
METHOD AND APPARATUS FOR FORMING         A VIDEO SIGNAL USING MOTION
ESTIMATION AND SIGNAL PATHS WITH           DIFFERENT INTERPOLATION
PROCESSING               FIELD OF THE INVENTION   The present invention
relates to a method and to an 



apparatus for forming a video signal using motion estima- tion and signal
paths with different interpolation processing.          BACKGROUND OF THE
INVENTION   The invention described here is part of a motion compen- sated
field rate up-conversion system, where intermediate fields of a television
picture, not at the present input, are calculated by means of motion
compensated interpolation. A typical application is conversion between 50
Hz and 100 Hz television signals for display flicker reduction.
SUMMARY OF THE INVENTION   It is one object of the invention to disclose a
method of selecting an interpolation mode in relation to a confidence
measurement of the related motion vector. 



It is a further object of the invention to disclose an apparatus which
utilizes the inventive method.   In principle, every pixel in the
intermediate fields can be the direct output of a motion compensated
interpolator. In practice, however, there will always be areas of the
picture where the motion is too fast or too complex to be estimated
correctly. Patent application EP93 402505 of the applicant describes
'fallback processing' whereby a special non-com- pensated fallback mode or
any comparable mode can be used in such areas.   The final output is in
fact the result of a soft switch or fade between the motion compensated
interpolation and the fall- back mode, controlled by a measure of
confidence in the reliability of the estimated motion vector. The
confidence measure takes values between 0 and 1, where 0 (no confi- 



dence) selects the fallback mode only, and intermediate values mix linearly
between the two.   Advantageously, the confidence measure includes the
following two components: a 'basic confidence measure' which reflects the
error in the motion measurement, and the measure based on the speed of
movement.          



In principle, the inventive method is suited for forming a video signal
using motion estimation and signal paths with different interpolation
processing, in particular motion com- pensated interpolation and fallback
interpolation, whereby the output signals of said different signal paths
are combined in relation to a measure of confidence which is derived from a
minimum motion estimation error of the input video signal, which is in
particular block based.   In principle the inventive apparatus for forming
a video signal using motion estimation and signal paths with differ- ent
interpolation processing, in particular motion compen- sated interpolation
and fallback interpolation, includes:   motion compensated interpolation
means and fallback      interpolation means which receive said input video
signal and the output pixel values of which are mixed 



in combining means in relation to a measure of confi-      dence value
which is derived in combining means from      a block based minimum motion
estimation error of the      input video signal and from a related block
motion      vector or its components; and   motion estimation means which
calculate from said input     signal, or motion information extractor means
which     extract from the transmitted input signal data stream,     said
block based minimum motion estimation error and     said related block
motion vector or its components.        BRIEF DESCRIPTION OF THE DRAWING
Preferred embodiments of the invention are described with reference to the
accompanying drawings, which show in: 



FIG. 1 is a diagram relating confidence level (CF) to subblock matching
error (SBME) in accordance with an aspect of the invention;   FIG. 2 is a
diagram-relating confidence level (CF) to motion speed (ES) in accordance
with another aspect of the invention;   FIG. 3 is a block diagram of video
signal processing system including confidence measurement and control in
accordance with the principles of the invention;   FIGS. 4, 5, 6, 7 and 8
are block diagrams illustrating modifications of the video signal
processing system of FIG. 3.    



-3-                DETAILED DESCRITION   One method of motion measurement
is "block based", that is, it is based on the movement of blocks of picture
elements between a current and a previous location from field to field or
frame to frame as distinguished from "pixel based" systems in which the
motion of individual pixels is measured. For improved accuracy in block
based systems, it has been proposed to employ block matching followed by
localization using subblock matching, as described in EP-A- 



93402188.2 of the applicant filed Aug. 9, 1993. See also EP-A-93117661.4
filed Feb. 11, 1993 and U.S. patent appli- cation Ser. No. 08/303,337
entitled METHOD AND APPA- RATUS FOR MOTION ESTIMATION USING BLOCK MATCHING
which was filed 8 Sep. 1994.   Such subblock matching process produces
motion vectors whose components may be passed through a median filter. In
calculating the motion vectors, the subblock matching pro- cess, or any
other comparable process, generates an error (e.g. the sum of absolute, or
the square of, difference values between the according pixel values in the
two blocks used for matching) for each candidate motion vector and the
vector giving the minimum error is chosen.   It is the value of this
minimum error which is used to calculate a basic measure of confidence
according to the law 



illustrated in FIG. 1 which illustrates by diagram 100 confidence level CF
as a function (segment 102) of subblock matching error SBME. If this
subblock matching error SBME is zero, the confidence CF takes its maximum
value of "1" (e.g., unity) as shown. As the error SBME increases to a
cut-off value CV, the confidence decreases to its minimum value of zero.
Other, similar relations (e.g. part of a sine or cosine function or a
gaussian function) between subblock matching error and confidence may also
be used for such limiting filter as an alternative to the linear rela-
tionship illustrated.   It is herein recognized, in accordance with an
aspect of the invention, that one problem with the measure of confidence of
FIG. 1 is that the subblock matching process usually generates high errors,
leading to low or zero confidence, 



around the edge of an object moving over a detailed back- ground. This
means that the edge will be interpolated using the fallback mode, even
though the motion vectors them- selves correctly follow the edge. A
solution to the foregoing, in accordance with another aspect of the
invention, is to pass the subblock errors through a rank order filter, for
example on a 3x3 window (e.g., as illustrated in FIG. 8). The filter may be
a median filter or another rank order filter; for example a filter
selecting the third highest error value in the window may be selected.



-4 -    As used herein, the term rank order filter has its usual meaning of
a filter which provides selection or classification on the basis of an
ordering of values. A median filter, for example, is a rank order filter
that selects that value of a set of values for which half of the remaining
values are larger and the other half of the remaining values are smaller.
Rank order filters differ in a significant respect from estimation filters
(e.g., interpolators or averagers) in that the output is a real value equal
to a specific input value and is not merely an estimation or approximation
of a real input value.   Advantageously, the measure of confidence may be
modi- 



fied to take account of the speed (ES) of movement. The aim of this
modification is to ensure that, as an object accelerates out of the range
of motion speeds that can be estimated and coded with a motion vector, the
interpolation switches smoothly into the fallback mode. An example of a
suitable law that can be applied is given in FIG. 2. In FIG. 2, the
function 200, comprising segments 202 and 204, illustrates confidence level
CF as a function of the motion speed, ES. Again, other relations (e.g. part
of a sine of a sine or cosine function or a gaussian function, different
start value SV) between motion speed ES and confidence CF may be used
rather than the piece-wise linear relationship shown.   The
confidence/speed relationship may be applied to the true motion speed.
Alternatively, it may be applied to the two motion vector components
separately (e.g., the vertical or 



"Y" direction or horizontal or "X" direction) and then taking the minimum
of the two components or some other combi- nation of the two results. The
result is combined with the main measure of confidence (e.g., FIG. 1,
confidence vs matching error), for example by taking the minimum or by
multiplication.   In the confidence measurement circuit of FIG. 3 an input
video signal S[err], e.g. 50 Hz, 2:1 or 60 Hz, 2:1, is fed to a motion
compensated interpolator MCI, to a fallback filter FFI and to a motion
estimator ME. A soft switch SSW combines or "blends" the output signals of
interpolator MCI and filter FFI to produce the final output signal S[err]
which may have the format 100/120 Hz, 2:1 or 50/60 Hz, 1:1. Switch SSW is
controlled by a confidence signal CF coming from a combiner CB for
determining the proportions of the 



interpolator and fallback filter signals that are combined to form the
output signal S[err]. Motion estimator ME calculates the block matching
error BME, a horizontal component MVX of the related motion vector and a
vertical component MVY of the related motion vector.
-5-      As an alternative to providing a motion estimator locally 



in the system, the motion error and vector component values  may also be
transmitted if the motion estimator ME is  located within a transmitter and
the circuit of FIG. 3 is part  of a receiver, e.g. a TV receiver. Then,
circuit ME may  extract the matching error and/or the motion vector and/or
its components from the transmitted input signal data  stream. This
modification is illustrated in FIG. 6 in which the  input signal Si
containing the block based minimum motion  estimation error signal (e.g.,
the block matching signal) and  the motion vector) is applied to the input
of a motion  extractor ME'. The motion information can also be used in  the
interpolator MCI if desired in a particular application.  To continue, the
block matching error signal BME passes  through a rank order filter ROFL,
for instance a median filter  (or a 3x3 window, etc. as previously
described) and a first 



weighting or "limiting" filter L1 operating according to the  law or
transfer function of FIG. 1 and is then fed into a  combiner CB. FIGS. 7
and 8 illustrate the foregoing alter-  natives of using median and window
filtering for the rank  order filter ROFL. In FIG. 7 the rank order filter
ROFL-A  comprises a median filter. In FIG. 8 the rank order filter  ROFL-B
comprises a window filter. The horizontal motion  vector component MVX
passes through a first median filter  MFL1 and a second weighting or
"limiting" filter L2 oper-  ating according to the law (transfer function)
of FIG. 2 and  is then fed into combiner CB. As previously noted, curved
rather than linear relationships may be used in the confi-  dence vs black
matching transfer function and the confi-  dence vs motion speed transfer
function.  The vertical vector component MVY passes through a 



second median filter MFL2 and a third weighting or "lim-  iting" filter L3
operating according to the law or transfer  function of FIG. 2 and is then
fed into combiner CB.  The combiner CB operates as described above and can
work as a look-up table which is stored in memory means.  Alternatives for
the combiner CB include signal combining  by minimum selection (as shown in
FIG. 4) and by products  (as shown in FIG. 5). The laws of filters L2 and
L3 can be  different (different function or start value SY). The laws
represented by filter L1, L2 and L3 can be stored in look-up  tables.
Moreover, in case of specific picture data character-  istics (e.g.
camera/film mode) different laws can be selected  or downloaded into the
law of memories.  If the chrominance components are not controlled
together with the luminance components by signal CF, they 



can be handled by separate means according to FIG. 3,  having laws designed
especially for the chrominance com- ponents.
-6 -    Other advantageous application of the invention include it use in
standards conversion, bit rate reduction, digital HDTV, digital VCR and
MPEG1 or MPEG2 devices (IEC/ 



ISO standard). In case of bit rate reduction the fallback processing may be
intra-field coding.                                    - 7 -   What is
claimed is:   1. A method for forming a video output signal (So) from a
video input signal (Si) using motion estimation (ME) and signal paths with
different interpolation processing compris- ing motion compensated
interpolation (MCI) in one signal 



path and fallback interpolation (FFI) in the other path, comprising the
steps of:   combining the output signals of the different signal paths
(SSW) in relation to a measure of confidence (CF);   forming the measure of
confidence from a block based,      minimum motion estimation error (BME)
of the video      input signal (Si).   2. A method according to claim 1
wherein the step of forming the measure of confidence includes:   forming a
block motion vector (MVX or MVY) from the      video input signal (Si); and
combining (CB) said block based minimum motion esti-      mation error
(BME) with the block motion vector      (MVX or MVY).   3. A method
according to claim 1 wherein the step of 



forming the measure of confidence includes:   forming a horizontal block
motion vector (MVH) and a      vertical block motion vector (MVY) from said
video      input signal (So); and   combining (CB) said block based minimum
motion esti-      mation error (BME), said horizontal block motion
vector (MVH) and said vertical block motion vector      (MVY).   4. A
method according to claim 1 further comprising the step of: filtering said
block motion estimation error (BME) with a rank order filter (ROFL).   5. A
method according to claim 2 further comprising the step of:   filtering
said block based minimum motion estimation     error (BME) with a rank
order filter (ROFL). 



6. A method according to claim 3 further comprising the step of:
filtering said block based minimum motion estimation     error (BME) with a
rank order filter (ROFL).   7. A method according to claim 5 further
comprising the step of: median filtering (MFL1, MFL2) said block motion
vector.   8. A method according to claim 6 further comprising the step of:
median filtering (MFL1, MFL2) said horizontal block motion vector component
and said vertical block motion vector component.     



9. A method according to any of claims 3-8 further comprising the step of:
subjecting at least one of said block based minimum      motion estimation
error (BME), said block motion      vector, said horizontal component (MVX)
of said block      motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or      L3) prior
to said combining step.   10. A method according to any of claims 2-8
further comprising the steps of. 



subjecting at least one of said block based minimum      motion estimation
error (BME), said block motion      vector, said horizontal component (MVX)
of said block      motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or      L3) prior
to said combining step; and   wherein the step of combining comprises
taking a mini-      mum of the signals that are combined.    11. A method
according to any of claims 2-8 further comprising the steps of:
subjecting at least one of said block based minimum      motion estimation
error (BME), said block motion      vector, said horizontal component (MVX)
of said block      motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or 



L3) prior to said combining step; and   wherein the step of combining
comprises taking a product      of the signals that are combined.   12. A
method according to any of claims 2-8 further comprising the steps of:
subjecting at least one of said block based minimum      motion estimation
error (BME), said block motion      vector, said horizontal component (MVX)
of said block      motion vector and said vertical component (MVY) of
said block motion vector to limiting filtering (L1, L2, or      L3) prior
to said combining step; and   wherein the step of combining comprises
selecting con-      fidence values from a look-up table.   13. Apparatus
for forming a video signal (S[err]) using motion estimation (ME) and signal
paths with different 



interpolation processing, in particular motion compensated interpolation
(MCI) and fallback interpolation (FFI), com- prising:   motion compensated
interpolation means (MCI) and fall-     back interpolation means (FFI)
coupled to receive said     input video signal (S[err]);
-9- combining means (SSW) for combining output signals of 



said motion compensated and fallback interpolation   means in relation to a
measure of confidence value   (CF); combining means for deriving said
measure of confidence   value from a block based minimum motion estimation
error (BME) of the video input signal (Si) and from a   related block
motion vector or its components (MVX,   MVY); and motion estimation means
(ME) for calculating from said   input signal (Si), or motion information
extractor   means (ME) which extract from the transmitted input   signal
data stream, said block based minimum motion   estimation error (BME) and
said related block motion   vector or its components (MVX, MVY). 14.
Apparatus according to claim 13 further comprising: 



means (ROFL) for rank order filtering said block based   minimum motion
estimation error (BME) and for   median filtering (MFL1, MFL2) said related
block   motion vector or its components (MVX, MVY) before   being used in
said combining means (CB) for forming   said measure of confidence value
(CF). 15. Apparatus according to claim 13 further comprising: filter means
(L1, L2, L3) for applying limiting filtering to   said block based mininum
motion estimation error   (BME) and to said related block motion vector or
its   components before being used in said combining   means (CB) for
forming said measure of confidence   value (CF). 16. Apparatus according to
claim 13 further comprising: means (ROFL) for rank order filtering said
block based 



minimum motion estimation error (BME) and for   median filtering (MFL1,
MFL2) said related block   motion vector or its components (MVX, MVY)
before   being used in said combining means (CB) for forming   said measure
of confidence value (CF); and filter means (L1, L2, L3) for applying
limiting filtering to   said block based minimum motion estimation error
(BME) and to said related block motion vector or its   components (MVX,
MVY) before being used in said   combining means (CB) for forning said
measure of   confidence value (CF).     



17. A method as recited in claim 4 wherein said rank order filter (ROFL)
comprises one of (i) a median filter (ROFL-A) and (ii) a window filter
(ROFL-B).   18. A method as recited in claim 5 wherein said rank order
filter (ROFL) comprises one of (i) a median filter (ROFL-A) and (ii) a
window filter (ROFL-B).   19. A method as recited in claim 6 wherein said
rank order filter (ROFL) comprises one of (i) a median filter (ROFL-A) and
(ii) a window filter (ROFL-B). 




