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This invention provides a Way of performing improved 
motion compensated interpolation of moving images, such 
as television, using motion vectors of variable reliability. By 
taking into account the reliability of the motion vectors, 
produced by a separate motion estimation device, a subjec 
tively pleasing interpolation can be produced. This is in 
contrast to simple motion compensated interpolation, taking 
no account of motion vector reliability, Which is often 
degraded by objectionable switching artifacts due to unre 
liable motion vectors. The invention can be used, for 
example, to improve the performance of motion compen 
sated standards converters used for converting betWeen 

(86) PCT NO" PCT/GB96/02305 television standards With different picture rates. The inven 
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sated and non-motion compensated interpolation depending 
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Publication Classi?cation up table, controlled by a vector reliability signal produced by 
the motion estimator. Effectively this adapts the motion 
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MOTION COMPENSATED INTERPOLATION 

[0001] The invention relates to a method and apparatus for 
processing ?lm or video signals Which avoids objectionable 
switching artifacts When performing motion compensated 
temporal interpolation. This is useful, for example, in the 
inter-conversion of television pictures With different picture 
rates. The invention is also suitable for methods and systems 
Which use motion adaption instead of motion compensation. 

[0002] In this application, the term picture is used as a 
generic term covering picture, ?eld or frame depending on 
the context. Film and television provide a sequence of still 
pictures that create the visual illusion of moving images. 
Providing the pictures are acquired and displayed in an 
appropriate manner the illusion can be very convincing. J. 
Brewery, in reference 9, eloquently describes the nature of 
the illusion. In modern television systems it is often neces 
sary to process picture sequences from ?lm or television 
cameras. Processing Which changes the picture rate reveals 
the illusory nature of television. A typical example is the 
conversion betWeen European and American television stan 
dards Which have picture races of 50 and 60 HZ respectively. 
Conversion betWeen these standards requires the interpola 
tion of neW pictures intermediate in time betWeen the input 
pictures. Many texts on signal processing describe the 
interpolation of intermediate samples, for a properly 
sampled signal, using linear ?ltering. Unfortunately, linear 
?ltering techniques applied to television standards conver 
sion may fall to Work. Fast moving images can result in 
judder, blurring or multiple images When television stan 
dards are converted using linear ?ltering. This illustrates the 
illusory nature of television systems. The difficulty of pro 
cessing television signals is because they are under-sampled 
in a conventional Nyquist sense. Further details can be found 
in reference 23. 

[0003] Many people have expounded the bene?ts of 
motion compensation as a Way of overcoming the problems 
of processing moving images (references 2, 3, 4, 5, 11, 13, 
15, 16, 17, 18, 19, 21). Motion compensation attempts to 
process moving images in the same Way as the human visual 
system. The human visual system is able to move the eyes 
to track moving objects, thereby keeping their image sta 
tionary on the retina. Motion compensation tries to Work in 
the same Way. Corresponding points on moving objects are 
treated as stationary Which avoids the problems due to under 
sampling (reference 3, 25). In order to do this it is assumed 
that the image consists of linearly moving rigid objects 
(sometimes slightly less restrictive assumptions can be 
made) In order to apply motion compensated processing it is 
necessary to track the motion of the moving objects in an 
image. Many techniques are available to estimate the motion 
present in image sequences (references 1, 2, 3, 4, 8, 12, 14, 
20, 24). 
[0004] With suitable input pictures motion compensation 
has been demonstrated to give a very WorthWhile improve 
ment in the quality of processed pictures. Under favourable 
conditions the artifacts of standards conversion using linear 
?ltering, that is judder, blurring and multiple imaging, can be 
completely eliminated. Motion compensation, hoWever, can 
only Work When the underlying assumptions are valid. In 
unfavourable circumstances the assumption that, for 
example, the image consists of linearly moving rigid objects 
is violated. When this happens the motion estimation sys 
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tem, necessary for motion compensation, is unable to reli 
ably track motion and random motion vectors can be pro 
duced. When the motion estimation system fails the 
processed pictures can contain subjectively objectionable 
sWitching artifacts. Such artifacts can be signi?cantly Worse 
than the linear standards conversion artifacts Which motion 
compensation is intended to avoid. 

[0005] Ideally a motion compensated processing system 
Would provide the full bene?ts of motion compensation on 
suitable pictures While performing as Well as, or better, then 
conventional linear processing on unfavourable pictures. In 
order to achieve this the system must change betWeen 
interpolation methods depending on the suitability of the 
pictures for motion compensated processing. The system 
Would, therefore, adapt betWeen motion compensated and 
non-motion compensated processing As With adaptive tele 
vision systems in general it is inadvisable for there to be a 
sudden sWitch betWeen interpolation methods. Such a sWitch 
can, of itself, produce sWitching artifacts When the pictures 
are of approximately equal suitability for motion compen 
sated or non-motion compensated processing. A system 
Which gradually changes from motion compensated to non 
motion compensated processing according to the suitability 
of the pictures is said to exhibit graceful fall-back. The 
non-motion compensated processing method is knoWn as 
the fall-back mode. 

[0006] In order to implement a motion compensated sys 
tem With graceful fall-back it is necessary to knoW When the 
pictures are unsuitable for motion compensation. This 
depends on Whether the motion estimator can produce 
reliable vectors. Hence it is necessary for the motion esti 
mator to indicate Whether the vectors it is producing are 
reliable. R Thomson, in reference 22, provides an excellent 
discussion of the above arguments and describes hoW, in a 
phase correlation type motion estimation system, an indica 
tion of the reliability of motion vectors is given by the 
relative height of the correlation peaks produced. Other 
motion estimation systems can also be designed to provide 
an indication of vector reliability. A block matching motion 
estimator, for example, could provide the match error for the 
selected vector as a measure of vector quality. 

[0007] Another requirement for motion compensation 
With graceful fall-back is a suitable, non-motion compen 
sated, fall-back mode. One obvious possibility is to fade 
betWeen a motion compensated algorithm and a conven 
tional linear ?ltering algorithm. This approach, hoWever, has 
a number of disadvantages. Unless the pictures are particu 
larly suitable for motion compensation the output pictures 
Would include a small proportion of a conventional inter 
polation With its attendant artifacts. The presence of these 
artifacts, albeit at a loW level, might be suf?cient to under 
mine the reason (artefact free pictures) for performing 
motion compensation in the ?rst place. Nor is linear ?ltering 
particularly suitable as a fall-back algorithm. Linear ?ltering 
only Works properly When the picture is stationary or sloWly 
moving. This is unlikely to be the case When the motion 
estimator is unable to reliably track motion. 

[0008] It is an object of the present invention to alloW 
graceful fallback of interpolation systems. This is achieved 
by gradually changing the temporal interpolation phase 
betWeen a full temporal interpolation and selection of the 
temporally nearest input picture, that is, picture repeat Where 



US 2001/0017889 Al 

the phase of the temporal interpolation is coincident With the 
nearest input picture. The degree to Which the temporal 
interpolation phase is modi?ed depends on the reliability of 
the motion vector used in the interpolation. 

[0009] The invention provides a method of interpolating in 
processing of video or ?lm signals comprising storing input 
pixel values of an input signal in an input store, assigning a 
motion vector to each set of output coordinates to be 
interpolated, providing an indication of the reliability of 
each motion vector, modifying the temporal coordinate of 
each set of output coordinates depending on the reliability of 
the corresponding motion vector, and selecting at least one 
pixel value from the input store depending on the motion 
vector and the modi?ed temporal output coordinate, an 
interpolated output pixel value is determined from said at 
least one pixel value. Thus, if the vector reliability is 
assured, the interpolation phase is coincident With that of the 
output picture phase. As the vector reliability decreases the 
phase of the interpolation is shifted toWards the temporally 
nearest input picture. At Zero, or a minimum speci?ed, 
vector reliability the interpolation is equivalent to picture 
repeat. 

[0010] The input store may store a plurality of pictures, at 
least one pixel value being selected from each picture, and 
a corresponding ?lter coefficient is selected from a coef? 
cient store for each pixel value, the value of the output pixel 
is determined from a Weighted sum of the plurality of pixel 
values multiplied by their corresponding coef?cients. The 
?lter coef?cients being stored in a second memory 

[0011] The temporal coordinates may be modi?ed by 
using a lookup table, the transfer characteristic of Which is 
determined by the reliability of the motion vector. 

[0012] In one aspect of the invention, the motion vector 
assigned to each set of output coordinates is Zero, and a 
motion detector is used to give an indication of hoW reliable 
a Zero motion vector is for each set of output coordinates. 

[0013] The invention also provides a video or ?lm signal 
processing interpolation apparatus comprising an input store 
for storing pixel values of an input signal, means providing 
an indication of the reliability of a motion vector assigned to 
each set of output coordinates to be interpolated, means 
modifying the temporal coordinate of each set of output 
coordinates depending on the reliability of the correspond 
ing motion vector, and a vector processor Which selects at 
least one pixel value from the input store depending on the 
modi?ed temporal output coordinate and the corresponding 
motion vector. 

[0014] The apparatus may comprise a plurality of multi 
pliers and associated coefficient stores, and an adder, the 
input store being adapted to store a plurality of pictures. The 
vector processor selects at least one pixel value from each 
picture and a corresponding coef?cient for each pixel value, 
the output pixel value being calculated from a sum of the 
selected pixel values Weighted by the corresponding coef 
?cient. 

[0015] The apparatus may further comprise a motion 
detector, the motion vector assigned to each set of output 
coordinates is Zero and the motion detector supplies an 
indication of the reliability of a Zero motion vector to the 
means for modifying the temporal coordinate of each set of 
output coordinates. Alternatively, the apparatus may com 
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prise a motion estimation device Which assigns motion 
vectors to each output coordinate and is adapted to provide 
an indication of the reliability of each motion vector to the 
means for modifying the temporal coordinate of each set of 
output coordinates. The motion estimator may be of the 
block matching type, the indication of reliability is given by 
the match error. 

[0016] The invention Will noW be described in more detail 
and by Way of example only With reference to the accom 
panying draWings, in Which: 

[0017] FIG. 1 shoWs the motion trajectory of a linearly 
moving object; 
[0018] FIG. 2 shoWs the motion trajectory for picture 
repeat interpolation; 

[0019] FIG. 3 shoWs a motion trajectory intermediate 
betWeen those shoWn in FIGS. 1 and 2; 

[0020] FIG. 4 shoWs the relative timing of input and 
output pictures for conversion betWeen signals of 50 and 60 
HZ; 
[0021] FIG. 5 is a schematic of a standard motion com 
pensated interpolation system; 

[0022] FIG. 6 is a schematic shoWing an interpolation 
device according to the present invention; 

[0023] FIG. 7 shoWs possible transfer characteristics suit 
able for adaptive motion compensated interpolation, and 

[0024] FIG. 8 is a schematic shoWing an interpolation 
device according to second embodiment of the invention. 

[0025] The basic assumption underlying motion compen 
sation is that the image comprises a collection of linearly 
moving rigid objects. In motion compensated processing 
image processing operations are performed in the frame of 
reference of the moving object rather than the frame of 
reference of the image. This avoids processing problems 
associated With temporal aliasing due to under sampling the 
pictures in time. Motion compensation and the reasons for it 
are described in detail in many references for example 3, 11, 
and 25. Provided the assumption of linear motion is obeyed 
then the spatio-temporal trajectory of the objects can be 
represented by straight lines in space/time as illustrated in 
FIG. 1. 

[0026] Despite the demonstrable success of motion com 
pensated processing some images (or parts of images) do not 
conform to the underlying assumptions. Violation of these 
assumptions Will occur for partially transparent or translu 
cent objects (eg smoke), changes in shape or lighting and 
cuts betWeen different scenes etc. Such violations occur 
often in typical moving pictures and therefore must be 
processed acceptably. Small deviations from the assump 
tions are acceptably processed using motion compensation. 
As the deviations become larger motion compensated pro 
cessing becomes less and less acceptable as it becomes 
increasingly dif?cult to ?nd a representative motion vector. 
For large violations of the motion compensation assump 
tions the motion estimator Will fail completely producing 
essentially random motion vectors. Nevertheless it is still 
necessary to produce processed images even When the 
motion estimator has failed completely. In these circum 
stances perhaps the only reasonable interpolatian method is 
to make the output picture the same as the (temporally) 
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nearest input picture. This is known as picture (or ?eld) 
repeat in television terms and Zeroth order interpolation in 
signal processing parlance. A motion trajectory for picture 
repeat is shoWn in FIG. 2. 

[0027] With motion vectors of intermediate reliability an 
interpolation method is required betWeen the tWo extremes 
of full motion compensation and picture repeat illustrated in 
FIGS. 1 and 2. One Way to do this is to assume a motion 
trajectory betWeen those for the tWo extremes. This is the 
basis of this invention. FIG. 3 illustrates such an interme 
diate motion trajectory. 

[0028] To achieve an intermediate motion trajectory the 
time to Which an interpolated output picture corresponds is 
modi?ed depending on the temporal interpolation phase and 
the motion vector reliability. The temporal interpolation 
phase is the time in the input sequence at Which an output 
picture is required. The temporal interpolation phase is most 
conveniently expressed in terms of input picture periods. For 
example, consider converting betWeen television signals 
With 50 and 60 pictures/second. The ?rst output picture (at 
60 HZ) may be required coincident With an input picture (at 
50 HZ) the second output picture 5/6 of the Way betWeen the 
?rst 2 input picture, the third output picture 4/6 of the Way 
betWeen the 2nd and 3rd input picture and so on. This Would 
give a sequence of temporal interpolation phases of 0, 5/6, 
4/6, 3/6, 2/6, 1/6, 0 and produce 6 output pictures for every 
5 input pictures. This is illustrated in FIG. 4. Note that the 
phase of each temporal interpolation alWays lies in the range 
0 to 1. Strictly, the temporal interpolation phase is the 
fractional part of the output time for Which an output picture 
is generated, expressed in input picture periods. The relative 
timing of input and output pictures is discussed in many 
texts dealing With digital sample rate changing, for example 
reference 7. 

[0029] For full motion compensation output pictures are 
generated for time instants corresponding to the temporal 
interpolation phase (see reference 3). This corresponds to the 
linear motion trajectory of FIG. 1. For picture repeat output 
pictures are generated corresponding to the time of the 
temporally nearest input picture, giving the motion trajec 
tory of FIG. 2. Intermediate motion trajectories can be 
achieved by generating output pictures corresponding to 
instants intermediate betWeen the temporal interpolation 
phase and the time of the nearest input picture. The extent to 
Which the timing of output pictures is moved from the 
temporal interpolation phase toWards the nearest input pic 
ture time Would depend on the reliability of the motion 
vectors from the motion estimator. By changing the inter 
polated motion trajectory in a continuous Way a graceful fall 
back from full motion compensation to picture repeat can be 
achieved. This is the basis of the invention Which can 
thereby achieve an acceptable interpolation method for all 
parts of the moving image even if the motion vectors are 
unreliable. SWitching artifacts, due to changing betWeen 
interpolation modes, are avoided by a continuum of motion 
trajectories betWeen the tWo extremes. 

[0030] A generic motion compensated interpolator is illus 
trated in FIG. 5. The interpolator has three inputs, a stream 
of input samples corresponding to the sequence of scanned 
input pictures, a stream of output co-ordinates and a stream 
of motion vectors. The output co-ordinates are the (spatio 
temporal) coordinates for Which values of the output image 
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sequence are calculated. They are generated by counters etc. 
as described in the literature, for example references 3 & 6. 
The input stream of motion vectors provides the motion 
vector associated With each output co-ordinate. In each 
operating cycle a neW output co-ordinate is presented to the 
interpolator Which (after a delay) generates the value of the 
corresponding output pixel. The vector processor combines 
the output co-ordinates and corresponding motion vector to 
produce a set of input sample addresses and coef?cient 
addresses for each output co-ordinate (as described in ref 
erence 3). The output pixel value is generated by calculating 
a Weighted sum of input pixel values. The sample addresses 
correspond to the integer part of the required input co 
ordinate and are used to select the appropriate input pixel 
values, stored in the input store, and these are Weighted by 
coef?cients selected from a precalculated set of ?lter coef 
?cients stored in ROM. The ?lter coef?cients are addressed 
by the fractional part of the input co-ordinate calculated by 
the vector processor. The output value is the sum of all the 
partial results presented by the set of multipliers. For brevity 
the diagram only shoWs tWo multipliers. In practice the 
number Would probably be signi?cantly more; 16 being a 
typical number for a motion compensated interpolator. Typi 
cally, the output pixel co-ordinate is measured in input ?elds 
and input picture lines. The motion speed is measured in 
input picture lines per ?eld period. The siZe of the ?lter 
aperture is speci?ed in terms of ?elds and lines, an aperture 
of 4 lines, therefore, corresponds to 8 picture lines. Because 
the input pixel values are addressed by the integer part of the 
input co-ordinate, the ?lter aperture is motion compensated 
to the nearest integer number of ?eld lines per ?eld period. 
The remaining, sub-pixel, motion compensation is achieved 
by varying the ?lter coef?cients. Further details of both 
non-motion compensated and motion compensated interpo 
lators can be found in the literature (e.g. references 3, 4, 6, 
19, 21). 

[0031] The motion compensated interpolator of FIG. 5 
can be modi?ed to provide adaptive motion trajectories 
controlled by the reliability of the motion vectors. This is 
illustrated in FIG. 6. Motion compensated interpolation is, 
in general, a 3 dimensional interpolation process. Conse 
quently it should be borne in mind that the output co 
ordinates, presented to the interpolator, comprise a 3 com 
ponent vector. The components are the horiZontal, vertical 
and temporal parts of the output co-ordinates. To produce 
adaptive motion trajectories the temporal interpolation 
phase is passed through a lookup table Whose transfer 
characteristic is controlled by the reliability of the motion 
vector. The lookup table could conveniently be implemented 
using a Read Only Memory (ROM). The temporal interpo 
lation phase is the fractional part of the temporal output 
co-ordinate; usually this is all that is presented to the 
interpolator. In general for each output co-ordinate there can 
be a distinct corresponding motion vector and indication of 
vector reliability associated With that motion vector. Hence 
the motion trajectory can adapt on a pixel by pixel basis to 
obtain the best interpolation for each part of the image. 
Different parts of the image can, therefore, have different 
motion trajectories even if they have the same motion vector 
because of the different levels of reliability of the motion 
vectors. Thus, better processing of regions having loW 
vector reliability can be achieved, for example, areas of 
revealed and obscured background. These regions Would be 
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interpolated using temporally nearest picture interpolation 
While other parts of the image might be fully motion 
compensated 
[0032] The transfer characteristic of the look up table 
(LUT) in FIG. 6 is controlled by the vector reliability signal 
from the motion estimator and determines the interpolated 
motion trajectory. Typical transfer characteristics for the 
lookup table are illustrated in FIG. 7. The original temporal 
interpolation phase (4%) presented to the lookup table is in 
the range 0 to 1. Assuming the reliability signal is also scaled 
to lie in the range 0 to 1 then a suitable transfer characteristic 
for the lookup table Would be given by equation 1. 

Equation 1 

[0033] Where 4),, is the original temporal interpolation 
phase, r is the reliability of the motion vector and (pout is the 
modi?ed temporal interpolation phase. Other sets of transfer 
functions for the look up table are also possible. 

[0034] The technique described above can be applied to 
motion compensated temporal interpolators described in the 
literature. The improvement is achieved by making alloW 
ance for the reliability of motion vectors produced, by an 
external motion estimation device, for the interpolator. The 
invention assumes the availability of a motion estimator 
Which provides an indication of the reliability of the vectors 
it produces. By taking account of the reliability of the 
motion vectors objectionable sWitching artifacts can be 
avoided, thereby improving picture quality. The invention 
alloWs the interpolation method used to change smoothly 
from full motion compensation to non-motion compensa 
tion. This provides graceful fall-back When violation of the 
assumptions underpinning motion estimation prevents the 
motion estimator measuring a reliable motion vector. 

[0035] Graceful fall-back of motion compensated interpo 
lation is achieved by modifying the motion trajectory of 
moving objects in the interpolated pictures. When the reli 
ability of motion vectors is high a linear motion trajectory is 
used corresponding to full motion compensation. When 
motion vector reliability is loW a stepWise motion trajectory 
is used corresponding to non-motion compensated interpo 
lation. For intermediate vector reliability the motion trajec 
tory used is intermediate betWeen these tWo extremes. 
Modulation of the motion trajectory is achieved by passing 
the temporal interpolation phase, supplied to the interpola 
tor, through a lookup table Whose transfer characteristic is 
controlled by the vector reliability. 

[0036] This invention can also be used in conjunction With 
a motion detector rather than a motion estimator. In refer 
ence 10 of the annex, a motion adaptive system is described 
in Which interpolated images are produced using temporal 
interpolation by applying a temporal ?lter aperture betWeen 
successive ?elds. To avoid unacceptable artifacts such as 
double imaging When there is gross motion betWeen suc 
cessive ?elds, a motion detector is utilised to alter the 
temporal aperture on a pixel by pixel basis. 

[0037] A motion adaptive system may be regarded as a 
motion compensation system in Which a single motion 
vector (Zero) is used. The present invention can be imple 
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mented in a motion adaptive system, therefore, With the 
motion detector giving an indication of the reliability of the 
Zero motion vector. The invention is applicable in this case 
When the output picture rate is different to the input rate, for 
example, in standards conversion or sloW motion replay. 

[0038] FIG. 8 implements the invention in a motion 
adaptive system. The output co-ordinate processor in FIG. 
8 is substantially the same as the vector processor of FIGS. 
5 and 6 except that there is no input for motion vectors as 
these are all notionally Zero. The motion indication from the 
motion detector replaces the vector reliability indication in 
FIG. 6. 

[0039] In this embodiment, as the motion across the aper 
ture increases the reliability of the Zero motion vector 
decrease and the phase of the temporal interpolation is 
shifted toWards the temporally nearest input picture. This 
system is an improvement over previous motion adaptive 
systems as there is a reduction in multiple imaging and an 
improvement in the spatial resolution. Furthermore, the siZe 
of the coefficient stores can be reduced. If the temporal 
aperture is additionally varied With the change in motion, 
then, larger coef?cient stores are required. The use of motion 
adaptive systems provides a cheap and convenient Way of 
implementing the invention. 

[0040] Whilst embodiments of the invention have been 
described, these are by Way of example only and modi?ca 
tions Will suggest themselves to those skilled in the art 
Without departing from the scope of the invention as de?ned 
by the appended claims. For example, the means of modi 
fying the temporal coordinate of the output coordinates may 
be other than by using a look up table, for example, using 
suitable logic circuitry. This approach provides an ef?cient 
implementation of a pieceWise linear transfer characteristic 
and could be embodied in ?eld programmable gate array or 
custom gate array integrated circuit. Modi?cation of the 
temporal coordinate may also be achieved using a state 
machine Which might, additionally, use stored values of 
vector reliability (corresponding to spatially and temporally 
neighbouring pixels). In this latter case, the modi?cation of 
the temporal phase Would depend on the vector reliability of 
neighbouring pixels as Well as the current pixel. 
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1. Amethod of interpolating in processing of video or ?lm 
signals comprising storing input pixel values of an input 
signal in an input store, assigning a motion vector to each set 
of output coordinates to be interpolated, providing an indi 
cation of the reliability of each motion vector, modifying the 
temporal coordinate of each set of output coordinates 
depending on the reliability of the corresponding motion 
vector, and selecting at least one pixel value from the input 
store depending on the motion vector and the modi?ed 
temporal output coordinate, an interpolated output pixel 
value being determined from said at least one pixel value. 

2. Amethod of interpolating in processing of video or ?lm 
signals as claimed in claim 1, Wherein the input store stores 
a plurality of pictures, at least one pixel value is selected 
from each picture and a corresponding coefficient is selected 
from a coefficient store for each pixel value, the value of the 
output pixel is determined from a Weighted sum of the 
plurality of pixel values multiplied by their corresponding 
coef?cients. 

3. Amethod of interpolating in processing of video or ?lm 
signals as claimed in claim 1 or 2, Wherein each temporal 
coordinate is modi?ed using a lookup table, the transfer 
characteristic of Which is determined by the reliability of the 
corresponding motion vector. 

4. Amethod of interpolating in processing of video or ?lm 
signals as claimed in claim 1, 2 or 3, Wherein the transfer 
characteristic used to modify each temporal coordinate is 
given by Equation 1 as hereinbefore de?ned. 

5. Amethod of interpolating in processing of video or ?lm 
signals for motion compensated interpolation as claimed in 
any one of claims 1 to 4, Wherein the motion vector assigned 
to each set of output coordinates is assumed to be Zero and 
a motion detector is used to give an indication of hoW 
reliable a Zero motion vector is for each set of output 
coordinates. 

6. A video or ?lm signal processing interpolation appa 
ratus comprising an input store for storing pixel values of a 
input signal, means providing an indication of the reliability 
of a motion vector assigned to an output coordinate to be 
interpolated, means for modifying the temporal coordinate 
of each set of output coordinates depending on the reliability 
of the corresponding motion vector, and a vector processor 
Which selects at least one pixel value from the input store 
depending on the modi?ed temporal output coordinate and 
the corresponding motion vector. 

7. A video or ?lm signal processing interpolation appa 
ratus as claimed in claim 6 and further comprising a plurality 
of multipliers and associated coefficient stores, and an adder, 
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the input store being adapted to store a plurality of pictures, 
the vector processor selects at least one piXel value from 
each picture and a corresponding coef?cient for each piXel 
value, the output piXel value being calculated from a sum of 
the selected piXel values Weighted by the corresponding 
coef?cient. 

8. A video or ?lm signal processing interpolation appa 
ratus as claimed in claim 6 or 7 and further comprising a 
motion detector, the motion vector assigned to each set of 
output coordinates is assumed to be Zero and the motion 
detector supplies an indication of the reliability of a Zero 
motion vector to the means for modifying the temporal 
coordinate of each set of output coordinates. 

9. A video or ?lm signal processing interpolation appa 
ratus as claimed in claim 6 or 7, further comprising a motion 
estimation device Which assigns motion vectors to each set 
of output coordinates and is adapted to provide an indication 
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of the reliability of each motion vector to the means for 
modifying the temporal coordinate of each set of output 
coordinates. 

10. A video or ?lm processing interpolation apparatus as 
claimed in claim 9, Wherein the motion estimator is a block 
matching type and the indication of reliability is given by the 
match error. 

11. Avideo or ?lm processing interpolation apparatus as 
claimed in any one of claims 6 to 10, Wherein said means for 
modifying the temporal coordinate of each set of output 
coordinates includes a look up table. 

12. A video or ?lm processing interpolation apparatus as 
claimed in claim 11, Wherein the lookup table has a transfer 
characteristic given by equation 1 as hereinbefore described. 


