-step process is adopted, the first step may comprise a search for e.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 sub-pixel resolution.
As block matching is an exhaustive process, in which blocks of n x m pixels
in the current frame are compared one-by-one with blocks of n x m pixels or
sub-pixels in the interpolated reference frame, it should be appreciated that
a sub-pixel calculated in an on-demand fashion by the on-demand pixel
interpolation block 750 may need to be calculated multiple times as
successive difference values are determined. In a video encoder, this
approach is not the most efficient possible in terms of computational

complexity / burden.

In embodiments of the encoder which use only before-hand sub-pixel value
interpolation, block-matching may be performed as a one step process, as
all sub-pixel values of the reference frame required to determine a motion
vector with the desired sub-pixel resolution are calculated before-hand in
block 730 and stored in frame store 740. Thus, they are directly available for
use in the block-matching process and can be retrieved as required from
frame store 740 by motion estimation block 760. However, even in the case
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 required. 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-pixel value interpolation are used, motion estimation block 760 is
implemented in such a way that it can retrieve sub-pixel values previously
calculated in before-hand sub-pixel value interpolation block 730 and stored
in frame store 740 and further control on-demand sub-pixel value
interpolation block 750 to calculate any additional sub-pixel values that may
be required. The block-matching process may be performed as a one-step
or a two-step process. If a two-step implementation is used, before-hand
calculated sub-pixel values retrieved from frame store 740 may be used in
the first step of the process and the second step may be implemented so as
to use sub-pixel values calculated by on-demand sub-pixel value
interpolation block 750. In this case, certain sub-pixel values used in the
second step of the block matching process may need to be calculated
multiple times as successive comparisons are made, but the number of
such duplicate calculations is significantly less than if before-hand sub-pixel
value calculation is not used. Furthermore, memory consumption is reduced
with respect to embodiments in which only before-hand sub-pixel value

interpolation is used.

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

represents the motion vector as a set of coefficient values (known as motion
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coefficients) which, when multiplied by the basis functions, form an
approximation of the motion vector. The motion coefficients 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-
pixel 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 invention, the pixel values in

question are provided from the motion estimation block 760 itself.

Using the approximate representation of the motion vector generated by
motion field coding block 770 and the pixel / sub-pixel 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 generated from the interpolated reference frame. The
macroblock of predicted pixel values is passed to the combiner 716 where it
is subtracted from the new current frame in order to produce prediction error

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

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

stream 725 for transmission to a receiving terminal.

Operation of a video decoder 800 according to the invention will now be
described. Referring to Figure 8, the decoder 800 comprises a
demultiplexing unit (MUX/DMUX) 810, which receives the encoded video
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 830 associated 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 and 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. In 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 before-hand sub-pixel value interpolation block 845 is omitted
from the decoder architecture. If both before-hand and on-demand sub-pixel
value interpolation are performed, the decoder comprises both blocks 845

and 890.

The control manager 870 controls the operation of the decoder 800 in
response to whether an INTRA or an INTER frame is being decoded. An
INTRA / INTER trigger control signal, which causes the decoder to switch
between decoding modes is derived, for example, from picture type
information provided in the header portion of each compressed video frame
received from the encoder. The INTRA / INTER trigger control signal is
passed to control manager 870 via control line 815, together with other
video codec control signals demultiplexed from the encoded video stream
725 by the MUX/DMUX unit 810.

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

demultiplexed into INTRA coded macroblocks and control information. No
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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 encoded 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 quantisation to the macroblock of
encoded information, according to control information provided in video
stream 725. The inverse quantised macroblock is then inversely
transformed 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 being used in the decoding of the INTRA coded

- macroblock. The decoded block of image information is passed to the video

output 880 of the decoder.

In embodiments of the decoder which employ before-hand sub-pixel value
interpolation, the decoded block of image information (i.e. pixel values)
produced as a result of the inverse quantisation 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 value interpolation applied being determined by the details of
the decoder implementation. In embodiments of the invention in which on-
demand sub-pixel value interpolation is not performed, before-hand sub-
pixel value interpolation block 845 interpolates all sub-pixelvalues. In
embodiments that use a combination of before-hand and on-demand sub-
pixel value interpolation, before-hand sub-pixel value interpolation block 845
interpolates a certain sub-set of sub-pixel values. This may comprise, for
example, all sub-pixels at half-pixel locations, or a combination of sub-pixels
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
values) produced as a result of the inverse quantisation and inverse
transform operations performed on the macroblock in blocks 820 and 830 is
passed directly to frame store 850. As subsequent macroblocks are
decoded and stored, a decoded 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 motion coefficients 724 and control
information. Again, the decoding process is performed macroblock-by-
macroblock. When the encoded prediction error information 723 for a
macroblock is extracted from the video stream 725 by MUX/DMUX unit 810,
it is passed to inverse quantiser 820. Control manager 870 controls inverse
quantiser 820 to apply a suitable level of inverse quantisation to the
macroblock of encoded prediction error information, according to control
information received in video stream 725. The inverse quantised
macroblock of prediction error information is then inversely transformed in
the inverse DCT transformer 830 to yield decoded prediction error

information for the macroblock.
The motion coefficients 724 associated with the macroblock in question are

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-pixel 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 prediction 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 locations),
these can simply be retrieved from frame store 850, as the values in
question are obtained 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 employ 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,
motion compensated prediction block 840 can retrieve the required sub-
pixel values directly from the frame store 850. In embodiments that use a

combination before-hand and on-demand sub-pixel value interpolation, the
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action required in order to obtain the required sub-pixel values depends on
which sub-pixel values are interpolated before-hand. Taking as an example
an embodiment in which all sub-pixel values at half-pixel locations are
calculated before-hand, it is evident that if a reconstructed motion vector for
a macroblock points to a pixel at unit location or a sub-pixel at half-pixel
location, all the pixel or sub-pixel values required to form the prediction for
the macroblock are present in the frame store 850 and can be retrieved
from there by motion compensated prediction block 840. If, however, the
motion vector indicates a sub-pixel at a quarter-pixel location, the sub-pixels
required to form the prediction for the macroblock are not present in frame
store 850 and are therefore calculated in on-demand sub-pixel 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 interpolation from frame store 850 and applies the interpolation method
described below. Sub-pixel values calculated in on-demand sub-pixel value
interpolation block 890 are passed to motion compensated prediction block
840.

Once a prediction for a macroblock has been obtained, the prediction (that
is, a macroblock of predicted pixel values) is passed from motion
compensated prediction block 840 to combiner 860 where it combined with
the decoded prediction error information for the macroblock to form a
reconstructed image block which, 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
interpolation that is performed, can be chosen according to, or dictated by,
the hardware implementation of the video encoder 700, or the environment

in which it is intended to be used. For example, if the memory available to
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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 encoding and
decoding functionality is incorporated in a mobile telephone or similar
wireless terminal for communication with a mobile telephone network, both
memory and processing power may be limited. In this case a combination of
before-hand and on-demand sub-pixel value interpolation may be the best
choice to obtain an efficient implementation in the video encoder. In video
decoder 800, use of before-hand sub-pixel value is generally not preferred,
as it typically 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 the encoder and decoder in order to optimise 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 bi-
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 capabilty may be provided. Provision of such capability is

considered within the ability of one skilled in the art.
An encoder 700 or a decoder 800 according to the invention can be realised

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

encoder or decoder implemented in software may be, for example, a
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separate program or a software building biock 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 decaoding functionality. In addition
to being implemented in a multimedia terminal, such a codec may also be
implemented in a network. A codec according to the invention may be a
computer program or a computer program element, or it may be

implemented at least partly using hardware.

The sub-pixel interpolation method used in the encoder 700 and decoder
800 according to the invention now be described in detail. The method will
first be introduced at a general conceptual level and then two preferred
embodiments will be described. In the first preferred embodiment, sub-pixel
value interpolation is performed to % pixel resolution and in the second the

method is extended to ) pixel resolution.

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 according to the first
embodiment of the invention in which sub-pixel value interpolation is
preformed to %4 pixel resolution, it is most efficient to calculate % resolution
pixels before-hand and to calculate values for Vi resolution sub-pixels in an
on-demand fashion, only when they are needed during motion estimation.
This has the effect of limitihg memory usage while keeping the
computational complexity / burden at an acceptable level. In the decoder,
on the other hand, it is advantageous not to pre-calculate any of the sub-
pixels. Therefore, it should be appreciated that a preferred embodiment of
the decoder does not include before-hand sub-pixel value interpolation
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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 positions 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-pixels
that are to be interpolated. The description that follows will adhere to the
previously introduced conventions regarding the description of pixel and

sub-pixel locations.

Next, the steps required to interpolate all sub-pixel positions are described:

Values for the 2 resolution sub-pixels labelled b are obtained by first

calculating an intermediate value b using a Kth order filter, according to:

p=3 x, A ©)

i=1

where x, is a vector of filter coefficients, A, is a corresponding vector of
original pixel values A situated at unit horizontal and unit vertical locations,
and K is an integer which defines the order of the filter. Thus, equation 9

can be re-expressed as:
b=x1A1+x2A2+X3A3+""+XK-1AK-1+XKAK (10)

The values of the filter coefficients x; and the order of the filter K may vary
from embodiment to embodiment. Equally, different coefficient values may
be used in the calculation of different sub-pixels within an embodiment. In
other embodiments, the values of filter coefficients x, and the order of the

filter may depend on which of the %2 resolution b sub-pixels is being
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interpolated. Pixels A are disposed symmetrically with respect to the %
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
situated at unit horizontal and half vertical location is being interpolated,

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

A final value for %2 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 range [0, 2°-1]. In alternative
embodiments of the invention rounding may be performed instead of
truncation. Preferably, constant scale, is chosen to be equal to the sum of

filter coefficients x,

A value for the %% resolution sub-pixel labelled ¢ is also obtained by first

calculating an intermediate value ¢ using an Mth order filter, according to:
M
c= Z Y. bi (1 1)

where vy, is a vector of fiiter coefficients, b, is a corresponding vector of

intermediate values b, in the horizontal or vertical direction. i.e.:

c=y,b,ty,b,*+y,b,+...+y, . b, +y,b, (12)

The values of the filter coefficients y, and the order of the filter M may vary
from embodiment to embodiment. Equally, different coefficient values may
be used in the calculation of different sub-pixels within an embodiment.
Preferably, the b values are intermediate values for 4 resolution sub-pixels
b which are disposed symmetrically with respect to 14 resolution sub-pixel ¢

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

vertically with respect to sub-pixel c.

A final value of Y2 resolution sub-pixel ¢ is computed by dividing
intermediate value ¢ by a constant scale,, truncating it to obtain an integer
number and clipping the result to lie in the range [0, 2’-1]. In alternative
embodiments of the invention rounding may be performed instead of

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

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

vertical direction.

There are two alternatives for interpolating values for the % resolution sub-
pixels labelied h. Both involve linear interpolation along a diagonal line
linking 2 resolution sub-pixels neighbouring the Y4 resolution sub-pixel h
being interpolated. In a first embodiment, a value for sub-pixel h is
calculated by averaging the values of the two 72 resolution sub-pixels b
closest to sub-pixel h. In a second embodiment, a value for sub-pixel h is
calculated by averaging the values of the closest pixel A and the closest 72
resolution sub-pixel c. It should be appreciated that this provides the
possibility of using different combinations of diagonal interpolations to
determine the values for sub-pixels h within 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 choices
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 efficiency. The second

embodiment has higher complexity, since calculation of sub-pixel ¢ requires
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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 '
resolution sub-pixel b. Similarly, a value for ' resolution sub-pixel g is
obtained by taking the average of its two nearest horizontal neighbours, %

resolution sub-pixels b and c.

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

resolution sub-pixel f is obtained by taking the average of its two nearest

~ vertical neighbours, % resolution sub-pixels b and c. In an embodiment of

the invention, a value for % resolution sub-pixel i is obtained in manner
identical to that just described in connection with ¥ resolution sub-pixel f.
However, in an alternative embodiment of the invention, and in common
with the H.26 test models TML5 and TML6 previously described, Y
resolution sub-pixel i is determined using the values of the four closest

original image pixels, according 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 can
be definedasd=(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 TMLS.

In contrast to TML5, in which the values of some of the Y resolution sub-
pixels depend on previously interpolated values obtained for other Vi
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 intermediate truncation and clipping of the other % resolution
sub-pixels from which they are calculated, does not take place in the
method according to the invention. In particular, referring to Figure 14a, V4
resolution sub-pixels h (and sub-pixel i in one embodiment of the invention)
are interpolated diagonally in order to reduce dependency on other Vi-
pixels. Furthermore, in the method according to the invention, the number of
calculations (and therefore the number of processor cycles) required to
obtain a value for those % resolution sub-pixels in the decoder is reduced
compared with TML5. Additionally, the calculation of any ¥ 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-pixel values are aiready available, e.g. they have been
calculated before-hand, the number of calculations required to interpolate a
Va 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 % resolution sub-pixel value from the available ¥ resolution sub-pixel

values.

In comparison with TML6, the method according to the invention does not
require high precision arithmetic to be used in the calculation of all sub-
pixels. Specifically, as all of the 4 resolution sub-pixel values are calculated
from original image pixels or % resolution sub-pixel values using linear
interpolation, lower precision arithmetic can be used in their interpolation.
Consequently, in hardware implementations of the inventive method, for
example in an ASIC (Application Specific Integrated Circuit), the use of
lower precision arithmetic reduces the number of components (e.g. gates)
that must be devoted to the calculation of % resolution sub-pixel values.
This, in turn, reduces the overall area of silicon that must be dedicated to
the interpolation function. As the majority of sub-pixels are, in fact, v
resolution sub-pixels (12 out of the 15 sub-pixels illustrated in Figure 14a),
the advantage provided by the invention in this respect is particularly
significant. In software implementations, where sub-pixel interpolation is
performed using the standard instruction set of a general purpose CPU
(Central Processor Unit) or using a DSP (Digital Signal Processor), a
reduction in the precision of the arithmetic required generally leads to an
increase in the speed at which the calculations can be performed. This is
particularly advantageous in 'low cost' implementations, in which it is

desirable to use a general purpose CPU rather than any form of ASIC.

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, namely that which is
indicated by received motion vector information. Therefore, it is
advantageous if the value of a sub-pixel in any sub-pixel location can be
calculated with the minimum number of steps that result in a correctly

interpolated value. The method according to the invention provides this
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capability. As mentioned in the detailed description provided above, %
resolution sub-pixel ¢ can be interpolated by filtering in either the vertical or
the horizontal direction, the same value being obtained for ¢ regardless of
whether 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 i resolution sub-pixel f, ¥ resolution sub-pixel ¢ should
interpolated in the vertical direction. If a value is required for ¥ resolution
sub-pixel g, it is advantageous to interpolate a value for ¢ in the horizontal
direction. Thus, in general, it can be said that the method according to the
invention provides flexibility in the way in which values are derived for

certain V4 resolution sub-pixels. No such flexibility is provided in TMLS5.

Two specific embodiments will now be described in detail. The first
represents a preferred embodiment for calculating sub-pixels with up to %
pixel resolution, while in the second, the method according to the invention
is extended to the calculation of values for sub-pixels having up to ¥ pixel
resolution. For both embodiments a comparison is provided between the
computational complexity / burden resulting from use of the method
according to the invention and that which would result from use of the
interpolation methods according to TML5 and TML6 in equivalent

circumstances.

The preferred embodiment for interpolating sub-pixels at % 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 % resolution sub-pixels at i) half unit horizontal and unit

vertical locations and ii) unit horizontal and half unit vertical focations.
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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

5 and unit vertical locations in either the row or the column of pixels
containing b and which are disposed symmetrically about b, as shown in
Figures 14b and 14c. A final value for 72 resolution sub-pixel b is
calculated as (b + 16) / 32 where the operatoi’ / denotes division with
truncation. The result is clipped to lie in the range [0, 255].

10

Calculation of %2 resolution sub-pixels at haif unit horizontal and half unit

vertical locations.

2. A value for the sub-pixel at half unit horizontal and half unit vertical
location, that is ¥z resolution sub-pixel ¢ in Figure 14a, is calculated as ¢

15 = (b, - 5b,+ 20b,+ 20b,- 5b,+ b, + 512) / 1024 using the intermediate

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

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

disposed symmetricaily about c. Again, operator / denotes division with
truncation and the result is clipped to lie in the range [0, 255]. As
20 previously explained, using intermediate values b for 2 resolution sub-
pixels b in the horizontal direction leads to the same result as using
intermediate values b for % resolution sub-pixels b in the vertical
direction. Thus, in an encoder according to the invention, the direction
for interpolating %z resolution sub-pixels b can be chosen according to a
25 preferred mode of implementation. In a decoder according to the
invention, the direction for interpolating sub-pixels b is chosen according
to which, if any, Y4 resolution sub-pixels will be interpolated using the

result obtained for ¥z 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 + b)/ 2
using the nearest original image pixel A and the closest % resolution
sub-pixel b in the horizontal direction. Similarly, values for V4 resolution
sub-pixels g, situated at quarter unit horizontal and half unit vertical
locations are calculated according to g = (b + ¢}/ 2 using the two nearest
Y2 resolution sub-pixels in the horizontal direction. In a similar manner,
values for Y4 resolution sub-pixels e, situated at unit horizontal and
quarter unit vertical locations, are calculated according e = (A + b) / 2
using the nearest original image pixel A and the closest ¥ resolution
sub-pixel b in the vertical direction. Values for %4 resolution sub-pixels f,
situated at half unit horizontal and quarter unit vertical locations, are
determined from f = (b + c) / 2 using the two nearest 'z resolution sub-
pixel in the vertical direction. In all cases, operator / denotes division with

truncation.

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

unit vertical locations.

4.

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

direction. Again, operator / denotes division with truncation.

A value for the 4 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 analysis of the computational 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 storing

them in memory. However, this solution increases memory usage by a large

- margin. In the preferred embodiment of the invention, in which motion

vector accuracy is Y4 pixel resolution in both the horizontal and vertical
dimensions, storing pre-calculated sub-pixel values for the whole image
requires 16 times the memory required to store the original, non-
interpolated image. To reduce memory usage, all % resolution sub-pixels
can be interpolated before-hand and % resolution sub-pixels can be
calculated on-demand, that is, only when they are needed. According to the
method of the invention, on-demand interpolation of values for ¥ resolution
sub-pixels only requires linear interpolation from % resolution sub-pixels.
Four times the original picture memory is required to store the pre-
calculated 2 resolution sub-pixels since only 8 bits are necessary to

represent them.

However, if the same strategy of pre-calculating all % resolution sub-pixels
using before-hand interpolation is used in conjunction with the direct
interpolation scheme of TML6, the memory requirements increase to 9
times the memory required to store the original non-interpolated image. This
results from the fact that a larger number of bits is required to store the high
precision intermediate values associated with each % resolution sub-pixel in
TML6. 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 V2 and ¥4 sub-pixel location.
In the following, the complexity of the sub-pixel value interpolation method

according to the invention, when applied in a video decoder, is compared

with that of the interpolation schemes used in TML5 and TMLS6. 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 TMLS5,
according to the method of the invention, a value for % resolution sub-
pixel ¢ can be obtained by filtering in either the vertical or the horizontal
direction. Thus, in order to reduce the number of operations, %
resolution sub-pixel ¢ can be interpolated in the vertical direction if a
value for % resolution sub-pixel f is required and in the horizontal
direction if a value for % resolution sub-pixel pixel g is required. As an
example, Figure 17 shows all the ¥; resolution sub-pixel values that must
be calculated in order to interpolate values for ¥ resolution sub-pixels g
in an image block defined by 4 x 4 original image pixels using the
interpolation method of TML5 (Figure 17a) and using the method
according to the invention (Figure 17b). In this example, the sub-pixel
value interpolation method according to TML5 requires a total of 88 %
resolution sub-pixels to be interpolated, while the method according to
the invention requires the calculation of 72 % resolution sub-pixels. As

can be seen from Figure 17b, according to the invention, % resolution
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sub-pixels ¢ are interpolated in the horizontal direction in order to reduce

the number of calculations required.

2. According to the method of the invention, % resolution sub-pixel h is
calculated by linear interpolation from its two closest neighbouring %
resolution sub-pixels in the diagonal direction. The respective humbers
of %2 resolution sub-pixels that must be calculated in order to obtain
values for % 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), respectively. Using the method according to TMLS5 it is
necessary to interpolate a total of 56 % resolution 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 complexities of the three sub-pixel value
interpolation methods considered here, that according to TML5, the direct
interpolation method used in TML6 and the method according to the
invention. Complexity is measured in terms of the number of 6-tap filtering
and linear interpolation operations performed. It is assumed that
Interpolation of %4 resolution sub-pixel i is calculated according to i = (A, + A,
+ A, + A, +2) /4 which is bilinear interpolation and effectively comprises two
linear interpolation operations. The operations needed to interpolate sub-
pixel values with one 4 x 4 block of original image pixels are listed for each
of the 15 sub-pixel positions which, for convenience of reference, are
numbered according to the scheme shown in Figure 19. Referring to Figure
19, location 1 is the location of an original image pixel A and locations 2
to16 are sub-pixel locations. Location 16 is the location of % resolution sub-
pixel i. In order to compute the average number of operations it has been
assumed that the probability of a motion vector pointing to each sub-pixel

position is the same. The average complexity is therefore the average of the
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15 sums calculated for each sub-pixel location 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
2,45,13 16 16 0 16 16 16
11 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: Complexity of % resolution sub-pixel interpolation in TML5, TML6

and the method according to the invention.

It can be seen from Table 1 that the method according to the invention
requires fewer 6-tap filter operations than the sub-pixel value interpolation
method according to TML6 and only a few additional linear interpolation
operations. Since 6-tap filter operations are much more complex than linear
interpolation operations the complexity of the two methods is similar. The
sub-pixel value interpolation method according to TML5 has a considerably

higher complexity.

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

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

Figure 20 presents the nomenclature used to describe pixels, % resolution
sub-pixels, %4 resolution sub-pixels and } resolution sub-pixels in this
extended application 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

Page 84 of 350



10

15

20

25

. Values for the %% resolution and % resolution sub-pixels labelled i, j

79
b'=(-3A, + 12A,- 37A,+ 220A,+ T1A;- 21A, + 6A, - A); b°= (-3A, + 12A,
- 39A; + 158A, + 158A, - 39A, + 12A, - 3A,); and b’ = (-A, + BA,- 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 containing b', b* and b® and
disposed symmetrically about ¥ resolution sub-pixel b%. The
asymmetries in the filter coefficients used to obtain intermediate values
b" and b’ account for the fact that pixels A, to A, are not symmetrically
located with respect to 4 resolution 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 truncation. The result is

clipped to lie in the range [0, 255].

+

1, 2, 3, are calculated according to ¢"= (-3b/ + 12b] - 37 bl + 229 b/
71b - 21b) + 6bi - bl + 32768) / 65536, c? = (-3b{ +12b] -39b] +
158b] + 158b] - 39b] + 12b] - 3b] + 32768) / 65536 and ¢ = (-b/ +
6b] - 21b] + 71b] + 229b! - 37b] + 13bJ - 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 resolution and % resolution sub-
pixels ¢’ being interpolated and disposed symmetrically about the %
resolution sub-pixel ¢®. The asymmetries in the filter coefficients used to
obtain values for sub-pixels ¢ and 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
memory they are clipped to lie in the range [0, 255]. In an alternative

embodiment of the invention, ¥z 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, %2
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 Y resolution sub-pixels labelled e and f are calculated using

linear interpolation from the values of image pixels, 2 resolution or %
resolution sub-pixels in the diagonal direction. For example, referring to
Figure 20, upper leftmost pixel % resolution sub-pixel e is calculated
according to e = (b"'+ b'+ 1) / 2. The diagonal direction to be used in the
interpolation of each ¥ resolution sub-pixel in a first preferred
embodiment of the invention, hereinafter referred to as ‘preferred
method 1', is indicated in Figure 21(a). Values for Y resolution sub-
pixels labelled g are calculated according to g = (A + 3¢® + 3) / 4. As
always, operator / denotes division with truncation. In an alternative
embodiment of the invention, hereinafter referred to as 'preferred
method 2', computational complexity is further reduced by interpolating
¥ resolution sub-pixels f using linear interpolation from 2 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 calculating such an average has the effect of causing
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 value interpolation to 4 pixel resolution
previously described, memory requirements in the encoder can be reduced
by pre-calculating only a part of the sub-pixel values to be interpolated. In
the case of sub-pixel value interpolation to ¥ pixel resolution, it is
advantageous to calculate all 2 resolution and % resolution sub-pixels
before-hand and to compute 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
invention require 16 times the original picture memory to store the %
resolution and Y4 resolution sub-pixel values. However, if the direct
interpolation method according to TML6 is used in the same way,
intermediate values for the %2 resolution and % pixel resolution sub-pixels
must be stored. These intermediate values are represented with 32-bit
precision and this results in a memory requirement 64 times that for the

original, non-interpolated image.

In the following, 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 % pixel resolution, is compared with that of
the interpolation schemes used in TML5 and TML6. As in the equivalent
analysis for V4 pixel resolution sub-pixel value interpolation described above,
it is assumed that in each method the interpolation of any sub-pixel value is

performed using only the minimum number of steps required to obtain a
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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 original image pixel
and locations 2 to 64 are sub-pixel locations. When computing the average

number of operations, it has been assumed that the probability of a motion

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

complexity is thus the average of the 63 sums calculated for each sub-pixei

location and the single full-pixel location.

TML5 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
3,5,7,17,33,49 0 16 0 16 0 16 0 16
19,21,23,35,37,39, | O 60 0 60 0 60 0 60
51,53,55
2,8,9,57 16 16 0 16 16 16 16 16
4,6,25,41 16 32 0 16 16 32 16 32
10,16,58,64 32 76 0 60 16 32 16 32
11,13,15,569,61,63 | 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 0 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
27,29,31,43,4547 | 16 76 0 60 16 76 16 76
28,30,44,46 32 152 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

separately for Preferred Method 1 and Preferred Method 2).

As can be seen from Table 2, the number of 8-tap filtering operations
performed according to preferred methods 1 and 2 are, respectively, 26%
and 34% lower than the number of 8-tap filtering operation performed in the
sub-pixel value interpolation method of TML5. The number of linear
operations is 25% lower, in both preferred method 1 and preferred method
2, compared with TML5, but this improvement is of lesser importance
compared to the reduction in 8-tap filtering operations. It can further be seen
that the direct interpolation method used in TML6 has a complexity
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 should be apparent that many modifications and
variations thereto are possible, all of which fall within the true spirit 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, 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%™ 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.

2. A method according to claim 1 wherein a first and a second weight are

used in the weighted average referred to. in (c), the relative magnitudes of

the weights being inversely proportional to the (straight-line diagonal)
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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" unit horizontal and 1/2" vertical

location, 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-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.

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 horizontal and 1/2™"

unit vertical location is required.

6. A method according to claim 1 in which, when values for sub-pixels at
1/2" unit horizontal and unit vertical locations, and 1/2" horizontal and 1/2""
vertical locations are required, interpolating such values by taking the
average of the values of a first pixel or sub-pixel located at a vertical
location corresponding to that of the sub-pixel being calculated and unit
horizontal location and a second 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. 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" 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
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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 interpoléted by taking the
average 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.

9. 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 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.

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""
unit horizontal and unit vertical location, and a sub-pixel located at a unit
horizontal and 1/2"" unit vertical location and values for the other half of the
sub-pixels at 1/2" unit horizontal and 1/2" unit vertical locations are
interpolated by taking the average of a second pair of values of a pixel
located at a unit horizontal and unit vertical location, and a sub-pixel located

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

11. A method according to claim 10 in which values for sub-pixels at 1/2"
unit horizontal and 1/2" unit vertical locations are alternately interpolated for
one such sub-pixel by taking the average of a first pair of values of a sub-
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
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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 vertical locations are alternately interpolated in a

horizontal 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 alternately interpolated in a

horizontal direction.

14. 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. A method according to claim 1 in which N equals an integer selected

from a list consisting of the values 2, 3, and 4.

16. 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. 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. 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
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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 horizontal and unit vertical
locations, and unit horizontal and half unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at
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 venrtical location, 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 location, and a sub-pixel

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 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;
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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 being calculated.

20. 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. 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 and 1/2" unit vertical locations are required, they are
interpolated by taking the average of at least one pair of a first pair of values
of a sub-pixel located at a 1/2"" unit horizontal and unit vertical location, and
a sub-pixel located at a unit horizontal and 1/2%" unit vertical 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.

23. 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 video coder comprising
an interpolator adapted to generate values for sub-pixels at fractional

horizontal and vertical locations, the fractional horizontal and vertical
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locations being defined according to 1/2x, 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 unit vertical
locations;

b) interpolate values for sub-pixels at 1/2"" unit horizontal and 172" unit
vertical locations directly using a choice of a first weighted sum of values for
sub-pixels residing at 1/2"" unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at unit horizontal and
1/2"" unit vertical locations, the first and second weighted sums of values
being calculated according to step (a); and

c) interpolate a value for a sub-pixel situated at a 1/2" unit horizontal and
1/2" unit vertical location by taking a weighted average of the value of a first
sub-pixel or pixel situated at a 1/2%" unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel located at a 1/2™* unit
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.
24. A video coder according to claim 23, comprising a video encoder.
25. A video encoder according to claim 23, comprising a video decoder.

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 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
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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 defined~ according to
1/2", where x is a positive integer having a maximum value N, the
interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical
locations, and unit horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

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

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

28. A communications terminal according to claim 27 comprising a video

encoder.

29. A communications terminal according to claim 27 comprising a video

decoder.

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 communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the communications terminal comprising a video coder
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
interpolator adapted to generate values for sub-pixels at fractional horizontal
and vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2*, where x is a positive integer having a maximum
value N, the 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 unit vertical
locations;

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

¢) 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-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 system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the network comprising a video coder for coding for
coding an 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 interpolator
adapted to generate values for sub-pixels at fractional horizontal and
vertical locations, the fractional horizontal and vertical locations being
defined according to 1/2*, where x is a positive integer having a maximum
value N, the 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 unit vertical
locations;

b) interpolate values for sub-pixels at 1/2"" unit horizontal and 1/2"" unit
vertical locations directly using a choice of a first weighted sum of values for
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
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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-pixels
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 comprising an
interpolator adapted to generate values for sub-pixels at fractional horizontal
and vertical locations, the resolution of the sub-pixels being determined by a
positive integer N, the interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2"" unit horizontal and unit vertical
locations, and unit horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
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.

36. A video coder according to claim 35 in which the interpolator is further
adapted to form the first weighted sum using the values of sub-pixels
residing at 1/2%" unit horizontal and unit vertical locations and to use the first
weighted sum to interpolate a value for a sub-pixel at 1/2"" unit horizontal

and 1/2" unit vertical location.
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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. Avmethod according to claim 35 in which the interpolator is 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-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.

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 comprising the video encoder of claim 39 and the video

decoder of claim 40.

42. 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
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 horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
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.

43. A communications terminal according to claim 42 comprising a video

encoder.

44. A communications terminal according to claim 42 comprising a video

decoder.

45. A communications terminal according to claim 42 having a video codec

comprising a video encoder and a video decoder.

46. A telecommunications system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
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 horizontal and 1/2™" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
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.

47. A telecommunications system according to claim 46 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.

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

links between the other communications terminals and the network.

49. A telecommunications system comprising a communications terminal
and a network, the telecommunications network and the communications
terminal being connected by a communications link over which coded video
can be transmitted, the network comprising a video coder for coding for
coding an 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 horizontal and 1/2"" unit vertical locations directly using
weighted sums of pixels residing at unit horizontal and unit vertical
locations;

b) interpolate a value for a sub-pixel at a sub-pixel horizontal and sub-pixel
vertical location is required directly using a choice of a first weighted sum of
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.
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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
locations and the pixels in the columns residing at unit venrtical 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 horizontal and unit vertical
locations, and unit horizontal and half unit vertical locations are required,
interpolating such values directly using weighted sums of pixels residing at
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-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 location, and a sub-pixel

located at a half unit horizontal and half unit vertical location.
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IN THE UNITED STATES’%ATENT AND TRADEMARK OFFICE

PPLICANT (s) : Karczewicz et al.

SERIAL N@.: 09/954, 608 ART UNIT:

q
FILING DATE: 9/17/01 EXAMINER:
TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY »
DOCKET NO.: " 442-010567-US (PAR)

Washington, D.C. 20231 01 FC:102
SUPPLEMENTAL PRELIMINARY AMENDMENT

Sir: ////

Please amend the above-identified patent application as follows:

IN THE CLAIMS:

/

Please replace the following claim(s) as rewritten below:

23. (Amended) :A video cocder 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 interpolator adapted to generate values for sub-
pixels at fractional horizontal and vertical 1locations, the T

fractional horizontal and vertical locations being defined
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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 locations, and unit horizontal and 1/2%7?
unit vertical locations directly using weighted sums of
pixels residing at unit horizontal and wunit vertical

locations;

interpolate values for subpixels at 1/2"! unit horizontal
and 1/2"! unit vertical locations directly using a choice
of a first weighted sum of wvalues 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 wvertical 1locations, the
first and second weighted sums of values being calculated

according to step (a); and

interpolate a value for a sub-pixel situated at a 1/2" unit
horizontal and 1/2"% unit vertical 1location 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%P unit horizontal and 1/2"%% 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.

35.

(Amended) A video coder for coding an image comprising

p
@5 pixels arranged in rows and columns and represented by values

DR

Page 137 of 350



HON
N

¢ o

having a specified dynamic range, the pixels 1in 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:

a) interpolate values for sub-pixels at 1/2"! unit horizontal
and unit vertical locations, and unit horizontal and 1/2"*
unit wvertical 1locations directly using weighted sums of
pixels residing at wunit horizontal and unit vertical

locations;

b) interpolate a value for a sub-pixel at a sub-pixel
horizontal and sub-pixel vertical location directly using a
choice of a first weighted sum of values for sub-pixels
located at a vertical location corresponding to that of the
sub-pixels being calculated and a second weighted sum of
values for sub-pixels 1located at a horizontal 1location

corresponding to that of the sub-pixel being calculated.

38. (Amended) A video coder according to claim 35 in which the
interpolator is 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-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
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location, and a sub-pixel located at a 1/2"! unit horizontal and

1/2%! unit vertical location.

Z - e e e X

42. (Amended) 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 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:

a) interpolate values for sub-pixels at 1/2"' unit horizontal
and unit vertical locations, and unit horizontal and 1/2"1
unit wvertical 1locations 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 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 1location

corresponding to that of the sub-pixel being calculated.

4¢6. (Amended) A telecommunications system comprising a

(} é communications terminal and a network, the telecommunications
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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:

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 wunit vertical

locations;

b) interpolate a value for a sub-pixel at a sub-pixel
horizontal and sub-pixel vertical location directly using a
choice of a first weighted sum of values for sub-pixels
located at a vertical location corresponding to that of the
sub-pixel being calculated and a second weighted sum of
values for sub-pixels located at a horizontal 1location

corresponding to that of the sub-pixel being calculated.

49, (Amended) A telecommunications system comprising a
communications terminal and a network, the telecommunication
network and the communications terminal being connected by a
communications link over which coded video can be transmitted,

the network comprising a video coder for coding an image

Page 140 of 350



o : ®
/

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:

a) interpolate values for sub-pixels at 1/2"' unit horizontal
and unit vertical locations, and unit horizontal and 1/2N1
unit vertical locations directly wusing weightéd sums of
pixels residing at unit horizontal and wunit vertical

locations;

b) interpolate a value for a sub-pixel at a sub-pixel
horizontal and sub-pixel vertical location directly using.a
choice of a first weighted sum of values for sub-pixels
located at a vertical location corresponding to that of the
sub-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.

> ot

Please add the following claim(s):

50. (New) A codec 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 codec comprising a video encoder
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and a video decoder, each of the video encoder and the video
decoder comprising an interpolator adapted to generate values
for sub-pixels at fractional horizontal and vertical locations,
the fractional horizontal and vertical 1locations being defined
according to 1/2*%, where x is a positive integer having a maximum
value N, the interpolator of the video encoder and the

interpolator of the video decoder each being adapted to:

a) interpolate values for sub-pixels at 1/2%*' unit horizontal
and unit vertical 1locations, and unit horizontal and 1/2N2
unit vertical 1locations directly using weighted sums of
pixels residing at unit horizontal and wunit vertical

locations;

ﬂ;\ b) interpolate values for sub-pixels at 1'/'2N"l unit horizontal
\ and 1/2"!' unit vertical locations directly using a choice
of a first weighted sum of values for sub-pixels residing
at 1/2"' unit horizontal and unit vertical locations and a
second weighted sum of values for sub-pixels residing at
unit horizontal and 1/2"! unit vertical locations, the
first and second weighted sums of valuesibeing calculated

according to step (a); and

c) interpolate a value for a sub-pixel situated at a 1/2" unit
horizontal and 1/2" unit vertical location by taking a
weighted average of the value of a first sub-pixel or pixel
situated at a 1/2"™ unit horizontal and 1/2"" unit vertical
location and the value of a second sub-pixel or pixel
located at a 1/2"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
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or pixels are located diagonally with respect to the sub-

pixel at 1/2" unit horizontal and 1/2Y vertical location.

51. (New) A codec for <coding 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
unit vertical locations, the codec comprising a video encoder
and a video decoder, each of the video encoder and the wvideo
decoder 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 of the video encoder and the

interpolator of the video decoder each being adapted to:

a) interpolate values for sub-pixels at 1/2"! unit horizontal
and unit vertical locations, and unit horizontal and 1/2%*
unit vertical locations directly using weighted sums of
pixels residing at unit horizontal and wunit vertical

locations;

b) interpolate a value for a sub-pixel at a sub-pixel
horizontal and sub-pixel vertical location directly using a
choice of a first weighted sum of values for sub-pixels
located at a vertical location corresponding to that of the
sub-pixel being calculated and a second weighted sum of
values for sub-pixels 1located at a horizontal 1location

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

1. Claims 23, 35, 38, 42 and 49 are amended. Claims 50 and 51
are new. The claim amendments are to correct grammatical errors
" in the claims and are not related to patentability. A marked-up

version of the amended claims is attached hereto.

2. A check in the amount of $160.00 is enclosed on account of

the additional claims fee.

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 submitted,

%ﬂfm M&QL&A o 11=%o0-o0l\

eza . Ziegler, Date
Reqg. o. 44,004

Perman & Green, LLP
425 Post Road
Fairfield, CT 06430
(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 Commissioner of Patents, Washington, D.C. 20231.

Date: ‘:llé;!()\ Signatufe:

Person Making Deposi
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Application No.: 09/954, 608

Marked Up Claim(s)

23. (Amended) A video coder for coding an image comprising
pixels arranged in rows and columné and represented by wvalues
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 1locations, the
fractional horizontal and vertical locations being defined
according to [1/2x] 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 1/2N1
unit wvertical locations directly using weighted sums of
pixels residing at unit horizontal and wunit vertical

locations;

b) interpolate values for subpixels at 1/2"' unit horizontal
and 1/2"! unit vertical locations directly using a choice
of a first weighted sum of values for sub-pixels residing
at 1/2%! unit horizontal and unit vertical locations and a
second weighted sum of wvalues 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
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c) interpolate a value for a sub-pixel situated at a 1/2" unit
horizontal and 1/2" unit vertical 1location 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"%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.

35. (Amended) 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 1locations, the
resolution of the sub-pixels being determined by a positive

integer N, the interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2"! unit horizontal
and unit vertical locations, and unit horizontal and 1/2%7?
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 wvalues

for sub-pixels located at a vertical location corresponding
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to that of the sub-pixels 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.

38. (Amended) A [method] wideo coder according to claim 35 in

which the interpolator is 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-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

2N—l

location, and a sub-pixel located at a 1/ unit horizontal and

1/2"¥! unit vertical location.

42 . (Amended) 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 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 1locations, the resolution of the sub-pixels being
determined by a positive integer N, the interpolator being

adapted to:

a) interpolate values for sub-pixels at 1/2! unit horizontal
and unit vertical locations, and unit horizontal and 1/2V*

unit vertical 1locations directly using weighted sums of
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pixels residing at wunit horizontal and wunit vertical

locations;

b) interpolate a value for a sub-pixel at a sub-pixel
horizontal and sub-pixel vertical 1location [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 wvalues for sub-pixels located at a
horizontal location corresponding to that of the sub-pixel

being calculated.

46. (Amended) A telecommunications system comprising a
communications terminal and a network, the telecommunications
network and the communications terminal being connected by a
communications link over which coded video can be transmitted,
the communications terminal comprising a video coder for coding
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 unit vertical 1locations, the
coder comprising an interpolator adapted to generate values for
sub-pixels at fractional horizontal and vertical 1locations, the
resolution of the sub-pixels being determined by a positive

integer N, the interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2"' unit horizontal
and unit vertical locations, and unit horizontal and 1/2"*
unit vertical locations directly using weighted sums of
pixels residing at unit horizontal and unit vertical

locations;
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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 sub-pixels located at a
horizontal location corresponding to that of the sub-pixel

being calculated.

49. (Amended) A telecommunications system comprising‘ a
communications terminal and a network, the telecommunication
network and the communications terminal being connected by a
communications link over which coded video can be transmitted,
the network cbmprising 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
coder comprising an interpolator adapted to generate values for
sub-pixels at fractional horizontal and vertical locations, the
resolution of the sub-pixels being determined by a positive

integer N, the interpolator being adapted to:

a) interpolate values for sub-pixels at 1/2"! unit horizontal
and unit vertical locations, and unit horizontal and 1/2M1
unit vertical 1locations 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]
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directly using a choice of a first weighted sum of values
for sub-pixels located at a vertical location corresponding
to that of the sub-pixel being calculated and a second
weighted sum . of values for sub-pixels located at a
horizontal location corresponding to that of the sub-pixel

being calculated.
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Zur Erzeugung eines verbesserten Bildsignals bei der Bewe-
gungsschiitzung erfolgt zuerst eine pelgenaue Bestimmung eines
Bewegungsvektors und anschlieBend eine zweistufige Interpolationsfilterung
auf Sub—Pelgenauigkeit. Die Interpolationskoeffizienten werden hinsichtlich
einer Aliasing-Reduzierung gewahlt. Zur Interpolation werden mehr

sich verbessern und damit dic Codicrungseffizienz steigem.

+ + +
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+ +
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+ +

Nachbarbildpunkte herangezogen als bei fiblichen Interpolationsverfahren. Die Qualitét eines Pridiktionssignals fiir Bewegungsbilder 146t
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INTERPOLATIONSFILTERUNGS VERFAHREN FUR SUB-PELGENAUIGKEIT-BEWEGUNGSSCHATZUNG

Stand der Technik

Die Erfindung geht aus von einem Verfahren zur Erzeugung
eines verbesserten Bildsignals bei der Bewegungsschatzung
von Bildsequenzen, insbesondere eines Prddiktionssignals fur
Bewegtbilder mit bewegungskompensierender Prddiktion, wobei
fir Bildbldécke Bewegungsvektoren gebildet werden, die fiur
jeden Bildblock eines aktuellen Bildes die Position des zur
Préddiktion benutzten Bildblockes gegentiber einem zeitlich

davorliegenden Referenzbild angeben.

Aus der EP 0 558 922 B2 ist ein Verfahren zur Verbesserung
der Bewegungsschitzung in Bildsequenzen in
Halbpelgenauigkeit nach dem Full-Search-Verfahren bekannt .
Dort wird in einem ersten Verfahrensschritt der Suchbereich
und in einem zweiten Verfahrensschritt der Match-Block
gefiltert unter Zuhilfenahme eines zusitzlichen digitalen
Filters, daf eine Rasterverschiebung des Bildpunktrasters um
X pel ermdbglicht. Mit dieser Mafnahme ist eine Verfalschung

des Bewegungsvektorfeldes auszuschiieBen.
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Beim ,MPEG-4 Video Verification Model Version 7.0“, Bristol,
April 1997, MPEG 97/N1642 in ISO/IEC JTC1l/SC 29/WGl1l ist ein
Encoder und Decoder zur objektbasierten Codierung von
Bewegtbildfolgen spezifiziert. Dabei werden nicht mehr
rechteckige Bilder fester Groéfie codiert und zum Empfanger
libertragen, sondern sogenannte VIDEQO OBJECTS (VO), welche
beliebige Form und Grédéfe aufweisen dirfen. Die Abbildung
eines solchen VO in der Kamerabildebene zu einem bestimmten
Zeitpunkt wird als VIDEO OBJECTS PLANE (VOP) bezeichnet.
Somit ist die Beziehung 2zwischen VO und VOP &dquivalent zu
der Beziehung zwischen Bildfolge und Bild im Falle der

Ubertragung rechteckiger Bilder fester Grofe.

Die bewegungskgmpensierende Pradiktion im
Verifikationsmodell wird mit Hilfe sogenannter blockweiser
Bewegungsvektoren durchgefihrt, die fdr jeden Block der
GrofRe 8 x 8 bzw. 16 x 16 Bildpunkte des aktuellen Bildes die
Position des zur Pradiktion benutzten Blockes in einem
bereits Ubertragenen Referenzbild angeben. Die Aufldsung der
Bewegungsvektoren ist dabei auf einen halben Bildpunkt
beschrinkt, wobei Bildpunkte zwischen dem Abtastraster (half
pixel position) durch eine bilineare Interpolationsfilterung
aus den Bildpunkten auf dem Abtastraster {(integer pixel
position) erzeugt werden (Figur 1) .+ gibt hiexbei die
Ganzzahl-Pixel-Position und O die Halb-Pixel-Position an.
Die interpolierten Werte a, b, c und d in Halb-Pixel-
Position ergeben sich durch folgende Beziehungen:

a=A, b= (A+B)//2, c = (A+C)//2,

d=(A+ B+ C + D)//4, wobei // eine gerundete Ganzzahl-

Division kennzeichnet.
Vorteile der Erfindung

Mit den Maffnahmen der Erfindung laf3t sich die Qualit&t des

Pradiktionssignals und somit die Kodierungseffizienz
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verbessern. Dabeil wird zur Erzeugung von Bildpunkten
zwischen dem Bildpunkt-Abtastraster eine grdofRere O6rtliche
Nachbarschaft berlcksichtigt, als bei der bilinearen
Interpolation. Die erfindungsgeméfle aliasing-reduzierende
Interpolationsfilterung fuhrt zu einer erhdhten Aufldsung
des Bewegungsvektors und damit zu einem Pradiktionsgewinn
und einer erhdhten Codierungseffizienz. Bei der Erfindung
kénnen die FIR-Filterkoeffizienten den zu codierenden
Signalen angepaft und fur jedes Video-Object getrennt
Ubertragen werden, was eine weitere Effizienzerhdhung fdr
die Codierung ermdglicht scowie die Flexibilitét des

Verfahrens erhdht.

Im Gegensatz zur Ldsung gemdaf dexr EP 0 558 922 Bl mussen
keine zusatzlichen Polyphasenfilterstrukturen fir
Zwischenpositionen mit % pel-Bildpunktaufldésung in

horizontaler und vertikaler Richtung entworfen werden.

Mit den Mafnahmen der Erfindung ist es m&églich, daf bei
gleichbleibender Datenrate die Bildfolgefrequenz eines MPEG-
1-Coders von 25 Hz auf 50 Hz verdoppelt werden kann. Bei
einem MPEG2-Coder kann die Datenrate bei gleichbleibender

Bildqualit&at um bis zu 30% reduziert werden.
Zeichnungen

Anhand von Zeichnungen werden nun Ausfihrungbeispiele der

Erfindung naher erlautert. Es zeigen:

Figur 2 ein Interpolationsschema fir Bildpunkte zwischen dem
Bildpunkt-Abtastraster,

Figur 3 die Struktur eines FIR-Filters zur Interpolation,
Figur 4 eine weitere Interpolation mit noch hdéherer

Aufldsung.
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Beschreibung von Ausfihrungsbeispielen

Beim Verfahren nach der Erfindung werden fir Bildbldcke
Bewegungsvektoren gebildet, die fur jeden Bildblock eines
aktuellen Bildes die Position des zur Pradiktion benutzten
Bildblockes gegeniber einem zeitlich davorliegenden

Referenzbild angeben.

Die Bestimmung der Bewegungsvektoren fur die Pr&adiktion
erfolgt in drei aufeinanderfolgenden Schritten:

In einem ersten Suchschritt wird ein Bewegqungsvektor mit
Pelgenauigkeit nach einem herkédmmlichen Verfahren, z.B. nach
der Full-Search-Block-Matching-Methode, fur jeden Bildblock
bestimmt. Hierbei wird das Minimum des Fehlerkriteriums far
md&gliche Bewegﬁngspositionen ermittelt und jener Vektor, der
die Bewegung des Bildblockes am besten beschreibt,
ausgewdhlt (EP 0 368 151 Bl).

In einem zweiten Suchschritt, der wiederum auf einer solchen
Minimumsuche fir das Fehlerkriterium basiert, wird ausgehend
von dem im ersten Schritt ermittelten Bewegungsvektor mit
Pelgenauigkeit durch eine aliasing-reduzierende
Interpolationsfilterung mittels eines digitalen
symmetrischen FIR (finite impulse response)-Filters ein
verbesserter Bewegungsvektor auf Subpelgenauigkeit
ermittelt. Die Aufldsung wird hierbei hdher gewdhlt als im
ersten Suchschritt, vorzugsweise wird eine Aufldsung von
einem halben Bildpunkt bezogen auf das Bildpunktraster
gewdhlt. Figur 2 zeigt das Interpolationsmuster flUr die
Bildpunkte b, c und d zwischen dem Bildpunktraster, die sich
aus den Nachbarbildpunkten A, B, C, D, E, F, G, H auf dem
Bildpunktraster ergeben. + gibt die Ganzzahl-Pixelposition

an, o die Halbpixelposition. Es gilt:
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b = (CO1x(A_; + A,1) + CO2x (A_5 + BA,p) + CO3x (A_3 + A,3) +
Coax (A_g4 + A,4)) /256
c¢j = (COlx(Aj + Ej) + CO2x(Bj + Fj) + CO3x (Cij+ Gj) +

GO4x (D3 + Hyi)) /256
d = (COlx{c_q + c,q) + CO2x(c_5 + c4p) + CO3x (c_3 + CL3) +
CO4x(c_g+ ©,4)) /256

Die Struktur des verwendeten FIR-Interpolationsfilters ist
aus Figur 3 ersichtlich. Es weist nach jeder
Bildpunktposition 8p einen Abzweig zu einem Koeffizienten-
bewerter 1, 2, 3 usw. auf und eine Summationseinrichtung 10
am Ausgang. Wie aus obigen Beziehungen ersichtlich ist, wird
zur Erzeugung von Bildpunkten zwischen dem Abtastraster eine
gréRere drtliche Nachbarschaft berticksichtigt, als bei der
bilinearen Intérpolation nach dem Stand der Technik. Die
Interpolationsfilterkoeffizienten C02, C0O3, C04 werden dabei
so bestimmt, dafR die Interpolationsfehlerleistung minimal
wird. Die Koeffizienten kénnen direkt mit dem bekannten
Schitzverfahren des kleinsten, mittleren guadratischen
Fehlers bestimmt werden. Aus der Minimierung der
Interpolationsfehlerleistung erh&lt man ein lineares
Gleichungssystem, dessen Koeffizienten aus dem
Orthogonalitdtsprinzip abgeleitet werden kénnen. Ein derart
optimierter Satz von FIR-Filterkoeffizienten ist durch die
Koeffizienten CO1 = 161/256, CO2 = -43/256, CO3 = 23/256,
CO04 = -8/256 gegeben.

Im dritten Suchschritt wird ausgehend von dem auf %
Pelgenauigkeit bestimmten Bewegungsvektor durch eine weitere
Interpolationsfilterung eine lokale Suche unter
Zugrundelegung der acht Nachbarbildpunkte mit einer
Auflésung, die noch weiter erhdht ist, vorzugsweise auf Y%
Bildpunkt, durchgefihrt. Es wird wie zuvor der
Bewegungsvektor ausgewahlt, der die geringste

Prddiktionsfehlerleistung liefert.
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Das Interpolationsmuster hierzu zeigt Figur 4. Die
ganzzahligen Bildpunkt-Positionen sind mit X gekennzeichnet,
die Halb-Pixel-Bildpunktpositionen mit o und die Viertel-
Pixel-Bildpunktpositionen mit -. O markiert die beste
Kompensation mit 1/2-Bildpunkt und + die Viertelbildpunkt-

Suchposition.

Interpoliert wird bezliglich des Bildpunktrasters mit der
Aufldsung von einem halben Bildpunkt aus dem zweiten
Suchschritt mit den FIR-Filterkoeffizienten CO1’ = 1/2,
co2’ = O, CO3' = 0O, CO4’ = O.

Die gleiche zuvor vorgestellte Interpolationstechnik wird

fir die bewegungskompensierende Pradiktion verwendet.

Falls die Verarbeitung innerhalb eines Coders mit einem
reduzierten Bildformat durchgefihrt wird (SIF-Format
innerhalb eines MPEGl-Coders oder Q-CIF in einem H.263-
Coder), zur Anzeige aber das urspringliche Eingangsformat
verwendet wird, z.B. CCIR 601{1] bei MPEG-1 oder CIF bei
H.263, mufs als Nachverarbeitung eine Ortliche
Interpolationsfilterung durchgefihrt werden. Auch fir diesen
Zweck kann die beschriebene aliasing-kompensierende-

Interpolationsfilterung verwendet werden.

Um die aliasing-kompensierende Interpolation mit 1/4 Pel
Aufldésung zu aktivieren, kénnen in einen Bildibertragungs-

Bitstrom Aktivierungsbits eingefiigt werden.

Fliir die Pradiktion von Video-Objekten k&nnen die
Filterkoeffizienten COl bis €04 und COl1l’ bis C04’ fiir jedes
der Video-Objekte VO getrennt aufbereitet werden und in den
Bilddbertragungs-Bitstrom zu Beginn der Ubertragung des

jeweiligen Video-Objekts eingefigt werden.
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Zur Codierung eines Bewegungsvektors kann der Wertebereich
der zu codierenden Bewegungsvektor-Differenzen an die

erhdhte Aufldsung angepafit werden.
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Anspriche

1. Verfahren zur Erzeugung eines verbesserten Bildsignals
bei der Bewegungsschdtzung von Bildsequenzen, insbesondere
eines Pradiktionssignals fir Bewegtbilder mit
bewegungskompeﬁsierender Prddiktion, wobei fur Bildblécke
Bewegungsvektoren gebildet werden, die fiur jeden Bildblock
eines aktuellen Bildes die Position des zur Pré&diktion
benutzten Bildblockes gegeniliber einem zeitlich
davorliegenden Referenzbild angeben, mit folgenden
Schritten:

- In einem ersten Suchschritt wird ein Bewegungsvektor auf
Pelgenauigkeit bestimmt,

- in einem zweiten Suchschritt wird ausgehend von dem

Bewegungsvektor mit Pelgenauigkeit durch eine aliasing-

reduzierende Interpolationsfilterung mittels eines digitalen

Filters ein verbesserter Bewegungsvektor auf
Subpelgenauigkeit ermittelt, wobei die Aufldsung hodher
gewdhlt ist, als es der Aufldsung des Bildpunktrasters im
ersten Suchschritt entspricht und wobei zur Interpolation
mehr Nachbarbildpunkte herangezogen werden als bei einer
bilinearen Interpolation,

- in einem dritten Suchschritt wird ausgehend von dem auf
Subpelgenauigkeit bestimmten Bewegungsvektor durch eine
weitere Interpolationsfilterung mittels des digitalen

Filters ein weiter verbesserter Bewegungsvektor ermittelt,
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wobei die Aufldésung gegeniber dem zweiten Suchschritt

" nochmals erhéht wird und die Interpolation basierend auf dem

Bildpunktraster mit der Aufldésung im zweiten Suchschritt

vorgenommen wird.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daf3
zur Interpolationsfilterung beim zweiten Suchschritt ein
FIR-Filter verwendet wird mit den Filterkoceffizienten COl =

161/256, CO2 = -43/256, CO3 = 23/256, CO4 = -8/256.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet,
daf zur Interpolationsfilterung beim dritten Suchschritt ein
FIR-Filter verwendet wird, mit den FIR-Filterkoeffizienten

col’ = 1/2, CO2' = 0, CO3’' = O, CO4' = O.

4. Verfahren nach einem der Anspriiche 1 bis 3, dadurch
gekennzeichnet, daf fiir die Pradiktion von video-Objekten
(Vo) die Filterkoeffizienten des digitalen Filters/FIR-
Filters fir jedes Video-Objekt getrennt aufbereitet werden
und in einen Ubertragungsbitstrom zu Beginn der Ubertragung

des jeweiligen Objektes eingefligt werden.

5. Verfahren nach einem der Anspriiche 1 bis 4, dadurch
gekennzeichnet, daf® zur Codierung eines Bewegungsvektors,
insbesondere flir eine Ubertragung der Wertebereich der zu
codierende Bewegungsvektor-Differenzen an eine erhoéhte

Auflésungiangepaﬁt wird.
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(54) Title: A movement compensation inter-frame prediction
coding and decoding method for image signals and its
devices

(57) Claims:

1. A movement compensation inter-frame prediction coding
and decoding method for image signals comprising:

at a transmission side,

providing space interpolation of sampled input image
signals so that the number of samples may be increased;
detecting blocks of a previous frame of said input image
signals subjected to space interpolation, having the
highest similarity to blocks of a present frame of said
input image signals;

finding minority movement vectors showing drifts between
said blocks of said present frame and said detected blocks
of said previous frame;

finding prediction error signals and local decoded signals
from said input image signals and prediction signals;
providing space interpolation of said 1local decoded
signals;

providing variable delay of said 1local decoded signals
subjected to space interpolation in accordance with said
minority movement vectors to form said prediction signals;
and

providing compression coding of said prediction error
signals and said minority movement vectors before
transmitted, :

at a reception side,

providing extension decoding of said prediction error
signals and said minority movement vectors, subjected to
compression coding;

regenerating regenerative image signals from said
prediction error signals subjected to extension decoding
and reception-side prediction signals;

providing space interpolation of said regenerated image
signals; and

providing variable delay of said regenerated image signals
subjected to space interpolation in accordance with said
minority movement vectors subjected to extension decoding
to form said reception-side prediction signals.

2. A movement compensation inter-frame prediction coding
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device for image signals comprising:

means for providing space interpolation of sampled input
signals so that the number of samples may be increased;
means for detecting blocks of a previous frame of said
input image signals subjected to space interpolation,
having the highest similarity to blocks of a present frame
of said input image signals, and finding minority movement
vectors showing drifts between said blocks of said present
frame and said detected blocks of said previous frame;
means for finding prediction error signals and 1local
decoded signals from said input image signals and
prediction signals;

means for providing space interpolation of said 1local
decoded signals;

means for providing variable delay of said local decoded
signals subjected to space interpolation in accordance with
said minority movement vectors to form said prediction
signals; and

means for providing compression coding of said prediction
error signals and said minority movement vectors.

3. A movement compensation inter-frame prediction decoding
device for image signals comprising:

means for detecting minority movement vectors in blocks for
image signals, inputting signals consisting of prediction
error signals, obtained by movement compensation inter-
frame prediction coding in accordance with said minority
movement vectors, and said minority movement vectors, both
of which are subjected to compression coding, and providing
extension decoding of said prediction error signals and
said minority movement vectors, subjected to compression
coding;

means for regenerating regenerative image signals from said
prediction error signals subjected to extension decoding
and reception-side prediction signals;

means for providing space interpolation of said regenerated
image signals;

means for providing variable delay of said regenerated
image signals subjected to space interpolation in
accordance with said minority movement vectors subjected to
extension decoding; and

means for providing space trimming of said regenerated
image signals subjected to variable delay to form said
reception-side prediction signals.

BACKGROUND OF THE INVENTION
[FIELD OF THE INVENTION]

The present invention relates to a movement
compensation inter-frame prediction coding and decoding

2

Page 174 of 350



method for image signals and its devices (referred to as “a

prediction coding method” and “a prediction decoding
method”, and “a prediction coding device” and “a prediction
decoding device”, respectively), 1in particular, to a block

matching type prediction coding and decoding method for
efficiently coding and decoding image signals and its
devices.

[PRIOR ART]

One of procedures in a prediction coding and decoding
method for image signals is movement compensation inter-
frame prediction coding and decoding. The method involve
the use of signals of a previous frame drifted by movement
vectors, instead of the direct use of signals of the
previous frame, as prediction signals.

Fig.6 shows the movement of image signals in the
movement compensation inter-frame prediction coding and
decoding method. For example, as shown in Fig.6, a wvalue
for a prediction signal to a signal A on coordinates (X,

Yo) at a time t=ty; is determined by a signal C on
coordinates (Xo-Vx, Yo-Vy) 1in a front frame at a time t=tg-
T, if a movement vector is 6=(Vyx, Vy). The movement wvector 6

is the amount of displacement in one frame for an image
near the signal A and its size and direction are generally
different depending on the position of the signal A. In the
method, i1f only the movement vector can be found precisely,
the wvalue for the signal C approximates the wvalue for the
signal A and so a prediction error signal gets to a small
value, close to zero, producing higher coding efficiency. A
block matching method or the like is proposed for how to
find the movement vector. The block matching method 1is
explained as follows:

An image is first divided into a number of blocks.
Then, a number of drifted blocks is picked out of the
previous frame and one block of the highest similarity is
detected from them. Drifts between the blocks of the
present frame and the blocks of the previous frame at this
time are movement vectors. One example of the movement
compensation inter-frame prediction coding using block
matching is detailed in a paper “A movement compensation
prediction system for inter-frame prediction coding” by
Ninomiya, published in "1981 electronic communications
institution magazine B” Vol.J64-B, Nol, P24-P31.

[Problems of Prior Art]

In the above-described conventional movement
compensation inter-frame prediction coding and decoding for
image signals of 1lower space resolution, there is the
disadvantage of producing more information content per

3
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picture element, than in the movement compensation inter-
frame prediction coding and decoding for image signals of
higher space resolution. The reason is as follows:

In case of the movement compensation inter-frame
prediction coding and decoding when a true movement vector
is located between picture elements, the quantitized
movement vector 1is detected at the position of one of two
picture elements during detecting the movement vector,
because the true movement vector is not found. Therefore,
the lower space resolution the image signals, the 1larger
space between the picture elements, resulting in the
movement vector to be detected more roughly, a larger value
for the prediction error signal and more information
content per picture element.

[Objects of the Present Invention]

An object of the invention is to provide a block
matching type movement compensation inter-frame prediction
coding and decoding method for image signals of lower pace
resolution, wherein 1less information content per picture
element 1is produced with less deterioration of imaging
quality, than in the conventional block matching type
movement compensation inter-frame prediction coding and
decoding method, and to provide its devices.

[Configuration of the Invention]

1. A prediction coding and decoding method according this
invention comprises:

at a transmission side,

providing space interpolation of sampled input image
signals so that the number of samples may be increased;
detecting blocks of a previous frame of said input image
signals subjected to space interpolation, having the
highest similarity to blocks of a present frame of said
input image signals;

finding minority movement vectors showing drifts between
said blocks of said present frame and said detected blocks
of said previous frame;

finding prediction error signals and local decoded signals
from said input image signals and prediction signals;
providing space interpolation of said local decoded
signals;

providing variable delay of said local decoded signals
subjected to space interpolation in accordance with said
minority movement vectors to form said prediction signals;
and

providing compression coding of said prediction error
signals and said minority movement vectors before
transmitted,
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at a reception side,

providing extension decoding of said prediction error
signals and said minority movement vectors, subjected to
compression coding;

regenerating regenerative image signals from said
prediction error signals subjected to extension decoding
and reception-side prediction signals;

providing space interpolation of said regenerated image
signals; and

providing variable delay of said regenerated image signals
subjected to space interpolation in accordance with said
minority movement vectors subjected to extension decoding
to form said reception-side prediction signals.

2. A prediction coding device according to this invention
comprises:

means for providing space interpolation of sampled input
signals so that the number of samples may be increased;
means for detecting blocks of a previous frame of said
input 1image signals subjected to space interpolation,
having the highest similarity to blocks of a present frame
of said input image signals, and finding minority movement
vectors showing drifts between said blocks of said present
frame and said detected blocks of said previous frame;
means for finding prediction error signals and local
decoded signals from said input image signals and
prediction signals;

means for providing space interpolation of said 1local
decoded signals;

means for providing wvariable delay of said local decoded
signals subjected to space interpolation in accordance with
said minority movement vectors to form said prediction
signals; and

means for providing compression coding of said prediction
error signals and said minority movement vectors.

3. A prediction decoding device according to this invention
comprises:

means for detecting minority movement vectors in blocks for
image signals, inputting signals consisting of prediction
error signals, obtained by movement compensation inter-
frame prediction coding in accordance with said minority
movement vectors, and said minority movement vectors, both
of which are subjected to compression coding, and providing
extension decoding of said prediction error signals and
said minority movement vectors, subjected to compression
coding;

means for regenerating regenerative image signals from said
prediction error signals subjected to extension decoding
and reception-side prediction signals;
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means for providing space interpolation of said regenerated
image signals;

means for providing variable delay of said regenerated
image signals subjected to space interpolation in
accordance with said minority movement vectors subjected to
extension decoding; and

means for providing space trimming of said regenerated
image signals subjected to variable delay to form said
reception-side prediction signals.

[Principle of the Invention]

Conventional movement compensation inter-frame
prediction coding and decoding applied to image signals of
lower space resolution makes values for prediction error
signals, whose movement vectors are detected roughly,
larger to produce more information content per picture
element. In this invention, conventional block matching
type movement compensation inter-frame prediction coding
and decoding is changed in two following points:

(i) During detecting the movement vectors, the image
signals of lower space resolution are subjected to space
interpolation so that their fine movement can be detected
which could not be detected before space interpolation.

(ii) After subjected to space interpolation, 1local

decoding signals are subjected to minority picture element
delay in accordance with minority movement vectors and then
to space trimming again, whereby they are restored to their
old resolution, not subjected under space interpolation, to
form prediction signals.
At a position of a previous frame shown by the movement
vectors detected 1in the above-described (i), no sampling
point exists before space interpolation, and so the
movement vectors are called minority movement wvectors in
this invention.

Since the prediction signals compensated for the fine
movement can be formed in the procedures shown in the
above-described (ii), accurate ©prediction is ensured,
compared to that in the conventional block matching type
movement compensation inter-frame prediction coding and
decoding method for the image signals of lower space
resolution.

[ EMBODIMENTS]

The present invention is described with reference to
the drawings.

Each of Fig.l through Fig.4 1is a Dblock diagram
showing a prediction coding device according to each of
first through fourth embodiments of the invention, Fig.5 is
a block diagram showing a prediction decoding device
according to one embodiment of the invention and Fig.6 is
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an explanatory drawing showing the movement of image
signals between movement compensation frames in a
prediction coding and decoding method.

In Fig.l, a first embodiment for the prediction
coding device according to the invention is first
described. Image signals applied to an input terminal 100
is supplied to a subtracting circuit 13, a block matching
type minority movement vector detecting circuit 10 and a
frame memory 11 capable of storing one frame. The image
signals supplied to the frame memory 1l is sent to a space
interpolating circuit 12, where they are subjected to space
interpolation, and used in detecting minority movement
vectors after about one frame time delay. In the block
matching type minority movement vector detecting circuit
10, the image signals supplied from the input terminal 100
and image signals of a previous frame supplied from the
space interpolating circuit 12 after space interpolation
are used in detecting the movement of images. The minority
movement vectors detected by the block matching type
minority movement vector detecting circuit 10 are supplied
to a variable delay circuit 19 and a compression coding
circuit 21. In the subtracting circuit 13, a difference
between the image signals supplied from the input terminal
100 and prediction signals supplied from a space trimming
circuit 20 after space trimming is found. The difference,
namely, prediction error signals, is supplied to a
guantizing circuit 14 for gquantization. The quantization
includes linear quantization and non-linear quantization,
one of which is selected. In the linear quantization, the
low-order bits of the prediction error signals are trimmed
and the number of the bits are thus reduced, providing less
information content to be transmitted. In the non-linear
quantization, the number of bits of the prediction error
signals is reduced with quantizing operation in accordance
with the characteristics of the non-linear quantization.
The quantized prediction error signals are supplied to an
inversely quantizing circuit 15 and the compression coding
circuit 21. The prediction error signals supplied to the
inversely quantizing circuit 15 are inversely quantized
herein and then supplied to an adding circuit 16. The:
inverse gquantization includes linear inverse qguantization
and non-linear inverse quantization, one of which is
selected. In the linear inverse gquantization, zeroes in
number equivalent to the number of bits trimmed in the
quantizing circuit 14 are added to the low-order positions
of the prediction error signals to be restored to the
number of their old bits, not subjected under quantization.
In the non-linear inverse quantization, similar operation
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of restoring the prediction error signals to the number of
their old bits, not subjected under quantization, is
carried out in accordance with the characteristics of the
non-linear inverse quantization. In the adding circuit 16,
the sum of the prediction error signals supplied from the
inversely quantizing circuit 15 after inverse quantization
and prediction signals supplied from the space trimming
circuit 20 is found. The sum, namely, local decoding
signals, is supplied to a frame memory 17, from which it is
then output to a space interpolating circuit 18. In the
space interpolating circuit 18, the local decoding signals
are subjected to space interpolation and then supplied to
the wvariable delay circuit 19. In the variable delay
circuit 19, the prediction signals compensated for movement
by using minority movement vectors supplied from the block
matching type minority movement vector detecting circuit 10
are generated and then supplied to the space trimming
circuit 20. In the space trimming circuit 20, the
prediction signals are subjected to space trimming and then
supplied to the subtracting circuit 13 and the adding
circuit 16. In the compression coding circuit 21, the
prediction error signals supplied from the guantizing
circuit 14 after dgquantization and the minority movement
vectors supplied from the block matching type minority
movement vector detecting circuit 10 are subjected to
compression coding and then output to a transmission
passage 1000.

A second embodiment shown 1in Fig.2 is described,
wherein the prediction coding device excludes the
gquantizing circuit 14 and the inversely quantizing circuit
15, shown in Fig.l. In the second embodiment, a difference
between the image signals supplied from the input terminal
100 and the prediction signals supplied from the space
trimming circuit 20 after space trimming, namely the
prediction error signals, is applied to the compression
coding circuit 21 and the adding circuit 16 as it is. In
this case, high quality coded images with no quantization
error are obtained.

A third embodiment shown in Fig.3 is described,
wherein the prediction coding device has a function equal
to that of the prediction coding device which excludes the
quantizing circuit 14 and the inversely quantizing circuit
15, shown in Fig.l, and a structure different from that in
the second embodiment. In the third embodiment, image
signals supplied from an input terminal 300 are applied to
a subtracting circuit 33 and also applied to a frame memory
34. The image signals applied to the frame memory 34 are
passed through a space interpolating circuit 35, a wvariable
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delay circuit 36 and a space trimming circuit 37, subjected
to movement vector delay and then applied to the
subtracting circuit 33. In the subtracting circuit 33, a
difference between the image signals subjected to the
movement vector delay and image signals subjected to
completely no delay is operated, and the difference signals
are given to a compression coding circuit 38.

In the first embodiment shown in Fig.1l, orthogonal
transformation such as Discrete Cosine Transform (DCT),
instead of quantization, can be performed, which is
properly selected for purposes.

In a fourth embodiment, another prediction coding
device may be considered, which uses input image signals
and local decoding signals subjected to space interpolation
during detecting movement vectors. In the fourth embodiment
shown in Fig.4, a block matching type minority movement
vector detecting circuit 40 detects movement vectors by
comparing the image signals supplied from an input terminal
400 with 1local decoding signals obtained from a space
interpolating c¢ircuit 46 after space interpolation, and
applies them to a variable delay circuit 47. In this case,
only one frame memory is required, resulting in a simple
structure.

One embodiment of the prediction decoding device
according to the invention 1is described with reference to
Fig.5. Signals supplied from a transmission passage 5000
after compression coding are supplied to an extension
decoding circuit 50. In the extension decoding circuit 50,
prediction error signals subjected to compression decoding
and minority movement vectors are subjected to extension
decoding and then supplied to an inversely quantizing
circuit 51 and a variable delay circuit 55, respectively.
In the inversely quantizing circuit 51, the prediction
error signals quantized are inversely quantized and then
supplied to an adding circuit 52. In the adding circuit 52,
image signals are subjected to prediction decoding from the
prediction error signals supplied from the inversely
quantizing circuit 51 after inverse gquantization and the
prediction signals supplied from a space trimming circuit
56. The image signals subjected to prediction decoding are
supplied to an output terminal 500 and a frame memory 53.
The image signals supplied to the frame memory 53 is sent
to a space interpolating circuit 54 where they are
subjected to space interpolation, and then supplied to a
variable delay circuit 55 to generate prediction signals.
In the variable delay circuit 55, the prediction signals
are generated in accordance with minority movement wvectors
supplied from the extension decoding circuit 50, and then
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supplied to a space trimming circuit 56. In the space
trimming circuit 56, the prediction signals are subjected
to space trimming and then supplied to an adding circuit
52.

[Effects of the Invention]

According to the invention as above-described,

(i) during the detection of the movement vectors, the image
signals of lower space resolutions are subjected to space
interpolation so that their fine movement, which could not
be detected before space interpolation, can be detected.
(ii) After subjected to space interpolation, local decoding
signals are subjected to minority picture element delay in
accordance with minority movement vectors and then to space
trimming again, whereby they are restored to their old
resolution, not subjected under space interpolation, to
form prediction signals.

This causes fine detection and accurate prediction of
the movement vectors, compared to those in the conventional
block matching type movement compensation inter-frame
prediction coding and decoding method for the image signals
of lower space resolution, advantageously producing smaller
values for the prediction error signals and less
information content per picture element.

BRIEF DESCRIPTION OF THE DRAWINGS

Each of Fig.l through Fig.4 is a block diagram
showing a prediction coding device according to each of
first through fourth embodiments of the invention, Fig.5 is
a block diagram showing a prediction decoding device
according to one embodiment of the invention and Fig.6 is
an explanatory drawing showing the movement of image
signals between movement compensation frames in a
prediction ceding and decoding method.

In the drawings,

10, 30, 40: block matching type minority movement vector
circuit,

11, 17, 31, 34, 45, 53: frame memory,

12, 18, 32, 35, 46, 54: space interpolating circuit,
13, 33, 41: subtracting circuit,

14, 42: guantizing circuit,

15, 43, 51: inversely quantizing circuit,

16, 44, 52: adding circuit,

19, 36, 47, 55: variable delay circuit,

20, 37, 48, 56: space trimming circuit,

21, 38, 49: compression coding circuit,

50: extension decoding circuit,

100, 300, 400: input terminal,

10

Page 182 of 350



500: output terminal,
1000, 3000, 4000, 5000: transmission passage
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IN THE UNITED STATES )PATENT AND TRADEMARK OFFICE

PLICANT (s): Karczewicz et al. ¢

SERIAL N9.:  09/954,608 g  PRTONIT:

FILING DATE:  9/17/01  EXAMINER:
 TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
ATTORNEY

DOCKET NO.: = 442-010567-US (PAR)

' : 61350 09954608
Commissioner of Patents 01/15/2002 SNINASS1 00000033 1
o1 FCai02 8.00 CH 160,00 0P

Washington, D.C. 20231
stxppmn@zn'rn PRELIMINARY AMENDMENT

Sir: //// . )

Pléase amend the above-identified patent‘application as follgws:

IN THE CLAIMS:

/

Please replade the following claim(s) as rewritten below:

S

——— s e

23. (Amended) :A video coder for ‘coding an image comprising
pixels arranqed 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 veftical locations, the video coder
comprising an interpolator adapted to generate values fo§ sub-

3

pixels at fractional horizontal and vertical locationsi the A

~
A
-

fractional horizontal and vertical locations being qgfined -

- }J:\CLIENTSMZ\OI 0557—US(PAR)\Supplememl_Prén?nlnary_AmendmenLl 1_26.doc

36.00 DA
U

P
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PATENT AFPLICATION FEE DETERMINATION RECORD

tfiective Ociober 1. 2001

CLAIMS AS FILED - PART |
(Column 1 {Columin &)

TOTAL CLAIMS

FOR HUMEBE NUKMBER EXTRA

a7

INDEPENDENT CLAIMS ” RS D s ?

TOTAL CHARGEABLE CLAIS | ¢ 77 niees 0

) MULTIPLE DEPENDENT CLAIM PRESENT ’ D

: | ; OR| +280=
* If the difference in column 1 is less than zero, enter “0” in column 2 - “'“":) or TOTA
. emnmnad
CLAIMS AS AMENDED - PART 1! OTHER THAN
(Column 1) (Column 2)  (Column 3) SMALL ENTITY OR  SMALLENTITY
CLAIMS HIGHEST
< REMAINING NUMBER PRESENT ADDI- : ‘ ADDI-
l-z— AFTER PREVIOUSLY EXTRA RATE {TIONAL RATE TIONAL
u AMENDMENT PAID FOR FEE FEE
=
o | Total x L Mi . = , 1 g o
=] \/ 9 inus ok Q{ '—Z Z X$ 9= |} OR X$18= 5 é .
uJ . -
Independent Minus =
:f; P * | / *xk l ' 2 X40= OR xgég I G)B
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ] . : -
- +140= OR} +280=
TOTAL TOTAL
ADDIT. FEE OR ADDIT. FEE
(Column 2)  (Column 3)
HIGHEST . -
m REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |TIONAL }- RATE { TIONAL
w AMENDMENT PAID.FOR FEE FEE
= -
Total Mi *% E] _ _
g ota *, inus )(3; 9= OR X%$18=
‘."IZJ independent |« Minus ok =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM [:]
' +140= oRr| +280=
TOTAL OR TOTAL
ADDIT. FEE — ADDIT. FEE
Column 1 (Column 2)  (Column 3)
P a CLAIMS - & iR HIGHEST -
o REMAINING | NUMBER PRESENT ADDI- ADDI-
E AFTER : PREVIOUSLY EXTRA RATE | TIONAL RATE™ | TIONAL
i AMENDMENT : PAID FOR FEE FEE
= |- '
a |Total - Minus = _
= 1 i ] x$9- on | xs18=
‘é" Independent |+ . . Minus ohk ) = ,
-3 : . X42= “lor X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM ]
+140= OR | +280=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** if the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20." ADDI?OFTQE OR ADD‘.Tro;QIé
*+f the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3." ’ ) '
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.
FORM PTO-875 (Rev. 8/01) ‘ Page {1 93 7Qf 350 Patent and Trademark Office, U.S. DEPARTMENT OF COMMEHCE
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UNITED STATES PATENT AND TRADEMARK OFFIGE -
COMMISSIONER FOR PATENTS
UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C. 20231
WWW.USPIO.gOV
| APppLICATION NUMBER | FILING/RECEIPT DATE |  FIRSTNAMED APPLICANT | ATTORNEY DOCKET NUMBER ]
09/954,608 09/17/2001 Marta Karczewicz 4 456=010567-US(PAR)
CONFIRMATION NO. 8282
2512 N FORMALITIES LETTER
425 POST ROAD- U O R AL
FAIRFIELD, CT 06430 *0C000000006974327*

Date Mailed: 10/25/2001

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

e The oath or declaration is missing.
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date, is required.

» To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1.16(1) of
$130 for a non-small entity, must be submitted with the missing items identified in this letter.

e The balance due by applicant is $ 130.

justaent
07N,
01 03 .

D

CustomerService Center .
Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE

A copy of this notice MUST be returned with the reply.

172872002 WHGHAMRL 5060094 S350acds

R
161350 99954600
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* I@esponse To Notice To File Missing Parts Of Application Docket No. (
Filing Date Granted (PTO-1533)(Large Entity) [ 443-010567-US(PAR)
O‘r | .
In Re Application Of: KARCZEWICZ et al. "t‘, Copy OF ppp
. s OR'G'NALLY F’ERS
. JAN 162002 E' o LED
.. i T ——
Serial No. Filing Date ‘%} S/ Examiner [ —Group Art Unit
5

09/954,608 9/17/01 4 TRhpeW>

Invention:

METHOD FOR SUB-PIXEL VALUE INTERPOLATION

TO THE ASSISTANT COMMISSIONER FOR PATENTS:
Box Missing Parts

This is a response to the Notice to File Missing Parts of Application - Filing Date Granted (PTO-1533) mailed on

10/25/2001
Date

Enclosed herewith for filing are the following:

A copy of the Notice to File Missing Parts of Application - Filing Date Granted (PTO-1533). (REQUIRED)

An oath or declaration in compliance with 37 CFR 1.63, including residence information and identifying the
application by the above Application Number and Filing Date.

1 A properly signed oath or declaration in-compliance with 37 CFR 1.63, identifying the application by the
above Application Number and Filing Date.

3 An oath or declaration in compliance with 37 CFR 1.63 listing the names of all inventors and signed by the
omitted inventor(s), identifying this application by the above Application Number and Filing Date.

1 A verified English translation of the non-English language application papers as originally filed. It is
requested that this translation be used as the copy for examination purposes in the United States Patent and
Trademark Office.

—] Other (Iust)

D 4.0L £ 200
v MI o YOI P31LARGE/REV03
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| - Response To Notice To F!n Missing Parts Of Application ’ Docket No.
Filing Date Granted (PTO-1533)(Large Entity) | 442-010567-US(PAR)

AR W AN Sl

A W

In Re Application Of: KARCZEWICZ ct al. 2,

Serial No. Examiner Group Art Unit

09/954,608

Invention:

METHOD FOR SUB-PIXEL VALUE INTERPOLATION

TO THE ASSISTANT COMMISSIONER FOR PATENTS:
Box Missing Parts

COPY
X Completion of application fees as calculated below: ORIGIN?qtg ,’:"E_gg

O Utility application filing fee h —
O Design application filing fee

O Total number of independent claims =

0

Total number of claims =

O Multiple dependent claims

X

Surcharge for late payment of filing fee and/or late filing of original declaration or oath $130.00

O

Petition and fee for filing by other than all the inventors or a person not the inventor -

O

Fee for processing an application filed with a non-English language specification

C

Fee for processing and retention of application

Total completion of application fees $130.00

This is a request under the provisions of 37 CFR 1.136(a) to extend the period for filing a response to the
above-identified Notice to File Missing Parts of Application. The requested extension is as follows (check time period
desired). If an additional time extension is required, please consider this a petition therefor.

1 One month 1 Two months U Three months O Four months O Five months

from: A B until:

Dare” T T

Date

Total time extension fees

Total fees due $130.00

T e 2'0P Y V! 350 P31LARGE/REV02
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' [
Response To Notice To F!’lissing Parts Of Application ‘ .
Filing Date Granted (PTO-1533) (Large Entity) I ;

Docket No.
442-010567-US(PAR)

—XPE
In Re Application Of: KARCZEWICZ etal. ,/ o'fré& »
‘ / )
L AN 16
Serial No. Filing Date \% &/ Examiner Group Art Unit
09/954,608 9/17/01 4 m ADE‘“‘Q*.
invention:
METHOD FOR SUB-PIXEL VALUE INTERPOLATION COPY OF PAPERS
ORIGINALLY FILED
TO THE ASSISTANT COMMISSIONER FOR PATENTS:
Box Missing Parts
The fee of $130.00 is to be paid as follows:

&} A check in the amount of the fee is enclosed.

X The Commissioner is hereby authorized to charge any fees which may be required, or credit any

overpayment, to Deposit Account No. 16-1350
A duplicate copy of this sheet is enclosed.

Xl If an additional extension of time is required, please consider this a petition therefor and charge

any additional fees which may be required to Deposit Account No. 16-1350
A duplicate copy of this sheet is enclosed.

Dated:

A A

.an—/% v

i\

Clarence A. Green, Reg. No. 24,622
Perman & Green, LLP
203-259-1800

Customer No. 2512
cc:

s ’anrd/

| certify that this document and fee is being deposited on
Qovcm\:ef 15,2001 with the U.S. Postal Service as first
class mail under 37 CF.R. 1.8 and is addressed to the
Assistant Commissioner for Patents, Washington, D.C.
20231.

bl ‘_%_Uw«

Signature of Perpn Mailing Correspondence

| Deeoesw T (ipe\

Typed or Printed Name of Person Mailing Correspondence

Page 3bey of 30
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6§? E\uo,f\;ttomey's Docket No. PATENT
%\
1 810 &\ COMBINED DECLARATION AND POWER OF ATTORNEY
3 M.

& ‘ :
% - SPORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, DIVISIONAL,
Ure ot CONTINUATION OR C-1-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.

[J 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-I-P.

D divisional
[J continuation
O 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.
() 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 statement of invention or claims. See 37 CFR
1.67.

(¢) [J was described and claimed in PCT International Application No.
filed on and as
amended under PCT Article 19 on (if any).

ACENOWLEDGEMENT 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
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)
[] YEs No[]
] 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 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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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 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 /99 . "),

Date M/ AD £ 200 Country of Citizenship Poland

Residence  Irving, :Fexas. 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

| 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

O 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).

O Added pages to combined declaration and powér of attorney for divisional, continuation, or
continuation-in-part (C-I-P) application. Number of pages added

B 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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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 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
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 any

Antti ol Hallapuro

(GIVEN NAME) (MIDDLE INITIAL OR NAME) FAMILY (OR LAST NAME)
Inventor’s signature J{’\/(,‘ ] Wm

Date 15.1C.2¢¢1 Country of Citizenship Finland

Residence Tampere, Finland
Post Office Address Insinéorinkatu 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

O 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).

LI Y

O 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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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) Karczewicz et al. oo
SERIAL NO.: 09/954, 608 ART UNIT:2631
FILING DATE: 9/17/2001 EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION

ATTORNEY
DOCKET NO.: 442-010567-US (PAR)

Refund Section, Accounting Division, Office of Finance
Box 16

Commissioner of Patents

Washington, D.C. 20231

PETITION FOR REFUND TO DEPOSIT ACCOUNT
Sir:
Pursuant to 37 C.F. R. §1.26, Applicant, requests that the amount of
$36.00 be refunded to Deposit Account # 16-1350. Applicant disputes
the charge listed below:
7/16/02 - 09/954,608 - 442-010567—US (PAR) — 103 — $36.00

A copy of the Deposit Account statement is attached hereto.

The charge should not have been made. This application originally had
49 claims and 2 were cancelled in a Preliminary Amendment when this
application was filed. Therefore, there were only 47 claims filed and

47 were paid for. Thus, there is no basis for the charge.

Accordingly the amount of $36.00 should be refunded to Deposit Account
#,16-1350.

R ectfully sub a

Geza ¢\ Ziegler,
Reg. Ng. 44,004
PERMAN & GREEN, LLP . o
425 Post Road ‘ D 4 ;
Fairfield, CT 06824
(203) 259-1800

Customer No.: 2512

5//27//0 (&

Date [




> ‘-

o . ) g
LIS

N v

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 Refund
Section, Accounting Division, Office of Finance, Box 16,
Commissioner of Patents, Washington, D.C. 20231.

Date: %/SBZOS Signature: @\—Q-VLLD_O «gmu,/d(/)j

Person Making Debosit




P A
Ce b UNITED STATES DEP.MENT OF COMMERCE
> Patent and Trademark Office
MONTHLY STATEMENT R 7 Addrace: AARB AR~ —— -'cmszanNTs AND TRADEMARKS
OF DEPOSIT ACCOUNT F/@ase check the °
e o i vou cheek it acceracy of your Aceot N
payable to Commissioner of Patents & Tra
Q_,L\mr?ts ¢ lel Dorg D 31-00
L conv errors Page
PERMAN & GREEN know o / 1

WILLIAM G. HOFFMAN
425 POST ROAD :
’E SEND REMITTANCES TO:

FAIRFIELD CT 06430 Patent and Trademark Office
P.O. Box 70541
Chicago, lll. 60673

ODATE POSTED

TRCTAET "N | (erial, Paent T, Orden) DOCKET NO. - ConE Cheors, BALANCE
7| 1]02 2 09742935| 680-009796Us|102 MM 168.00 2218.68
71 1102 4 09742784| 473-010024-U{117 |[MS 920.00 1298.66
71 102 5 09879481| 680-009258-U[103 |4VG- 54.00 1244 .66
71 1102 6 09672465 544-009698-U|103 [MS 54 .00 1190.66
71 1102 161 09698772| 680-009518-U|{141 |PW 40.00 f1150.es
71 3/02| 315 29138137| 774D010226-U|561 ; |G-Z- 30.004COMeCT1120.66
71 5|02 4 09074093| 200-007950-U[120 ce 4 -320.00 1440.66
7| 5]02 5 09074093| 200-007850-U {116 C‘ien -390.00 1830.66
7110]02 11 P106144[ _|122.00% e 130.00 1700.66
7(10{02 12 P106143 0g|122 Y¢eR Vs> 130.00 1570.66
7{10(02 13 PCT/USO1/27447 | 4tvPooMA qﬁéa 704 -260.00 1830.66
7(10{02 13 P106142. W 122 130.00 1700.66
7(10]02] 221 - 09888685 740-010330\U|561 |MT 30.00 1670.68
7116102 1 09081235| 200-007995-¥:(102 |Gz 84.004wWMM%Y (586 .66
711602 22 ', 099546081 44p010567US|103 |62 36. 004« 1550.66
7117]02 1 | o000 709152555 300-008212-U103 |6-T 36.00 b2orre(F 1514 66
7017102 2 09152555 300-008212-U}103 | 0% 72.00+CoeCt 1442 .66
7(19(02f 249 PCT/US02/22478| 390P009311W0 (801 |um 5.00 1437.66
7119]02( 251 PCT/US02/22478| 390P009911W0 (899 [m 440.00 997.66
7[19]02] 252 PCT/US02/22478| 390P009911W0 |566 WM 15.00 982.66
7124102 2 09579618] 611-008319-U|102 [|Ms 168.00 814.66
7(24{02| 175 09221741 704 -6.00 820.66
7(25]02 1 09249475| 297-008492-U {102 |Dw 252.00 568.66
7126102 3 09615167| 502-009523-U (115 [MS  -110.00 678.66
729102 99 10202642 | 324-009895-U {103 |Ms 288.00 390.66
7129(02] 100 10202642 | 324-009895-U|104 |M5 280.00 110.66
7(30]02 20 PCT/US02/19590| 819P010360W0 [801 G2 45.00 65.66
7130]/02 22 PCT/US02/ 19530 ég1gpo1oasowo 566 |Gt 15.00 50.66
7|31]02| 142 SERVICE CHARGE [“peible 608 25.00 25.66

OPENING BALANCE TOTAL CHARGES TOTAL CREDITS CLOSING BALANCE

AN AMOUNT SUFFICIENT TO 2386.66 3447 .00 1086.00 25,66

COVER ALL SERVICES REQUESTED

MUST ALWAYS BE ON DEPOSIT.

0D. INDICATES myvimmmns \aon

ot



Y.,
]

2.
/
r

v o e

APPLICANT (s) : KARCZEWICZ et al.

SERIAL NO.: 09/954, 608 ART UNIT: 2631

FILING DATE: 9/17/01 EXAMINER:

TITLE: METHOD FOR SUB-PIXEL VALUE INTERPOLATION

ATTORNEY |

DOCKET NO. : 442-010567-US (PAR) ~ERE§(3E§ﬂX/E§[)
JAN 1 ¢ 2003

Commissioner of Patents TgCthIngQémerzﬁoo

Washington, D.C. 20231

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
(37 C.F.R. §1.97(b) (3))

Sir:

This information disclosure statement 1is 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.

The above-identified patent application has a
corresponding PCT International Application No.
PCT/FI02/00729 filed on September 11, 2002. Applicants'’
attorney encloses a copy of a PCT International Search

Report issued on the corresponding PCT International

Page 208 of 350



-

Application No. PCT/FI02/00729. The Search Report cited
United States Patent Nos.: US 5,521,642 A; US 6,219,464
Bl1; Us 5,570,436 A; US 5,568,597 A; US 5,901,248 A; US
6,252,576 Bl, US Patent Publication No. 2002/064229 Al,
European Patent Publication No. EP 0576290 A2, and United
Kingdom Patent Application No. GB 2205707 A.

Copies of the PCT International Search Report and the
cited references are enclosed together with PTO-Form
1449,

The filing of this Statement is 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 1is, or 1is considered to be,
material to patentability (37 C.F.R. §1.97(h)).

The Commissioner is hereby authorized to charge payment
for any additional fees associated with this
communication or credit any over payment to Deposit
Account No. 16-1350.

Respectfully submitted,

(i
Geza C\\ Ziegler, r. Date

Reg. No.: 44,004

PERMAN & GREEN, LLP

425 Post Road, Fairfield, CT 06824
(203) 259-1800

Customer No.: 2512

g %Lw v‘@\o)

2
Page 209 of 350



CERTIFICATE OF MAILING

I hereby certify that this Supplemental Information
Disclosure Statement, PCT International Search Report,
PTO-Form 1449 and cited references are being deposited
with the United States Postal Service on the date
indicated below as first <c¢lass mail in an envelope
address to the Commissioner of Patents, Washington, D.C.

20231.

Date: [‘g/nB Signature:
/ Person Making Deposit

3
Page 210 of 350



Page No.: 1 of: 1

A (FORM PTO-1449)

Docket No.: 442-010567-US(PAR)

Applicani(s): KARCZEWICZ et al,

Serial No.: 09/954,608

(Substitute) Filing Date: 9/17/01 Group: 2631
U.S. PATENTS
Patent Number Issue Date Name Class Sub- Filing date
class
5,521,642 5/28/96 Park 348 409 10/7/93
6,219,464 B1 4/17/01 Greggain et al. 382 298 8/24/99
5,570,436 10/29/96 | Fukushima et al. 382 300 12/8/94
5,568,597 10/22/96 | Nakayama et al. 395 132 5/20/94
6,252,576 B1 6/26/01 Nottingham 345 127 8/6/98
5,901,248 5/4/99 Fandrianto et al. 'R% C[€’6\/ 8/6/96
| JAN T 4 9005
Ta
-QbUOIOQ)' Center 2600
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 Translah)ﬁ;l?
Yes/No/n/a
0576290 A2 12/29/93 | Europe Sony Corporation n/a
2205707 12/14/88 { United Kingdom Sony Corporation n/a

OTHER DOCUMENTS (Title, Author, Date, Pages, Etc., if known)

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).

Page 211 of 350

Customer No.: 2512




) crmraeme KSR

Office européen des brevets @) Publication number: 0 576 290 A2
P EUROPEAN PATENT APPLICATION

@ Appllication number : 93304968.6 @) Int. c1.5: HO4N 7/137

@2 Date of filing : 24.06.93

Priority : 25.06.92 JP 191576/92 Inventor ;: Tahara, Katsumi, c/o Patents

26.10.92 JP 287179/92 Division
Sony Corporation, 6-7-35 Kitashinagawa

icati isation Shinagawa-ku, Tokyo 141 (JP)
gga-tfzfgapgl:::Io:attil:ngg;sazpphcatnon ' {;vqn}or: Yagasaki, Yoichi, c/o Patents
ivision
. . Sony Corporation, 6-7-35 Kitashinagawa
DeS|gnated Contractmg States : Shinyagawa-ku, Tokyo 141 (JP)

DE FR GB IT NL Inventor : Yonemitsu, Jun, ¢/o Patents Division
Sony Corporation, 6-7-35 Kitashinagawa
Shinagawa-ku, Tokyo 141 (JP)

Inventor : Suzuki, Teruhiko, c/o Patents

@ Applicant : SONY CORPORATION
6-7-35 Kitashinagawa Shinagawa-ku -

Tokyo 141 (JP) Division
Sony Corporation, 6-7-35 Kitashinagawa
@2 Inventor : Obikane, Nobuhisa, c/o Patents Shinagawa-ku, Tokyo 141 (JP)
Division
Sony Corporation, 6-7-35 Kitashinagawa Representative : Robinson, Nigel Alexander
Shinagawa-ku, Tokyo 141 (JP) - Julian et al

D. Young & Co., 21 New Fetter Lane
London EC4A 1DA (GB)

EP 0 576 290 A2

Picture signal coding and decoding.

@ Picture signal coding and decoding methods
and apparatus are disclosed which eliminate
such a situation that, when a coded picture
signal of a high definition television system is F ' G 4
thinned out to one half in each of the vertical °
and horizontal directions and displayed on a
television receiver of a lower definition system,
the displayed picture does not exhibit smooth -
motion due to the loss of an interlace structure.

In an encoder, picture element data are proces- d(0,0)|d(0, 1)d(0,2)|d(0,3)
sed by DCT processing to obtain 8 x 8 coeffi-
cient data, and the coefficient data are
transmitted. In a decoder, of the 8 x 8 coefficient
data, only 4 x 4 coefficient data at the left upper d“'O) ad, n d(1,2) d(1,3)
corner are sampled out and processed by IDCT
processing to obtain original picture element
data. In the IDCT processing, those of the 4 x 4 d(2,0){d(2,1)|d(2,2)|d(2,3)
coefficient data which belong to the fourth row ’
are replaced by those of the coefficient data of
the eighth row of the 8 x 8 coefficient data.

d(7,0)|d(7, 1) |d(7,2){d(7,3)

Jouve, 18, rue Saint-Denis, 75001 PARIS
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This invention relates to picture signal coding and
decoding methods and picture signal coding and de-
coding apparatus which may, for example, be used to
compress and record a‘high quality picture signal,
Y 'ksuch as a signal of high definition television (high def-
*inition television (HDTV) signal), onto a recording me-

dium such as an optical disk, a magneto-optical disk
or a magnetic tape and subsequently to reproduce,
decompress and display the thus recorded signal.
Various picture signal coding apparatus and de-
coding apparatus are already known, and general
constructions of exemplary ones of conventional pic-
ture signal coding and decoding apparatus are shown
in Figure 21. Referring to Figure 21, a pre-processing
circuit 1 of the coding apparatus shown receives an
input picture signal such as, for example, a high def-
*“Ainition television signal and separates the input pic-
ture signal into a brightness signal component (Y) and
a colour difference signal component (C). The bright-
ness signal component is converted from an analog
signal into a digital signal by an analog to signal (A/D)
converter 2 and is written into a frame memory 4 once
while the colour difference signal component is con-
verted from an analog signal into a digital signal by
another analog to digital (A/D) converter 3 and is writ-
ten into another frame memory 5 once. A format
change circuit 6 changes the formats of the bright-

- ., ness data and the colour difference data stored in the

‘frame memories 4 and 5 to change the data from data
in units of a frame to data in units of a black. The data
in units of a block obtained by the format changing are
supplied to and encoded by an encoder 7, and then
supplied as a bit stream to and recorded onto a re-
cording medium 8 in the form of an optical disk, a
magneto-optical disk or a magnetic tape.

Subsequently, data reproduced from the record-
ing medium 8 is supplied as a bit stream to and de-
coded by a decoder 9 of the decoding apparatus. A
format change circuit 10 changes the format of the

" ydecoded data from the decoder 9 to change the data
from data in units of a block to data in units of a frame.
The brightness data and the colour difference data
outputted from the format change circuit 10 are sup-
plied to and stored into a pair of frame memories 11
and 12, respectively. Then, the brightness data and
the colour difference data are read outfrom the frame
memories 11 and 12 and converted from digital data
into analog data by a pair of digital to analog (D/A)
converters 13 and 14, respectively. They are then
supplied as a brightness signal and a colour differ-
ence signal to and composed by a post-processing

‘¢ircuit 15 and outputted to another circuit (not shown).

The encoder 7 compresses picture data inputted
thereto and supplies the thus compressed picture
data to the recording medium 8, and the decoder 9
decompresses such compressed picture data and
outputs the thus decompressed picture data to the
format change circuit 10. By compressing data in this
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manner, the amount of data to be stored onto the re-
cording medium 8 can be reduced. Line correlation or
inter-frame correlation of a picture signal is utilized for
such compression.

Where line correlation is utilized, a picture signal
can be compressed, for example, by discrete cosine
transform (DCT) or by some other processing.

Where inter-frame correlation is utilized, a picture
signal can be coded into a further compressed con-
dition. For example, when frame pictures PC1, PC2
and PC3 are generated at times t1, t2 and t3, respec-
tively, in Figure 22, the difference between picture
signals of the frame pictures PC1 and PC2 is calcu-
lated to praduce a picture PC12, and the difference
between picture signals PC2 and PC3 is calculated to
produce another picture PC23. Since pictures of
frames near to each other in time do not present a
very great difference, if the difference between them
is calculated, the difference signal has a small value.
Therefore, if the difference signal is coded, then the
amount of codes needed can be reduced.

However, transmission of only such difference
signals does not allow regeneration of the original pic-
ture. Therefore, the picture of each frame is formed as
one of three types of pictures including an I-picture,
a P-picture and a B-picture to compress the picture
signal.

In particular, for example, referring to Figure
23(A), a picture signal of 17 frames F1 to F17 is re-
garded as a group of pictures and as one unit for proc-
essing. Then, the picture signal of the first frame F1
is coded as an I-picture; the second frame F2 is proc-
essed as a B-picture; and the third frame F3 is proc-
essed as a P-picture. Then, the fourth to 17th frames
are processed alternately as B-pictures and P-pic-
tures.

For the picture signal of an I-picture, the picture
signal for one full frame is coded and transmitted as
itis. For the picture signal of a P-picture, basically the
difference from the picture signal of an I-picture or a
P-picture preceding in time is coded and transmitted
as seen from Figure 23(A). Further, for the picture sig-
nal of a B-picture, basically the difference from an
average value between a frame preceding in time and
another frame following in time is calculated as seen
from Figure 23(B), and the difference is coded and
transmitted.

Figure 24 illustrates the principle of the method
of coding a moving picture signal in this manner. As
seen from Figure 24, since the first frame F1 is proc-
essed as an I-picture, it is coded as itis and transmit-
ted as transmission data F1X into a transmission line
(intra-picture coding). On the other hand, since the
second frame F2 is processed as a B-picture, the dif-
ference of the second frame F2 from an average val-
ue between the frame F1 preceding in time and the
frame F3 following in time is calculated, and the dif-
ference is coded and transmitted as transmission data

Page 213 of 350



r

3 EP 0 576 290 A2 4

F2X.

More particularly, the processing for a B-picture
includes four kinds of processing. The first kind of
processing involves coding of data of the original
frame F2 as it is and transmission of the coded data
as transmission data F2X (SP1) (intra-picture coding)
and is processing similar to that for an I-picture. Inthe
second kind of processing, the difference from the
frame F3 foliowing in time is calculated, and the dif-
ference (SP2) is coded and transmitted (backward
predictive coding). In the third kind of precessing, the
difference (SP3) from the frame F1 preceding in time
is coded and transmitted (forward predictive coding).
Finally in the fourth kind of processing, the difference
(SP4) from an average value between the frame F1
preceding in time and the frame F3 following in time
is calculated, and the difference is coded and trans-
mitted as transmission data F2X. -

That one of the four methods which minimizes
the amount of transmission data is adopted.

It is to be noted that, when difference data is
transmitted, a motion vector x1 from the picture (pre-
dictive picture) of the frame which makes an object for
calculation of the difference (a motion vector between
the frames F1 and F2) (in the case of forward predic-
tion) or x2 (a motion vector between the frames F3
and F2) (in the case of backward prediction) or both
of such motion vectors x1 and x2 are transmitted to-
gether with the difference data.

Further, for the frame F3 of a P-picture, using the
frame F1 preceding in time as a predictive picture, a
difference signai (SP3) of the frame F3 from the
frame F1 and a motion vector x3 are calculated, and
they are transmitted as transmission data F3X (for-
ward predictive coding). Or else, data of the original
frame F3 is transmitted as it is as transmission data
F3X (SP1) (intra-picture coding). That one of the
methods which minimizes the amount of transmission
data is selected similarly as in the case of a B-picture.

Picture data of a frame which is constituted from
V lines, each constituted from H dots, is divided, for
example, for each 16 lines into N slices 1 to N, each
including M macro blocks as seen from Figure 25.
Each macro block includes block data Y[1] to Y[4]
each including brightness data for 8 x 8 picture ele-
ments (pixels), block data Cb[5] and Cr{6] which are
colour difference data corresponding to ali of (16 x 16)
picture element data of the block data Y[1] to Y[4].

In particular, in a macro block, with regard to a
brightness signal, picture element data of 16 x 16 pic-
ture eilements (Y[1] to Y[4]) which successively ap-
pear in the horizontal and vertical scanning directions
make a unit, but with regard to the two colour differ-
ence signals corresponding to the brightness signal,
colour difference data for 16 x 16 picture elements are
allocated to each (8 x 8 picture elements) of the
blocks Cr[6] and Cb[5] after reduction of the amount
of data and time base multiplexing make a unit for
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processing. Picture data are arranged in each slice
such that picture data appear successively in unitg of
a macro block, and in each macro block, picture d\'ata
appear successively in units of a block (8 x 8 dots) in
the arder of raster scanning.

It is to be noted that the data Y[1] to Y[4], Cb[5]
and Cr[6] are transmitted in this order. In other words,
the numbers applied to the symbols represent the or-
der in transmission.

By compressing (thinning out) picture data of a
high resolution, for example, picture data for high def-
inition television, to 1/2 in each of the vertical and hor-
izontal directions, picture data of a low resolution can
be obtained. If the aspect ratio of the picture data thus
obtained is changed from 16:9 to 4:3, thenthe picture
data can be displayed on a television receiver of the
NTSC system.

When itis tried to compress a picture of a high re-
solution to 1/4 (= 1/2 x 1/2) and display it in this man-
ner, a decoder of, for example, such a construction as
shown in Figure 26 is employed as the decoder 9 of
Figure 21. It is to be noted that data of an input picture
to the decoder 9 have been compressed by discrete
cosine transform (DCT) by the encoder 7.

Referring to Figure 26, picture data (DCT cogffi-
cients) obtained by DCT processing in units of 8 %8
picture elements by the encoder 7 are supplied to a
sampling circuit 21 of the decoder 9, from which, for
example, such data for 8 x 8 picture elemenis as
shown in Figure 27 are sampled out. Referring to Fig-
ure 27, the 8 x 8 data are constituted from DCT coef-
ficients, and the data correspond to higher frequency
components of the picture in the vertical direction to-
wards the bottom of Figure 27 while the data corre-
spond to higher frequency components of the picture
in the horizontal direction towards the right end of Fig-
ure 27. N

Referring back to Figure 26, another sampling
circuit 22 at the next stage samples out 4 x 4 DCT
coefficients corresponding to lower frequency com-
ponents shown in Figure 28 from the 8 x 8 DCT coef-

_ ficients shown in Figure 27. The thus sampled out

DCT coefficients are 4 x 4 coefficients at the left up-
per corner of Figure 27. The 4 x 4 DCT coefficients
sampled out by the sampling circuit 22 are inputted to
an inverse discrete cosine transform circuit (IDCT)
23, by which they are transformed by inverse discrete
cosine transform. Consequently, picture data (4 x 4
picture element data) whose resolutions in the vérti-

"cal and horizontal directions are reduced to 1/2 are

obtained.

In the conventional apparatus described above,
when picture data of a lower resolution are to be pro-
duced from picture data of a high resolution, only
coefficlents corresponding to low frequency compo-
nents are sampled out. Consequently, an interlace
structure included in high frequency components is
lost. Therefore, the conventional apparatus has the
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disadvantage that the picture of the low resolution
does not present smooth motion.

Further. when predictive coding is applied to such
a system as described above wherein coded data for
4 x 4 picture elements are sampled out on the decoder
side from coded data processed by DCT processing

--;:iin units of 8 x 8 picture elements on the encoder side
‘to obtain a picture of a lower resolution by decoding,
since a predictive picture produced on the decoder
side does not coincide completely with another pre-
dictive picture produced by alocal decoder on the en-
coder side, if the predictive picture produced on the
decoder side is used for decoding, then a mismatch
error will be accumulated. Such a mismatch error
causes loss of an interlace structure in a picture of a
low resolution and causes deterioration of the picture
quality of a reproduced picture.
_ Theinvention addresses the problem of providing
“4 picture signal coding and decoding methods and pic-
‘ture signal coding and decoding apparatus which can
regenerate a picture of a low resolution which main-
tains an interlace structure and exhibits smooth mo-
tion.

In order to attain the object described above, ac-
cording to an aspect of the present invention, there is
provided a picture signal decoding method of the type
wherein, from coefficient data of a first block formed
by orthogonat transformation of picture element data,
those of the coefficient data of a second block having

.-, a smaller range than the first block are sampled out,
“and inverse orthogonal transformation is perfarmed
for the coefficient data of the second block, wherein
the inverse orthogonal transformation is performed
for data obtained by replacing atleast one of the coef-
ficient data in the second block by a corresponding
one ar ones of the coefficient data in the first block
but outside the second block.

According to another aspect of the presentinven-
tion, there is provided a picture signal coding appara-
tus, which comprises orthogonal transformation
means for transforming picture element data of a

-4frame formed from two fields and having an interlace
structure by orthogonal transformation to formm x n
coefficient data, quantization means for quantizing
the coefficient data and outputting quantization data
obtained by the quantization, and variable length cod-
ing means for coding the quantization data into vari-
able length codes and successively transmitting the
quantization data in the order of those coefficient
data of a first quantization data group which corre-
spond to jx kones of the m x n coefficient data, j being
smaller than m, k being smaller than n, those coeffi-

_cient data of a second quantization data group which
‘correspond to those of the m x n coefficient data
which belong to the m-N+1th to mth rows in the first
to kth columns, N being 1, 2, 3, ..., j-1, and those coef-
ficient data of a third quantization data group which
correspond to those of the m x n coefficient data
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which do not belong to any of the first and second
quantization data groups.

According to a further aspect of the present in-
vention, there is provided a picture signal decoding
apparatus wherein transmission picture element data
of a frame formed from two fields and having an in-
terlace structure are transformed by orthogonal
transformation to form m x n coefficient data, and
then the coefficient data are quantized and coded
into variable length codes to decode the transmission
data, which comprises variable length decoding
means for decoding the transmission data by variable
length decoding to obtain decoded data and output-
ting the decoded data, dequantization means for de-
quantizing the decoded data to obtain coefficient
data and outputting the coefficient data, sampling out
means for sampling out, from the coefficient data, j x
k coefficient data obtained by replacing successive
ones of the coefficient data of the jth row by sums of
the successive coefficient data of the jth row and cor-
responding ones of the coefficient data of the mth
row in the corresponding columns, j being smaller
than m, k being smaller than n, and inverse orthogo-
nal transformation means for transforming the j x k
coefficient data sampled out by the sampling out
means by inverse orthogonal transformation.

According to a still further aspect of the present
invention, there is provided a picture signal coding
method, which comprises the steps of transforming
picture element data of a frame formed from two
fields and having aninterlace structure by orthogonal
transformation to form m x n coefficient data, quan-
tizing the coefficient data and outputting quantization
data obtained by the quantization, and coding the
quantization data into variable length codes inthe or-
der of those coefficient data of a first quantization
data group which correspond to j x k ones of the m x
n coefficient data, j being smaller than m, k being
smaller than n, those coefficient data of a second
quantization data group which correspond to those of
the m x n coefficient data which belong to the m-
N-+1th to mth rows in the first to kth columns, N being
1, 2, 3, ..., j-1, and those coefficient data of a third
quantization data group which correspond to those of
the m x n coefficient data which do not belong to any
of the first and second quantization data groups.

In the picture signal coding and decoding meth-
ods and apparatus, picture data are processed by
DCT processing intc m x n coefficient data. Of the m
X n coefficient data, j x k coefficient data are transmit-
ted. Of the j x k coefficient data, the coefficient data
of the jth row are added to the coefficient data of the
mth row and then transmitted. Or else, the coefficient
data of the jth row are replaced by the coefficientdata
of the mth row and then transmitted.

Consequently, those of the coefficient data
which correspond to a low frequency region are trans-
mitted. Then, predetermined ones of the transmission
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data are processed so that they include coefficient
data of a higher frequency region. Accordingly, such
a situation that smooth motion of the picture is distur-
bed by the loss of an interlace structure is eliminated
or reduced.

Embodiments of the invention will now be descri-
bed, by way of example only, with reference to the ac-
companying drawings in which:

Figure 1 is a block diagram of a picture signal cod-

ing apparatus;

Figures 2(A) and 2(B) are diagrammatic views il-

lustrating operation of a predictive mode change-

over circuit of the picture signal coding apparatus

of Figure 1;

Figures 3(A) and 3(B) are diagrammatic views il-

lustrating operation of a DCT mode change-over

circuit of the picture signal coding apparatus of

Figure 1;

Figure 4 is a table illustrating operation of an ad-

dress control circuit shown in Figure 7;

Figure 5 is table showing the order in which data

illustrated in Figure 4 are scanned by zigzag

scanning;

Figure 6 is a block diagram of a picture signal de-

coding apparatus;

Figure 7 is a block diagram showing a selection

circuit of the picture signal decoding apparatus of

Figure 6;

Figures 8 to 11 are diagrammatic views illustrat-

ing different manners of motion compensation

operation of a motion compensation circuit of the
picture signal decoding apparatus of Figure 6 in

a frame predictive mode (1), a field predictive

mode, another frame predictive mode (2) and a

further frame predictive mode (3), respectively;

Figure 12 is a table showing data sampled out
from aleft upper corner area of the table of Figure
4;

Figure 13 is a table illustrating data when data in

the fourth row and data in the eighth row in Fig-

ure 4 are added to obtain data in the fourth row

in Figure 12;

Figure 14 is a table illustrating data when the data

in the fourth row in Figure 4 are replaced by the

data in the eighth row;

Figure 15 is a table illustrating data when data in

the third row and the data inthe fourth row in Fig-

ure 4 are replaced by data in the seventh row and
" the data in the eighth row, respectively;

Figure 16 is a table illustrating the order of zigzag

scanning when data obtained by the processing

illustrated in Figure 15 are to be transmitted;

Figure 17 is a syntax diagram illustrating trans-

mission of data when the zigzag scanning illu-

strated in Figure 16 is performed;

Figure 18 is a block diagram of another picture

signal coding apparatus;

Figure 19 is a block diagram of another picture
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signal decoding apparatus;

Figure 20 is a block diagram showing a selection

circuit of the picture signal coding apparatus of

Figure 19;

Figure 21 is a block diagram showing a conven-

tional picture signal coding apparatus and a con-

ventional picture signal decoding apparatus;

Figure 22 is a diagrammatic view illustrating com-

pression of data;

Figures 23(A) and 23(B) are diagrammatic views

showing different picture types when picture data

are compressed;

Figure 24 is a diagrammatic view illustrating the

principle in coding a moving picture signal;

Figure 25 is a diagrammatic view showing a trans-

mission format;

Figure 26 is a block diagram of a decoder of the

picture signal decoding apparatus shown in Fig-

ure 9;

Figure 27 is a table illustrating data sampled out

by a sampling circuit of the decoder shown in Fig-

ure 26; and

Figure 28 is a table illustrating data sampled out

by another sampling circuit of the decoder shown

in Figure 26.

A picture signal coding apparatus and a picture
signal decoding apparatus according to one embodi-
ment of the present invention have basically similar
constructions to the conventional picture signal cod-
ing and decoding apparatus, respectively, described
hereinabove with reference to Figure 21, but are dif-
ferent in that the encoder 7 and the decoder 9 have
different constructions to those of the conventional
picture signal coding and decoding apparatus. There-
fore, detalled description will be given below only of
the encoder and the decoder of the picture signal
coding and decoding apparatus while overlapping de-
scription of common components of the picture signal
coding and decoding apparatus to those of the con-
ventional picture signal coding and decoding appara-
tus is omitted herein to avoid redundancy. )

Referring first to Figure 1, there is shown a form
of encoder. Picture data to be coded are inputted in
units of a macro block to a motion vector detection cir-
cuit 50. The motion vector detection circuit 50 proc-
esses picture data of each frame as an I-picture, a P-
picture or a B-picture in accordance with a preset pre-
determined sequence. As which ones of I-, P- and B-
pictures pictures of frames sequentially inputted to
the motion vector detection circuit 50 are to be proc-
essed is determined in advance. For example, as
shown in Figure 23, the pictures of a group of pictures
constituted from frames F1 to F17 are processed as
{-, B-, P-, B-, P-, ..., B- and P-pictures, respectively.

Picture data of a frame to be processed as an |-
picture such as, for example, the frame F1, are trans-
ferred from the motion vector detection circuit 50 to
and stored in a forward original picture section 51a of
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aframe memory 51; picture data of aframe to be proc-
essed as a B-picture such as, for example, the frame
F2, are transferred to and stored into a reference orig-
“jinal picture section 51b; and picture data of a frame
“to be processed as a P-picture such as, for example,
the frame F3, are transferred to and stored into a
backward original picture section 51c.

Further, when a picture of a frame to be process-
ed as a B-picture (frame F4) or a P-picture (frame F5)
is inputted at a next timing, the picture data of the first
P-picture (frame F3) stored in the backward original
picture section 51¢ until then are transferred to the
forward original picture section 51a while the picture
data of the next B-picture (frame F4) are stored (over-

.. written) into the reference original picture section 51b

"}and the picture data of the next P-picture (frame F5)
are stored (overwritten) into the backward original
picture section 51c. Such a sequence of operations as
described above is repeated successively.

A ssignal of a picture stored in the frame memory
51 is read out from the frame memory 51 and then
processed by frame predictive mode processing or
field predictive mode processing by a predictive mode
change-over circuit 52. Further, under the control of
a predictive discrimination circuit 54, calculation forin-
tra-picture prediction, forward prediction, backward

) prediction or bidirectional prediction is performed by
a calculation section or prediction circuit 53. Which
one of the types of processing should be performed
is determined based on a predictive error signal, that
is, a difference between a reference original picture
for an object of processing and a predictive picture for
the reference original picture. Therefore, the motion
vector detection circuit 50 generates an absolute val-
ue sum or a square sum of predictive error signals
which is used for such discrimination.

Here, a frame predictive mode and a field predic-

__tive mode of the predictive mode change-over circuit

‘452 will be described.

When the frame predictive mode is set, the pre-
dictive mode change-over circuit 52 outputs four
brightness blocks Y[1] to Y[4] supplied from the mo-
tion vector detection circuit 50 as they are to the cal-
culation section 53 at the succeeding stage. In partic-
ular, in this instance, data of lines of odd-numbered
fields and data of lines of even-numbered lines are
present in a mixed condition in each brightness block.
In the frame predictive mode, prediction is performed
in units of four brightness blocks (macro blocks), and

- yone motion vector corresponds to four brightness

“blocks.

On the other hand, in the field predictive mode,
the predictive mode change-over circuit 52 processes
a signal, which is inputted thereto from the mation
vector detection circuit 50 and has such a construc-
tion as illustrated in Figure 2(A), so that, for example,
the brightness blocks Y[1] and Y[2] of the four bright-
ness blocks are constituted from dots of lines of odd-
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numbered fields while the other two brightness
blocks Y[3] and Y[4] are constituted from data of lines
of even-numbered fields as seen from Figure 2(B).
The predictive mode change-over circuit 52 outputs
the resulted data to the calculation section 53. In this
instance, one motion vector (a motion vector of the
odd-numbered fields) corresponds to the two bright-
ness blocks Y[1] and Y[2], and another one motion
vector (a motion vector of the even-numbered fields)
corresponds to the other two brightness blocks Y{[3]
and Y[4].

The motion vector detection circuit 50 outputs an
absolute value sum of predictive errors in the frame
predictive mode and another absolute value sum of
predictive errors in the field predictive mode to the
predictive mode change-over circuit 52. The predic-
tive mode change-over circuit 52 compares the abso-
lute value sums of predictive errors in the frame pre-
dictive mode and the field predictive mode, performs
processing of the absolute value sums corresponding
to that one of the predictive modes in which the ab-
solute value sum presents a lower value, and outputs
the resulted data to the calculation section 53.

Alternatively, such processing as described
above may be performed by the motion vector detec-
tion circuit 50. In particular, the motion vector detec-
tion circuit 50 can output a signal corresponding to a
determined mode to the predictive mode change-
over circuit 52, and the predictive mode change-over
circuit 52 outputs the signal as it is to the calculation
section 53 at the succeeding stage.

It is to be noted that, in the frame predictive
mode, a colour difference signal is supplied to the cal-
culation section 53 in a condition wherein data oflines
of odd-numbered fields and data of lines of even-
numbered fields are present in a mixed condition as
seen from Figure 2(A). On the other hand, in the field
predictive mode, upper halves (4 lines) of the colour
difference blocks Cb{5] and Cr[6] are colour differ-
ence signals of odd-numbered fields corresponding
to the brightness blocks Y[1] and Y[2] whiie the lower
halves (four lines) are colour difference signals of
even-numbered fields corresponding to the bright-
ness blocks Y[3] and Y[4] as seen from Figure 2(B).

The motion vector detection circuit 50 produces
an absolute vaiue sum of predictive errors, which is
to be used to determine which one of intra-picture pre-
diction, forward prediction, backward prediction and
bidirectional prediction should be performed by the
predictive discrimination circuit 54, in the following
manner.

In particular, the motion vector detection circuit
50 calculates, as an absolute value sum of predictive
errors for intra-picture prediction, a difference be-
tween an absolute value iZAij of a sum ZAjj of signals
Aij of a macro block of a reference original picture and
a sum ZAiji of absolute values iAiji of the signals Aijj of
the macro block. Further, the motion vector detection
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circuit 50 calculates, as an absolute value sum of pre-
dictive errors for forward prediction, a sum ZIAjj - Biji
of absolute values Ajj - Biji of differences Aij - Bij be-
tween signals Aij of a macro block of areference orig-
inal picture and signals Bij of another macro block of
a predictive picture. Further, the motion vector detec-
tion circuit 50 calculates absolute value sums for
backward prediction and bidirectional prediction in a
similar manner as for forward prediction (changing
the predictive picture to another predictive picture dif-
ferent from that in forward prediction).

The absolute value sums thus calculated are sup-
plied to the predictive discrimination circuit 54. The
predictive discrimination circuit 54 selects, as an ab-
solute value sum of predictive errors for inter-frame
prediction, that one of the absolute value sums of pre-
dictive errors for inter-frame predictions (forward pre-
diction, backward prediction and bidirectional predic-
tion) which has a smallest value. Further, the predic-
tive discrimination circuit 54 compares the absolute
value sum of predictive errors for the inter prediction
and the absolute value sum of predictive errors for in-
tra-picture prediction, selects that one of the absolute
value sums which has a lower value, and sets amode
corresponding to the selected absolute value sum as
a predictive mode. In particular, if the absolute value
sum of predictive errors for intra-picture prediction is
lower, the intra-picture predictive mode is set. Con-
versely, if the absolute value sum of predictive errors
for inter-frame prediction is lower, a mode corre-
sponding to that one of the absolute value sumsinthe
forward predictive mode, the backward predictive
mode and the bidirectional predictive mode which has
a lowest value is set.

In this manner, the motion vector detection circuit
50 supplies a signal for a macro block of a reference
original picture corresponding to one of the frame pre-
dictive mode and the field predictive mode selected
by the predictive mode change-over circuit 52 to the
calculation section 53 by way of the predictive mode
change-over circuit 52, and detects a motion vector
between a predictive picture corresponding to one of
the four predictive modes selected by the predictive
discrimination circuit 54 and a reference original pic-
ture and outputs the detected motion vector to a va-
riable length coding circuit 58 and a motion compen-
sation circuit 64. As described above, the motion vec-
tor is selected so thatthe corresponding absolute val-
ue sum of predictive errors may be in the minimum.

The predictive discrimination circuit 54 sets an in-
tra-frame (intra-picture) predictive mode (in which no
motion compensation is performed) as the predictive
mode and changes over a switch 53d of the calcula-
tion section 53 to a contact a side when the motion
vector detection circuit 50 is reading out picture data
of an I-picture from the forward original picture sec-
tion 51a. Consequently, the picture data of an |-pic-
ture are inputted to a DCT mode change-over circuit
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55.

The DCT mode change-over circuit 55 puts data
of four brightness blocks into a conditioninwhichlines
of odd-numbered fields and lines of even-numbered
fields are present in a mixed condition (frame DCT
mode) or another condition in which lines of odd-num-
bered fields and lines of even-numbered fields are
present in a separate condition (field DCT mode) as
shown in Figure 3(A) or 3(B), and outputs the resulted
data to a DCT circuit 56.

In particular, the DCT mode change-over c1rc,u1t
55 compares a coding efficiency when data of odd-
numbered fields and even-numbered fields are pres-
ent in a mixed condition and are processed by DCT
processing and another coding efficiency when such
data are present separately and are processed by
DCT processing, and selects a mode in which the
coding efficiency is higher.

For example, the DCT mode change-over circuit
55 changes input signals to signals of a construction
wherein lines of odd-numbered fields and even-
numbered fields are present in a mixed condition as
seen in Figure 3(A), calculates differences betwéen
the signals of lines of the odd-numbered fields and
the signals of lines of the even-numbered fields which
are adjacent to each other in the vertical direction,
and calculates a sum of absolute values (or a square
sum) of the differences. Or, the DCT mode change-
over circuit 55 changes input signals to signals of an-
other construction wherein lines of odd-numbered
fields and lines of even-numbered fields are separate
from each other as shown in Figure 3(B), calculates
differences between the signals of lines of the odd-
numbered fields which are adjacent to each othey in
the vertical direction and the signals of lines of he
even-numbered fields which are adjacent to each
other in the vertical direction, and calculates two
sums of absolute values (or square sums) of the dif-
ferences. Further, the DCT mode changs-over circuit
55 compares the two sums (absolute value sums)
with each other and sets a DCT mode corresponding
to that of the sums which has a lower value. In par-
ticular, if the former is lower, then the frame DCT
mode is set, but if the latter is lower, then the field
DCT mode is set. )

When the predictive mode change-over circuit52
sets the frame predictive mode (Figure 2(A)) and the
DCT mode change-over circuit 55 sets the frame DCT
mode (Figure 3(A)) and when the predictive mode
change-over circuit 52 sets the field predictive mode
(Figure 2(B)) and the DCT mode change-over circuit
55 sets the field DCT mode (Figure 3(B)), the DCT
mode change-over circuit 55 need not change the ar-
ray of data.

In contrast, when the predictive mode change-
over circuit 52 sets the field predictive mode (Figure
2(B)) and the DCT mode change-over circuit 55 sets
the frame DCT mode (Figure 3(A)) and when the pre-
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. dictive mode change-over circuit 52 sets the frame
predictive mode (Figure 2(A)) and the DCT mode
change-over circuit 55 sets the field DCT mode (Fig-
ure 3(B)), the DCT mode change-over circuit 55 per-
forms re-arrangement of data. In order to allow the
processing to be realized, a predictive flag is supplied
from the predictive mode change-over circuit 52 to
the DCT mode change-over circuit 55.

The DCT mode change-over circuit 55 outputs
data of a construction corresponding to a selected

. DCT mode to the DCT circuit 56 and outputs a DCT
flag indicative of the selected DCT mode to the vari-
able length coding circuit 58 and a conversion circuit
65.

As apparent from comparison between the pre-
dictive mode (Figures 2(A) and 2(B)) of the predictive
mode change-over circuit 52 and the DCT mode (Fig-
ures 3(A) and 3(B)) ofthe DCT mode change-over cir-
cuit 55, data structures of a brightness block in the dif-
ferent modes are substantially the same as each
other.

When the predictive mode change-over circuit 52

13 selects the frame predictive mode (in which odd-num-

“bered lines and even-numbered lines are present in
a mixed condition), the possibility that the DCT mode
change-over circuit 55 may select the frame DCT
mode (in which odd-numbered lines and even-
numbered lines are present in a mixed condition) is
high, but when the predictive mode change-over cir-
cuit 52 selects the field predictive mode (in which data
of odd-numbered fields and data of even-numbered
fields are separate from each other), the possibility
that the DCT mode change-over circuit 55 may select

. the field DCT mode (in which data of odd-numbered

“Afields and data of even-number fields are separate
from each other) is high.

However, this is not always the case, and the pre-
dictive mode change-over circuit 52 decides a mode
so that the absolute value sum of predictive errors
may be minimized while the DCT mode change-over
circuit 55 decides a mode so that a highest coding ef-
ficiency may be achieved.

Picture data of an I-picture outputted from the
DCT mode change-over circuit 55 are inputted to the
DCT circuit 56, processed by DCT (discrete cosine

. transform) processing and converted into DCT coef-
‘ficients. The DCT coefficients are inputted to a quan-
tization circuit 57, by which they are quantized with a
quantization step corresponding to the amount of
data (buffer accumulated amount) accumulated in a
transmission buffer memory 59. The thus quantized
data are inputted to the variable length coding circuit
58.

The variable length coding circuit 58 converts
picture data (in the present case, data of an I-picture)
supplied thereto from the quantization circuit 57 into
a variable length code such as, for example, a Huff-

iman code in accordance with a quantization step
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(scale) supplied thereto from the quantization circuit
57, and outputs the thus obtained variable length
code to a transmission buffer memory 59.

The quantized DCT coefficients are outputted,
from the characteristic of the DCT, such that coeffi-
cients of a low frequency region (high in power) are
outputted to a left upper corner are (for example,
those of 8 x 8 DCT coefficients shown at a left upper
corner in Figure 4). Generally, a coefficient is coded
into a variable length code in a combination of a run
length of Os (zero run) and a coefficient (level). The
system by which a coefficient is coded in a combina-
tion of a zero run and a level is called run length cod-
ing. When a code is coded by run tength coding, a
tong zero run can be produced by performing trans-
mission of coefficients in such an order called zigzag
scanning as illustrated in Figure 5 (in Figure 5, the nu-
merals indicate numbers in the order of transmission),
and consequently, data can be compressed.

The variable length coding circuit 58 receives a
quantization step (scale) from the quantization circuit
§7, a predictive mode (set from among the intra-pic-
ture predictive mode, the forward predictive mode,
the rearward predictive mode and the bidirectional
predictive mode) (block type) from the predictive dis-
crimination circuit 54, 2 motion vector from the motion
vector detection circuit 50, a predictive flag (a flag in-
dicating which one of the frame predictive mode and
the field predictive mode is set) from the predictive
mode change-over circuit 52 and a DCT flag (a flag
indicating which one of the frame DCT made or the
field DCT mode is set) outputted from the DCT mode
change-over circuit 55. Also the data thus received
are converted into variable length codes together
with zigzag scanned quantization data.

The transmission buffer memory 59 stores data
transmitted thereto once and then outputs the data as
a bit stream at a predetermined timing. Further, the
transmission buffer memory 59 feeds back a quan-
tized control signal in units of a macro black to the
quantization circuit 57 in response to an amount of
data remaining therein to control the quantization
scale. Consequently, the transmission buffer mem-
ory 59 adjusts the amount of data generated as a bit
stream to keep the data in the inside thereofto an ap-
propriate remaining amount (at which na overflow or
underflow takes place).

For example, if the remaining amount of data of
the transmission buffer memory 59 is increased to an
allowable upper limit value, then the transmission
buffer memory 59 increases the quantization scale of
the quantization circuit 57 by means of a quantization
control signal to reduce the amount of quantization
data. Or on the contrary if the amount of remaining
data of the transmission buffer memory 59 decreases
to an allowable lower limit, the transmission buffer 59
decreases the quantization scale of the quantization
circuit 57 by way of a quantization control signal to in-
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crease the amount of quantization data.

A bit stream outputted from the transmission buf-
fer memory 59 is multiplexed with a coded audio sig-
nal, a code synchronizing signal and so forth, and fur-
ther, a code for error correction is added to the mul-
tiplexed signal, whereafter predetermined modula-
tion is applied to the resulted signal. Then, the modu-
lated signal is recorded as convex and concave bits
onto a master disk by laser light. A stamper is formed
making use of the master disk, and a large amount of
copy disks (for example, optical disks) are formed
from the stamper.

Meanwhile, data of an l-picture outputted from
the quantization circuit 57 are inputted to a dequanti-
zation circuit 60, in which they are dequantized to a
representative value in accordance with a quantiza-
tion step supplied thereto from the quantization circuit
57. The output of the dequantization circuit 60 is in-
putted to and processed by inverse DCT processing
by an IDCT (inverse DCT) circuit 61, and then input-
ted to a conversion circuit 65. The conversion circuit
65 returns the data inputted thereto from the IDCT cir-
cuit 61 into the condition of the frame predictive mode
(Figure 2(A)) or into the condition of the field predic-
tive mode (Figure 2(B)) in accordance with a DCT flag
supplied thereto from the DCT mode change-over cir-
cuit 55 and a predictive flag outputted from the pre-
dictive mode change-over circuit 52 so that they may
coincide with the condition of predictive picture data
outputted from the motion compensation circuit 64,
and outputs the resulted data to an arithmetic unit 62.
The data outputted from the arithmetic unit 62 are in-
putted to a conversion circuit 66, by which they are re-
turned into those of the condition in the frame predic-
tive mode (the condition shown In Figure 2(A)) in re-
sponse to a predictive flag. The resulted data is sup-
plied to and stored into a forward predictive picture
section 63a of the frame memory 63.

Itis to be noted that the frame memory 63 can be
substituted by a field memory, and in this instance,
since data are stored individually for each field, data
outputted from the arithmetic unit 62 are returned into
those ofthe condition in the field predictive mode (the
condition of Figure 2(B)) by the conversion circuit 66.

The motion vector detection circuit 50 first proc-
esses, when it is to process picture data of frames in-
putted sequentially thereto as, for example, |-, B-, P-
, B-, P-, B-, ... pictures, the picture data of a frame in-
putted first as an |-picture and then processes, before
another picture inputted subsequently is to be proc-
essed as a B-picture, picture data of a further picture
inputted subsequently to the second picture as a P-
picture. This is because a B-picture involves back-
ward prediction and accordingly cannot be decoded
uniess a P-picture as a backward predictive picture is
prepared beforehand.

Therefore, the motion vector detection circuit 50
starts, after pracessing of the I-picture, processing of
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picture data of a P-picture stored in the backward
original picture section 51c. Then, similarly as in the
case described above, an absolute value sum of inter-
frame differences (predictive errors) in units ofa mac-
ro block is supplied from the motion vector detection
circuit 50 to the predictive mode change-over circuit
52 and the predictive discrimination circuit 54. The
predictive mode change-over circuit 52 and the pre-
dictive discrimination circuit 54 set, in accordance
with the absolute valve sum of predictive errors of the
macro block of the P-picture, the frame or field pre-
dictive mode or the intra-picture predictive, forward
predictive, backward predictive or bidirectional pre-
dictive mode (block type), respectively.

The calculation section 63 changes over the
switch 53d to the contact a side as described above
when the intra-frame predictive mode is set. Accord-
ingly, the data are transmitted to the transmission line
by way of the DCT mode change-over circuit 55, the
DCT circuit 56, the quantization circuit 57, the vari-
able length coding circuit 58 and the transmission
buffer memory 59 similarly as the data of the I-pic-
ture. Further, the data are supplied to and stored into
the backward predictive picture section 63b of the
frame memory 63 by way of the dequantization circuit
60, the IDCT circuit 61, the conversion circuit 65, the
arithmetic unit 62 and the conversion circuit 66. .

In the forward predictive mode, the switch 53d is
changed over to the contact b and picture data stored
in the forward predictive picture section 63a of the
frame memory 63 (in the present case, data of the |-
picture) are read out and undergo motion compensa-
tion by the motion compensation circuit 64 in accor-
dance with a motion vector outputted from the motion
vector detection circuit 50. In particular, when setting
of the forward predictive mode is instructed by the
predictive discrimination circuit 54, the motion com-
pensation circuit 64 displaces the read address of \Ehe
forward predictive picture section 63a by an amount
corresponding to the motlon vector from a position
corresponding to the position of the macro block be-
ing outputted at present from the motion vector detec-
tion circuit 50, reads out data from the displaced ad-
dress and produces predictive picture data. Further,
in this instance, the motion compensation circuit 64
arrays the predictive picture data into those of the
condition shown in Figure 2(A) or 2(B) in response to
a frameffield predictive flag supplied thereta from the
predictive mode change-over circuit 52.

The predictive picture data outputted from the
motion compensation circuit 64 are supplied to an ar-
ithmetic unit 53a. The arithmetic unit 53a subtracts
the predictive picture data supplied thereto from the
meotion compensation circuit 64 and corresponding to
a macro block of a reference original picture from data
of the macro block supplied thereto from the predic-
tive mode change-over circuit 52, and outputs the dif-
ference (predictive error) between them. The differ-
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ence data is transmitted into the transmission line by
way of the DCT mode change-over circuit 55, the
DCT circuit 56, the quantization circuit 57, the vari-
able length coding circuit 58 and the transmission
_buffer memory 59. Further, the difference data is lo-
_. cally decoded by the dequantization circuit 60, the
“RIDCT circuit 61 and the conversion circuit 65 and then
inputted to the arithmetic unit 62.

Data same as the predictive picture data supplied
to the arithmetic unit 53a is also supplied to the arith-
metic unit 62. The arithmetic unit 62 adds the predic-
tive picture data outputted from the motion compen-
sation circuit 62 to the difference data outputted from
the conversion circuit 65. Consequently, picture data
of an original (decoded) P-picture are obtained. How-
ever, since the data have undergone arraying proc-
essing as shown in Figure 2(A) or 2(B) by the predic-

-:.f\tive mode change-over circuit 52, processing for re-
*turning the array into that of the condition in the frame
predictive mode (the condition shown in Figure 2(A))
(where the frame memary 63 is constituted otherwise
from a field memory, the condition in the field predic-
tive mode (the condition shown in Figure 2(B)) is per-
formed in response to a predictive flag by the conver-
sion circuit 66. The picture data of the P-picture are
supplied to and stored into the backward predictive
picture section 63b of the frame memory 63.
The motion vector detection circuit 50 executes
. processing of a B-picture after the data of the I-pic-
"'Zisture and the P-picture have been stored into the for-
‘ward predictive picture section 63a and the backward
predictive picture section 63b, respectively. In re-
sponse to the magnitude of the absolute value sum
of inter-frame differences in units of a macro block,
the predictive mode change-over circuit 52 sets the
frame or field predictive mode and the predictive dis-
crimination circuit 54 sets the intra-frame/for-
ward/backward/bidirectional predictive mode (block
type) to one of the intra-frame predictive mode, the
forward predictive mode, the backward predictive
,mode and the bidirectional predictive mode.

As described above, when in the intra-frame pre-
dictive mode or the forward predictive mode, the
switch 53d is changed over to the contact a or b. In
this instance, processing similar to that for the P-pic-
ture is performed, and resulted data are transmitted.

In contrast, when the backward predictive mode
or the bidirectional predictive mode is set, the switch
53d is changed over to the contact c or d.

when in the forward predictive mode in which the
switch 53d is changed over to the contact ¢, data of
a picture stored in the backward predictive picture

3 section 63b (in the present case, the picture data of
a P-picture) are read out and undergo motion com-
pensation by the motion compensation circuit 64 in
accordance with a motion vector outputted from the
motion vector detection circuit 50. In particular, when
setting of the backward predictive mode is instructed
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from the predictive discrimination circuit 54, the mo-
tion compensation circuit 64 displaces the read ad-
dress of the backward predictive picture section 63b
by an amount corresponding to the motion vector
from a position corresponding to the position of a
macro block being outputted at preset from the motion
vector detection circuit 50, reads out data from the
thus displaced address, and produces predictive pic-
ture data. Further, the motion compensation circuit 64
arrays the data in such a manner as illustrated in Fig-
ure 2(A) or 2(B) in response to a predictive flag out-
putted from the predictive mode change-over circuit
52.

The predictive picture data outputted from the
motion compensation circuit 64 are supplied tothe ar-
ithmetic unit 53b. The arithmetic unit 53b subtracts
the predictive picture data supplied thereto from the
motion compensation circuit 64 from data of a macro
block of a reference original picture supplied thereto
from the predictive mode change-over circuit 52, and
cutputs the differences between them. The differ-
ence data are transmitted into the transmission line
by way of the DCT mode change-over circuit 55, the
DCT circuit 56, the quantization circuit 67, the vari-
able length coding circuit 58 and the transmission
buffer memory 59.

When the bidirectional predictive mode wherein
the switch 53d is changed over to the contact d is set,
data of a picture stored in the forward predictive pic-
ture section 63a (in the present case, the picture of
an i-picture) and data of another picture stored in the
backward predictive picture section 63b (in the pres-
ent case, the picture of a P-picture) are read out and
undergo motion compensation by the motion com-
pensation circuit 64 in response to a motion vector
outputted from the motion vector detection circuit 50.
In particular, when setting of the bidirectional predic-
tive mode is instructed from the predictive discrimin-
ation circuit 54, the motion compensation circuit 50
displaces the read addresses of the forward predic-
tive picture section 63a and the backward predictive
picture section 63b by amounts corresponding to mo-
tion vectors for a forward predictive picture and a
backward predictive picture from positions corre-
sponding to the positions of a macro block being out-
putted at present from the motion vector detection cir-
cuit 50, reads out data from the thus displaced ad-
dresses, and produces predictive picture data. Fur-
ther, the data are arranged inresponse to a predictive

" flag from the predictive mode change-over circuit 52.

The predictive picture data outputted from the
motion compensation circuit 64 are supplied to an ar-
ithmetic unit 53c. The arithmetic unit 53¢ subtracts an
average value of the predictive picture data supplied
thereto from the motion compensation circuit 64 from
data of a macro block of a reference original picture
supplied thereto from the motion vector detection cir-
cuit 50, and outputs the difference between them.
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The difference data is transmitted into the transmis-
sion line by way of the DCT mode change-over circuit
55, the DCT circuit 56, the quantization circuit 57, the
variable length coding circuit 58 and the transmission
buffer memory 59.

Any picture data of a P-picture is not stored into
the frame memory 63 because itis not used as a pre-
dictive picture for any other picture.

Itis to be noted that the forward predictive picture
section 63a and the backward predictive picture sec-
tion 63b of the frame memory 63 perform bank
changing over when necessary, and a predetermined
reference original picture stored in one or the other of
them can be switchably outputted as a forward pre-
dictive picture or a backward predictive picture.

While the foregoing description has been given
mainly of brightness blocks, also colour difference
blocks are processed and transmitted in units of a
macro block shown in Figures 2(A) or 2(B) and 3(A)
or 3(B). It is to be noted that a motion vector used
when a colour difference block is processed is ob-
tained by reducing a motion vector of a corresponding
brightness block to one halfin each of the vertical and
horizontal directions.

Referring now to Figure 6, there is shown a de-
coder. An input bit stream is inputted to the decoder
from an optical disk (recording medium 8 shown in
Figure 21) or a like recording medium. The input bit
- -stream is-inputted by way of a reception buffer mem-
ory 70 to and decoded by a variable length decoding
circuit (IVLC) 71. As a result of the decoding, quan-
tized data (DCT coefficients), motion vectors, predic-
tive modes, predictive flags, DCT flags, quantization
scales and so forth are obtained. Data (DCT coeffi-
cients) outputted from the variable length decoding
circuit 71 are inputted to and dequantized to represen-
tative values by a dequantization circuit 72. The de-
quantization step is controlled in response to a quan-
tization scale outputted from the variable length de-
coding circuit 71.

Quantized regenerated values (DCT coeffi-
cients) as an output of the dequantization circuit 72
are outputted as 8 x 8 values for each block. An IDCT
circuit 73 performs IDCT processing of the 8 x 8 coef-
ficlents. Consequently, a block of 8 x 8 picture ele-
ment data is obtained. The output of the IDCT circuit
73 is inputted to a conversion circuit 77, in which itis
returned in response to a DCT flag and a predictive
flag-supplied thereto from the variable length decod-
ing circuit 71 into the array condition in which it coin-
cides with the array of data outputted from the motion
compensation circuit 74. The output of the conversion
circuit 77 is supplied to an arithmetic unit 74.

When picture data supplied to the arithmetic unit
74 are data of an |-picture, the data are outputted from
the arithmetic unit 74 and returned in response to pre-
dictive flag supplied thereto from the variable length
decoding circuit 71 by a conversion circuit 78 into
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those of the condition in the frame predictive mode
shown in Figure 2(A) (when a frame memory 75 is
constituted from a field memory, the condition of the
field predictive mode {the condition shown in Figure
2(B)), whereafter they are supplied to and stored into
a forward predictive picture section 75a of the frame
memory 75 in order to allow production of predictive
picture data for picture data (data of a P-picture or a
B-picture) to be inputted to the arithmetic unit 74 later.
Further, the data are outputted as they are to, for ex-
ample, the format conversion circuit 10 (Figure 21) at
the succeeding stage.

When picture data supplied to the arithmetic unit
74 are data of a P-picture produced using picture data
of a preceding frame as predictive picture data and
the forward predictive mode is set, the picture data of
the preceding frame (data of the I-picture) stored in
the forward predictive picture section 75a of the
frame memory 75 are read out and undergo motion
compensation corresponding to a motion vector out-
putted from the variable length decading circuit 71
and processing corresponding to the predictive mode
(block type) by the motion compensation circuit 76.
Further, data are arrayed as shown in Figure 2(A) or
2(B) in response to the predictive flag. Then, the ar-
ithmetic unit 74 adds picture data (difference data)
supplied thereto from the conversion circuit 77 to the
data fram the motion compensation circuit 76 and out-
puts the resulted data therefrom. The data obtained
by the addition, that is, the decoded data of the P-pic-
ture, are supplied to and stored into the backward Rre-
dictive picture section 75b of the frame memory 75 in
order to allow production of predictive picture data for
picture data (data of a B-picture or a P-picture) to be
inputted to the arithmetic unit 74 later.

Even when the data are data of a P-picture, the
data in the intra-picture predictive mode are not proc-
essed by particular processing by the arithmetic unit
74 and are stored as they are into the backward pre-
dictive picture section 75b similarly to the data of the
I-picture.

Since the P-picture is a picture to be displayed
subsequently to a succeeding B-picture, it is not qut-
putted at this point of time to the format conversion
circuit 10 at the succeeding stage as yet (as descri-
bed above, the P-picture inputted succeedingly to the
B-picture is processed and transmitted prior to the B-
picture).

When the picture data supplied from the conver-
sion circuit 77 are data of a B-picture, the picture data
of the I-picture stored in the forward predictive picture
section 75a of the frame memory 75 (in the case of
the forward predictive mode), the picture data of the
P-picture stored in the backward predictive picture
section 75b (in the case of the backward predic{ive
mode) or the picture data of both of the I-picture and
the P-picture are read out in response to a predictive
mode supplied from the variable length decoding cir-
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cuit 71, and motion compensation is performed for
the thus read out picture data in accordance with a

} motion vector outputted from the variable length de-
coding circuit 71 by the motion compensation circuit
76. The picture data after the motion compensation
are then processed by arraying processing of datain
response to a predictive flag to produce a predictive
picture. However, when no motion compensation is
required (in the case of the intra-picture predictive
mode), no predictive picture is produced.

The data obtained by motion compensation by
the motion compensation circuit 76 in this manner are
added to the output of the conversion circuit 77 by the

*jarithmetic unit 74. The addition outputis returned into
the signals of the condition in the frame predictive
mode in response to the predictive flag by another
conversion circuit 78 and then outputted to the format
conversion circuit 10.

However, since the addition output is data of a B-
picture and is not utilized for production of a predictive
picture for any other picture at all, it is not stored into
the frame memory 75.

After the picture of a B-picture is outputted, pic-
ture data of the P-picture stored in the backward pre-

., dictive picture section 75b are read out and outputted

by way of the motion compensation circuit 76, the ar-
ithmetic unit 74 and the conversion circuit 78, In this
instance, motion compensation, arraying processing
or the like is not performed.

Further, while the foregoing description has been
given of processing of a brightness signal, processing
of a colour difference signal is performed in a similar
manner. In this instance, however, a motion vector
used is obtained by reducing a mation vector for a
brightness signal to one half in each of the vertical
and horizantal directions.

R If the picture regenerated in such amanneras de-
scribed above is converted from digital to analog val-
ues, then a decoded picture of a high definition tele-
vision system of a high resolution can be obtained.

The decoder described above includes, in addi-
tion to the construction for obtaining a decoded pic-
ture of a high definition television system described
above, another construction for obtaining a decoded
picture of a resolution equal to one fourth the resolu-
tion of the standard television system. The second
construction includes a dequantization circuit 81,

_which dequantizes data outputted from the variable
*|length decoding circuit 71 to a representative value in
accordance with a quantization scale also outputted
from the variable length decoding circuit 71 and out-
puts the resulted data to a selection circuit 82. Itis to
be noted that the dequantization circuit 81 is provided
in order to obtain a standard television video output to-
gether with a high definition television video output,
and when it is required to output only one of the two
outputs, the dequantization circuit 81 may be omitted.
In this instance, the output of the dequantization cir-
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cuit 72 is supplied to the selection circuit 82.

Referring now to Figure 7, the selection circuit 82
may be constituted from a calculation circuit 90, an
address control circuit 91 and amemory 92. Data sup-
plied from the dequantization circuit 81 (or 72) are
written into the memory 92. Then, the data are read
out from the memory 92 and outputted to an IDCT cir-
cuit 83. Writing into and reading out from the memory
92 is controlled by an address control circuit 91. While
details of the writing and reading control will be here-
inafter described, the selection circuit 82 selects pre-
determined 4 x 4 DCT coefficients from such 8 x 8
DCT coefficients as shown in Figure 4.

Referring back to Figure 6, the IDCT circuit 83
processes the inputted 4 x 4 coefficients by IDCT
processing and outputs the resulted data to a conver-
sion circuit 88. The conversion circuit 88 returns the
array of the data, in responsetoa DCT flag and a pre-
dictive flag outputted from the variable length decod-
ing circuit 71, into that of a condition wherein it coin-
cides with the array of predictive picture data output-
ted from a motion compensation circuit 86. The con-
version circuit 88 outputs the data after such array
change to an arithmetic unit 84. The motion compen-
sation circuit 86 performs motion compensation of
picture data stored in a frame memory 85 inresponse
to a motion vector and a predictive mode supplied
thereto from the variable length decoding circuit 71,
and then performs such array conversion of the pic-
ture data as illustrated in Figure 2(A) or 2(B) in re-
sponse to a predictive code to produce predictive pic-
ture data.

The data outputted from the motion compensa-
tion circuit 86 are added to the output of the conver-
sion circuit 88. The array condition of the resulted
data is converted, in response to the predictive flag,
into the condition in the frame predictive mode (the
condition of the field predictive mode when the frame
memory 85 is constituted from a field memory), and
then the data are outputted as standard television pic-
ture data. It is to be noted that, since motion atthe mo-
tion compensation circuit 86 is equal to about one half
the motion at the motion compensation circuit 76, a
motion vector outputted from the variable length de-
coding circuit 71 is converted to one half by scale con-
version by a scaling circuit 87 and then supplied to the
motion compensation circuit 86.

In particular, when the predictive mode in the en-
coder of Figure 1 is determined as the frame predic-
tive mode by the predictive discrimination circuit 54 of
the encoder, also the predictive mode in the decoder
is set to the frame predictive mode. On the other
hand, when the predictive mode in the encoder is de-
termined as the field predictive mode, also the pre-
dictive mode in the decoder is set to the field predic-
tive mode. In short, when the the motion compensa-
tion circuit 64 of the encoder forms a predictive pic-
ture in the frame predictive mode, the motion com-
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pensation circuit 86 of the decoder cooperates with
the scaling circuit 87 to form a predictive picture in the
frame predictive mode similarly. On the other hand,
when the motion compensation circuit 64 forms a pre-
dictive picture in the field predictive mode, the motion
compensation circuit 86 cooperates with the scaling
circuit 87 to form a predictive picture in the field pre-
dictive mode similarly.

Subsequently, the relationship between motion
compensation and the frame or field predictive mode
will be described. In the case of the frame predictive
mode (frame predictive mode (1)), in motion compen-
sation of the encoder performed by the motion com-
pensation circuit 64 (similar with motion compensa-
tion of the motion compensation circuit 76 of a high
definition television decoder block), a single predic-
tive frame is formed as a predictive picture from a first
field (odd-numbered field) including such picture ele-
ments a, ¢, e, g, ... as shown in (a) of Figure 8 and a
second field (even-numbered field) including such
picture elements b, d, f, ... as shown in (a) of Figure
8. Meanwhile, in motion compensation for a standard
television decoder block performed by the motion
compensation circuit 86 of the decoder, a single pre-
dictive frame is formed as a predictive picture from a
first field including such picture elements a’, ¢', ... as
shown in (b) of Figure 8 and a second field including
such picture elements z’, b’, d’, ... (the distance be-
tween z' and b’ and the distance between b’ and
d’ are equal to each other) as shown in (b) of Figure
8.

In order to convert data of a high resolution (high
definition television) into data of a 1/4 resolution, pic-
ture elements should be thinned out to one half in
both of the horizontal direction and the vertical direc-
tion. Now, considering only thinning out in the vertical
direction, since a frame has an interlace structure
based on two fields, if lines are thinned out to one half
in the vertical direction, then data of one field (in the
case shown in Figure 8, the first field) after ali corre-
spond to data of one frame of a 1/4 resolution (2
fields). In the case shown, the picture elements a,
e, ... among the picture elements a, ¢, €, g, ... of the
first field of a high resolution correspond to the pic-
ture elements &', ¢/, ... of the first field of a low reso-
lution, and the picture elements c, g, ... correspond to
the picture elements b’, d’, ... of the second field of a
low resolution.

Describing, for example, the picture element a, in
the local decoder ((a) in Figure 8) of the encoder, if 0,
1,2, 3 or 4 (1 of the motion vector indicates an offset
corresponding to 0.5 picture elements in the vertical
directions of a screen of a high resolution) is outputted
as a motion vector for motion compensation for the
picture element a (it is assumed that the motion vec-
tor indicates only motion in the vertical direction) from
the motion vector detection circuit 50, then a, (a +
b)/2, b, (b + c)/2 or c is outputted as a picture element
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of a predictive picture from the motion compensation
circuit 64. In particular, an interpolation picture ele-
ment is formed when the motion vector is equal to 1
or 3.

On the other hand, on the standard television de-
coder block side ((b) in Figure 8), when 0, 1,2, 3or4
is outputted as a motion vector for motion compensa-
tion for the picture element a’ from the variable length
decoding circuit 71 (when the motion vector outputted
from the scaling circuit 87 is 0, 0.5, 1, 1.5 or 2), &',
(3a’ + b')/4, (3b’ + 2')/4, (a’ + 3b')/4 or b is outputted
as a picture element of a predictive picture from the
motion compensation circuit 86. In particular, when
the motion vector is 1, 2 or 3 (when the motion vector
outputted from the scaling circuit 87 is 0.5, 1 or 1:5),
an interpolation picture element is formed. This simi-
larly applies also where the motion vector is greater
than 5).

As seen from Figure 8, picture element data of a
low resolution (1/4 resolution) correspond to picture
element data of a high resolution (full resolution) of
the encoder such that the parities (fields) and the
positions of them coincide with each other. In partic-
ular, when the motion vector is 1 or 3, picture element
data of a high resolution are interpolated from the pic-
ture element data a and c of the first field and the iS_ic-
ture element data b of the second field ((a + b)/2 or
(b + c)/2). On the other hand, also picture element
data of a low resolution are interpolated, when the
motion vector is 1 or 3 (when the motion vector ocut-
putted from the scaling circuit 87 is 0.5 or 1.5), from
the picture element data a’ of the first field and the
picture element data b’ of the second field. Accord-
ingly, they coincide with each other in parity (field)
(both of them are interpolated from the first and sec-

 ond fields). Further, since the weighting values of the

picture elements of them are adjusted, the positigns
of them in the vertical direction coincide with each
other.

Further, when the motion vector Is equal to 2
(when the motion vector outputted from the scaling
circuit 87 is equal to 1), since the picture elementdata
b of a high resolution is data of the second field, also
a corresponding picture element of a low resolution is
interpolated from the picture elements ' and b’ of the
second field ((3b’ + 2')/4). Consequently, the parities
and the positions in the vertical direction of them co-
incide with each other.

Subsequently, motion compensation in the fie!d
predictive mode will be described with reference to
Figure 9. In this instance, in the local decoder of the
encoder, as seen from (a) of Figure 9, picture ele-
ments (a + c)/2 and (c + e)/2 of a first predictive field
are formed as a predictive picture from a first field in-
cluding picture elements a, ¢, e, g, ..., and picture ele-
ments (b + d)/2 and (d + )/2 of a second predictive
field are formed as another predictive picture from a
second field including picture elements b, d, f, ...
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Meanwhile, in the standard television decoder block,
as seen from (b) of Figure 9, picture elements (33" +
c')/4, (a' +¢')/2 and (d' + 3c’)/4 of afirst predictive field
are formed as a predictive picture from afirst field in-
cluding picture elements a, ¢, ... and picture ele-
ments (3b’ + Z)/4, (3b’ + d')/4 and (b' + d)/2 of a sec-
ond predictive field are formed as a predictive picture
from a second field including picture elements 2, b',
. d' ... (the distance between Z' and b' and the dis-
“dtance between b’ and d' are equal to each other).
in particular, in the case of motion compensation,
for example, for the picture element a of the first field
in accordance with a motion vector, in the encoder,
when 0,1, 2, 3ordis givenas a motion vector from
the motion vector detection circuit 50, a, (a + ¢)/2, ¢,
(c+e)2oreis outputted as a picture element of apre-
dictive picture from the motion compensation circuit
64, respectively. When the motion vector is 1 or 3, the
picture element is interpolated.
Meanwhile, on the standard television decoder
-y block side,when 0,1,2,3or4isgiveasa motion vec-
"tor from the variable length decoding circuit 71 (when
the motion vector outputted from the scaling circuit 87
is 0, 0.5, 1, 1.5 or 2), &', (3a’ + c')/4, (@+c)2 @+
3c¢’)/4 or ¢ is outputted as a picture element of a pre-
dictive picture from the motion compensation circuit
86, respectively. When the motion vector is1,20r3

(when the motion vector outputted from the scaling .

circuit 87 is 0.5, 1 or 1.5), an interpolation picture ele-
ment is formed by interpolation so thatthe position of
the corresponding picture element may coincide with
~ thatin the encoder.
A On the other hand, in motion compensation of the
picture element of the second field, when 0, 1, 2, 3 or
4 is given as a motion vector to the encoder, b, (b +
dy2, d,(d + f)/2 or f is outputted as a picture element
of a predictive picture from the motion compensation
circuit 64, respectively. Meanwhile, on the standard
television decader block side, when 0, 1, 2, 3 or4 is
given as a motion vector (when the motion vector out-
putted from the scaling circuit 87 is O, 0.5, 1,150r
2), (3b" +2)/4, b’, (3b' + d')/2, (b’ + d')2 or (b' + 3d")/4
is outputted as a picture element of a predictive pic-
- ture fromthe motion compensation circuit 86, respec-
“tively.

An original picture element which corresponds to
the picture element b of the second field of a full re-
solution is not present in the second field of a 1/4 re-
solution. If the picture element b’ is made coincide
with the picture element b, then since the positions of
them in the vertical direction do not coincide with
each other, also the motion compensated picture ele-
ment is displaced from the original picture element.
Therefore, the picture element (3b’ +2')/4 is produced
at the position at which it coincides with the picture

*element b.

In each field, since each interpolation data is pro-

duced from data in the field, also the parities coincide
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with each other.

A different manner of motion compensation in the
frame predictive mode (frame predictive mode (2)) will
be described subsequently with reference to Figure
10. The present manner of motion compensation is
different from the manner of motion compensation in
the frame predictive mode (1) of Figure 8 in process-
ing on the standard television decoder block side.
While a reference picture element when the motion
vector is 1, 2 or 3 (when the motion vector outputted
from the scaling circuit 87 is 0.5, 1 or 1.5) can be pro-
duced by interpolation of the picture element &',
b’ and/or z’ similarly as in the case of Figure 8. a ref-
erence picture element when the motion vector is 4
(when the motion vector outputted from the scaling
circuit 87 is 2) is produced by interpolation of the pic-
ture elements &' and ¢’ of the first field since it is re-
ferred to from a field of a same parity as a reference
picture element in the encoder, and the picture ele-
ment of a predictive picture to be outputted from the
motion compensation circuit is (@' + ¢')/2. In other
words, in this instance, the picture element b’ is used
only for interpolation of some other picture element
and is not itself outputted as a reference picture ele-
ment.

Figure 11 is a further manner of maotion compen-
sation in the frame predictive mode (frame predictive
mode (3)). In the present manner of motion compen-
sation, in the case of a 1/4 resolution, when the mo-
tion vector is 1 or 3 (when the motion vector outputted
from the scaling circuit 87 is 0.5 or 1.5), a reference
picture element is either interpolated as (1/2) (a’ +
(3b’ + 2')/4) from the picture elements a and (3b' +
Z')/4 or interpolated as (1/2)((a" + c')/2 + (3b’ + 2')/4)
from the picture elements (' + ¢')/2 and (3b" + Z')/4.
Except this, the present manner of motion compen-
sation is the same as the manner of motion compen-
sation of Figure 10.

When mation compensation is performed in re-
sponse ta the frame or field predictive mode (predic-
tive flag) so that coincidence in parity and position
may be established in this manner, since mismatch
errors arising from incoincidence between a predic-
tive picture of the encoder and another predictive pic-
ture of the low resolution decoder are reduced, such
a situation is reduced that a picture does not exhibit

smooth motion due to the loss of an interlace struc-
ture.

Subsequently, processing of the selection circuit -

82 of Figure 7 will be described.

Such 8 x 8 coefficient data supplied from the de-
quantization circuit 82 as seen in Figure 4 are stored
into the memory 92 of the selection circuit 83. When
the predictive flag supplied from the variable length
decoding circuit 71 represents the frame DCT mode,
the address control circuit 91 reads out 4 x 4 data at
the left upper corner and 1 x 4 data at the left lower
corner of the table of Figure 4 and outputs the data
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to the arithmetic circuit 90. The arithmetic circuit 90
adds the four data d(7, 0), d(7, 1), d(7, 2) and d(7, 3)
of the eighth row to the four data d(3, 0), d(3, 1), d(3,
2) and d(3, 3) of the fourth row, respectively. As a re-
sult, the 4 x 4 coefficients sampled out first and
shown in Figure 12 are changed to 4 x 4 coefficients
shown in Figure 13. In particular, while the coeffi-
cients in the upper three rows in Figure 13 are the
same as those in Figure 12, the data in the lowermost
row are d(3, 0) + d(7,0), d(3, 1) +d(7, 1), d(3, 2) + d(7,
2) and d(3, 3) + d(7, 3). The data are written into the
memory 92.

Four data corresponding to high frequency com-
ponents arising from motion between fields of a same
frame of an interlace picture are arranged at the four
left data in the eighth row shown in Figure 4. Since
the four data are added to the corresponding data in
the fourth row which correspond to a highestfrequen-
cy in the low frequency region (4 x 4 data), if the 4 x
4 coefficients (Figure 13) are read out from the ad-
dress control circuit 91 and supplied to the IDCT cir-
cuit 83 so as to be processed by IDCT processing,
then theloss of an interlace structure which is caused
by sampling out only 4 x 4 coefficient data at the left
upper corner in the low frequency region from within
8 x 8 DCT coefficient data while removing the other
coefficient data is reduced, and a picture, which
otherwise exhibits unnatural motion due to the loss of
an interlace structure, is regenerated exhibiting
smooth motion.

While high frequency components arising from in-
terlace are included in and around the lowermost row
of 8 x 8 DCT coefficient data in the frame DCT mode,
such components are not contained in the lowermost
row of 8 x 8 DCT coefficients in the field DCT mods.
Accoardingly, although such processing as illustrated
in Figure 13 is performed in the frame DCT mode, it
is not performed in the field DCT mode. In this in-
stance, the processing illustrated in Figure 12 is per-
formed.

Figure 14 illustrates another manner of process-
ing of the selection circuit 82 in the frame DCT mode.
In the present manner of processing, a sum D3 of ab-
solute values of eight data d(3, 0) to d(3, 7) in the
fourth row of Figure 4 is calculated by the arithmetic
unit 90. Similarly, a sum D7 of absolute values of eight
data d(7, 0) to d(7, 7) in the eighth row is calculated
by the arithmetic unit 80. Further, the arithmetic unit

90 compares the sums D3 and D7 with each other,

and, if the sum D3 is greater than the sum D7, it se-
lects the data d(3, 0) to d(3. 3) as the four data of the
fourth row of the 4 x 4 coefficients, but on the con-
trary if the sum D7 is greater than the sum D3, it se-
lects the data d(7, 0} to d(7, 3). Figure 14 illustrates
the condition in this instance.

In particular, that the sum D3 is greater than the
sum D7 means that the picture exhibits motion of a
comparatively small amount between the twofieidsin

10

15

20

25

30

35

40

45

50

55

15

the frame. Accordingly, in this instance, not the data
d(7, 0) to d(7, 3) corresponding to high frequency
components but the data d(3, 0) to d(3, 3) corre-
sponding to low frequency components are selected.
Onthe contrary, when the sum D7 is greater than the
sum D3, since the picture exhibits motion of a com-
paratively great amount, the data d(7, 0) to d(7, 3) cor-
responding to higher frequency components are ‘se-
lected.

Figure 15 illustrates a further manner of process-
ing. In the present manner of processing, when the
sum D3 described above is greater than the sum D7,
such coefficients as shown in Figure 12 are selected
as the 4 x 4 coefficients, but when the sum D7 is
greater than the sum D3, four left side data d(6, 0) to
d(6, 3) in the seventh row in Figure 4 and four left side
data d(7, 0) to d(7, 3) in the eighth row are selected,
and the 2 x 4 data are replaced with four left side data
d(2, 0) to d(2, 3) in the third row and four left side data
d(3, 0) to d(3, 3) in the fourth row, respectlvely In
short, such 4 x 4 data as seen in Figure 15 are ob-
tained. In the present manner of processing, higher
frequency components are contained by a greater
amount than in the manner of processing illustrated
in Figure 14.

Itisto be noted that, when the predictive flag sup-
plied from the variable length decoding circuit 71 in-
dicates the frame predictive mode and the selection
circuit 82 determines that the sum D3 is greater than
the sum D7, motion compensation may be performed
in the frame predictive mode (1), but when the sum
D7 is greater than the sum D3, motion compensation
may be performed in the frame predictive made (2).
This is because, when the sum D3 is greater than the
sum D7, since the picture exhibits mation of a small
amount between the fields of the frame as described
above, b’ - (@' + ¢')/2, and consequently, even if (a’ +
¢')/2 is not produced by interpolation, a sufficient pre-
dictive picture can be obtained.

Subsequently, a method of zigzag scanning
when such processing as described above is to be
executed will be described. In order to realize the
three manners of processing described above, l&‘-is
possible, similarly as in the prior art, for the variable
length coding circuit 58 of the encoder to scan 8 x 8
coefficients in a zigzag pattern such that, for exam-
ple, as shown in Figure 5, the scanning point first
moves rightwardly from the number 1 atthe leftupper
corner to the number 2 on the right side and then
moves to the number 3 on the obliquely leftlower side
and then to the number 4 below the number 3, where-
after it advances to the number 5 on the obliquely
right upper side. However, if zigzag scanning is per-
formed in such a manner as, for example, in Figure
16, then data can be transmitted in a higher efficien-
cy.

In the manner of zigzag scanning illustrated in
Figure 16, zigzag scanning is first performed within
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the range of 4 x 4 coefficients at the left upper corner
in 8 x 8 coefficients. In particular, the coefficient at
the number 1 at the left upper corner is first transmit-
<ted, and then the coefficient at the number 2 on the
“right side to the number 1 is transmitted. Thereafter,
the scanning point moves to the number 3 onthe ob-
liquely left lower side to the number 2, and then to the
number 4 below the number 3, whereafter it moves to
the number 5 on the obliquely right upper side to the
number 4. The 16 coefficients are transmitted ina
similar manner. Subsequently, four left side coeffi-
cients of the numbers 17 to 20 in the eighth row are
successively fransmitted, and thereafter, four left
side coefficients of the numbers 21 to 24 in the sev-
enth row are successively transmitted beginning with
}the leftmost one. Then, after a total of 24 coefficients
are transmitted in this manner, the scanning point ad-
vances to the coefficient atthe number 25 atthe left-
most position in the fifth row, and zigzag scanning is
performed successively in the oblique direction ex-
cept the coefficients which have been transmitted al-
ready.

The transmission by zigzag scanning is illustrated
in a syntax diagram of Figure 17. Referring to Figure
17, a quantization scale is transmitted first, and then
a DCT coefficient which is indicated at the number 1
in Figure 16 and represents a dc component is trans-
mitted. Subsequently, DCT coefficients of low fre-
quencies indicated at the numbers 2 to 4 in Figure 16
are transmitted successively. Then, after the 24 coef-
ficients are transmitted, a signal EOB representative
of the end of the block is sent out.

After the signal EOB is sentout, a dequantization
scale is sent out again. The first quantization scale in-
dicates a quantization step which is used until the first
EOB signal is sent out, and the second quantization
scale indicates another quantization step which is
used for coefficients to be transmitted later. After the
isecond quantization scale is sent out, the remaining

coefficients of the numbers 25 to 64 in Figure 16 are
successively transmitted in the order of the numbers.
Then, after the 64th coefficient is transmitted, an-
other EOB signal indicative of the end of the block is
tranemitted again. The EOB signals are generated by
an EOB generator 58a built in the variable length cod-
ing circuit 58 of Figure 1.

If data are transmitted in such an order as descri-
bed above, when the selection circuit 82 of the decod-
er shown in Figure 6 receives the first EOB signal, it

. may skip the coefficients which are transmitted there-
‘to since then and then start its processing beginning
with a coefficient transmitted immediately after the
second EOB signal is thereafter transmitted thereto.
On the other hand, in the high definition television
signal system, the IDCT circuit 73 ignores the first
EOB signal and detects the second EOB signal as an
end signa! of the block.

While, in the foregoing description, a manner of
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processing is selected by the decoder side, itis other-
wise possible for the encoder side to given an instruc-
tion of processing. FIGS. 18 and 19 respectively show
an encoder and a decoder constructed in a manner
just described. In particular, in the encoder shown in
Figure 18, a mation vector detection circuit 101 (the
motion vector detection circuit 50 may serve also as
the motion vector detection circuit 101) detects a mo-
tion vector of a block from picture data for one field
stored in a frame memory 51. The reason why a mo-
tion vector is detected not from data for one frame but
from data for one field is that it is intended to detect
mation in interlace, that is, mation between an odd-
numbered field and an even-numbered field. The mo-
tion vector (motion information) detected by the mo-
tion vector detection circuit 101 is supplied to a vari-
able length coding circuit 58, from which itis transmit-
ted as data of 1 bit or 2 bits and as a bit stream to the
decoder side.

On the decoder side, as shown in Figure 19, ava-
riable length decoding circuit 71 detects the motion
information transmitted thereto from the encoder side
and controls a selection circuit 82 in accordance with
the motion information. In particular, the selection cir-
cuit 82 is constructed as shown, for example, in Fig-
ure 20. Referring to Figure 20, the moticn information
supplied thereto from the variable length decoding
circuit 71 is discriminated by a discrimination circuit
111, and an address control circuit 91 is controlled in
accordance with a result of the discrimination to con-
trol data to be read out from the memory 92.

Accordingly, in order to allow two of the manners
of processing illustrated in FIGS. 13 to 15 to be exe-
cuted, if a predetermined flag of one bit is transmitted
from the encoder side, then two of the manners of
processing illustrated in FIGS. 13 to 15 can be exe-
cuted on the decoder side in response to the flag.

Furthermore, if, for example, 2 bits are prepared
for such motion information as described above, then
a total of four kinds of data can be sent out. Therefore,
motion can be divided into fourth types including a
great amount of motion, a medium amount of motion,
a small amount of motion and a stopping condition,
and when the amount of motion is great, the process-
ing illustrated in Figure 15 may be executed; when the
amount of motion is medium, the processing illustrat-
ed in Figure 14 may be executed; when the amount
of motion is small, the processing illustrated in Figure
13 may be executed; and when the picture is in a stop-
ping condition, the processing illustrated in Figure 12
may be executed.

While, in the foregoing description, coefficient
data of the fourth row or coefficient data of the third
and fourth rows of 4 x 4 coefficient data are replaced
by coefficient data of the eighth row or coefficient
data of the seventh and eighth rows, respectively, at
least one coefficient data may be replaced. Or on the
contrary, the number of rows to be replaced may be
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increased to three.

Further, while data along a row or rows are re-
placed in the foregoing description, data along a col-
umn or columns may be replaced alternatively.

Furthermore, while picture data are processed
by DCT processing in the foregoing description, the
present invention can be applied to any other ortho-
gonal transformation than the DCT.

Further, while, in the foregoing description, 8 x 8
quantized data outputted from the quantization circuit
57 are coded as they are into variable length codes
and transmitted on the encoder side and, when a pic-
ture of the standard television system is to be ob-
tained, 4 x 4 data are sampled out on the decoder
side, when 4 x 4 quantized data on the low frequency
side (at the left upper corner) are separated from the
other quantized data and then the 4 x 4 quantized
data and the other data are individually coded into va-
riable length codes and transmitted on the encoder
side, in order to obtain a picture of the standard tele-
vision system, only the 4 x4 quantized dataon the low
frequency side (at the left upper corner) may be de-
coded as they are, but in order to obtain a picture of
a full resolution, both of the 4 x 4 quantized data and
the other data may be decoded by variabie length de-
coding into two kinds of quantized data, which are de-
quantized subsequently.

As apparent from the foregoing description, ac-
cording -to- the present invention, when coefficient
data of a particular range are sampled out from within
a predetermined number of coefficient data and in-
verse orthogonal transformation is to be performed
for the thus sampled out coefficient data, the coeffi-
cient data are processed so that they include those
coefficient data which are not included in the partic-
ular range. Further, motion compensation is per-
formed in response to a predictive flag so that a pre-
dictive picture and a parity of fields on the decoder
side may coincide with those on the encoder sids.
Consequently, such a situation that smooth motion of
the picture is disturbed by the loss of an interlace
structure is eliminated or minimized.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto with-
out departing from the scope of the invention as set
forth herein.

Claims

1. Anpicture signal decoding method comprising the
steps of:
sampling out from coefficient data of afirst
block formed by orthogonal transformation of
picture element data, those of the coefficient
data of a second block having a smaller range
than the first block;
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replacing at least one of the coefficient
data in the second block by a corresponding éne
or ones of the coefficient data in the first block
but outside the second block; and

performing inverse orthogonal transfor-
mation for the coefficient data of the second
block.

A picture signal decoding method according to
claim 1, wherein the first block includes m x n
coefficient data while the second block includes
j x k coefficient data, j being smaller than m, k be-
ing smaller than n, and the inverse orthoganal
transformation being performed for data ob-
tained by replacing successive ones of the coef-
ficient data of the j-N+1th row to the jth row in the
second block by corresponding ones of the coef-
ficient data of the m-N+1th row to the mth row in
the corresponding columns of the first block, re-
spectively, N being 1, 2, 3, ..., j-1.

A picture signal decoding method according to
any one of claims 1 and 2, wherein the orthogo-
nal transformation is a discrete cosine transform,
and the inverse orthogonal transformation isian
inverse discrete cosine transform.

A picture signal decoding method according to

any one of claims 1, 2 or 3, wherein the picture

element data are picture element data of a frame
formed from two fields and having an interlace
structure, and where the coefficient data of the
first block are produced based on a difference
from a predictive picture for which motion com-
pensation has been performed in a frame predic-
tive mode or a field predictive mode, motiocn com-
pensation being performed in response to a pre-
dictive mode of the first block to produce a pre-
dictive picture for the second block.

A picture signal decoding method according to
claim 4, wherein, where the coefficient data of
the first block are produced based on the differ-
ence from the predictive picture for which the mo-
tion compensation has been performed in the
frame predictive mode, motion compensation for
the second block is performed so that a field of
picture elements of the predictive picture for the
second block may coincide with a corresponding .
field of picture elements of a predictive picture for
the first block.

A picture signal decoding method according to
claim 5, wherein, when the picture elements of
the predictive picture for the first block are pro-
duced by interpolation upon the motion compen-
sation, also corresponding picture elements of
the predictive picture for the second block are

%
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produced by interpolation.

A picture element decoding method according to
any one of claims 4 and 5, wherein, when picture
elements corresponding to the picture elements
of the predictive picture for the first block are
present in the predictive picture for the second
block upon the motion compensation, the picture
elements are used for motion compensation.

A picture signal decoding method according to
any one of claims 4 and 5, wherein, where the
coefficient data of the first block are produced
based on the difference from the predictive pic-
ture for which the motion compensation has been
performed in the field predictive mode, motion
compensation for the second block is performed
so that the positions of the picture elements of
the predictive picture for the second block may
coincide with the positions of corresponding pic-
ture elements of a predictive picture for the first
block.

A picture signal decoding method comprising the
steps of.

sampling out from coefficient data of a first
block formed by orthogonal transformation of
picture element data, those of the coefficient
data of a second block having a smalier range
than the first block;

replacing at least one of the coefficient
data in the second block by a sum or sums be-
tween the atleast one coefficient data inthe sec-
ond block and a corresponding one or ones of the
coefficient data in the first block but outside the
second block; and

performing inverse orthogonal transfor-
mation for the coefficient data of the second
block.

A picture signal decoding method according to
claim 9, wherein the first block includes m x n
coefficient data while the second block includes
jxk coefficient data, j being smaller thanm, k be-
ing smaller than n, and the inverse orthogonai
transformation is performed for data obtained by
replacing successive ones of the coefficient data
in the jth row of the second block with a sum or
sums between the coefficient data of the jth row
in the second block and corresponding ones of
the coefficient data in the mth row of the first
block in the respective corresponding columns.

A picture signal decoding method according to
claim 9, wherein m is equal to n and j is equal to
k.

A picture signal decoding method according to
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claim 11, wherein m and n are equal to 8, and j
and k are equal to 4.

A picture signal decoding method according to
any one of claims 9 to 12, wherein the orthogonal
transformation is a discrete cosine transform,
and the inverse orthogonal transformation is an
inverse discrete cosine transform.

A picture signal decoding method according to
any one of claims 9 to 13, wherein the picture ele-
ment data are picture element data of a frame
formed from two fields and having an interlace
structure, and where the coefficient data of the
first block are produced based on a difference
from a predictive picture for which motion com-
pensation has been performed in a frame predic-
tive mode or afield predictive mode, motion com-
pensation being performed in response to a pre-
dictive mode of the first block to produce a pre-
dictive picture for the second block.

A picture signhal decoding method according to
claim 14, wherein, where the coefficient data of
the first block are produced based on the differ-
ence from the predictive picture for which the mo-
tion compensation has been performed in the
frame predictive mode, motion compensation for
the second block is performed so that a field of
picture elements of the predictive picture for the
second biock may coincide with a corresponding
field of picture elements of a predictive picture for
the first block.

A picture signal decoding method according to
claim 15, wherein, when the picture elements of
the predictive picture for the first block are pro-
duced by interpolation upon the motion compen-
sation, also corresponding picture elements of
the predictive picture for the second block are
produced by interpolation.

A picture element decoding method according to
any one of claims 14 and 15, wherein, when pic-
ture elements corresponding to the picture ele-
ments of the predictive picture for the first block
are present in the predictive picture for the sec-
ond block upon the motion compensation, the
picture elements are used for motion compensa-
tion. '

A picture signal decoding method according to
any one of claims 14 and 15, wherein, where the
coefficient data of the first block are produced
based on the difference from the predictive pic-
ture for which the motion compensation has been
performed in the field predictive mode, motion
compensation for the second block is performed
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so that the positions of the picture elements of
the predictive picture for the second block may
coincide with the positions of corresponding pic-
ture elements of a predictive picture for the first
block.

A picture signal decoding method comprising the
steps of;

sampling out from m x n coefficient data of
afirst block formed by orthogonal transformation
of picture element data of a frame formed from
two fields and having an interlace structure, a
second block including j x k coefficient data, j be-
ing smaller than m and k being smaller than n;

discriminating motion between the two
fields of the first block;

selecting, inresponse to a result of the dis-
crimination, one of a first inverse orthogonal
transformation mode in which the coefficient
data of the second block are transformed as they
are by inverse orthogonal transformation and a
second inverse orthogonal transformation mode
in which the inverse orthogonal transformation is
performed for data obtained by replacing at least
one of the coefficient data in the second block by
a correspanding one or ones of the coefficient
data in the first block but outside the second
block: and

- performing inverse orthogonal transfor-

mation for the coefficient data of the second
block.

A picture signal decoding method according to

claim 19, wherein m is equal to n and j is equal to
k.

A picture signal decoding method according to
claim 20, wherein m and n are equal to 8, and j
and k are equal to 4.

A picture signal decoding method according to
any one of claims 19 to 21, wherein the orthogo-
nal transformation is a discrete cosine transform,
and the inverse orthogonal transformation is an
inverse discrete cosine transform.

A picture signal decoding method comprising the
steps of:

sampling out from m x n coefficient data of
afirst block formed by orthogonal transformation
of picture element data of a frame having an in-
terlace structure formed from two fields, a sec-
ond btock including j x k coefficient data, j being
smaller than m and k being smaller than n;

discriminating motion between the two
fields of the first block;

selecting, inresponse to a result of the dis-
crimination, one of a first inverse orthogonal
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transformation mode in which the coefficient
data of the secand block are transformed as they
are by inverse orthogonal transformation and a
second inverse transformation mode in which the
inverse orthogonal transformation is performed
for data obtained by replacing successive ones of
the coefficient data of the j-N+1th row to the jth
row in the second block by corresponding ones
of the coefficient data of the m-N+1th row to the
mth row in the corresponding columns of the first
block, respectively, N being 1, 2, 3, ... j-1; and

performing inverse orthogonal transfor-
mation for the coefficient data of the second
block.

A picture signal decoding method according to
claim 23, wherein motion between the two figlds
is discriminated from a result of comparison be-
tween an absolute value sum J of the coefficient
data of the jth fine in the first block and another
absolute value sum M of the coefficient data of
the mth row in the first block.

A picture signal decoding method according to
claim 24, wherein, where the m x n coefficient
data of the first block are produced based on a
difference from a predictive picture for which mo-
tion compensation has been performed iq a
frame predictive mode, when the absolute value
sum J is equal to or greater than the absolute val-
ue sum M, a predictive picture for the second
block is produced in a firstframe predictive mode,
butwhen the absolute value sumJ is smallerthan
the absolute value sum M, a predictive picture for
the second block is produced in a second frame
predictive mode.

A picture signal decoding method according to
claim 24, wherein, when the absolute value sum
J is equal to or greater than the absolute vé]qe
sum M, the first inverse orthogonal transforma-
tion mode is selected, but when the absolute val-
ue J is smaller than the absolute value sum M,
the second inverse orthogonal transformation
mode wherein N is equal to 1 is selected.

A picture signal decoding method according to
claim 24, wherein, when the absolute value sum
J is equal to or greater than the absolute value
sum M, the first inverse orthogonal transforma-
tion mode is selected, but when the absolute val-
ue J is smaller than the absolute value sum'M,
the second inverse orthogonal transformation
mode wherein N is equal to 2 is selected.

A picture signal decoding method according to
any one of claims 24 to 27, wherein m is equal to
n and j is equal to k.
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29. A picture signal decoding method according to

30.

31.

32.

33.

any one of claims 24 to 27, wherein the orthogo-
nal transformation is a discrete cosine transform,
and the inverse orthogonal transformation is an
inverse discrete cosine transform.

A picture signal decoding method comprising the
steps of:

sampling out from m x n coefficient data of
a first block formed by orthogonal transformation
of picture element data of a frame formed from
two fields and having an interlace structure, a
second block including j x k coefficient data, j be-
ing smaller than m, k being smaller than n;

selecting, in accordance with information
transmitted together with the coefficient data,
one of a first inverse orthogonal transformation
mode in which the coefficient data of the second
block are transformed as they are by inverse or-
thogonal transformation and a second inverse
orthogonal transformation mode in which the in-
verse orthogonal transformation is performed for
data obtained by replacing successive ones of
the coefficient data of the j-N+1th to jth rows in
the second block by corresponding ones of the
coefficient data of the m-N+1th to mth rows in
the corresponding columns, respectively, N be-
ing 1, 2, 3, ..., j-1; and
' performing inverse orthogonal transfor-
mation for the coefficient data of the second
block.

A picture signal decoding method according to
claim 30, wherein the information includes first
motion information which represents a stopping
condition and second motion information which
represents some mation, and when the first mo-
tion information is detected, the first inverse or-
thogonal transformation mode is selected, but
when the second maotion information is detected,
the second inverse orthogonal transformation
mode wherein N is equal to 1 is selected.

A picture signal decoding method according to
claim 30, wherein the information includes first
motion information which represents a stopping
condition and second motion information which
represents some motion, and when the first mo-
tion information is detected, the first inverse or-
thogonal transformation mode is selected, but
when the second motion information is detected,
the second inverse orthogonal transformation
mode wherein N is equal to 2 is selected.

A picture signal decoding method according to
claim 30, wherein the information includes first
motion information which represents a stopping
condition, second motion information which rep-
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resents small motion, and third motion informa-
tion which represents great motion, and when the
first motion information is detected, the first in-
verse orthogonal ransformation mode is select-
ed; when the second motion information is de-
tected, the second inverse orthogonal transfor-
mation mode wherein N is equal to 1 is selected;
and when the third motion information is detect-
ed, the second inverse orthogonal transforma-
tion mode wherein N is equal to 2 is selected.

A picture signal decoding method according to
claim 30, wherein m is equal to n and j is equal to
k.

A picture signal decoding method according to
claim 34, wherein m and n are equal to 8, and j
and k are equal to 4.

A picture signal decoding method according to
any one of claims 30 to 35, wherein the orthogo-
nal transformation is a discrete cosine transform,
and the inverse orthogonal transformation is an
inverse discrete cosine transform.

A picture signal coding apparatus, comprising:

orthogonal transformation means for
transforming picture element data of a frame
formed from two fields and having an interlace
structure by orthogonal transformation to form m
x n coefficient data;

quantization means for quantizing the
coefficient data and outputting quantization data
obtained by the quantization; and

variable length coding means for coding
the quantization data into variable length codes
and successively transmitting the quantization
datain the arder of those coefficientdata of a first
quantization data group which correspond to j x
k ones of the m x n coefficient data, j being small-
er than m and k being smaller than n, those coef-
ficient data of a second quantization data group
which correspond to those of the m x n coeffi-
cient data which belong to the m-N+1th to mth
rows in the firstto kth columns, N being 1, 2, 3, ...,
j=1, and those coefficient data of a third quanti-
zation data group which correspond to those of
the m x n coefficient data which do not belong to
any .of the first and second quantization data
groups.

A picture signal coding apparatus according to
claim 37, wherein said variable length coding
means includes means for adding end informa-
tion to each of the second and third quantization
data groups.

39. A picture signal coding apparatus according to
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claim 37, wherein wherein mis equaltonandjis
equal to k.

A picture signal coding apparatus according to
claim 39, wherein m and n are equal to 8, and j
and k are equal to 4.

A picture signal coding apparatus according to
claim 37, wherein the aorthegonal transformation
is a discrete cosine transform.

A picture signal coding apparatus, comprising:

orthogonal transformation means for
transforming picture element data of a frame
formed from two fields and having an interiace
structure by orthogonal transformation to form m
x n coefficient data;

motion detection means for detecting mo-
tion between the two fields and outputting corre-
sponding motion information;

quantization means for quantizing the
coefficient data and outputting quantization data
obtained by the quantization; and

variable length coding means for coding
the motion information and the quantization data
into variable length codes and outputting the va-
riable length codes.

A picture signal coding apparatus according to
claim 42, wherein the quantization data are con-
verted into variable length codes and succes-
sively transmitted in the order of those coefficient
data of a first quantization data group which cor-
respond to j x k ones of the m x n coefficient data,
j being smaller than m and k being smaller than
n, those coefficient data of a second quantization
data group which correspond to those of the m x
n coefficient data which belong to the m-N+1thto
mth rows in the first to kth columns, N being 1,
2, 3, ..., j-1, and those coefficient data of a third
quantization data group which correspond to
those of the m x n coefficient data which do not
belong to any of the first and second quantization
data groups.

A picture signal coding apparatus according to
claim 42, wherein said variable length coding
means includes means for adding end informa-
tion to each of the second and third quantization
data groups.

A picture signal coding apparatus according to
ciaim 42, wherein wherein mis equaltonandjis
equal to k.

A picture signal coding apparatus according to
claim 45, wherein m and n are equal to 8, and
and k are equal to 4.
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47. A picture signal decoding apparatus wherein

48.

49

50.
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transmission picture element data of a frame
formed from two fields and having an interlace
structure are transformed by orthogonal trans-
formation to form m x n coefficient data, and then
the coefficient data are quantized and coded into
variable length codes to decode the transmission
data, comprising:

variable length decoding means for de-
coding the transmission data by variable Iength
decoding to obtain decoded data and outputting
the decoded data;

dequantization means for dequantizing
the decoded data to obtain coefficient data and
outputting the coefficient data;

sampling out means for sampling out, from
the coefficient data, j x k coefficient data ob-
tained by replacing successive ones of the coef-
ficient data of the jth row by sums of the succes-
sive coefficient data of the jth row and corre-
sponding ones of the coefficient data of the mth
row in the corresponding columns, j being smiall-
er than m, k being smalier than n; and

inverse orthogonal transformation means
for transforming the j x k coefficient data sampled
out by said sampling out means by inverse ortho-
gonal transformation.

A picture signal decoding apparatus according to
claim 47, wherein mis equal ton and j is equal to
k.

A picture signal decoding apparatus according to
claim 47 or 48, wherein the orthogonal trans for-
mation is a discrete cosine transform, and the in-
verse orthogonal transformation is an inverse
discrete cosine transform.

A picture signal decoding apparatus wherein
transmission picture element data of a frame
formed from two fields and having an interlace
structure are transformed by orthogonal trans-
formation to form m x n coefficient data which
constitute a first block, and then the coefficient
data are quantized and coded into variable length
codes to decode the transmission data, compris-
ing:

variable length decoding means for de-
coding the transmission data by variable length
decoding to obtain decoded data and outputting
the decoded data;

dequantization means for dequantizing
the decoded data to obtain coefficient data and
outputting the coefficient data;

motion discrimination means for discrimin-
ating motion between the two fields in the flrst
block;

sampling out means responsive to a result
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of the discrimination by said motion discrimina-
tion means for selectively sampling out first j x k
ones of the coefficient data, j being smaller than
m, k being smaller than n, or second j x k coeffi-
cient data obtained by replacing successive ones
of the coefficient data of the j-N+1th to jth rows
by those of the coefficient data of the m-N+1th
to mth rows in the corresponding columns, N be-
ing 1,2, 3,...j-1;and

inverse orthogonal transformation means
for transforming the j x k coefficientdata sampled
out by said sampling out means by inverse ortho-
gonal transformation.

A picture signal decoding apparatus according to
claim 50, wherein said discrimination means in-
cludes means for calculating an absolute value
sum J of the coefficientdata of thejthline, means
for calculating another absolute value sum M of
the coefficient data of the mth row in columns
corresponding to those of the coefficient data of
the jth row, and means for comparing the abso-
lute value sum J and the absolute value sum M
with each other.

A picture signal decading apparatus according to
claim 51, wherein said sampling out means se~
lects the first coefficient data when the absolute
value sum J is equal to or greater than the abso-
lute value sum M, but selects the second coeffi-
cient data wherein N is equal to 1 when the ab-
solute value J is smaller than the absolute value
sum M.

A picture signal decoding apparatus according to
claim 51, wherein said sampling out means se-
lects the first coefficient data when the absolute
value sum J is equal to or greater than the abso-
lute value sum M, but selects the second coeffi-
cient data wherein N is equal to 2 when the ab-
solute value J is smaller than the absolute value
sum M.

A picture signal decoding apparatus according to
claim 50, wherein said motion discrimination
means includes motion information detection
means for detecting motion information included
in the transmission data.

A picture signal decoding apparatus according to
claim 54, wherein the information includes first
motion information which represents a stopping
condition and second motion information which
represents some motion, and said sampling out
means selects the first coefficient data when the
first motion information is detected, but selects
the second coefficient data wherein N is equal to
1 is selected when the second motion information
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is detected.

A picture signal decoding apparatus according to
claim 54, wherein the information includes first
motion information which represents a stopping
condition and second motion information which
represents some motion, and said sampling out
means selects the first coefficient data when the
first motion information is detected, but selects
the second coefficient data wherein N is equal to
2 is selected when the second motion information
is detected.

A picture signal decoding apparatus according to
claim 54, wherein the information includes first
motion information which represents a stopping
condition, second motion information which rep-
resents small motion, and third motion informa-
tion which represents greatmotion, and said sam-
pling out means selects the first coefficient data
when the first motion information is detected, but
selects the second coefficient data wherein N is
equal to 1 when the second motion information is
detected, and otherwise selects the coefficient
data wherein N is equal to 2 when the third motion
information is detected.

A picture signal decoding apparatus according to
claim 50, wherein m is equal to n and j is equal to
k.

A picture signal decoding apparatus according to
claim 58, wherein m and n are equal to 8, and j
and k are equal to 4.

A picture signal decoding apparatus according to
any one of claims 50 to §9, wherein the orthogo-
nal transformation is discrete cosine transform,
and the inverse orthogonal transformation is in-
verse discrete cosine transform.

A picture signal coding method, comprising the
steps of:

transforming picture element data of a
frame formed from two fields and having an inter-
lace structure by orthogonal transformation to
form m x n coefficient data;

quantizing the coefficient data and output-
ting quantization data obtained by the quantiza-
tion; and

coding the quantization data into variable
length codes in the order of those coefficient
data of a first quantization data group which cor-
respond to jx k ones of the m x n coefficient data,
j being smaller than m, k being smaller than n,
those coefficient data of a second quantization
data group which correspond to those of the m x
n coefficient data which belongto the m-N+1th to
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mth rows in the first to kth columns, N being 1,
2, 3, ..., j-1, and those coefficient data of a third
quantization data group which correspond to
those of the m x n coefficient data which do not
belong to any of the first and second quantization
data groups.

A picture signal coding method according to claim
61, wherein the quantization data after conver-
sion into variable length codes are transmitted af-
ter end information is added to each of the sec-
ond and third quantization data groups.

" A picture signal coding method according to claim

61, wherein m is equal to n and j is equal to k.

A picture signal coding method according to any -

one of claims 61 to 63, wherein the orthogonal
transformation is a discrete cosine transform.

A picture signal coding method, comprising the
steps of:

transforming picture element data of a
frame formed from two fields and having an inter-
lace structure by orthogonal transformation to
form m x n coefficient data;

detecting motion between the two fields
and outputting corresponding motion informa-
tion; .
quantizing the coefficient data and output-
ting quantization data obtained by the quantiza-
tion; and

coding the motion information and the
quantization data into variable length codes and
transmitting the variable length codes.

A picture signal coding method according to claim
65, wherein the transmission of the quantization
data after conversion into variable length codes
is performed in the order of those coefficient
data of a first quantization data group which cor-
respond to j x k ones of the m x n coefficient data,
j being smaller than m, k being smaller than n,
those coefficient data of a second quantization
data group which correspond to those of the m x
n coefficient data which belong to the m-N+1thto
mth rows in the first to kth columns, N being 1,
2, 3, ..., j-1, and those coefficient data of a third
quantization data group which correspond to
those of the m x n coefficient data which do not
belong to any of the first and second quantization
data groups.

A picture signal coding method according to claim
65, wherein the quantization data after conver-
sion into variable length codes are transmitted af-
ter end information is added to each of the sec-
ond and third quantization data groups.
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68. A picture signal coding method according to claim

65, wherein m is equal to n and j is equal to k.

69. Apicture signal coding method according to ciaim

68, wherein m and n are equal to 8, and j and k
are equal to 4.

70. A picture signal coding method according to any

one of claims 65 to 69, wherein the orthogonal
transformation is a discrete cosine transform.
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TELEVISION STANDARDS CONVERTERS

1

This invention relates to television standards converters, and %o
slow motion processors. )

International television programme exchange necessitates
standards converters due to the different television standards used in
different countries, for example, the 625-line 50-fields per second
(625/50) PAL system used in the UK, and the 525-line 60-fields per
second (525/60) NTSC system used in the USA.

Many different standards converters have been previously
proposed. One of the best known is the ACE (Advanced Conversi%n
Equipment) developed by the British Broadcasting Corporation.
Basically ACE operates on an input digital television signal line-by-
iine to derive interpolated samples required to form an output digital
television signal. Interpolation is done not only spatially using

four successive horizontal scan lines of the input television signal,

‘but also temporally using four successive fields of the input

television 51gnal Thus, each line of the output television signal ls
derived by multiplying respective samples from sixteen lines of the
input television signal by respective weighting coefficients,

Further details of ACE will be found in UK patent specification
GB-A-2 059 712 and in 'Four-field digital standards converter for the
eighties' by R N Robinson and G J Cooper at Pages 11 to 13 of
'Television' (the journal of the Royal Television Society) for
January/February 1982. ‘

Although ACE gives good results, there is the problem that tFe
equipment is very bulky. To overcome this problem, we have previously
proposed a television standards converter comprising three field
stores and four 4-line stores for receiving an 1input digital
television signal of one standard and deriving therefrom arrays of
sixteen 11nes, each array consisting of four successive lines from
each of four succe351ve fields of the 1nput television signal. A
weighting coefficient store stores sets of sixteen weighting
coefficients, respective sets corresponding to positions both spatigl
and temporal of respective lines of an output digital teievision
signal of a different standard, relative to the sixteen lines of tne

input television signal. Two interpolation filters then derive line
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by-line the output television signal by multiplying corresponding
sample values from each of the sixteen lines of the input television
signal by a respective weighting coefficient in a set of weighting
coefficients and sum the resulting products to form an interpolated
sample value, and four output field stores receive and store the
derived lines of the output television signal. To store the
additional lines which are derived when the output television signal
has more lines than the input television signal, a 45-1ine store is
interposed between one of the interpolation filters and the output
field stores. Further details will be found in our UK patent
specification GB-A-2 140 6uli.

The performance of such standards converters which employ
vertical/temporal interpolation techniques represents a compromi se
between generating blurred pictures while maintaining good motion
portrayal and maintaining vertical resolution but at the expense of
' judder'. The former is a result of post filtering in order to
prevent disturbing alias effects; the latter is a result of the
intrusion of the adjacent 2-dimensional repeat sample structures.

According to the present invention there is provided a television
standards converter comprising:
means for analyzing the motion between consecutive fields of an input
television signal of one television standard;
means then to align said fields so as effectively to represent static
pictures; and
means to effect conversion using said static pictures to derive the
required output television signal of a different television standard.

According to the present invention there is also provided a 625-
line 50-fields per second to 525-line €0-fields per second television
standards converter comprising:

a lU-field time base corrector for receiving an input 625-iine 50-
fields per second digital television signal;

a motion analyzer connected to the output of said time base corrector
for analyzing motion in said input television signal; '

a shift register also connected to the output of said time base
corrector;

an interpolator for deriving samples of a required output 525-line €0-

fields per second digital television signal in dependence on samples.
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derived from said shift register and picture motion data derived by
said motion analyzer; and

a 2-field time base corrector for assembling said derived samples to
form said output television signal.

According to the present invention there is also provided a 525-
line 60-fields per second to 625-line 50-fields per second television
standards converter comprising:

a 2-field time base converter for receiving an input éZS-line 60-
fields per second digital television signal;

a motion analyzer connected to the output of said time base corrector
for analyzing motion in said input television signal;

a shift register also connected to the output of said time base
corrector;

an interpolator for deriving samples of a required output 625-line 50-
fields per second digital television signal in dependence on samples
derived from said shift register and picture motion data derived by
said motion analyzer; and

a H-field time base corrector for assembling said derived samples to
form said output television signal.

According to the present invention there is also provided a slow
motion processor comprising:
an input circuit for receiving an input digital television signal; b
a motion analyzer for analyzing motion in an input digital television
signal;

a shift register for holding successive different fields of said input

television signal; '

an interpolator for deriving samples of a required slow motion output

digital television signal in dependence on the degree of slow motion,

samples derived from said shift register, and picture motion data-
derived by said motion analyzer; and .
a 2-field time base corrector for assembling said derived samples to
form said slow motion output television signal. A

The invention will now be described by way of example with
reference to the accompanying drawings, throughout which like parts
are referred tc by like references, and in which:

Figure 1 shows in very simplified block diagrammatic form a

television standards converter according to the present invention;

Page 276 of 350



£ o

10

15

20

25

30

Y

Figure 2 shows in simplified block diagrammatic form a first
embodiment of television standards converter according to the present
invention;

Figure 3 shows in simplified block diagrammatic form a second
embodiment of television standards converter according to the present
invention;

Figure 4 shows in more detailed block diagrammatic form the first
embodiment of television standards converter according to the present
invention;

Figure 5 shows in more detailed block diagrammatic form the
second embodiment of television standards converter according to the
present invention;

Figure 6 shows part of the embodiment of Figure 5 in more
detailed block diagrammatic form;

Figure 7 shows time charts for explaining the operation of Figure
6; .

Figure B8 shows part of the embodiment of Figure 4 in more
detailed block diagrammatic form; '

Figure 9 shows time charts for explaining the coperation of Figure
8;

Figure 10 shows part of the embodiment of Figure U4 in more
detailed block diagrammatic form;

Figure 11 shows time charts for explaining the operation of
Figure 10; and

Figure 12 shows part of the embodiment of Figure 4 in more
detailed block diagrammatic form,

The embodiments of standards converters to be described maintain
vertical resolution and remove the 'judder' by compensating for motion
between fields. 1In effect the motion between consecutive fields is
analyzed. These fields can then be 'aligned' such that they represent
static pictures upon which conversion can then take place. As a
result, verticai resolution can be maintained. _

The embodiments of standards converter to be described can be
divided into two parts. The first part is analogous to a known
standards converter performing vertical/temporal interpolation
convert between 525/60 and 625750 television standaras.

to
Alone, this

would generate an output in which wvertical resolution would be
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maintained but with the added effect of judder. To remove this judder
four fields of the input digital television signal which are used in
the conversion process are aligned under the control of motion vectors
generated from a motion analyzer which forms the second part of the
standards converter.

This is shown in very simplified diagrammatic block form in
Figure 1. The video portion of an input digital television signal of
one standard, which may for example have been derived by-sampling an
analogue television signal at 13.5 MHz, is supplied to an interpolator
1 from which the video portion of the required output television
signal of a different standard is derived. A motion analyzer¥.2
receives the luminance video and derives motion vectors which provide
data representing the motion between successive fields of the input
television signal to control the operation of the interpolator 1. The
interpolator 1 operates in a generally similar manner to the
corresponding portion of a known standards converter, for example as
referred to above. It also, however, contains the means to align the
fdur fields-used in the ihterpolation, under the control of the motion
vectors. v

The repositioning of the four fields is performed in two stages.
The first stage involves varying the address of a variable delay
element associated with each field to reposition the picture to the
nearest line or sample. The second stage uses interpolation
techniques both vertically and horizontally to reposition to within
+1/16 line or +1/8 of a sample. Even with no movement, both the above
techniques are used to enable conversion of line standards. .

The vertical interpolator has four taps per field allowghg
effectively an B8-tap vertical filter to be applied to the static
pictures. An 8-tap interpolator allows good vertical resolution to be
maintained with minimal distortion. The effeect of distortion in the
horizontal interpolator is less of a problem, S0 a 2-tap horizontal
filter is used, although a‘u—tap horizontal filter, for example, may
be used. ‘ '

The temporal interpolator is used in normal operation to enable
interpolation of perspective changes or when no sensible moticn vecﬁor
can be detected, in which case the interpolator 1 must .revert to

normal standards conversion operation where no pieture re-positioning
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When converting from a high field rate to a lower rate, the
incoming fields are interpolated such that an interpolated field can
occasionally be dropped without any movement deterioration. All the
interpolation is done at the input field rate and passed to a time
base corrector which then spreads the fields generated over the
required time period for the output standard. )

The above operation is necessary when converting from 525/60 to
625/50. 1t is also evident however that 625 lines must be generated
where only 525 lines exist in the input signal.

To overcome the line number conversion problem a second time base
corrector is used at the input to produce a signal having 585 lines at
the 60 Hz rate. A 585-line format can contain all the active picture
information in the 625-line format. Following this first time base
corrector there are occasional lines which have no video information.
The interpolator stores are frozen during this time, so that an.
additional interpolated line can be generated from the same lines used
to generate the previous output line. This process allows 625 lines
to be interpolated from the original 525.

The reason for selecting the 585/60 format will now be explained
in more detail. A 625-line picture contains 288 active lines in each
field, and 720 samples in each horizontal line at the sampling rate of
13.5 MHz. The circuits, to be described below, of the embodiments of
Figure & and 5 use techniques which allow the picture to be shifted"
horizontally by plus or minus twenty-four samples. This requires a
minimum horizontal blanking of forty-eight samples. The total number

of sample positions required in a field is therefore:

(720 + u48) x 288
= 221184,

Tnere are clearly considerable advantages in using a 13.5 MHz clock
throughout the system, in which case the number of clock cycles within

a 60 Hz period (more exactly a 59.94 Hz period) is:

225225,
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If 576 lines of data are required in one frame, the number of
horizontal samples would be 782.03125. Although this number is
sufficient to contain the required (720 + 48) samples, the fractional
sample would mean that the structure was non-orthogonal on a line to
line basis. This would cause significant design difficulties in the
rest of the standards converter, so the number of lines required was
gradually increased, from 576, until a whole number of samples, in
fact 770, existed in each line. . '

The only format that achieves the orthogonal structure is the
585/60 format, which in addition gives a useful vertical blanking of
four lines in the first field, five lines in the second field and
fifty samples of horizontal blanking.

in the 625/50 to 625/50 slow motion mode referred to below there
is no requirement to store the active video of the 625 format withig*a
60 Hz period, so the interpolation and other processing is done in the
normal 625/50 format.

When converting from a low field rate to a higher rate the input
time base corrector is requiréd to produce a video stream at the
output rate. This is done by occasionally repeating an input field.
When the repeated field occurs, all the interpolator stores must be
frozen so that the interpolation is applied to the same input fields
used to create the previous output field. b

If this technique were not used, two sets of -interpolator and
movement detector would be required to make up the missing field.

The above operation is performed when converting from 625/50 to
525/60. To allow 625 lines to exist during a 60-fields per second
period again requires the 585/60 intermediate format to be adopted.
During this process some of the interpolated lines will not be
required, as only 525 have to be produced from the original 625.“ &
time base converter is therefore required on the output to produce the
final 525/60 format. _

The amount of interpolation required is determined by comparing
input and output synchronization pulse phases.

As mentioned above, motion analysis is performed on the luminance
of the input video. The method employed involves a number of stages
tc arrive at a single motion vector for each pixel. Movement can be

detected in the range +24 pixels horizontally and +8 (field rate)
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vertically. )

In a first stage, motion in the picture at points on the screen
spaced sixteen samples horizontally and eight lines vertically is
determined using a block matching technique. The original motion
veetors in a field are calculated every sixteenth sample and every
eighth line. Each one of these points is at the centre of a search
block. Conceptually each block is scanned +24 samples horizontally,
and +8 and -8 samples vertically over the next field each time
generating the summation of the differences between the two fields
over the area of the search block. The minimum overall difference
then indicates in which direction the object at that point has moved.

In practice, the above technique is applied in separate steps
which greatly reduces the amount and complexity of hardware required:
Step 1.

Test for minimum difference in just three positions, centre
position, sixteen samples to the left, sixteen samples to the right.

Step 2. Starting from point indicated above.

Test for minimum difference in nine positions symmetricaily
distributed about the above starting point in steps of eight samples
or lines.

Step 3. Starting from point indicated above.

Test for minimum difference in nine positions symmetrically
distributed about the above starting point in steps of four samples or
lines.

Step 4. Starting from peint indicated above.

Test for minimum difference in nine positions symmetrically
distributed about the above starting point in steps of two samples or
lines.

Step 5. Starting from point indicated above.

Test for minimum difference in nine positions symmetrically
distributed about the above starting point in steps of one sample or
line. '
Step 6.

After step 5, the motion of the object has been detected to the
nearest pixel. A more accurate motion vector value can be achieved by
aading a sixth step in which the difference produced at the final

position indicated by step 5 is compared with the two differences
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above and below to adjust the vertical vector value and with the two
differences to the left and right to adjust the horizontal vec%br
value.

The above technique relies on achieving correlation between the
reference search block and a similar block of video data on the
following field (the search positions). In step 5 it is possible the
true movement wWas a half pixel more or less than detected, but it is
necessary for the best correlation to occur at this “point, even
although exact correlation cannot be achieved. To ensure this oceurs
the picture can be filtered both vertically and horizontally by‘ a
gaussian filter which has +6 dB attenuation at 1/2 Nyquist frequency.

Similarly, for step Y4, the picture can be filtered with a & dB
attenuation at 1/4 Nyquist frequency, which allows a one pixel error
in detection. '

Step 3 uses a picture filtered with a 6 dB attenuation at
1/8 Nyquist fregquency allowing a two pixel error.

Step 2 uses a picture frequency with a 6 dB attenuation yat
1/16 Nyquist frequency allowing a four pixel error. _ ' |

Finally, step | uses a picture filtered with 6 dB attenuation at
1/32 Nyquist frequency allowing an eight pixel error. In addition,
because the pictures are so heavily filtered during steps 1, 2, 3 and
4, the samples can be reduced, for example halved in number, which
still further greatly reduces the number of calculations and amount of
hardware required.

The effective search block size is sixteen iines high and forty-
eight samples Jlong. A large search block is necessary to detect
accurately the movement of large plain areas. The central part of
plain areas are unimportant as the values of the pixels at these
points do not change from one field to the next, but the edges of such
objects are obviously important. If the detection of motion is
limited to +24 samples horizontally and +8 lines vertically then a
block of the above sizé would be the minimum siée to ensure accurate
motion detection, i

In the embodiments, depending upon the conversion modes, the
luminance video entering the motion analyzer 2 is in various forms of
585-lines/60-Tields per second. This might comprise repeated lines
for 525 input or repeated fields for 625 input. In addition, the
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input contains both field polarities. The first process is to ensure
a continuity of data and single field polarity for the motion
estimation processing. This is done by interpolation on the input
data by a vector interface to maintain continuity, and filtration
horizontally to aid subsequent motion detection/correlation.

Separate outputs from this circuit are passed to motion
estimation vector filters and motion detection field stores/vector
selectors. The output of the vector interfaée is, as descﬁibed above,
spatially continuous, single field polarity data. The output to the
field stores/vector selectors depends upon-.the input and output modes.
In some modes it is continuous, and in others it contains repeated
lines/fields. The vector filters and vector calculators perform the
steps outlined above.

The processing of the various steps 'is performed by vector
calculators and a vector processor. The vector calculators perform
steps 1 to 5 and the vector processor performs step 6. 1In addition,
the vector processor performs the second stage in the motion
estimation, as follows:

For each 8 x 16 block a choice is made of four from seven motion
vectors, the seven motion vectors being the one for that particular
block and the six for the six nearest blocks respectively.

In addition, the vector processor also determines the four most
common motion vectors throughout the whole input field, these being
called modal motion vectors. The primary use of the modal motion
vectors is in the border areas close to the edge of a field where it
is not pessible actually to calculate any local motion vectors. Also,
if any one or more of the local motion vectors are equal, then these
are substituted for by the modal motion vectors.

In the next stage of motion detection, for each pixel, the four
motion vectors are tested by producing the difference between the
extrapolated positions on field 0 to field 1. During standards
conversion a field needs to be interpolated between two fields; say
between field O and field 1. So the motion vectors generated between
these two fields are considered to be most representative of the
motion. Four motion vectors are used from these two fields. To
gecide which is the correct motion vector a pixel from field 0 is

compared with a pixel from field 1 using the motion vector to decide
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where the pixel to be generated had come from on field O and where it
has gone to by field 1. Mathematically, if the position x, y, z must
be generated, where; x = horizonal position, y = vertical position,
2z = temporal position between field 0 and field 1, the pixels used for
comparison are as shown below., Field 0 is assumed to be at z=0 and
field 1 at z=1.

Pixel from field O

0 = x - Vh *2

yo =y -Vy %2

Pixel from field 1

x) = x « (1-2)Vp

y1 =y + (1-2)Vy

Vi, = horizontal component of vector

Vy = vertical component of vector

For each motion vector a modulus of the difference between the
pixels indicated in field 0 and field 1 is found. The minimum
difference is assumed, as a.first estimate, to indicate the corrket
motion vector. If a number of motion vectors produce a very similar
difference then these motion vectors are tested again using a

comparison between fields -1 and O.

Pixels from field -1
x-1

y-1

= X - (1+Z)Vh

y - {(1+2)Vy

¢
The minimum modulus of difference of the remaining motion vectors
prqduced by this second test lis then considered to represent most
accurately the motion vector. .

If a number of motion vectors again have similar differences then
an option exists to assume no movement. ° If only the horizontal
component varied and the vertical component did not, then only the
horizontal compenent would be set to zero and the vertical component

i
would be maintained at the detected value. 1f only the vertical
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component varied, then the horizontal component would be maintained
and only the vertical component set to zero. If the pixel difference
chosen is too large then an option exists to set the whole motion
vector to zero in both directions.

A final stage is applied once every pixel has been assigned a
motion vector, Here the motion of each pixel is tracked from one
field to the next and a recursive filter applied to the motion vector
value. This removes the effects of noise and smail movement
estimation errors and also smooths the trajectory of the motion
vectors. .

There are two possible ways of tracking the motion of a pixel.

In the first, the motion vector for a pixel in field t is used to
point to a pixel in field (t+1). The motion vector determined for
this pixel in field (t+1) is then recursively filtered to form the
final motion vector for the pixel in field (t+1).

In the second, the motion vector for a given pixel in field t is
used to point to a pixel in field (t-1). The motion vector from this
pixel is then recursively filtered ‘with the motion vector for the
given pixel to form the final motion vector for this given pixel in
field t.

In either case the final output is a motion vector for each pixel
which is passed from the motion analyzer to the interpolator to be
employed in aligning the four fields used in the standards conversion
process.

A first embodiment of standards converter for converting an input
digital 625-line 50-fields per second television signal to an output
digital 525-line 60-fields per second television signal will now be
described with reference to Figure 2, which shows the standards
converter in simplified block form.

The incoming video at 50-fields per second and a sample rate of

13.5 MHz is supplied to a 4-field store time base corrector (TBC) 11.

The TBC 11 occasionally repeats fields, so that the output is at 60-
fields per second. The control to the TBC ¥l which causes the
repetition of a field is derived from the input field synchronization
puises, and the required output synchronization pulses. The
ccmparison of the synchronization pulses also provides a temporal

of fset figure which indicates the amount of temporal interpolation
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required at the output of the TBC 11 such that smooth motion at 60-
fieldsAper second would be observed. ¢

When converting from 50-fields per second to 60-fields in this
way a line conversion of 625 to 525 is necessary. It is therefore
necessary to maintain the originél 625 lines of information at a 60-
fields per second rate so that they are all available to form the
interpolated lines.

The embodiment uses an intermediate standard which ié capable of
containing all the active vertical information of the 50-fields per
second signal at the 60-fields per second rate. The intermediate
standard also contains all the active 1line information arranged
orthogonally line by line still using the original 13.5 MHz sample
rate.

The intermediate standard used, and which is as explained above
capable of meeting all these requirements, is a 585-1line format at 60-
fields per second. When sampled at 13.5 MHz each line of this format

has exactly 770 samples. It is clear therefore that 585 lines is
sufficient to contain the 576 active lines of the 625-1line format at a
60-fields per second rate. As Ehe active 1line widcth is only

720 samples there is still fifty samples of horizontal blanking.

The interpeclator 1, be it linear or motion compensated, derives
the 585-line format signal from the TBC 11 via four field stores 12,
13, 1 and 15 arranged as a temporal shift register 16. When the
output of the TBC 11 is frozen, during a repeat field, the shift
register 16 is also frozen so that four distinct consecutive fieldsof
the input always exist in the shift register 16. The shift register
16 is then used to provide the temporal taps for the interpolator 1.

Data is sent directly from the output of the TBC 11 to the motion
analyzer 2, so that motion vectors can be generated. 1In fact a frame
delay 17 is necessary between the TBC 11 and the shift register 16 to
allow for the time taken to process the motion vectors. The freezing
of the shift'register 16 must thererohe also be delayed by one frame.

Each temporal tap produces four line taps at a position depending
on the motion vectors, so that a 2-dimensional filter can be used to
provide the necessary interpolation. The interpolated pricture will
contdin 576 active lines, so that a correct picture will be obtained

when every sixth line in one field is dropped. The 484 lines left
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produce the active picture portion of the 525-line format. To enable
lines to be dropped in this way, the output from the interpolator 1 is
supplied to a 2-field TBC 18. The TBC 18 writes in all 576/2 lines,
but only reads out the required 484/2 lines to provide the required
output television signal.

This embodiment can readily be modified to form a slow motion
processor wWith good motion portrayal. It is not however necessary to
use the vertical interpolator to prdvide the line number cEnversion.

Whereas in 50-fields per second to 60-fields per second
conversion a field was occasionally repeated, in slow motion the field
is repeated the same number of times as the input field is repeated.
As repeated fields are not written into the shift register 16, the
shift register 16 again contains distinet consecutive fields. Indeed
if a video tape recorder reproduces without any interpolation of its
own, the original interlace structure is maintained zallowing full
resolution pictures to be produced., The temporal offset required is
calculated by comparing the actual field rate pulses, be they 50-
fields per second or 60-fields per second, with the rate at which a
new field is received. To determine the temporal offset in this way,
the system needs a signal to be available which indicates the true
field polarity of the field being repeatedly replayed. The vertical
interpolator will always produce the field polarity required at the
output.

Conceptually the TBC 11 is not really required for slow motion
operation, but 1its presence does provide a frame synchronization
facility and also simplifies the system configuration.

A second embodiment of standards converter for converting an
input digital 525-line 60-fields per second television signal to an
output digital 625-line 50-fields per second television signal will
now be described with reference to Figure 3, which shows the standards
converter in simplified block form, In this case, interpolation
requires that all the input data is available in a consecutive form.
In this embodiment it would not therefore be possible to convert to
50-fields per second before the interpolator 1. The input data
however contains only U484 active lines and the interpolator 1 must
produce 576. A 2-field TBC 21 is therefore positioned at the front of

the standards converter to provide the necessary time slots for U4BY
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line to 576-1line conversion.

The original continuous line structure is written into the TBC
21, but is read out in the 585-line standard with approximately every
sixth line being blank. The interpolator 1 is then used to produce a
continuous picture at the output line rate by freezing its line stores
during the blank input line, and producing the required additional
line at the output, so ensuring that a spatially correct picture is
produced. 'The required temporal offset is detected and aﬁplied as in
the first embodiment, although the interpolation is applied such that
a field can occasionally be dropped leaving the motion smooth. The
field is dropped such that 60-fields per second to 50-fields per
second conversion is achieved. The dropping of a field is achieved‘by
using a 4-field TBC 22 at the output. v

The first embodiment of standards converter for converting an
input digital 625-line 50-fields per second television signal to an
output digital 525-line 60-fields per second television signal |is
shown in detailed block fdrm in Figure 4. Where appropriate, the same
reference numerals are used as in Figure 2, but with suffixes added in
some cases. ' |

The incoming video at 50-fields per second and a sample rate ff
13.5 MHz, that is CCIR 601 data, is supplied to a demultiplexer 31
which separates it into luminance components Y, synchronizing signals
SYNC and chrominance components UV. The luminance components Y are
supplied to a 4-field luminance TBC 11Y and the chrominance components
UV are supplied to a 4-field chrominance TBC 11C. The synchronizing
signals SYNC are supplied to a control 32 together with an input'field
polarity signal from an external input; and an output synchronizing
reference signal from another external input. i

The luminance data (D) from the luminance TBC 11Y is supplied By:
way of a processing compensating delay 17Y to a luminance temporal
shift register 16Y comprising four field stores (FS) 12Y, 13Y, 14Y and
15Y. The luminance TBC 11Y also supplies a'témpo}al freeze signal (F)
by way of the delay 17Y to the shift register 16Y. The chrominance
TBC 11C supplies the chrominance data (D) by way of a processing
compensating delay 17C to a chrominance temporal shift register 16C
which comprises four field stores 12C, 13C, 14C and 15C. The

chrominance TBC 11C also supplies a temporal freeze signal by way of
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the delay 17C to the shift register 16C. Associated with the shift
register 16Y is a luminance interpolator 1Y which receives inputs from
each of the field stores 12Y, 13Y, 14Y and 15Y. The output of the
luminance interpolator 1Y is supplied to a 2-field luminance TBC 18Y.
Associated with the shift register 16C is a chrominance interpolator
1C which receives inputs from each of the field stores 12C, 13C, 14C
and 15C. The output of the chrominance interpolator 1C is supplied to
a 2-field chrominance TBC 18C. The outputs of the luminénce TBC 18Y
and of the chrominance TBC 18C are supplied to a multiplexer 34 which
multiplexes the luminance components Y and the chrominance components
UV to provide output CCIR 601 data in the form of a digital 525-line
60-fields per second television signal.

The control 32 supplies control signals (C) to the luminance TBC
11Y and to the chrominance TBC 11C. The control 32 also supplies
control signals to the luminance TBC 18Y and the chrominance TBC 18C.
It also supplies interpolation control signals (IC) to the luminance
interpolator 1L and to the chrominance interpolator 1C.

The luminance data only, as supplied by the luminance TBC 11Y, is
also supplied to the motion analyzer 2 shown in the upper part of
Figure 4.

The motion analyzer 2 comprises a vector interface 35 to which
the luminance data from the luminance TBC 11Y is supplied, together
with the interpolation control signal from the control 32. The vector
interface 35 supplies data interpolated to 625 lines to a vector
filter 36 and to a vector calculator 37, which together perform the
motion estimation described above. The output of the vector
calculator 37 is supplied to a modal motion vector processor 38 and
also to a sub-pixel motion estimator 39. The motion vector processor
38 supplies four outputs and the Sub-pixel motion estimator 39 one
output to a motion vector reducer 40 which supplies four outputs to a
vector selector 41.

The vecﬁor interface 35 also supplies the data interpolatéd to
even fields to a processing compensating deléy 42 to which it also
supplies the received interpolation control signal, and also a
temporal freeze signal generated at the vector interface 35. The data
from the delay 42 is supplied.to a temporal shift register 43 which
comprises three field stores U4, U5 and 46 which supply respective
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data outputs to the vector selector 41. The delay 42 supplies the
interpolation control signal to the vector selector 41 which supplies
the selected motion vector to a recursive motion vector filter U7, the
output of which is the motion vector data which is supplied to the
luminance interpolator 1Y and to the chrominance interpolator 1C.

The way in which the motion analyzer 2 derives the motion vector
data has been described in detail above, but the operation of the
elements 35 to 43 and 47 will now be briefly described. '

The vector interface 35 receives the luminance data from the
luminance TBC 11Y, and the interpolation control signals from the
control 32. It supplies 625-line data, normally contained within the
585/60 format, to the vector filter 36. It also supplies data to the
delay 42. These data must contain a picture which is the same line
standard as the required outpdt, again normally contained within the
585/60 format. Each field of the interpolated data is also made ‘to
appear even.

The vector filter 36 produces the filtered picture data required
for steps 1 to 5 above of the motion detection. The filtered picture
data are supplied in sample reduced form to the vector calculator 37.

The vector calculator 37 operates on the filtered and sample-
reduced data from the vector filter 36 using an algorithm described in
the terms of steps 1 to 5 above of the motion detection. The process
is essentially a two-dimensional binary search for motion down “Eo
pixel/line resolution. For each field, 1200 motion vectors are
generated and are supplied to both the modal vector processor 38 and
the sub-pixel motion estimator 39. It also supplies surrounding
weighted absolute difference (WAD) values as calculated by step 5
above to the sub-pixel motion estimator 39. For details of WAD
calculations, see ‘'Advances in Picture Coding', Musmann et al,
Proceedings of the IEEE, April 1985. The specifie WAD value which is

\

‘the minimum in step 5 above of the motion detection provides a figdfe

of merit (FOM).
The vector processor 38 caleculates the four most common motion

vectors that are detected in each field and supplies them to the
vector reducer H0.

The sub-pixel motion estimator 39 receives the motion vectors
from the vector calculator 37 together with the surrounding WAD

i
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values. From these it estimates sub-pixel movement to be appended to
the motion vector values. With each motion vector its corresponding
final WAD value is also supplied to the vector reducer 40.

The vector reducer 40 receives the motion vectors from the vector
processor 38 and from the sub-pixel motion estimator 39. For each
motion vector from the sub-pixel motion estimator 39, the six motion
vectors closest to it are grouped together. For each motion vector
there are then eleven choices. The reduction process Eelects four
motion vectors from the eleven for supply to the vector selector 41.

The vector reducer Y40 supplies the vector selector 41 with four
representative motion vectors for each sixteen pixel by eight 1line
block of the picture. By comparing pixels over three fields, the
vector selector U431 selects the single best motion vector for each
pixel in the picture. The motion vector selected is supplied to the
motion vector filter 47.

The delay 42 delays the data by one frame less twenty-one lines
to compensate for other delays in the system.

The temporal shift register 43 holds and supplies the <three
fields of data used by the vector selector 41,

The motion vector filter 47 tracks a motion vector from one field
to another so applying some filtering to the motion vectors by
combining motion vectors in different fields, so reducing motion
detection errors. The output of the motion vector filter 47 is
supplied to the luminance and chrominance interpolators 1Y and 1C to
control the alignment of the field data.

Exactly the same hardware can be used as a slow motion processor
for either a 625/50 or a 525/60 television signal. In all cases the
control 32 determines what action is required by recognizing the
input/output standard from the input and output field synchronizing
signals. In slow motion the input field polarity is used.

The second embodiment of standards converter for converting an
input digitai 525-1line 60-fields per second television signal to an
output digital 625-line 50-fields per second television signal is
snown in detailed block form in Figure 5. Where appropriate, the same
reference numerals are used as in Figure 3, but with suffixes added in
some cases.

The second embodiment differs from the first embodiment shown in
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Figure 4 in only minor respects. In particular, the luminance TBCs
11Y and 18Y are interchanged, and the chrominance TBCs 11C and 18C are
also interchanged. Also, no temporal freeze signals are required.

Other than in these respects, the form and operation of the second
embodiment are the same as those of the first embodiment,.

In both cases the control 32 has various functions as follows;
controlling the reading and writing of the TBCs 11Y, 11C, 18Y and 18¢C;
generating a temporal offset number, and in the case of the first
embodiment the temporal freeze signal, and generating a vertical
offset number together with vertical interpolation control signals.
These functions will now be described in more detail. 3

Firstly, the 2-field luminance and chrominance TBCs 18Y and 18C
always switch between field stores at the end of every 60 Hz field.
However, the operation of the 4-field luminance and chrominance TBCs
11Y and 11C depend on the mode of operation, and their control is alsec
associated with the generation of the temporal offset signal. In
fact, the control of the luminance and chrominance TBCs 11Y and 11C is
determined from the input and output field synchronizing signals.

The derivation of the temporalf offset signal in the case bf
525/60 to 625/50 operation will now be described with reference teo
Figures 6 and 7.

In Figure 6, the control 32 is shown as including a line counter
61, and first and second latches 62 and 63. A line clock signal is
supplied to a clock terminal of the line counter 61, while the input
field synchronizing signal is supplied to a reset terminal of the line
counter 61 and to a clock terminal of the second latch 62. The output
field synchronization signal is supplied to a clock terminal of t%e
first latch 62. The output of the line counter 61 is supplied to the
input of the first latch 62, the output of which is supplied to the
input of the second latch 63, the output of which is the temporal
offset signal supplied to the luminance and chrominance shift
registers 11Y, 11C, 18Y and 18C.

The input and output field synchronizing signals are shouwn in
Figures TA and 7B respectively. Figure 7C shows the output of the
line counter 61 which repetitively counts from O to 524. Figures %D
and TE show the outputs of the first and second latches 62 and 63
respectively. By latching the counter 61, the required proportion of
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the input field period is determined. The temporal shift wvalue tn
indicates the position between two input fields where the output field
must be interpolated such that when the shaded field shown in Figure
7A is dropped, continuous motion still occurs. Thus, the field which
uses the temporal offset shown shaded in Figure 7E is the one that is
dropped. 1t wWill be seen by reference to Figures 7A and 7B, that the
field which is dropped is the one which does not have a new temporal
shift associated with it. The field (arrowed) which is 66 be dropped
is indicated to the following-circuitry by the temporal freeze signal.

The derivation of the temporal offset signal in the case of
625/50 to 525/60 operation will now be described with reference to
Figures 8 and 9.

In Figure B, the control 32 is shown as including a line counter
71 and a latech 72. A line clock signal is supplied to a cloeck
terminal of the line counter 71, while the input field synchronizing
signal is supplied to a reset terminal of the line counter 71. The
output field synchronization signal is supplied to a clock terminal of
the latch 72. The output of the line counter 71 is supplied to the
input of the latch 72, the output of which is the temporal offset
signal supplied to the luminance and chrominance shift registers 1Y,
11C, 18Y and 18C.

The 1input and output field synchronizing signals are shown in
Figures 98 and 9B respectively. Figure 9C shows the output of the
line counter 71 which repetitively counts from 0 to 624. Figure 9D
shows the output of the lateh 72. By latching the counter 71, the
required proportion of the input field period is determined. Thus,
the temporal shift value tn again indicates the position between two
input fields where the output field must be interpolated, such that if
the shaded field is repeated, continuous motion still occurs. The
field which is repeated is the one which has two temporal shift values
associated with it. The field (arrowed) which is to be repeated is
indicated to the following circuitry by the temporal freeze signal.

The deviation of the temporal offset signal in the case of slow
motion whether at 525/60 to 525/60 or 625/50 to 625/50 is the same,
and will now be described with reference to Figures 10 and 11.

In Figure 10, the control 32 is shown as including a line counter
81, a field counter 82, first to fourth latches 83 to 86, an
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exclusive-OR gate 87 and a scaler 88. The input field synchronizing
signal is supplied to a clock terminal of the first latch 83, to a
clock enable terminal of the field counter 82, and to a second reset
terminal of the line counter 81. The input field polarity signal is
supplied to the first latch 83 and thence to the second latch 84 and
also to one input of the gate 87. The second latch 84 supplies an
output to the second input of the gate 87, the output of which is
supplied to a first reset terminal of the line counter 81; to a reset
terminal of -the field counter 82 and to a clock terminal of the third
latch 85, which forms a speed detector latch. A line clock signal is
supplied to a clock terminal of the second latch 84, and to respective
clock terminals of the line counter 81 and the field counter 8Y4. The
output of the line counter 81 is supplied to an input terminal of the
scaler 88, and the output of the field counter 82 is supplied to an
input of the third latch 85 and also to an offset input terminal of
the scaler 88. The output field synchronizing signal is supplied to a
clock terminal of the fourth lateh 86. The output of the third latch
85 is supplied to a scale factor terminal of the scaler 88, the output
of which is supplied to the fourth latch 86, the output of whiech is
the temporal offset signal.

The input field synchronizing signal and the input field polarity
signal are shown in Figures 11A and 11B respectively. Figure 11C alsgo
indicates the input field synchronizing signals and Figure 11D the
output field synchronizing signals. Figures 11E and 11F indicate the
operations of the field counter B2 and the line counter 81, which are
respectively counting fields and 1lines from O to N. Figure 11G
indicates the output of the fourth latch 86 which is the temporal
of fset signal, Figure 11H indicates the temporal freeze signal (which
is active when low), and, as indicated by the arrows, the shaded field -
that uses the temporal offset shown is a repeat of the previous field
that used the temporal offset ti. . )

To generate the temporal freeze signal,'thé'control 32 is shown
in Figure 12 as including a synchronous RS flip-flop 91, a latch 92;
an inverter 93 and an AND-gate 9U4. The output field synchronizing
signal is supplied to one input of the flip-flop 91, to the input of
the inverter 93 and to a clock enable terminal of the lateh 92. The

input field synchronizing signal is supplied to the other input of the
&
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flip-flop 91, while a line clock signal is supplied to clock terminals
of the flip-flop 91 and the latch 92. The output of the flip-flop 91
is supplied to one input of the gate 9U, which receives at its other
input the output of the inverter 93. The output of the gate 94 is
supplied to the input of the latch 92, the output of which forms the
temporal freeze signal. The operation of this circuit is such that if
more than one output field synchronizing pulse follows an input field
synchronizing pulse, a freeze occurs. :

Finally, referring back to Figure 4, the generation of the
vertical offset number by the control 32.will now be described. The
same address generator which reads data from the luminance TBC 11Y
into the luminance interpolator 1Y and the motion analyzer 2, also
addresses an erasable programmable read-only memory (EPROM) which
provides the vertical offset number together with vertical freeze
signals when required.

(In the Figure 5 arrangement which is used for 525/60 to 625/50,
the read addresses of the luminance TBC 18Y are used, but in all other
modes the read addresses of the luminance TBC 11Y are used.)

The vertical offset number is generated assuming that both the
input and the output fields are even, and it then indicates the
position between two 1input 1lines where the output 1line must be
interpolated such that a non-distorted picture would be produced if:

a line were occasionally dropped in 625/50 to 525/60 conversion,
or
a line were occasionally repeated in 525/60 to 625/50 conversion.

When a line 1is repeated by the luminance TBC 11Y (18Y), a
vertical freeze signal is generated.

If the input fields are not both even, then the interpolators 1Y
and 1C must make use of the input field polarity and output field
polarity to ensure correct interpolation.

The contents of the EPROM are generated in a way similar to that
described above in connection with Figure 12 for the temporal offset
signal, using the known line position in both a 525 and a 625 picture,

Attention is drawn to seven other UK patent applications relating
to subject matter similar to that of the present application, which we
filed on the same day as the present application, and the disclosures
in which are incorporated herein by reference.
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CLAIMS

1. A television standards converter comprising:
means for analyzing the motion between consecutive fields of an input
television signal of one televisién standard;
means then to align said fields so as effectively to represent static
pictures; and
means to effect conversion using said static pictures touderive the
required output television signal of a different television standard.
Vo

2. A television standards converter according to claim 1 wherein
said means to effect conversion comprises an interpolator for
effecting vertical/temporal interpolation, and -said input television
signal is supplied to said interpolator by way of a time base
corrector which produces therefrom a 585-line 60-fields per second
television signal.

: _ 8
3. A television standards converter according to claim 2 wherein
said input television signal is a 625-line 50-fields per second
signal, said time base corrector is a U4-field time base corrector, and
the output of said time base corrector 1is supplied to said
interpolator by way of a 4-field shift register.

4, A television standards converter according to claim 2 wherein
said input television signal is a 525-line 60-fields per second
signal, said time base corrector is a 2-field time base corrector, and
the output of said time base corrector is supplied to said
interpolator by way of a 4-field shift register.

5. A television standards converter according to any one of the
preceding claims wherein said means to align said fields operates to
vary the address of a variable delay element*;o réposition each pixel
of the picture to the nearest line or sample, énd then repositidn eaéh
pixel of the picture both vertically and horizontally to a fraction of
a line and a fraction of a sample respectively.
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6. A television standards converter according to eclaim 5 wherein
said vertical repositioning to a fraction of a line is done by a
vertical interpolator with four taps per field, and said horizontal
repositioning to a fraction of a sample is done by a horizontal filter
having two or four taps.

7. A 625-line 50-fields per second to 525-line 60-fields per second
television standards converter comprising: ’

a U4-field time base corrector for receiving an input 625-line 50-
fields per second digital television signal;

a motion analyzer connected to the output of said time base corrector
for analyzing motion in said input television signal;

a shift register also connected to the output of said time bLase
corrector;

an interpolator for deriving samples of a required output 525-1ine 60-
fields per second digital television signal in dependence on samples
derived from said shift register and picture motion data derived by
said motion analyzer; and '

a 2-field time base corrector for assembling said derived samples to
form said output television signal.

8. A television standards converter according to claim 7 wherein
said 4-field time base corrector derives a 585-line 60-fields per

second television signal from said input television signal for supply
to said shift register.

9. A 525-1ine 60-fields per second to 625-line 50-fields per second
television standards converter comprising:

a 2-field time base converter for receiving an input 525-1ine 60-
fields per second digital television signal;

a motion analyzer connected to the output of said time base corrector
for analyzing motion in said input television signal;

a shift register also connected to the output of said time base
corrector;

an interpolator for deriving samples of a required output 625-1ine 50-
fields per second digital television signal in dependence on samples
derived from said shift register and picture motion data derived by
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said motion analyzer; and
a Y-field time base corrector for assembling said derived samples to
form said output television signal.

0. A television standards converter according to claim 9 wherein
said 2-field time base corrector derives a 585-line 60-fields per
second television'signal from said input television signal for supply
to said shift register. '

11. A television standards converter according to claim 8 or claim 10
wherein said motion analyzer derives motion vectors in dependence on
the motion between corresponding pixels in consecutive fields of said
input television signal, and supplies said motion vectors to sq;d
interpolator so as effectively to align said pixels in said

consecutive fields to represent statiec pictures.

12. A slow motion processor comprising: ‘

an input circuit for receiving an inpgt digital television signal;

a motion analyzer for analyzing motion in said input digital
television signal,;

a shift register for holding successive différent fields of said input
television signal;

an interpolator for deriving samples of a required slow motion output
digital television signal in dependence on the degree of slow motion,
samples derived from said shift register, and picture motion data
derived by said motion analyzer; and

a 2-field time base corrector for assembling said derived samples to
form said slow motion output television signal.

13. A slow motion processor according to claim 12 wherein said input

circuit comprises a U-field time base corrector.

14, A slow motion processor according to claim 13 wherein said 4-
field time base corrector derives a 585-line 60-fields per second
television signal from said input television signal for supply to said

shift register.
[
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15. A television standards converter substantially as hereinbefore
described with reference to Figure 2 of the accompanying drawings.

16. A television standards converter substantially as hereinbefore

5 described with reference to Figure 3 of the accompanying drawings.

17. A television standards converter substantially as hereinbefore
described with reference to Figure 4 of the accompanying d}awings.

10 18. A television standards converter substantially as hereinbefore

described with reference to Figure 5 of the accompanying drawings.

19. A slow motion processor substantially as hereinbefore described
with reference to Figure 2 of the accompanying drawings.

15
20. A slow motion processor substantially as hereinbefore deseribed
with reference to Figure 4 of the accompanying drawings.
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L Number Hits | Search Text DB Time stamp

1 198 | sub adj4 pixel adj4 interpolat$4 USPAT; 2004/08/24 07:34
US-PGPUB

2 198 | sub adj4 pixel adj4 interpolat$4 USPAT; 2004/08/24 07:34
US-PGPUB

3 136 | sub adj4 pixel adj4 interpolat$4 USPAT 2004/08/24 07:34

4 0 | (sub adj4 pixel adj4 interpolat$4) same (weight$4 adj4 sum$3) | USPAT 2004/08/24 07:35

5 33 | (sub adj4 pixel adj4 interpolat$4) and (weight$4 adj4 sum$3) USPAT 2004/08/24 07:36

6 111 | 375/240.17.ccls. USPAT 2004/08/24 07:38

7 1 | ((sub adj4 pixel adj4 interpolat$4) and (weight$4 adj4 sum$3)) | USPAT 2004/08/24 07:37

and 375/240.17.ccls.
8 15 | 375/240.17.ccls. and (weigh$4 near4 sum$3) USPAT 2004/08/24 07:39

Search History 8/24/04 7:47:07 AM  Page 1
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L Number Hits | Search Text DB Time stamp

1 210673 | "1/2"$2 or (unit adj3 (horizontal or vertical)) USPAT 2004/08/25 07:38

2 17414 | (unit adj3 (horizontal or vertical)) USPAT 2004/08/25 07:39

3 3869 | (unit adj (horizontal or vertical)) USPAT 2004/08/25 07:39

4 3235 | ((unit adj (horizontal or vertical))) and sum$5 USPAT 2004/08/25 07:39

5 124 | (((unit adj (horizontal or vertical))) and sum$5) and USPAT 2004/08/25 07:39
interpolat$3

6 67 | ({((unit adj (horizontal or vertical))) and sum$5) and USPAT 2004/08/25 07:40
interpolat$3) and pixel

7 40 | (((((unit adj (horizontal or vertical))) and sum$5) and USPAT 2004/08/25 07:46
interpolat$3) and pixel) and (pixel$3 near4 interpolat$5)

8 594 | (motion adj3 vector) and (pixel near4 interpolat$5) USPAT 2004/08/25 07:47

9 120 | ((motion adj3 vector) and (pixel near4 interpolat$5)) and (sub USPAT 2004/08/25 07:47
near3 pixel)

10 586 | ({(motion adj3 vector) and (pixel near4 interpolat$5)) and USPAT 2004/08/25 07:47
sum$6

11 117 | (((motion adj3 vector) and (pixel near4 interpolat$5)) and (sub | USPAT 2004/08/25 07:48
near3 pixel)) and sum$6

12 43 | ((({motion adj3 vector) and (pixe! near4 interpolat$5)) and USPAT 2004/08/25 07:48
(sub near3 pixel)) and sum$6) and (weight$4 near4 sum$6)

Search History 8/25/04 8:09:00 AM  Page 1
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L Number Hits | Search Text DB Time stamp

31 192 | half near4 (pixel or pel) and (quarter near4 (pixel or pel)) USPAT 2004/08/26 07:43

32 101 | (half near4 (pixel or pel) and (quarter near4 (pixel or pel))) and | USPAT 2004/08/26 07:42
interpolat$5

33 59 | ((half near4 (pixe! or pel) and (quarter near4 (pixel or pel))) USPAT 2004/08/26 07:43
and interpolat$5) and weight$4

34 27 | (half near4 (pixel or pel) and (quarter near4 (pixel or pel))) USPAT 2004/08/26 07:43
nearl10 interpolat$5

35 16 | ((half near4 (pixel or pel) and (quarter near4 (pixel or pel))) USPAT 2004/08/26 10:50
nearl0 interpolat$5) and weight$4

36 411 | quarter near4 (pixel or pel) USPAT 2004/08/26 10:50

37 42 | (quarter near4 (pixel or pel)) near10 interpolat$4 USPAT 2004/08/26 10:50

38 17 | ((quarter near4 (pixel or pel)) nearl0 interpolat$4) and search | USPAT 2004/08/26 10:55

39 25 | ((quarter near4 (pixel or pel)) near10 interpolat$4) not USPAT 2004/08/26 10:56
(((quarter near4 (pixel or pel)) nearl0 interpolat$4) and
search)

Search History 8/26/04 11:00:38 AM Page 1
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UNITED STATES PATENT AND TRADEMARK OQFFICE

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

NOTICE OF ALLOWANCE AND FEE(S) DUE

2512 7590 09/09/2004 L EXAMINER —I
PERMAN & GREEN HANEY, MATTHEW J
425 POST ROAD
FAIRFIELD, CT 06824 l ART UNIT PAPER NUMBER ]
2613

DATE MAILED: 09/09/2004

l APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO.

09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
TITLE OF INVENTION: METHOD FOR SUB-PIXEL VALUE INTERPOLATION

APPLN. TYPE | SMALL ENTITY | ISSUE FEE | PUBLICATION FEE ] TOTAL FEE(S) DUE | DATE DUE j

nonprovisional NO $1330 $300 $1630 12/09/2004

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATEN
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHT

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPO
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM TH
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. TH
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOV
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B ©
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WIL

BE REGARDED AS ABANDONED.
HOW TO REPLY TO THIS NOTICE:

I. Review the SMALL ENTITY status shown ab"/ove.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is n
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) w
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should
completed and an extra copy of the form should be submitted.

II. All communications regarding this application must give the application number. Please direct all communications prior to issuance
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail  Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax  (703) 746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if requiredz). Blocks 1 through 5 should be completed wh
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current corresg)ondencc address
indicated unl?_ss corrigcted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS"
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of
Fee(s) Transmittal. This certificate cannot be used for any other accompany

ﬁapers. Each additional paper, such as an assignment or formal drawing, m
2512 7590 09/09/2004 ave its own certificate of mailing or transmission.
PERMAN & GREEN Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the Un
425 POST ROAD States Postal ?::rvice with sugﬁcient postage for first class mail in an envel
FAIRFIELD, CT 06824 addressed to the Mail Stog ISSUE FEE address above, or being facsim
transmitted to the USPTO (703) 746-4000, on the date indicated below.
(Depositor's na
(Signat
(@
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO.
09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
TITLE OF INVENTION: METHOD FOR SUB-PIXEL VALUE INTERPOLATION
I APPLN. TYPE SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE
nonprovisional NO $1330 $300 $1630 12/09/2004
| EXAMINER | ART UNIT | crasssuscLass |
HANEY, MATTHEW J 2613 375-240170

1. Chalmf&c))f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR (1) the names of up to 3 registered patent attorneys 1
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2

[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

' PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Governm

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
[ tssue Fee [} A check in the amount of the fee(s) is enclosed.
(1 Publication Fee (No small entity discount permitted) Q Payment by credit card. Form PTO-2038 is attached.
(J Advance Order - # of Copies Q The Director is hereby authorized by charge the required fee(s), or credit any overpayment
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Jb. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

The Director of the USPTO is requested to a¥p]y the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.
NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other part
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit b{ the public which is to file (and by the USPTO to proc
an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing,
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to com
this form and/or st(xﬁlgestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 14
Alexandria, Virginia 2231 3g_ 1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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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

Wwww.uspto.gov

l APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. ]
09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
2512 7590 09/09/2004 L EXAMINER I
PERMAN & GREEN HANEY, MATTHEW J
425 POST ROAD
FAIRFIELD, CT 06824 [ ArTUNT PAPERNUMBER |
2613

DATE MAILED: 09/09/2004

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 489 day(s). If the issue fee is paid on the date that is three months after t
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a ha
months) after the mailing date of this notice, the Patent Term Adjustment will be 489 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date th
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retriev
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
Patent Legal Administration at (703) 305-1383. Questions relating to issue and publication fee payments should
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.
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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 NO. ] FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. ] CONFIRMATION NO. j
09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
2512 7590 09/09/2004 | EXAMINER |
PERMAN & GREEN HANEY, MATTHEW J
425 POST ROAD
FAIRFIELD, CT 06824 | ART UNIT PAPERNUMBER |
2613

DATE MAILED: 09/09/2004

Notice of Fee Increase on October 1, 2004

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2004, then t
amount due will be higher than that set forth in the "Notice of Allowance and Fee(s) Due" because an increase in fe
effective on October 1, 2004 is anticipated. See Revision of Patent Fees for Fiscal Year 2005; Proposed Rule, 69 Fe
Reg. 25861, 25863, 25864 (May 10, 2004).

The current fee schedule is accessible from WEB site (http://www.uspto.gov/main/howtofees.htm).

If the fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due" but not the correct amount in vie
of the fee increase, a "Notice of Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid processi
delays associated with mailing of a "Notice of Pay Balance of Issue Fee," if the response to the Notice of Allowan
is to be filed on or after October 1, 2004 (or mailed with a certificate of mailing on or after October 1, 2004), t
issue fee paid should be the fee that is required at the time the fee is paid. See Manual of Patent Examining Procedu
(MPEP), Section 1306 (Eighth Edition, Rev. 2, May 2004). If the issue fee was previously paid, and the response
the "Notice of Allowance and Fee(s) Due" includes a request to apply a previously-paid issue fee to the issue f
now due, then the difference between the issue fee amount at the time the response is filed and the previously-pa
issue fee should be paid. See MPEP Section 1308.01.

Effective October 1, 2004, 37 CFR 1.18 is proposed to be amended by revising paragraphs (a) through (c) to read
set forth below. As stated above, the final fee may be a different amount, and applicant should check the WEB s
given above when paying the fee.

Section 1.18 Patent post allowance (including issue) fees.

(a) Issue fee for issuing each original or reissue patent,
except a design or plant patent:

By a small entity (Sec. 1.27(a))......ccccevvevennnene $670.00

By other than a small entity......................... $1,340.00
(b) Issue fee for issuing a design patent:

By a small entity (Sec. 1.27(2))....ccccceerveeuenee $245.00

By other than a small entity...............ccceen..... $490.00
(c) Issue fee for issuing a plant patent:

By a small entity (Sec. 1.27(2))....ccccrerueevennnnne $325.00

By other than a small entity...........cccoceeruennenn.. $650.00

Questions relating to issue and publication fee payments should be directed to the Customer Service Center of t
Office of Patent Publication at (703) 305-8283.
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Application No. Applicant(s)
) . 09/954,608 KARCZEWICZ ET AL.
Notice of Allowability Examiner Art Unit
Matthew Haney 2613

-- 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
2. [X] The allowed claim(s) is/are 1-51.
Q )
3. IZ The drawings filed on /7/d/are accepted by the Examiner.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[] Al b)[JSome* c)[INone ofthe:
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)).
* Certified copies notreceived:

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.

5. [] 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.

6. [_] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [] hereto or 2) [J to Paper No./Mail Date .

(b) L 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).

7. [ ] 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. X Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. (] Interview Summary (PTO-413),
Paper No./Mail Date .
3. X Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. [] 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 .
CHRIS KELLEY
SUPERVISORY PATENT EXAMINER
U.S. Patent and Trademark Office
PTOL-37 (Rev. 1-04) Notice of Allowability TECHNOLQQXo@EQ“;L%o?%% Date 20040826
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Application/Control Number: 09/954,608 Page 2
Art Unit: 2613

DETAILED ACTION

Allowable Subject Matter

1. Claims 1-51 are allowed.

2. The following is an examiner’s statement of reasons for allowance: The examiner
was unable to find prior art that showed the limitations discussed in the claims. The
examiner considered the art in his own search as well as the art by applicant.

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

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Matthew Haney whose telephone number is 703-305-
4915. The examiner can normally be reached on M-Th (7-4:30), Every Other Friday
Off.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chris Kelley can be reached on 703-305-4856. The fax phone number for

the organization where this application or proceeding is assigned is 703-872-9306.
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Application/Control Number: 09/954,608 Page 3
Art Unit: 2613

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).

Matthew Haney

Examiner
Art Unit 2613

s

CHRIS KELLEY A
SUPER\,’%SOR‘{ PATENT %XI;?&%E
TECHNOLOE‘{ CENTE!

mjh
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Application/Control No. Applican.t(s)/Patent Under
) 09/954,608 EXGR)S;_“EIW%Q ETAL.
Notice of References Cited S—— AU
Matthew Haney 2613 Page 1 0f 1
U.S. PATENT DOCUMENTS
* County Godenumber ind Code | MMAYYYY Name Classification
A | US-5,594,813 01-1997 Fandrianto et al. 382/236
B | US-5,852,468 A 12-1998 Okada, Hidefumi 348/272
C | US-6,381,279 B1 04-2002 Taubman, David S. 375/240.18
D | US-5,754,240 05-1998 Wilson, William Brent 375/240.15
E | US-5485,279 01-1996 Yonemitsu et al. 375/240.14
F | US-6,104,753 08-2000 Kim et al. 375/240.16
G | US-6,714,593 03-2004 Benzler et al. 375/240.16
H | US-4,816,913 03-1989 Harney et al. 375/240.08
I | US-
J | US-
K | US-
L | US-
M | US-
FOREIGN PATENT DOCUMENTS
] oot T ey | canny
N
0
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U Lappalainen, Ville, Performance analysis of Intel MMX technology for an H.263 video H.263 video encoder, 1998, ACM Press,
Pages 309-314
\
w
X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20040826
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Page No.: 1 of: |
INFORMATION DISCLOSURE Docket No.: 442-010567-US(PAR) Serial No.: 09/954,608
NCITATION FORM FOR , :
ATENT APPLICATION Applicani(s): KARCZEWICZ et al.
1 (FORM PTO-1449)
- (Substitute) Filing Date: 9/17/01 Group: 2631
Y/ U.S. PATENTS
ﬁ Patent Number Issue Date Name Class Sub- Filing date
class
MSH |5,521,642 5/28/96 | Park 348 409 10/7/93
M54 | 6,219,464 Bl 4/17/01 | Greggain et al. 382 298 8/24/99
N\-ﬂ; 5,570,436’ 10/29/96 | Fukushima et al. 382 300 12/8/94
M3k | 5,568,597 10/22/96 | Nakayama et al. 395 132 5/20/94
M3H | 6,252,576 Bl 6/26/01 | Nottingham 345 127 8/6/98
JATH | 5,901,248 5/4/99 | Fandrianto et al. R% C lé}f\/ 8/6/96
. JANL 4 2093
&c
" ..’.?’,’0’09)' Center 2 60D
U.S. PATENT PUBLICATIONS
Initials Publication No. Pub. Date Name Class Sillb- Filing Date
class
MT H | 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
M4 10576290 A2 12/29/93 | Europe Sony Corporation n/a
MTH 2205707 12/14/88 | United Kingdom Sony Corporation n/a
OTHER DOCUMENTS (Title, Author, Date, Pages, Etc., if known)
Examiner’s Signature: Madlwor Heen” | Date Considered: ¥ /> /by

Tnitial if reference was considered, whether or not citation/4s 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

*BIBDATASHEET* CONFIRMATION NO. 8282

Bib Data Sheet

FILING DATE ATTORNEY
SERIAL NUMBER 09/17/2001 CLASS GROUP ART UNIT DOCKET NO.
09/954,608 375 2613 442-010567-US
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Application No. Applicant(s)
. . 09/954,608 KARCZEWICZ ET AL.
Notice of Allowability Examiner Art Unit
Matthew Haney 2613

-- 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 notincluded
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. [0 This communication is responsive to
2. X The allowed claim(s) is/are 1-51.
3. [7] The drawings filed on are accepted by the Examiner.

4. [} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)d Al b)[d Some* c)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [[] Certified copies of the priority documents have been received in Application No. ___
3. [0 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 1S NOT EXTENDABLE.

5. (] 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.

6. [_] 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) (J 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).

7. [] 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. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. X Examiner's Amendment/Comment
Paper No./Mail Date
4. [J Examiner's Comment Regarding Requirement for Deposit 8. X Examiner's Statement of Reasons for Allowance
of Biological Material 9. [J Other ) CZ %
CHRIS KELLEY

QUPETVIGORY PATENT EXAMINER

R ~e
c ... L.nTER 2500
U.S. Patent and Trademark Office

PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No./Mail Date 20040826
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Application/Control Number: 09/954,608 Page 2
Art Unit; 2613

DETAILED ACTION
The application has been amended as follows:
Change Claim 26, Line 1 from “and” to --or--.

Change Claim 41, Line 1 from “and” to --or--.

Allowable Subject Matter

1. Claims 1-51 are allowed.

2. The following is an examiner’s statement of reasons for allowance: The examiner
was unable to find prior art that showed the limitations discussed in the claims. The
examiner considered the art in his own search as well as the art by applicant.

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

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Matthew Haney whose telephone number is 703-305-
4915. The examiner can normally be reached on M-Th (7-4:30), Every Other Friday
Off.
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Application/Control Number: 09/954,608 Page 3
Art Unit: 2613

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Chris Kelley can be reached on 703-305-4856. The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

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).

Matthew Haney
Examiner
Art Unit 2613

mjh

CHRIS KELLEY
SUP"‘C“'ESORV PATENT EXAMINER

tmt UV

Rl i TR 2?00
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0?/754/403

41
qQ
\N, . Figure 14*shows a notation for describing pixel and sub-pixel locations
Q-Qf“ specific to the invention;

Figure 14b shows interpolation of a half resolution sub-pixels according to
the invention;
5 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 resolution sub-pixel values required to calculate
other half resolution sub-pixel values;

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

s,
A
Ll

ol

3.
L€

calculated in order to interpolate values for quarter resolution sub-pixels in

an image block using the interpolation method of TMLS;

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

calculated in order to interpolate values for quarter resolution sub-pixels in
15 animage 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 values for quarter resolution sub-pixels within

an image block using the sub-pixel value interpolation method according to
TMLS;

20  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

25 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;

' Page 323 of 350
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Application No. Applicant(s)
/954,608 CZEWICZ ET AL.
Notice of Allowability ’gseimun.r mnu <k
Matthew Haney 2613

~ The MAILING DATE of this communication appears on the cover shest with the correspondence address—-
All daims 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 dus 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. [J This communication is responsive to
2. BJ The allowed ctaim(s) is/are 1-51.
3. [J The drawings filed on

4, (] Acknowledgment is made of-a ctaim for foreign priority under 35 U.S.C. § 118(a){d) or (f).

a)d At b)[J Some* c)[JNone ofthe:
1. {J 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

Intemational 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 1S NOT EXTENDABLE.

5. [] 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.

6. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
{a) O including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PT0O-948) attached
1) J hereto or 2) (J 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 ______

ldentifying indicla 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).

7. [J DEPOSIT OF and/or INFORMATION about the déposil of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

are accepied by the Examiner.

Attachment(s) .
1. [0 Notice of References Cited (PTO-892) 5. [J Notice of Informal Patent Application (PTO-152)
2. [0 Notice of Drafiperson’s Patent Drawing Review (PTO-948) 6. [J Interview Summary (PTO-413),
: Paper No/Mail Date _____
3. O Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. X Examiners Amendmenthomment
Paper No./Mail Date

4. [J Examiners Comment Regarding Requirement for Deposit 8. iJ Examiner's Statement of Reasons for Allowance

of Biological Material 9.3 other . & %

:'S'JP""‘ “SOFV FATENT EXAMIMER
. e s \J» -m C,co
U.S. Pstent and Tesdemnerk Office

PTOL-37 (Rev. 1-04) Notice of Allowability Part of Paper No/Mail Date 20040826
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Application/Control Number: 09/954,608 Page 2
Art Unit: 2613

DETAILED ACTION
The application has been amended as follows:
Change Claim 26, Line 1 from “and" to —or-.

Change Claim 41, Line 1 from “and” to —-or--.
Allowable Subject Matter

1. Claims 1-51 are allowed.

. 2. The following is an examiner’s statement of reasons for allowance: The examiner
was unable to find prior art that showed the limitations discussed in the claims. The
examiner considered the art in his own search as well as the art by applicant.

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 Reaséns for Allowance.”

COnéluslon

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Matthew Haney whose telephone number is 703-305-
4915. The examiner can normally be reached on M-Th (7-4:30), Every Other Friday
Off.
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Application/Control Number: 09/954,608 Page 3
Art Unit: 2613

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chris Kelley can be reached on 703-305-4856. The fax phone number for
the organization where this application or proceeding is assigned is 703-872-9306.

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 (toli-free).

- Matthew Haney
Examiner
Art Unit 2613

mjh

VYA

CHRIS KELLEY
SUP'&“%ORV PATENT EXAMINER

vy o we A""m;"q?ﬁm
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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.0. Box 1450

Alexandria, Virginia 223131450

WWW.USPLO.GOV

r APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR |A’1’1‘ORNEY DOCKET NO. | CONFIRMATION NO. I
09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
2512 7590 0R/08/2005 { EXAMINER ]
PERMAN & GREEN HANEY, MATTHEW J
425 POST ROAD
FAIRFIELD, CT 06824 | ART UNIT | papernNumBER |
2613

DATE MAILED: 08/08/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNDER SECRETARY OF COMMERCE FOR INTELLECTUAL PROPERTY AND
DIRECTOR OF THE UNITED STATES PATENT AND TRADEMARK OFFICE

NOTICE OF DRAWING INCONSISTENCY WITH SPECIFICATION

The drawings filed 9/17/01 have been received. However, an inconsistency
exists between the drawings and the Brief Description of the Drawings in the specification.

Figures 9,10 are listed in the Brief Description of the Drawings in the specification
but not contained in the Drawings.

Figures are contained in the Drawings but not listed in the Brief Description of the
Drawings in the specification.

Applicant is required to correct the above-noted inconsistency within a time period of ONE
MONTH or THIRTY (30) DAYS, whichever is longer, from the mailing date of this Notice,
or within the time remaining in the time period set forth in the Notice of Allowability (Form
PTOL-37) to file corrected drawings, whichever is longer. NO EXTENSION OF THIS TIME
PERIOD MAY BE GRANTED UNDER EITHER 37 CFR 1.136 (a) OR (b)

Failure to correct the above noted inconsistency will result in abandonment of the application.

The file will be held in the Publishing Division to await the correction of the inconsistency.

Return Corrected Drawings/Specification to:
Mail Stop Issue Fee

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450
Office of Patent Publication/Publishing Division

Customer Service: 703-308-6789
1-888-786-0101

FORM PTO-1631 (REV. 10-03)

P.O. Box 1450, Ale@g'gelilg@g%ﬁgm— WWW.USPTO.GOV



AU'G. 17.2005 3:50PM PERMAN & GREEN, LLP - NO. 761 P. 1

Facsimile Message From

Law Offices ~ RECEIVED
PERMAN & GREEN, LLP CENTRAL FAX CENTER
425 Post Road AUG 17 2005

Fairfield, Connecticut 06824 USA

Facsimile Number: (203) 255-5170
Telephone Number: (203) 259-1800

. TO: Mail Stop Issue Fee FAX NO: (571) 273-8300
DATE: August 17, 2005 '

- FROM: Geza C. Ziegler, Jr.

RE: P&G Reference: 442-010567-US (PAR)
Number of Pages, including this sheet, being transmitted: 7

Please see attached, thank you.

> Please confirm receipt of this transmission
[ The original of this facsimile will be sent to you via mail

THIS FACSIMILE MESSAGE IS INTENDED ONLY FOR THE USE OF THE ADDRESSEE
AND MAY CONTAIN CONFIDENTIAL OR LEGALLY PRIVILEGED INFORMATION
i you are not 1he intended recipicnt you arc hercby notified that any use or dissemination of this communication is strietly prohibited. If you
receive this transmission in error please notify us immediatety so that we can armnge for the rennm of the documents to us at no cost to you.
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AUG. 17.2005 3:50PM  PERMAN & GREEN. LLP NO. 7617 P, 9

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICANT (s) : Karczewicz et al.

SERIAL NO.: 09/954, 608 ART UNIT: 2613

FILING DATE: 03/25/2005 EXAMINER: Haney, Matthew J.
TITLE: METHOD FOR SUB;PIXEL VALUE INTERPOLATION

ATTORNEY

DOCKET NO.: 442-010567-US (PAR)

Mail Stop ISSUE FEE
Comnissioner 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:

PAGE 27* RCVD AT 8/17/2005 3:52:31 PM [Eastem Dayfight Time] * SVR:USPTO-EFXRF4/34 * DNIS:2738300 * CSID: * DURATION (mm-5s):0108
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TAUG. 17. 2005 3:50PM PERMAN & GREEN, LLP NO. 761 P. ¢

IXI. 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 é 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 estlmatz.on 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; |
Figufe&—9wandm%Gmhavemﬁe%wheen—ﬂsed»aﬁdmany~5ﬂehw§igﬁfes»sheu&d
be~disregardeds

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;

3
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AUG. 17,2005 3:51PM  PERMAN & GREEN, LLP NO. 761 TP 5

Figure 13a shows a notation for describing pixel and sub-pixel
locations specific to TMLE;

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 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 resolution sub-pixel vélues required to
calculate other half resoclution sub-pixel wvalues; |

Figure 17a shows the half resolution sub-pixel walues that must
be calculated .in order to interpolate values for quarter
resolution sub-pixels in an image block using the interpolation
method of TMLS5;

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

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

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;

4
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AUG. 17. 2005 3:50PM  PERMAN & GREEN, LLP | N0, 761 P, 3

II. DRAWINGS

In the drawings, please cancel Figures 9 and 10.

2
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CAUG. 172005 3:51PM  PERMAN & GREEN, LLP

' NO. 761 P. 6

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
interpclation 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.

5
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" AUG. 17. 2005 3:51PM PERMAN & GREEN, LLP . NO. 761 P 7

IV. REMARKS

The application drawings do not include figures 9 and 16.
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

bayment to Deposit Account No. 16-1350.

espectfully submitted,

) A@Gos:r Loty

Date

Geza
Reg.

. Ziegler,
. 44,004

Perman & Green, LLP
425 Post Road

" Fairfield, CT 0682¢
(203) 259-1800
Customer No.: 2512

CERTIFICATE OF FACSMILE

I hereby certify that this correspondence is being transmitted by
fax to 3571-273-8300, addressed to Mail Stop ISSUE FEE,
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-
1450.

Date: A’US\J$JY‘ 17,9(1){ Signature: W@Qﬂg

Person MaXing Deposit )

6
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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.0.Box 1450
Alcxandria, Virginia 22313-1450
WWW.USpLo.gov
r APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION NO. J
09/954,608 09/17/2001 Marta Karczewicz 442-010567-US(PAR) 8282
2512 7590 08/3112005 { EXAMINER J
PERMAN & GREEN ) HANEY, MATTHEW J
425 POST ROAD
FAIRFIELD, CT 06824 | ART UNIT [ papErnUMBER |

2613

DATE MAILED: 08/31/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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.| Application No. Applicant(s)

Response to Rule 312 Communication

Examiner Art Unit

--The MAILING DATE of this communication appears on the cover sheet with the correspondence address---

/
1. The amendment filed on 2’ / ?’ /05 under 37 CFR1.312 has been considered, and has been:

'a)M entered.

b) D entered as directed to matters of form not affecting the scope of the invention.

9] D disapproved because the amendment was filed after the payment of the issue fee.

Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1)
and the required fee to withdraw the application from issue.
d) D disapproved. See explanation below.

e) D entered in part. See explanation below.

St

publishing Division

U.S. Patent and Trademark Office ) a
PTOL-271 (Rev. 5-03) Respofda geR38 81 EGtyunication Part of Paper No.

¥ U.S. GOVERNMENT PRINTING OFFICE: 2003-300-168



07/ 95 €08

PATENT
Practitioner’s Docket No. 982-010567-US (PAR)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent Number: 6,950,469 B2

Issued: September 27, 2005

Patentee: Karczewicz et al.

Title: METHOD FOR SUB-PIXEL VALUE INTERPOLATION

Commissioner for 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:

First page, Col. 1, (Foreign Patent Documents), line 1, delete “0573290” and
insert - - 0676290 - -.

Column 48, line 17, claim 23, delete “1/2X” and insert - - 1/2*- -.
Column 50, line 61, claim 35, after "location” delete “is required”.
Column 50, line 64. claim 35, delete “sub-pixel” and insert - - sub-pixels - -.
Column 51, line 45, claim 42, after “location” delete “is required”.
Column 52, line 12, claim 46, after “location” delete “is required”.

Column 52, line 29, claim 49, delete “telecommunications” and insert - -
telecommunication - -.

Column 52, line 33, claim 49, delete “for coding” before “an image”.

Column 52, line 48, claim 49, after “location” delete “is required”.

Certificate
MAY 1 © 2006

of Correction
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[ VAN

Lol )

SIGI\%TURE OF PRACT\TIONER

Reg. No. 44,004 Geza C. Ziegler, Jr.

(type or print name of practitioner)
Tel. No. (203) 259-1800 425 Post Road

Address
Customer No.: 2512 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)

Page 340 of 350



AQ 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
' Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK
In Compliance with 35 U $.C.§290 and/or 15U S.C.§ 1116 you are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas on the following
[ Trademarks or [ Patents. ([ the patent action involves 35 U.S.C. §292.):
DOCKET NO. DATE FILED U.S. DISTRICT COURT
2:16-cv-1440 12/21/2016 Eastern District of Texas
PLAINTIFF DEFENDANT
Nokia Technologies OY and Alcatel-Lucent USA InC. Apple Inc.
PATENT OR DATE OF PATENT . - - .
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 6,680,974 1/20/2004 Alcatel-Lucent USA Inc.
2 6,711,211 3/23/2004 Nokia Technologies Oy
3 6,856,701 2/15/2005 Nokia Technologies Oy
4 6,950,469 9/27/2005 Nokia Technologies Oy
5 6,068,005 11/22/2005 Nokia Technologies Oy
In the above—entitled case, the following patent(s)/ irademark(s) have been included:
DATE INCLUDED INCLUDED BY
[] Amendment [ Answer [ Cross Bill [ Other Pleading
PATENT OR DATE OF PATENT S ATENT OR T -
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK
1 7,532,808 5/12/2009 Nokia Technologies Oy
2 8,036,273 10/11/2011 Nokia Technologies Oy
3 8,144,764 3/27/2012 Nokia Technologies Oy
4
5
In the above—-entitled case, the following decision has been rendered or judgement issued:
DECISION/JUDGEMENT
CLERK (BY) DEPUTY CLERK DATE

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 document adding patent(s), mail this copy to Director Copy 4—Case file copy
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Case 2:16-cv-01440 Document 3 Filed 12/21/16 Page 1 of 1 PagelD #: 366

AQO 120 (Rev. 08/10;

T0:

Mail Stop 8

Director of the 1.5, Patent and Trademark Office

P.0. Box 1450

Alexandria, VA 22313-1450

REPORT ON THE

FILING OR DETERMINATION OF AN
ACTION REGARDIRG A PATENT OR

TRADEMARK

In Compliance with 35 U.5.C. § 290 and/or 15 U.5.C. § 1116 you are hereby advised that a court action has been

filed in the U.S. Disirict Court

Eastern District of Texas

on the following

] Trademarks or W Patents.  ( [ the patent action involves 35 U.5.C. § 202.):
DOCKET NO. DATE FILED 1.8, DISTRICT COURT

2:16-0v-1440

12/21/2016

Eastern District of Texas

PLAINTIFF

Nokia Technologies OY and Alcatel-Lucent USA Inc.

DEFENDANT
Apple Inc.

I 6,680,974 1/20/2004 Alcatel-Lucent USA Inc.
28,711,211 3/23/2004 Nokia Techroiogies Oy
3 8,856,701 2/15/2005 Nokia Technologiss Oy
4 6,950,469 B/27/2005 Mokia Technologies Oy
5 6,968,005 11/22/2005 Nokia Technologiss Oy

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED

INCLUDED BY

1 Amendment

[ Answer

[ Cross Bill

[] Other Pleading

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

P 7,532,808

5/12/2009

Nokia Technologies Oy

2 8,036,273 10/11/72011 Nokia Technologies Oy
38,144,764 372772012 Nokia Technologiss Oy
4
5

In the above——entitled case, the following decision has been rendered or judgement issued:

DECISIONAUDGEMENT

CLEEK

(BY) PEPUTY CLERK DATE

Copy I—Upon initiatien of action, wail this copy te Birector
Copy 2 pen filing document adding patent(s), mail this copy to Birector

Caopy 3—1/pon termmination of action, mail this copy to Director
Copy 4-—Case file copy
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AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

in Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

' &, 856,70/

2 Ce/ (}SOJ YT

3 Loy 8, 50 S

47,2063, /35

57, 2%0, 599

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED -|INCLUDED BY .
O Amendment [0 Answer [ Cross Bill [d Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

17,533, ¥0¢

2 7, 724, 9%

3 ?_/03(4;/ 273

43, /¢, 16 Y

9,300, 59/

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

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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AO 120 (Rev. 08/10)

TO: Mail Stop 8 REPORT ON THE
) Director of the U.S. Patent and Trademark Office FILING OR DETERMINATION OF AN
P.O. Box 1450 ACTION REGARDING A PATENT OR
Alexandria, VA 22313-1450 TRADEMARK

in Compliance with 35 U.S.C. § 290 and/or 15 U.S.C. § 1116 you are hereby advised that a court action has been
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
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

' &, 856,70/

2 Ce/ (}SOJ YT

3 Loy 8, 50 S

47,2063, /35

57, 2%0, 599

In the above—entitled case, the following patent(s)/ trademark(s) have been included:

DATE INCLUDED -|INCLUDED BY .
O Amendment [0 Answer [ Cross Bill [d Other Pleading
PATENT OR DATE OF PATENT
TRADEMARK NO. OR TRADEMARK HOLDER OF PATENT OR TRADEMARK

17,533, ¥0¢

2 7, 724, 9%

3 ?_/03(4;/ 273

43, /¢, 16 Y

9,300, 59/

In the above—entitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

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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Trials@uspto.gov Paper No. 21
571.272.7822 Entered: April 27,2021

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

LENOVO (UNITED STATES) INC.,
Petitioner,

V.

NOKIA TECHNOLOGIES OY,
Patent Owner.

IPR2020-01685, IPR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, IPR2021-00039 (Patent 7,280,599 B2);
IPR2021-00040, IPR2021-00041, IPR2021-00042,
IPR2021-00043 (Patent 8,036,273 B2)'

Before BARBARA A. PARVIS, JENNIFER MEYER CHAGNON, and
MONICA S. ULLAGADDI, Administrative Patent Judges.

CHAGNON, Administrative Patent Judge.

DECISION
Settlement Prior to Institution of Trial
37CFR §42.74

' This Order applies to each of the listed proceedings. The parties are not
authorized to use this style heading for any subsequent papers.
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IPR2020-01685, IPR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, IPR2021-00039 (Patent 7,280,599 B2);
IPR2021-00040, IPR2021-00041, IPR2021-00042,

IPR2021-00043 (Patent 8,036,273 B2)

L INTRODUCTION

With the Board’s authorization, Petitioner and Patent Owner
(collectively, “the Parties™) filed a Joint Motion to terminate each of the
above-identified proceedings. Paper 182 (“Mot.”). Along with each Joint
Motion, the Parties filed a copy of a confidential Settlement Agreement
(Ex. 1020) and Patent Agreement Terms (Ex. 1021 (“Term Sheet”)), as well
as a Joint Request to Treat the Settlement Agreement as Business
Confidential Information pursuant to 35 U.S.C. § 317(b) and 37 C.F.R.

§ 42.74(c) (Paper 20 (“Joint Request™)).

II. DISUCSSION

In the Joint Motion, the Parties represent that they “have executed a
settlement agreement that resolves all of their disputes concerning
U.S. Patent Nos. 6,950,469, 7,280,599, and 8,036,273.” Mot. 3. The Parties
further represent that “a true and correct copy of the Litigation Settlement
Agreement has been filed.” Id. at 4; Ex. 1020. The Settlement Agreement
references a Term Sheet, which also has been filed. Mot. 4; Ex. 1021. The
Parties note that the Settlement Agreement “references another potential
agreement, but the parties have not entered into that agreement as of this
filing, and there are no other agreements between the parties.” Mot. 4. The
Parties, thus, confirm “that the documents filed as Exhibits 1020 [(i.e., the
Settlement Agreement)] and 1021 [(i.e., the Term Sheet)] represent all

2 For purposes of expediency, we cite to Papers and Exhibits filed
in IPR2020-01685. Corresponding Papers and Exhibits were filed in each of
the captioned proceedings, as shown in the Appendix.
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IPR2020-01685, IPR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, [PR2021-00039 (Patent 7,280,599 B2);
[PR2021-00040, IPR2021-00041, [IPR2021-00042,

IPR2021-00043 (Patent 8,036,273 B2)

agreements made in connection with, or in contemplation of, the termination
of this proceeding. All such agreements have been filed with the Board as
required by 35 U.S.C. § 317(b) and 37 C.F.R. § 42.74(b).” Id.

This proceeding is still in its preliminary stages. We have not entered
a decision on whether to institute inter partes review in these proceedings.
In view of the early stage of these proceedings and the settlement between
the parties, we determine that good cause exists to terminate these
proceedings with respect to the parties.

We also have reviewed the Settlement Agreement and Term Sheet,
and we determine that the Settlement Agreement and Term Sheet contain
business confidential information regarding the terms of the settlement, and
that good cause exists to treat the Settlement Agreement and Term Sheet as
business confidential information under 37 C.F.R. § 42.74(c).

This Order does not constitute a final written decision pursuant to

35U.S.C. § 318(a).

According, it is

ORDERED that the parties’ Joint Request to treat the Settlement
Agreement and Term Sheet as business confidential information under
37 C.E.R. § 42.74(c) is granted in each of the captioned proceedings, and the
Settlement Agreement and Term Sheet shall be kept separate from the files
of respective U.S. Patent Nos. 6,950,469 B2, 7,280,599B2, and 8,036,273
B2, and made available only to Federal Government agencies on written
request, or to any person on a showing of good cause, pursuant to 35 U.S.C.

§ 317(b) and 37 C.F.R. § 42.74(c); and
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IPR2020-01685, IPR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, IPR2021-00039 (Patent 7,280,599 B2),
IPR2021-00040, IPR2021-00041, IPR2021-00042,

IPR2021-00043 (Patent 8,036,273 B2)

FURTHER ORDERED that the parties’ Joint Motion to Terminate is
granted in each of the captioned proceedings; the Petition in each of
IPR2020-01685, IPR2021-00035, IPR2021-00036, IPR2021-00037,
IPR2021-00038, IPR2021-00039, IPR2021-00040, IPR2021-00041,
IPR2021-00042, and IPR2021-00043 is dismissed; and the captioned

proceedings are terminated.
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[PR2020-01685, IPR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, IPR2021-00039 (Patent 7,280,599 B2);
IPR2021-00040, IPR2021-00041, IPR2021-00042,
IPR2021-00043 (Patent 8,036,273 B2)

APPENDIX
Proceeding Joint Joint Settlement | Term Sheet
Motion Request Agreement
IPR2020-01685 | Paper 18 Paper 20 Ex. 1020 Ex. 1021
IPR2021-00035 | Paper 16 Paper 17 Ex. 1120 Ex. 1121
IPR2021-00036 | Paper 15 Paper 17 Ex. 1220 Ex. 1221
IPR2021-00037 | Paper 15 Paper 16 Ex. 1018 Ex. 1019
IPR2021-00038 | Paper 15 Paper 16 Ex. 1119 Ex. 1120
IPR2021-00039 | Paper 15 Paper 16 Ex. 1218 Ex. 1219
IPR2021-00040 | Paper 15 Paper 16 Ex. 1018 Ex. 1019
IPR2021-00041 | Paper 15 Paper 16 Ex. 1118 Ex. 1119
IPR2021-00042 | Paper 17 Paper 18 Ex. 1218 Ex. 1219
IPR2021-00043 | Paper 15 Paper 16 Ex. 1319 Ex. 1320
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IPR2020-01685, [PR2021-00035, IPR2021-00036 (Patent 6,950,469 B2);
IPR2021-00037, IPR2021-00038, IPR2021-00039 (Patent 7,280,599 B2);
IPR2021-00040, [PR2021-00041, IPR2021-00042,

IPR2021-00043 (Patent 8,036,273 B2)
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