
Method and Apparatus for motion estimation using block matching   The
present invention relates to a method and to an apparatus for motion
estimation using block matching.  



Background   Block matching is well known as a robust and intuitively
simple method of motion estimation for television pictures. One impor- tant
parameter in block matching is the block size. Large blocks give more
reliable motion estimation than small blocks, particu- larly in the
presence of noise on the input picture, but they produce a coarser motion
vector field. If the goal of the motion estimation is to provide a motion
compensated prediction, for example in bit rate reduction applications, a
suitable compro- mise can usually be found, bearing in mind the fact that
neither reliability nor a fine motion vector field are necessary condi- 



tions for good performance since occasional errors can be toler- ated. If,
however, the motion estimation is being used for motion compensated
interpolation, for example for upconversion between 50 and 100Hz display
rates, the effects on picture quality of wrong vectors for whole blocks,
and also of vectors that do not correctly follow the boundaries of moving
objects, can be severe.    Invention   It is one object of the invention to
disclose a method by which the reliability advantages of a large block size
are combined 



with the performance of more localized motion vectors. This ob- ject is
reached by the method disclosed in claim 1.   It is a further object of the
invention to disclose an apparatus which utilises the inventive method.
This object is reached by the apparatus disclosed in claims 9 to 11.



2  The inventive solutions are slightly different, but are all based on
block matching using large blocks, followed by post- processing in which
the boundaries between motion vectors are fixed more precisely or
'localized'. As depicted in Fig. 1, the picture is divided into large rec-
tangular blocks LB (x[err], y[err]), where x[err] is a horizontal coordi-
nate increasing from left to right and y[err] a vertical coordi- nate
increasing from top to bottom of the picture. In the de- scriptions below,
the block size is supposed to be M pixels by N lines. Typical block sizes
are 8x8, 16x8 or 16x16. The block matching may be carried out either on a
subsampled image as described in EP93 402059 of the applicant or on the
original, 



and may be either conventional or 'two-sided', wherein the block to be
interpolated is matched with a previous and a sub- sequent picture, as
described in EP93 402187 of the applicant. The block matching process
yields an error value E(v[err], v[err]) for each candidate motion vector
(v[err],v[err]). The motion vector cho- sen for the block is the one for
which the error is a minimum.   The aim of the localization process is to
produce a separate motion vector for each pixel. One feature that is common
to all the localization methods is that, for any pixel, the mo- tion vector
will be one of four possibilities: the vector cal- culated for the block
containing the pixel and the vectors of the nearest blocks horizontally,
vertically and diagonally, as illustrated in figure 1. The pixels for which
the choice will 



be made from a given set of vectors form an offset block, shown in the
figure by a broken line. In this region, local- ized motion vectors are
chosen from the vectors V1, V2, V3 and V4 of the corresponding adjacent
large blocks.   In principle, the inventive method is suited for motion
estima- tion using block matching, wherein a motion vector related to each
block is calculated and wherein for any pixel of the cur- rent block, a
pixel motion vector is calculated using four motion vectors, that is the
motion vector of the current block and the motion vectors of the three
adjacent blocks, whereby - for any pixel, from error values related to said
four block   
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motion vectors several estimated errors are calculated, taking     into
account the position of the pixel relative to the centre of     each of the
corresponding block, whereby the minimum of said es-     timated errors is
taken to select the related of said four block     motion vectors as the
final motion vector for said pixel,     or whereby     - in addition, for
each pixel a pixel matching is performed by 



comparing said four motion vectors, followed by counting in rows     the
number of choices from the left, respectively right, pair of     blocks and
by counting in columns the number of choices from the     upper,
respectively lower, pair of blocks and re-ordering the     vectors to form
groups of identical vector types in such a way,     that every pixel has
two decisions which together define a     unique motion vector for the
pixel,     or whereby     - in addition, for each subblock smaller than
said block a     subblock matching is performed by comparing said four
motion     vectors relevant to the subblock and selecting one with respect
to a minimum subblock error, whereafter a dominant subblock vec-     tor is
generated from the selected vectors by combining them.   



Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.       In principle, a first
embodiment of the inventive apparatus for     motion estimation using block
matching, wherein a motion vector     related to each block of a picture
signal is calculated, in-     cludes:     - large-block matching means
receiving said picture signal and     producing block motion vectors and
related block errors;     - memory means which store said block motion
vectors and said     errors;     - error estimation means, in particular
linear error interpola-     tion means, which operate on stored error
values corresponding     to each four related block motion vectors, that is
the motion 



vector of the current block and the motion vectors of the three
adjacent blocks, and which calculate for each pixel estimated     errors,
taking into account the position of the pixel relative     EPLACEMENT SHEET
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of each of the corresponding block;       - comparing means which take the
minimum of said estimated 



errors;       - selecting means for selecting in relation to said minimum
the       respective of said four block motion vectors as a final motion
vector for the current pixel.         In principle, a second embodiment of
the inventive apparatus for       motion estimation using block matching,
wherein a motion vector       related to each block of a picture signal is
calculated, in-       cludes:       - large-block matching means receiving
said picture signal and       producing block motion vectors;       -
memory means which store said block motion vectors;       - pixel matching
means which compare each four of said stored       block motion vectors,
that is the motion vector of the current 



block and the motion vectors of the three adjacent blocks;       - count
means for counting in rows the number of vector choices       from the
left, respectively right, pair of blocks and by count-       ing in columns
the number of vector choices from the upper, re-       spectively lower,
pair of blocks and for re-ordering the vectors       to form groups of
identical vector types in such a way, that       every pixel has two
decisions;       - assigning means which combine said two decisions for
defining       a unique motion vector for each pixel, selected from the
corre-       sponding block motion vectors.         In principle, a third
embodiment of the inventive apparatus for       motion estimation using
block matching, wherein a motion vector       related to each block of a
picture signal is calculated, in- 



cludes;       - large-block matching means receiving said picture signal
and       producing block motion vectors;       - memory means which store
said block motion vectors;       - subblock matching means which compare
each four of said stored       block motion vectors, that is the motion
vector of the current       block and the motion vectors of the three
adjacent blocks to se-       lect a vector which has a minimum subblock
error;        



5  - combining means, in particular median filter means, which gen- erate a
dominant subblock vector from said selected vectors.   Advantageous
additional embodiments of the inventive apparatus are resulting from the
respective dependent claims.    Drawings  



Preferred embodiments of the invention are described with refer- ence to
the accompanying drawings, which show in: Fig. 1   possible motion vectors
for localization; Fig. 2   block diagram of localization by error
interpolation; Fig. 3    localization by vote counting; Fig. 4   block
diagram of localization by vote counting; Fig. 5   block diagram of
localization by subblock matching.    Preferred embodiments   Localisation
by error interpolation 



This embodiment works by calculating an estimated error for each pixel, for
each of the four motion vectors from which the choice will be made, and
then choosing the vector for which the estimated error is a minimum. For
each of the four vec- tors, the estimated error is calculated by linear
interpola- tion between the block matching errors produced for each of the
four blocks concerned, taking into account the position of the pixel in
question relative to the centre of each block. For example, if the
horizontal distance of the pixel from the centre of the upper left block is
A and its vertical distance B, the motion vector is V and the errors from
each of the four blocks are E[err](V), E[err](V), E[err](V) and E[err](V),
the estimated error for the pixel is:           EE = (1-A/M)*(C-B/N)*E[err]
+ (A/M)*(l-B/N)*E2              + (1-A/M)*( B/N)*E3 + (A/M)*( B/N)*E4 



This method extends the areas for which block matching errors
6  are likely to be small, thereby achieving a better match be- tween the
motion vectors and objects moving with different 



velocities, while preserving the continuity of the boundaries between
motion vectors.   Figure 2 is a block diagram of a possible hardware
implementa- tion. Large-block matching means LBM receiving the input sig-
nal INP produce for each candidate motion vector and for each block errors
E, which are stored in an error memory EM, to- gether with block motion
vectors BV, which are stored in a block vector memory BVM and for which the
error is a minimum in each block. Motion vectors BV4 from the memory BVM
are used in sets of four to control (C) via error memory control means EMC
access to the corresponding error values over four blocks which are stored
in error memory EM. These errors E4 form the input to an error interpolator
El which calculates estimated 



errors EE, pixel by pixel. Finally, the four estimated errors for each
pixel are compared in comparing means CEE and the minimum R is used to
select in vector selecting means VS from the motion vectors BV the output
motion vector OV for that pixel. An advantage of this embodiment is that it
retains good noise performance.   Localization by vote-counting This
embodiment works by first performing the block matching' operation on each
pixel using a block size of one pixel only and comparing only the four
vectors allowed for the pixel. This can be thought of as giving each pixel
a 'vote' for one of the four vectors. On its own, this operation introduces
an 



unacceptable number of spurious vectors, so it is followed by an adjustment
of the boundaries between motion vectors. An example of the operation of
this embodiment is given in figure 3. Within each row of the block-sized
area marked by the dotted line in Figure 1 (input pixel vectors IPV), the
number of. choices for vectors from the two blocks on the left (V[err]ad
V[err] result of counting rows RCR) is counted. If the result        



7   (row count RC) is 'a', say, the decision is made that the 'a'  leftmost
pixels in the row will be given motion vectors V[err] or  V[err] and the
(M-a) rightmost pixels V2 or V4 (vector assignment  in rows VAR).
Similarly, within each column, the number of  choices for the upper pair of
vectors (V[err] and V[err], result of  counting columns RCC) is counted
(column count.CC). If the  result is 'b', it is decided that the 'b'
uppermost pixels in  the column will be given motion vectors V[err] or
V[err] and the (N-b)  lowest pixels V3 or V4 (vector assignment in columns
VAC).  After both the rows and columns have been looked at in this 



way, every pixel has two decisions which together define a  unique motion
vector for the pixel (final vector assignment  FVA) by forming areas in
which both decisions (VAR and VAC)  contain the same kind of vector.  Note:
in Fig. 3, '13' means '1 or 3', '24' means '2 or 4',  etc.    Figure 4 is a
block diagram of a possible hardware implementa  tion of this embodiment.
Large-block matching means LBM re-  ceiving the input signal INP produce
for each block block vec-  tors BV, which are stored in a block vector
memory BVM. Sin-  gle-pixel matching means SPM receive the input signal INP
and  evaluate sets of four block vectors BV4 received from block  vector
memory BVM. The resulting single-pixel vectors PV (the 



'votes') are stored in vote count means CV and are reassigned  in a vector
assigner VA using the block vectors BV from memory  BVM, according to the
counting algorithm described above, to provide the final output pixel
vectors OPV.   This method also retains good noise performance and is quite
simple in hardware because the secondary, single-pixel search requires only
four comparisons per pixel. The process of counting votes across rows and
columns can be generalized to take into account the magnitudes of the
errors resulting from the single-pixel 'block matching' process.    



8  Localization by subblock matching This method also uses matching of
smaller blocks, but here a compromise is made between the reliability of
larger blocks and the need for a pixel-based motion vector field. Block
matching is performed using small blocks, typically 2x2, again comparing
only the four vectors relevant to the small block 



(or 'subblock'). The resulting motion vector field is much more reliable
than that resulting from a search using single pixels, but there is a
slight penalty in that the localization is coarser. With a subblock size of
2x2, there is some benefit in follow- ing the subblock search with
post-processing to remove the occasional spurious result, especially if the
input picture is noisy. One possibility is a median filter, using a window
of 3 subblocks by 3 subblocks, on each component of the motion vec- tor
separately. This is a fairly simple process but has the slight disadvantage
that the output motion vectors might not be one of the nine vectors on the
window from which the median is taken. This disadvantage is not severe,
especially if the vertical motion vector range is small, but it can be
overcome by using a 3x3 'vector median, filter on the motion vectors, 



as described in "An overview of median and stack filtering", GABBOUJ, M. et
al, 1991, Circuits Systems Signal Processing, Vol 11, No 1, 1992.
Simulations have shown that localization by subblock search- ing, followed
by a 3x3 median filter on each component, gives a closer approximation to
the true motion field than either of the other two embodiments. In most
architectures it is also likely to be the simplest to implement in
hardware, but the other embodiments may prove simpler to implement or to
have better performance in certain applications.   Figure 5 is a block
diagram of a possible implementation. Large- block matching means LBM
receiving the input signal INP produce for each block block vectors BV,
which are stored in a block 



vector memory BVM. Subblock matching means SBM receive the input signal INP
and evaluate sets of four vectors BV4 received from block vector memory
BVM. The resulting subblock vectors SBV             



which have been selected in SBM with respect to the minimum sub- block
error are median filtered in filter means MF to produce the final output
subblock vectors OSBV.          Claims   



1. Method for motion estimation using block matching,    wherein motion
vectors (BV) related to pixel blocks (LB)    are calculated and from the
block motion vectors (BV)    pixel motion vectors (OV, OPV) are calculated,
charac-    terized in that said pixel blocks have a predetermined    size
and that for each pixel of a current pixel block a    pixel motion vector
(OV, OPV, OSBV) is calculated using    in each case the block motion vector
(Vl) for the cur-    rent pixel block and three other block motion vectors
(V2, V3, V4) for the three adjacent pixel blocks which    are nearest to
that quarter of pixels of the current    pixel block to which a current
pixel belongs.  2.  Method according to claim 1, wherein for any pixel,
from     error values (E4) related to said four block motion vec- 



tors (Vl, V2, V3, V4) several estimated errors (EE) are     calculated,
taking into account the position of the     pixel relative to the centre of
each of the correspond-     ing block (LB), and wherein the minimum (R) of
said es-     timated errors is taken to select the corresponding one
from said four block motion vectors as the final motion     vector (OV) for
said pixel.   3. Method according to claim 2, wherein said estimated er-
rors (EE) are calculated using linear interpolations.   4.  Method
according to claim 1, wherein in addition, for     each pixel a pixel
matching (SPM) is performed by com- 



paring said four motion vectors (VI, V2, V3, V4), fol-     lowed by
counting in rows the number of choices from the     left pair of blocks or
right pair of blocks, respec-     tively, and by counting in columns the
number of choices     from the upper pair of blocks or lower pair of
blocks,     respectively, and re-ordering the vectors to form groups     of
identical vector types in such a way, that every
REPLACEMENT SHEET 



- 11 -    pixel has two decisions which together define a unique    motion
vector (OPV) for the pixel.   5.  Method according to claim 1, wherein in
addition for    each subblock smaller than said block (LB) a subblock
matching (SBM) is performed by comparing said four mo-    tion vectors (V1,
V2, V3, V4) relevant to the subblock    and selecting one (SBV) with
respect to a minimum sub-    block error, whereafter a dominant subblock
vector    (OSBV) is generated from the selected vectors by combin-    ing
them.   



6.  Method according to claim 5, wherein said combining is a    median
filtering (MF).   7.  Method according to any of claims 1 to 6, wherein
said    block matching is carried out on subsampled pictures.   8.  Method
according to any of claims 1 to 7, wherein said    block matching is a
two-sided block matching.   9.  Apparatus, related to a method for motion
estimation us-     ing block matching, wherein a motion vector (BV) related
to each block (LB) of a picture signal is calculated, 



according to any of claims 1 to 3, 7 and 8 and includ-     ing: -
large-block matching means (LBM) receiving said picture     signal (INP)
and producing block motion vectors (BV) and     related block errors (E); -
memory means (BVM, EM) which store said block motion     vectors and said
errors; - error estimation means (El) or linear error interpola-     tion
means which operate on stored error values (E4)     corresponding to each
four related block motion vectors     (VI, V2, V3, V4), that is the motion
vector of the cur-     rent block and the motion vectors of the three
adjacent    



-12 -     blocks, and which calculate for each pixel estimated er-    rors
(EE), taking into account the position of the pixel    relative to the
centre of each of the corresponding    block (LB);    comparing means (CEE)
which take the minimum (R) of said    estimated errors;    selecting means
(VS) for selecting in relation to said    minimum the respective of said
four block motion vectors    as a final motion vector (OV) for the current
pixel. 



10. Apparatus, related to a method for motion estimation us-     ing block
matching, wherein a motion vector (BV) related     to each block (LB) of a
picture signal is calculated,     according to any of claims 1, 4, 7 and 8
and including: -   large-block matching means (LBM) receiving said picture
signal (INP) and producing block motion vectors (BV); - memory means (BVM)
which store said block motion vec-     tors; -  pixel matching means (SPM)
which compare each four of     said stored block motion vectors (V1, V2,
V3, V4), that     is the motion vector of the current block and the motion
vectors of the three adjacent blocks; -   count means (CV) for counting in
rows the number of vec- 



tor choices from the left pair of blocks or right pair     of blocks,
respectively, and by counting in columns the     number of vector choices
from the upper pair of blocks     or lower pair of blocks, respectively,
and for re-     ordering the vectors to form groups of identical vector
types in such a way, that every pixel has two decisions; -   assigning
means (VA) which combine said two decisions     for defining a unique
motion vector (OPV) for each     pixel, selected from the corresponding
block motion vec-     tors (BV).   11. Apparatus, related to a method for
motion estimation us-     ing block matching, wherein a motion vector (BV)
related  



- 13 -   to each block (LB) of a picture signal is calculated, according to
any of claims 1 and 5 to 8 and including: large-block matching means (LBM)
receiving said picture signal (INP) and producing block motion vectors
(BV); memory means (BVM) which store said block motion vec- 



tors; subblock matching means (SBM) which compare each four of said stored
block motion vectors (V1, V2, V3, V4), that is the motion vector of the
current block and the motion vectors of the three adjacent blocks to select
a vector (SBV) which has a minimum subblock error; combining means (MF) or
median filter means which gener- ate a dominant subblock vector (OSBV) from
said selected vectors (SBV).    


