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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 bldcks, 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.
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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 (xp , yp), where xp is a horizontal coordi-
nate increasing from left to right and yp 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(vy ,Vvy) for
each candidate motion vector (vyx ,vy). 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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are COT@t@F%ccount 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 wvectors 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
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to the centre 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 wvectors;

- memory means which store said block motion vectors;

- subblock matching means which compare each four of said stored
block motioh vectors, that is the motion wvector of the current
block and the motion vectors of the three adjacent blocks to se-
lect a vector which has a minimum subblock error;
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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 loéalization;
Fig. 2 block diagram of localization by error interpolation;
Fig. 3 localization by vote counting;
Fig. 4 block diagram of localization by vote counting;
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Fig. 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 (V)}, Ej(V), E3(V) and E4(V), the estimated error
for the pixel is: :

EE = (1-A/M)*(1-B/N)*E; + (A/M)*(1-B/N)*E,

+ (1-A/M)*( B/N)*E3 + (A/M)*( B/N)*E,

This method extends the areas for which block matching errors
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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 B4 form the
input to an error interpolator EI 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; and
V3, result of counting rows RCR) is counted. If the result



flgure ne. In this region, local- ized notion vectors are
chosen ors V1, V2, V3 and V4 of the corresponding adjacent

| ar ge bl ocks. I n principle, the i nventive nmethod is suited for notion
estima- tion using block matching, wherein a notion vector related to each
bl ock is calculated and wherein for any pixel of the cur- rent block, a

pi xel fwpoworoustt BL)i ¢scdhéul seyd Giiendelcdsiomptisomadectbas, thieat'a's t he

X dyh t ! R
mot i ony uee BEtoﬁl&QQFGEErEB% Qb@c%lﬁﬂ bE @#qgh'ﬁgtlgﬁ et lirsl B9 E%rto sai d
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in rows VAR). Similarly, within each column, the number of
choices for the upper pair of vectors (Vq and V;, 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; or V; and the (N-b)

T] .
be nma & ea}h3B7iﬁT get of vectors forman offset block, shown in the

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

uniqﬁe motion vector for the pixel (final vector assignment
FVA) by forming areas in which both decisions (VAR and VAC)
contain the same kind of wvector.

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 wvectors 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.
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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 wvectors 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, 1882.

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

3
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resultlng ctlve dependent cl ai ns. In principle, a first
enbodinen i ve apparatus for notion estimation using block
mat chi ng, erel on vect or related to each bl ock of a picture
signal is calculated, I n- cludes: 10 - Jarge-block matching neans
receiving said picture signal and produci ng bl ock notion vectors and
rel at edtlligek errors; - menory means which store said bl ock notion
vectors and said errors; - error estimation neans, in particular

| i near error interpola- tion nmeans, which operate on stored error
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the m)t'onmotion vector (BV) related to each block {(LB) is calculated,
characterised in that for any pixel of the current block, a
pixel motion vector (OV, OPV, OSBV) is calculated using four
motion vectors (V1, V2, V3, V4), that is the motion vector of
the current block and the motion vectors of the three adja-

cent blocks.

2. Method according to claim 1, characterised in that for any
pixel, from error values (E4)‘related to said four block mo-
tion wvectors (V1, V2, V3, V4, BV4) several estimated errors
(EE) are calculated (EI), taking into account the position of
the pixel relative to the centre of each of the corresponding
block (LB), whereby the minimum (R) of said estimated errors
is taken to select the related of said four block motion vec-
tors as the final motion vector (OV) for said pixel.

3. Method according to claim 2, characterised in that said esti-
mated errors (EE) are calculated (EI) using linear interpola-

tions.

4., Method according to claim 1, characterised in that in addi-
tion, for each pixel a pixel matching (SPM) is performed by
comparing said four motion vectors (Vli, V2, V3, V4, BV4),
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 wvector types in such a way, that every
pixel has two decisions which together define a unique motion
vector (OPV) for the pixel.

5. Method according to claim 1, characterised in that in addi-
tion, for each subblock smaller than said block (BL) a sub-
block matching (SBM) is performed by comparing said four mo-
tion vectors (Vi, V2, V3, V4, BV4) relevant to the subblock

LR ) IIIII | IIII
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of each of the correspondi ng bl ock; 11 . conparing nmeans which take the
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and selecting one (SBV) with respect to a minimum subblock
error, whereafter a dominant subblock vector (OSBV) is gener-
ated from the selected vectors by combining (MF) them.

Method according to claim 5, characterised in that said com-

bining is a median filtering {MF).

Method according to any of claims 1 to 6, characterised in
that said block matching is carried out on subsampled pic-

tures.

Method according to any of claims 1 to 7, characterised in
that said block matching is a two-sided block matching.

Apparatus, related to a method for motion estimation using
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 including:

large-block matching means (LBEM) receiving said picture sig-
nal (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 (EI), in particular linear error in-
terpolation means, which operate on stored error values (E4)
corresponding to each four related block motion vectors (Vi,
V2, V3, V4, BV4), that is the motion wector of the current
block and the motion vectors of the three adjacent blocks,
and which calculate for each pixel estimated errors (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 es-
timated errors;

selecting means (VS) for selecting in relation to said mini-
mum the respective of said four block motion vectors as a fi-
nal motion vector (OV) for the current pixel.
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t he of sald four block notion vectors as a final notion
vect or nt plxel In principle, a second enbodi nent of
t he inventive apparatus for notion estimation using block matching,
mhereln a notion vector rel ated %% each bl ock of a picture signal is
cal cul ated, in- cl udes: - large-bl ock mat chi ng neans recei ving
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any of claims 1, 4, 7 and 8 and including:

- large-block matching means (LBM) receiving said picture sig-
nal (INP) and producing block motion vectors (BV);

- memory means (BVM) which store said block motion vectors;

- pixel matching means (SPM) which compare each four of said
stored block motion wvectors (Vi, V2, V3, V4, BV4), 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 vector
choices from the left, respectively right, pair of blocks and
by counting in columns the number of vector choices from the
upper, respectively 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 (VA) which combine said two decisions for de-
fining a unique motion vector (OPV) for each pixel, selected
from the corresponding block motion wvectors (BV).

11. Apparatus, related to a method for motion estimation using
block matching, wherein a motion vector (BV) related 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 sig-
nal (INP) and producing block motion wvectors (BV);

- memory means (BVM) which store said block motion vectors;

- subblock matching means (SBM) which compare each four of said
stored block motion vectors (Vi, V2, V3, V4, BV4), that is
the motion vector of the current block and the motion wvectors
of the three adjacent blocks to select a vector (SBV) which
has a minimum subblock error;

- combining means (MF}, 'in particular median filter means,
which generate a dominant subblock vector (0OSBV} from said
selected vectors (SBV).
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left, re I ijlght , pair of blocks and by count- ing in colunmms
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pair of blocks and for re-ordering theldectors to form groups of

I dentical vector types in such a way, that every pixel has two

deci si AKstract - assigning neans which conbine said two decisions for
defini ng a unique notion vector for each pixel, selected fromthe
corre- spondi ng bl ock notion vectors. In principle, a third
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blocks give more reliable motion estimation than small blocks, particularly in the
presence of noise on the input picture, but they produce a coarser motion vector
field. However, if the motion estimation is being used for motion compensated in-
terpolation, for example for upconversion between 50 and 100Hz display rates,
the effects on picture quality of wrong vectors for whole blocks, and also of vec-
tors that do not correctly follow the boundaries of moving objects, can be severe.
According to the invention, large block (LB) matching is combined with the per-
formance of more localized motion vectors to get pixel motion vectors. For any
pixel, the motion vector will be one of four possibilities: the vector calculated for
the block containing the pixel and the vectors (V1, V2, V3, V4)} of the nearest

blocks horizontally, vertically and diagonally.

Fig. 1



cIudesTm Iarge block mat chi ng neans receiving said picture signa
sSh
_and Btk notion vectors; - nmenory neans which store
sai d bI ors ~ subbl ock mat chi ng neans whi ch conpare
each fo bl ock nmotion vectors, that is the notion
vector of the current bl ock and flne3nmption vectors of the three
adj acent bl ocks to se- | ect a vector which has a m ni num subbl ock
error, RLMV
> LB T
Vi rﬂ—__ﬁ___'___ o Ve N
I
E' | < M
| |
V7 J R I V4

Fig.1

BVM VS

BV BV oV

— > L L >

lBV4 T R
N ' EMC CEE
INP
) BN
E E4

EM El



- conblnlng means, in particular median filter neans, which gen- erate a
om nﬁnismummknﬁmﬂor fromsaid sel ected vectors. Advant ageous
s

“addi ti of the inventive apparatus are resulting fromthe
respect

| ai ms. DraWn92/3

e IPV.
1 1]4[2]3 3 3[4
312131 1]2]1]4!
113 3 3[2{3 3]4.
13114 4 4]2]4]2:

______________ RCR RC e VAR
11313 24 24 13 1313 24} a=5 1371313 13 1312'424 24
113 24 13 13 13 24 13 24! a_S____>'13 1313 13 1324 24 24!
113 13 13 13 24 13 13 241 a=6 113 13 13 13 13 13]24 24 |
3042 M a2 13 13[4 2024 24 2424

______________ RCC. _____-_-_-YAQ.
1212 34 1234 34 34 34} M2 12)3 (12712 1212125
134 12 34 1212 12 1234 112j |2121 2[4 3% !
'1234343412343434: — 3 33434 3 UM,
134 12.34 34 4 12 3412 MRAAAAAY

b=2 30 222 1 1
FVA
* TR
M 1|31 1]2[4 4
311|3 3334 4.
3. 3[4 444 4 4,




i b o A 2 . Rt ¢

t he acconpanyi ng dramﬁngs mhIOhJShOMIEH Fig. 1 V pOSSIb|e nntldn vectongk

for .local wzation; Fig. 2.1 bhoeok-«dimgram of |ocal¥zation by error‘lg cgnod 3’3 ,
inferpolation: Fig. 3 . l.ocalizat.i.on. by vote coupting; Fig. .4 . hlock d. = |
di agram ofy l'ocal i zati on: bp vote count i Fig. 5 bl ock dlagran1of i
| ocal i zati on by subblockugquhlng Pre}erred enbodlnents Loc%hh tion ;

by error - nt erggl éq{'pparatus for motion estimat:{ “using block ma;tchrng

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.

REPLACEMENT SHEET
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Thi 5 by calculating an estimated error for each pixel, for

ea¢htof the four npt|on vectors fromwhich the choice will be made, and
t hen cthst@)ﬂane yector for which the estinmated error is a mninmm For
eaghtof the four vect tors, the estinmated error is calculated by |inear
I nferpola- tion between the block matchimg errors produced for each of the
fodr..blocks concernetl, taking into account the position of the pixel in

question rel at %}{@eﬁﬁﬁé"%o@ﬁ'&&?sﬁsogréa;@ﬁ dl@yez%wmbet hiet hey
hori zont al T anc romt |eft block is

t.re.of
A and its be#?qlc% e‘&%ﬁ'&g%émgh‘ésml gil{ﬂ'ch 5 GO‘;&&e’Fﬁeb&}??ﬁE from
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ih(eA/ei/; L??E@dﬁ?r’ﬁ&re fdedileipi xel 'zécallzed' EE = (1 AM*(C B ’l*\DE*4E[ err]
As depicted in Fig. 1, th

plcgﬂre is g& ded gnto lgrge rec-
tangular blocks LB (xp , yp), where xp is a horizontal coordi-
nate increasing from left to right and yp 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 blaock
matching may be carried out either on a subsampled image as

T 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({vy Vvy) for
each candidate motion vector (vy ,vy). 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 Vi, 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 wvector 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 coliumns the number of choices from the
upper, respectively lower, pair of blocks and re-ordering the
vectors to form groups of identical wvector 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: i

- large-block matching means receiving said picture signal and
producing block motion vectors and related block erroxs;

- 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 wvectors, 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
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not ijo ectors. ijgure 2 is a bl ock diagram of a possible hardware

implle nﬁéJJéNéﬂglLdrge-block mat chi ng means LBM receiving the input sig-
nal I NP produce for |egch candi date notion vector and for each block errors

E, ich are stored i an error nmenory EM4 to- gether with bl ock notion
vectlors BV __which .arelstored in a block vector nenory BVM and for which the

error is a i niygifaneagk BLogks :\G}Eé %ﬁé%%?%alﬁge%iaeﬂlthe menory BVM

are used in sets of four to cont ro vi a érror control means EMC
access to thETHATISFoReRrRT wRich %%&‘%%PWWGI% S EPRER% stored

In error ndgyorsEM These errors E4 formthe input to an error interpolator
El which Ceu(égf% %ﬁnﬁsﬁhgﬁéegor 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 wvector 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;
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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;

»

block diagram of localization by vote counting;
block diagram of localization by subblock matching.

Fig.
Fig.

n

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; (V), Ez(V), E3(V) and E4(V), the estimated error
for the pixel is:

EE = (l-A/M)*(l-B/N)*El + {(A/M)*(1-B/N) *E»o

+ (1-a/M)*( B/N)*E3 + (A/M) *{ B/N)*E4

This method extends the areas for which block matching errors
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are 1ikely to be small, thereby achieving a better match be-
rween the motion vectors and objects moving with different
velocities, while preserving the continuity of the boundaries

petween motion vectors.

Figure 2 is a block diagram of a possible hardware implementa-
tion. Large-block matching means LBM receiving the input sig-
pnal 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 EI 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 (V1 and
Vaj; result of counting rows RCR) is counted. If the result



7 3§£gédﬁmﬁﬁu4£$"} 3 ' a', say, the decision is made that the "a' |eftnost
pi xgl b tg@ wAII be given notion vectors V[err] or V[err] and the
(M@) r'g%g S els V2 or V4 (vector assignment in rows VAR).

Sin ] ' ach colum, the nunber of choices for the upper pair of
vectors (V[err] and V[err] result of counting colums RCC) is counted
(coLuﬁameeﬂﬁ%~€£}~—+# the result is '"b',7it is decided that the 'b'

uppernost pixels in the colum wll be given notion vectors V[err] or
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leftmost pixels in the row will be given motion vectors V; or

vy and the (M-a) rightmost pixels V; or V4 (vector assignment
in rows VAR). Similarly, within each column, the number of
choices for the upper pair of vectors (V; and V5, 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 Vi or V4 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
unigque motion vector for the pixel (final vector assignment
FVA) by forming areas in which both decisions (VAR and VAC)
contain the same kind of wveétor.

Note: in Fig. 3, '13' means 'l 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 wvectors 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 wvectors 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 fesulting from
the single-pixel ‘block matching' process.
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compromise 1s 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
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Claims

Method for motion estimation using block matching, wherein a
motion vector (BV) related to each block (LB} is calculated,
characterised in that for any pixel of the current block, a
pixel motion vector (OV, OPV, OSBV) is calculated using four
motion vectors (V1i, V2, V3, V4), that is the motion vector of
the current block and the motion vectors of the three adja-
cent blocks.

Method according to claim 1, characterised in that for any
pixel, from error values (E4) related to said four block mo-
tion wvectors (V1, V2, V3, V4, BV4) several estimated errors
{(EE) are calculated (EI), taking into account the position of
the pixel relative to the centre of each of the corresponding
block (LB), whereby the minimum (R) of said estimated errors
is taken to select the related of said four block motion vec-
tors as the final motion vector (OV} for said pixel.

Method according to claim 2, characterised in that said esti-
mated errors (EE) are calculated (EI) using linear interpola-
tions.

Method according to claim 1, characterised in that in addi-
tion, for each pixel a pixel matching (SPM)} is performed by
comparing said four motion vectors (V1, V2, V3, V4, BV4),
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 (OPV} for the pixel.

Method according to claim 1, characterised in that in addi-
tion, for each subblock smaller than said block (BL) a sub-
block matching (SBM) is performed by comparing said four mo-
tion vectors (Vi, V2, V3, V4, BV4) relevant to the subblock

U] R R
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6. Method according to claim 5, characterised in that said com-

bining is a median filtering (MF).

7. Method according to any of claims 1 to 6, characterised in
that said block matching is carried out on subsampled pic-
tures.

8. Method according to any of claims 1 to 7, characterised in
that said block matching is a two-sided block matching.

9. Apparatus, related to a method for motion estimation using
‘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 including:

- large-block matching means (LBM) receiving said picture sig-
nal (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 (EI), in particular linear error in-
terpolation means, which operate on stored error values (E4)
corresponding to each four related block motion vectors (Vi,
v2, V3, V4, BV4), 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 (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 es-
timated errors;

- ,selecting means (VS) for selecting in relation to said mini-,
mum the respective of said four block motion vectors as a fi-
nal motion vector (OV) for the current pixel.

RN 0 T G A
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any of claims 1, 4, 7 and 8 and including:

- large-block matching means (LBM) receiving said picture sig-
nal (INP) and producing block motion vectors (BV);

- memory means (BVM) which store said block motion vectors;

- pixel matching means (SPM)} which compare each four of said
stored block motion vectors (Vi, v2, V3, Va4, BV4), 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 wvector
choices from the left, respectively right, pair of blocks and
by counting in columns the number of vector choices from the
upper, respectively lower, pair of blocks and for re-oxrdering
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 de-
fining a unique motion wvector (OPV) for each pixel, selected
from the corresponding block motion wvectors (BV).

11. Apparatus, related to a method for motion estimation using
block matching, wherein a motion vector (BV) related 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 sig-
nal (INP) and producing block motion vectors (BV);

- memory means (BVM) which store said block motion vectors;

- subblock matching means (SBM} which compare each four of said
stored block motion vectors (V1, V2, V3, V4, BV4), that is
the motion wvector 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), in particular median filter means,
which generate a dominant subblock vector (OSBV) from said
selected vectors (SBV).
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METHOD AND APPARATUS FOR MOTION ESTIMATION
USING BLOCK MATCHING

Abstract
glock matching is a robust and simple method of motion estimation for television
pictures. One important parameter in block matching is the block size. Large
blocks give more reliable motion estimation than small blocks, particularly in the
presence of noise on the input picture, but they produce a coarser motion vector
field. However, if the motion estimation is being used for motion compensated in-
terpolation, for example for upconversion between 50 and 100Hz display rates,
the effects on picture quality of wrong vectors for whole blocks, and also of vec-

tors that do not correctly follow the boundaries of moving objects, can be severe.

According to the invention, large block {LB) matching is combined with the per-
formance of more localized motion vectors to get pixel motion vectors. For any
pixel, the motion vector will be one of four possibilities: the vector calculated for
the block containing the pixel and the vectors {V1, V2, V3, V4) of the nearest
blocks horizontally, vertically and diagonally.

Fig. 1
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/ s :
m&}Qrﬁﬂhcwnestlnatlon usi ng bl ock mat chi ng, wherein notion

1.
vect rs (BV) relatjed to pixel blocks (LB) are calculated and fromthe
bl jock 3dd UAN WeZtqrg (BY) pi xel notion vectors (OV, OPV) are cal cul at ed,
charjac- terized ijn that said pixel blocks have a predeterm ned si ze
and that tTor-each preI of a current pixel block a pi xel notion vector
( QPV, OSBV) is dal cul ated using I n each case the bl ock notion vector
(M) for the cur- — rent pixel block and three other block notion vectors
(V2, V3, V4) for the three adjacent pixel bl ocks which are nearest to
that quarter of pixels of the current pi xel block to which a current
pi xel belongs. 2. Method according to claim1l, wherein for any pixel,
from error values (E4) related to said four block notion vec-
e IPY,
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tor Rmﬁ‘%ﬁrﬁﬁﬁﬂﬁi several estimated errors (EE) are cal cul at ed,

takifng i nto accountithe position of the pi xel relative to the centre -of
each ¢f 3 BeJANI9¥spbnfl- ing block (LB), and wherein the m nimum (R) of
sai S- timated prrors is taken to select the correspondi ng one

from saira ftour—bi tion vectors as the final notion vector (OV) for
sai tL.pixel . 3. Methpd according to claim2, wherein said estinmated er-
rors (EE) are calcurated using |linear interpolations. 4. Met hod
according to claim1, wherein in additiod, for each pi xel a pixel

matching (SPM is perforned by com
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“paring said four notion vectors- gv1—~w2 V3, V4), fol- | owed by
counting in rows the nunber  of ch0|ces fromthe .. left pair. of blocks or

right pair of blocks; resgfd“P‘“' tlvely, and by counting in col. umms; thew
nunber of ythoices i fre o

bl ocks, "~ respect i vel:y;. add?ﬂéﬁorderlng the vect¥ors to. form growps. ;
i denti cal,, -vector. t ypes: dnmsuowdaivaym-qhat every iy
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Claims

tRe"e¥pet--pai r of bl ocks or |ower pair . of

L TR Alaley

Method for motion estimation using block matching,
wharein motion vectors (BV) related to pixel blocks (LB)

-are calculated and from the bleock motion vectors (BV)
Rixel motion vectors (QV, OPV] are calculated, charac-

terised in that said pixel blocks have a predetermined
size and that for each pixel of a current pixel block 2
pixel motion vector (QV, OPV, OSBEV) is calculated using
in each case the block motion vector (V1) 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 currenz

pixel black to which a current pixel belongs.

Mathod according to claim 1, wherein for any pixel from
exror values (E4) related to said four block motion wvec-
tors (V1, V2, V3, V4) several estimated errors (EE} are
calculated, taking into acﬁount 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 corrasponding one
from said four block motion vectors as the final motion
vector (OV] for said pixel.

Method according to claim 2, wherein said estimated er-
rors (EE) are calculated using linear interpolations.

Method according to claim 1, wherein in addition for
each pixel a pixel matching (SPM) 1s performed by com-
paring said four motion vectors (V1, V2, V3, V4), fol-
lowed by counting in rows the number of choices from the
left ar xight, respectively, pair of blocks and by
counting in columns the number of choices from the upper
or lower, respectively, pair of blocks and re-ordering

‘the vectors to form groups of identical vector types in

such a way, that every pixal has two decisions which to-
— S ‘This is the raplasement sheet

Hlllll! Hllll ) Illl pate: 9 SEP BB



- 11 - - pixel has two decisions which together define a unique not i on

vector: (OPV) for the pixel. 5. Method according to claim1, wherein in
addj.tion for each subbl ock smaller than said bl ock (LB) a subbl ock
matthing (SBM is perforned by conparing said four no- tion vectors (V1,
V2, V3, V4) relevant to the subbl ock and selecting one (SBV) with
respect to a m ni num sub- bl ock error, whereafter a dom nant subbl ock
vect or (OSBV) is generated fromthe sdlected vectors by combin- i ng
them gether define a unique motion vector (0PV) for the

pixel.

S. 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 a2 minimum sub-
block error, whereaftar a dominant subblock vector
(CSBV} is generated from the selected vectors by combin-
ing then.

6. Method accorxding to claim 5, wherein said combining is a
median filtering (MF). '

7. Method accozding to any of claims 1 te 6, whezein 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 wectors (BV) and
related block errors (E);

- mamory means (BvVM, EM) which store said block motion
vectors and said errors;

- error estimation means (EI) or linear error interpola-
tion means which operate on stored error values (E4)
corraesponding to each four related block motion vectors
{(Vi, V2, V3, v4), that is the motion vactor of the cur-

rent block and the motion vectors of the three adjacent
This is the replasement sheet
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"6. Method according to claim5, wherein said conbining is a medi an
filtering (MF). 7. Method according to any of clains 1 to 6, wherein
said bl ock matching is carried out on subsanpl ed pictures. 8. Method
according to any of clainms 1 to 7, wherein said bl ock matching is a
t wo- si ded bl ock mat chi ng. 9. Apparatus, related to a nethod for notion
estimation us- ° ing block matching, wherein a notion vector (BV) related
to each block (LB) of a picture signal iggpcalcul ated,
blocks, and which calculate for each pixel estimated er-
rors (EE), taking into account the position of tha pixel
relative to the centre of each of the corresponding
block (1B):
- 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, ralated to a method for motion estimation us-
ing block matching, wherein a motion vector (BV) related
to each block (LB) of a picture sigmal is calculated,
according to any of claims 1, 4, 7 and 8 and including:

= large-block matching means (LEM) 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 or right, respectively, pair
of blocks and by counting in columns the number of vec-
tor choices from the upper or lower, respaectively, pair
of blocks and for re-ordering the wvectors 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 (OFV) 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

T —,
TT——

This is the replasement sheet
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according to any of clainms 1 to 3, 7 and 8 and incl ud- I ng: -

| ar ge-"bl ock nmat chi ng neans (LBM receiving said picture signal (I NP)
and.. produci ng bl ock notion vectors (BV) and rel ated bl ock errors (E); -
menory neans (BVM EM which store said block notion vectors and said
errors; - error estimation neans (El) or linear error interpola- tion
nmeans mhich operate on stored error val ues (E4) correspondi ng to each
four related bl ock notion vectors -JXAA V2, V3, V4), that is the notion

vector of thes e p1odiNts? 8k, AITANS TLLSY YECLO[S.Lfedfe three

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

© sald stored block motion vectors (V1, V2, V3, Vv4), that
is the motion vector of the current block and the motion
vecters 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 (QSBV) from said selected
vectors (SBV).

A AR A
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-12 - . blocks, and mhlch calcul te for each pixel estimted er- rors
(.-EE); takwhg into account'®t he pO%ItIO of the pixel relative to the
centre of each of the- cerre%pBﬁ?ﬂ‘d' bl ock (LB); conpari ng neans (CEE)
?Qéghftaqufhe mi. ni munsCRIE BF PSEd e%% mated errors; sel ecting neans

or{ se ta inrelation to saig” i ni mum t RepirArseENT SHEEGT sai d
fourlbIQCK lﬁ% Vectars. . M¥s..a.final notion vector (OV) for the current
pi.xe PR .

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-
terised 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 (V1) 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 (V1, 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 (V1, VZ, 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 1dent1cal vector types in such a way, that eVery
This is the replacement sheet
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10. Apparatus, related to a method for notion estimation us- I ng bl ock

mat chi ng, wherein-a notion vector (BV) related to each block (LB) of a
pi cture signal is calcul ated, according to any of clainms 1, 4, 7 and 8
and including: - large-block matching means (LBM r BERLAGCEMENBESHERT cture
signal (I NP) and producing bl ock notion-vketors (BV); - nenory neans (BVM
which store said pigeR Masi ¢rovdecisionsowhich tpgethernedefing arammisyueSPM
whi ch conpare each fqur of ﬁggg ore bIock fntlon vectors (V1, V2,

V3, V4), that Mo 10Re VRGEPSN ?or°5f PRePE¥®tent bl ock and the motion

vectors of the three adjacent bl ocks; - count neans (CV) for counting in

rows the nunber of vec-
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.

B. Method according to any of claims 1 to 7, wherein said
block matching is a two-sided block matching.

9. Apparatué, 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 (EI) or linear error interpola-
tion means which operate on stored error wvalues (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

AR
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tor choices fromthe left pair of blocks or right pair of bl ocks,

respectively, and by counting in colums the nunber of vector choices
fromthe upper pair of blocks or |ower pair of bloc res ctively,
and for re- ordering the vectors to form groups of i &ENWé%EET
types in such a way, that every pixel has tw# decisions; - a55|gn|ng
means (VA) whichpg a@snea&&'ﬂuidm &qraxﬂla%s for eheh ﬁsiémléﬂtma@édll@r-
notion vector (CP each pi xel , selected fromthe correspondi ng

bl ock noti on vecrO'S (Eiks faking intp agseandt Ghe PeFAtéon: of athetRigte ¥ or
Motion estimatiOpeigeive td hd QGBI dden WECEREcBrPREpORGYEE OF (BY)

rel ated
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):

- nemory means (BVM) which store sald 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 blotcks 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-

R ) A This & the raplacement sheet
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- 13 - to each block (LB) of a picture signal is calculated, according to
any of clains 1 and 5 to 8 and including: |arge-block matching neans (LBM
receiving said picture signal (INP) and producing bl ock notion vectors
(BV); nmenory neans (BVM which store said bl ock notion vec-

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 bleock and the motion
vectors of the three adjacent blocks to select a vector
(SBV) which has a minimum subblock error;

- conmbining means (MF)} or median filter means which gener-
ate a dominant subblock vector (0OSBV) from said selected
vectors (SBV).

-
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tors; subblock matching nmeans (SBM A which cqonmpare each four of said stored
kl ock notion vectors (V1, V2, V3, V4), that I's the notion vector of the
current bl ock and the notion vectors of the three adj aceng @bﬁ o_sel ect
a vector (SBV) which has a m ni num subbl ock error; conbi ni'h T(SHBEToOr
médi an filter means which gener- ate a dom A4t subbl ock vector (OSBV) from
sai d sel ected vectors (SBVY). :

METHOD AND APPARATUS: FOR MOTION ESTIMATION
USING BLOCK MATCHING

Abstra

Block matching is a robust and simple method of motion estimation for television
pictures. One important parameter in block matching is the block size. Large
blocks give more reliable motion estimation than small blocks, particularly in the
presence of noise on the input picture, but they produce a coarser motion vector
field. However, if the motion estimation is being used for motion compehsated in-
terpolation, for example for upconversion between 50 and 100Hz display rates,
the effects on picture quality of wrong vectors for whole biocks, and also of vec-
tors that do not correctly follow the boundaries of moving objects, can be severe.
According to the invention, large block (LB} matching is combined with the per-
formance of more localized motion vectors to get pixel motion vectors. For any
pixel, the motion vector will be one of four possibilities: the vector calculated for
the block containing the pixel and the vectors (V1, V2, V3, V4) of the nearest
blocks horizontally, vertically and diagonally.

Fig. 1
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