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Method and Apparatus for correcting motion vectors

The present invention relates to a method and to an apparatus
for correcting motion vectors.

Background

Block matching is well known as a robust and intuitively sim-
ple method of motion estimation for television pictures. The
method works well when there is large or varied detail in each

‘block, but can give incorrect results if the information in a

block consists of a periodic structure, for example railings
or Venetian blinds. The problem is fundamental to the fact
that typical television field rates of 50Hz or 60Hz constitute
gsevere temporal undersampling, leading to aliasing and there-
fore ambiguity in determining exactly what is present in the
original moving image sequence. If the goal of the motion es-
timation is to provide a prediction, for example in coding
applications, the problem of periodic structures is usually
unimportant because a good prediction can be obtained even
using the 'wrong' motion vector. However, when the application
is temporal interpolation, for example 50Hz to 100EHz upconver-
sion, the effect on the interpolated picture of an erroneous
vector in a periodié structure can be severe, often leading to
a complete phase reversal of the information in the interpo-
lated field.

Invention

It is one object of the invention to disclose a method for
correcting motion vectors in case of periodic structures in the
picture. This object 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
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the apparatus disclosed in claim 5.

According to the invention, the motion wvectors resulting from
block matching are corrected for periodic structures by taking
a more reliable vector from the edge of a moving object con-
taining the periodic structure. The invention requires very
little additional processing after the block matching itself.
The invention consists of two parts: detection of periodic
structures and correction of motion vectors if a periodic
structure is detected.

Detection of periodic structﬁres

Block matching works usualiy by calculating a mean square or
mean absolute error value for each candidate motion wector and
selecting the motion vector that yields the minimum error. The
block matching may be conventional or 'two-sided' as described
in EP-A-93402187 of the applicant. In order to save hardware
complexity, the invention makes use of the error values al-
ready calculated in the block matching process. f
Detection of periodic structures makes use of the fact that,
if a block consists of a periodic structure, there will be
other error values very close to the minimum value but corre-
sponding to other motion wvectors. But it is not sufficient
simply to find another error value close to the minimum to be
sure that the block is a periodic structure. First, errors
for motion vectors very close to the chosen basic motion vec-
tor must be ignored, because the block might simply be low in
detail or the true motion wvector may be halfway between two
adjacent candidates. Second, it should be recognized that non-
periodic blocks containing detail in only one direction (for
example edges) will give rise to a line of minima in the per-
pendicular direction, which should not be taken to indicate
periodicity. |

In general, this line of minima LOM will intersect a given
horizontal row HOR {or vertical column) of errors at only‘one
point POI, as shown in Fig. 2. The one exception to this,
which is when the line of minima is itself horizontal (or ver-
tical), is discussed below. In all other cases, the search for
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errors close to the minimum can be restricted to one horizon-
tal row (or column), for example, the row (or columm) contain-
ing the minimum. Periodic structures will in general give rise
to a set of parallel lines of minima, which will intersect the
horizontal row (or vertical column} in several places enabling
the periodic structure to be detected. (However, due to pic-
ture statistics and hardware requirements the search along a
row is preferred}.

Therefore, the search is restricted to the row of errors con-
taining the minimum and the errors adjacent to the minimum are
ignored. This approach will overcome the false detection of
periodic structures except in the case of blocks containing
only vertical detail, which will produce a horizontal row of
minima. This case can he detected by looking also at the maxi-
mum error in the row, demanding that it should exceed a cer-
tain value before the block can be deemed to be periodic. A
look is taken at the row containing the motion vector because
the vector range is usually much wider horizontally than ver-
tically. '

A further requirement is that the detection of periodic struc-
tures is more or less independent of the 6verall dynamic range
of the block. Thus, the thresholds used for comparison should
be scaled by some measure of this dynamic range. An approxi-
mate measure of dynamic range in the block and the area sur-
rounding it or in a block shifted according to the current
minimum error position is the maximum error resulting from the
block matching process.

Correction of motion vectors in periodic blocks

If a block is periodic, the current motion vector is replaced
by a more reliable one. The first approach is to replace the
motion wvector by the one calculated for the block immediately
to the left, observing that that block may already have had
its motion vector modified by the pericdic structure algo-
rithm. This approach assumes that the correct motion can be
found to the left of the current block. A preferred approach
is to select either the motion vector from the block to the
left or the one from the block immediately above, whichever
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ylelds the smaller error in the current block, or to take a
combination, in particular the mean, of both vectors. It would
be possible in principle to look below and to the right {e.g.
mean of all surrounding motion vectors}, but in most hardware
implementations this would lead to a massive increase in com-
plexity. A possible refinement is to accept a replacement vec-
tor only if its error in the current block is below a certain
threshold.

In principle, the inventive method is suited for correcting mo-
tion vectors which are related to pixel blocks into which the
‘pictures of a video signal are divided and includes the follow-
ing steps:

- evaluating error values which are related to a matching of
said pixel blocks between different pictures of said video
signal, whereby, additional to a basic minimum error, a fur-
ther minimum error belonging to adjacent pixel positions, ex-
cept directly adjacent pixel positions, is searched along the
row, or column, containing the pixel position of said basic
minimum error;

- comparing said further minimum error with a preselected
threshold, resulting in a periodic structure decision if such
further minimum error is less then said threshold;

- when a periodic structure in the picture content is detected,
replacing the current motion vector corresponding to said ba-
sic minimum error by a motion vector of an adjacent pixel
block, in particular either from the block to the left or from
the block above, whichever yields the smaller error in the
current block, or by taking the mean of these both vectors.

Advantageous additional embodiments of the inventive method are
resulting from the respective dependent claims.

In principle the inventive apparatus for correcting motion

vectors which are related to pixel blocks, into which the‘pic-

tures of a video signal are divided, includes:

a) evaluating means for error values which are related to a
matching of said pixel blocks between different pictures of
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first minimum value means calculate from said error values a

said video signal, whereby:

basic minimum error related to the current motion wvector;
second minimum value means calculate a further minimum error
belonging to adjacent pixel positions, except directly adja-
cent pixel positions, along the row, or column, containing the
pixel position of said basic minimum error;

first maximum value means calculate a maximum error from said
exrror values, from which two threshold values are derived,
using errors involved in the calculation of said basic minimum
error, which in particular belong to the current block or to a
block shifted according to the current minimum error position;
second maximum value means calculate from sald error values a
maximum error in the row, or column, containing the pixel po-
sition of said basic minimum error;

first comparing means for comparing the difference values be-
tween the outputs of said second and said first minimum value
means with a first of said thresholds, resulting in first pe-
riodic structure decision if said further minimum error value
is less then said threshold;

second comparing means for comparing the difference values be-
tween the outputs of said second maximum and said Ffirst mini-
mum value means with a second of said thresholds, resulting in
a second periodic structure decision if said further minimum
error value is greater than/equal to said threshold;

combining means for forming a final periodic structure deci-
sion from said first and said second periodic structure deci-
sion;

vector replacement means which replace the current motion wvec-
tor corresponding to said basic minimum error by a motion vec-
tor of an adjacent pixel block, in particular the left or the
above or the mean of both, when said final periodic structure
decision indicates that a periocdic structure in the picture
content is detected.

Advantageous additional embodiments of the inventive apparatus
are resulting from the respective dependent claims.
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Preferred embodiments of the invention are described with refer-

Drawings

ence to the accompanying drawings, which show in:
Pig. 1 motion vector correction circuit;
Fig. 2 line of error minima intersecting a row of pixels.

Preferfe embodiments

The following is a specific embodiment of the periodic struc-
ture detection part of the invention. Suppose that the motion
vector range is [-M,+M] horizontally and [-N,+N] vertically,
with the chosen motion vector equal to (X,Y). Let the errors
for each motion vector resulting from the block matching proc-
ess be E{x,y), x= -M,...,+M, vy = -N,...,+N.

We calculate four quantities:

E; = E(X,Y), the minimum error

By = maxxty {B(x,y)}, the maximum error

Ey = ming(x # x-1, X, X+1) {B(x,Y)}, the row minimum away from
(X,Y)

E4 = maxy {E(x,Y)}, the row maximum

The block is periodic if, and only if,

" E3-Eq < Ep/4 and Ey-Ep 2 Ep/2

Figure 1 gives a block diagram of a possible hardware imple-
mentation of an inventive apparatus for periodic structure
detection and correction. The block matching errors ERR enter
the apparatus serially in a predetermined order, synchronous
with a vector counter VCOU which generates the corresponding
motion vector coordinates x and y. The minimum E; of all the
errors 1s calculated serially using a two-input minimum func-
tion circuit MIN1 and a one-sample feedback delay OEDl. When
all the errors have passed through, the vector UNVEC corre-
sponding to the minimum will appear at the output of a latch
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LA. This vector UNVEC forms the input to a control block CON
which generates two enable signals ENA4, ENA3, the first cor-
responding to the row containing the minimum error E1l for the

7

calculation of the maximum row error E, and the second for the
-same row, excluding the minimum error and its adjacent errors,
for the calculation of the specific minimum row error Ej.

The errors ERR pass also through a compensating delay COMD and
two parallel switches SW3, SW4 which are controlled by signals
ENA3, ENA4. E3 is calculated using a two-input minimum func-
tion circuit MIN3 following SW3 and a one-sample feedback de-
lay OED3. B4 is calculated using a two-input maximum function
circuit MAX4 following SW4 and a one-sample feedback delay
OED4. |

E3 and E4 are each subtracted in subsequent subtractors SUB3,
SUB4 from E; and the results compared in comparing circuits
COM3, COM4 with suitable fractions of E;, the block maximum
which is calculated in a similar way to the minimum E;, using
a two-input maximum function circuit MAX2 fed with errors ERR
and a one-sample feedback delay OED2. E2 is divided by 2 (e.gq.
shift operation) in dividing circuit DIV3 and fed to COM3. E2
is also divided by 4 (e.g. shift operation) in dividing cir-
cuit DIV4 and fed to COM4. COM3 determines, if the output of
DIV3 (Ep/4) is greater than the output of SUB3 (E3-Eq). COM4
determines, if the output of DIV4 (Ey/2) is less than, or
equal to, the output of SUB4 (E;-E;). The outputs of COM3 and
COM4 are combined in an AND gate CB. A positive result PER
from both comparisons indicates that the current block is pe-
riodic.

The errors related to the 'up' and 'left' vectors UVEC, LVEC
emerging from suitable delay means STD and OED-form the input
to control blocks CONU, CONL which enable via signals ENAU,
ENAL latches LAU, LAL to caﬁture the two errors ERRU, ERRL
corresponding to these two vectors. The result LOERR of a com-
parison in comparator circuit COMUL between these two errors
ERRU and ERRL selects in a multiplexer MUX1 between the re-
lated two vectors UVEC, LVEC. The periodic structure detection
signal PER selects in a further multiplexer MUX2 between the
resulting replacement vector REVEC and the uncorrected vector
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UNVEC, the final result COVEC forming the output of the appa-
ratus and the input to the delays OED and STD for subsequent
replacement vectors.

OED is a one-element delay providing vector LVEC from the re-
sult vectors COVEC. STD is a stripe (line) delay providing
vector UVEC from the result vectors COVEC.

The invention can be used in e.g. TV receivers, VCRs and CD-I
players/recorders, also for standards conversion, slow motion
generation and noise reduction.
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Method for correcting motion vectors which are related to
pixel blocks into which the pictures of a video signal are
divided, characterised in:

evaluating error values (ERR} which are related to a matching
of said pixel blocks between different pictures of said video
signal, whereby, additional to a basic minimum error (E1), a
further minimum error (E3) belonging to adjacent'pixel posi-.
tions, except directly adjacent pixel positions, is searched
along the row (HOR), or column, containing the pixel posgitiocn

-of said basic minimum error;

comparing (COM3) said further minimum error with a preselected
threshold, resulting in a periodic structure decision if such
further minimum error is less then said threshold;

when a periodic structure in the picture content is detected,
replacing the current motion vector corresponding to said ba-
sic minimum error by a motion vector of an adjacent pixel
block, in particular either from the block to the left or from
the block above, whichever yields the smaller error in the
current block, or by taking the mean of these both vectors.

Method according to claim 1, characterised in that a periodic

 Structure in the picture content is determined only when the

maximum error in the row, or'column, exceeds a second thresh-
old.

Method according to claim 1 or 2, characterised in that said
threshold/s is/are scaled in relation to the dynamic range of
the errors involved in said search, in particular to the maxi-
mum error belonging to the current block or to a block shifted
according to the current minimum error position.

Method according to any of claims 1 to 3, characterised in:
minimum error Ei = E(X,Y); )
maximum error E; = MmaXy, v {E(x,v)};

row minimum error B3 = ming(x # x-1, X, X+1) {E(x,¥)};

row maximum error E4; = maxy {E(x,Y}},
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and the block is periodic if, and only if,

E3-E1 < Ez/4 and E4-Eq 2 Ep/2,
whereby the motion vector range is [-M,+M] horizontally and
[-N,+N] wvertically, with the chosen motion vector related
to said basic minimum error being equal to (X,Y) and the
errors for each motion vector being E(x,y), x = -M,...,+M,
y = -N,...,+N.

Apparatus for correcting motion vectors which are related to
pixel blocks into which the pictures of a video signal are
divided, related to a method according to any of claims 1 to 4
and including: . . '

evaluating means for error values (ERR) which are related to a
matching of said pixel blocks between different pictures of
said video signal, whereby:

first minimum value means (MINi, OED1l) calculate from said er-
ror values (ERR) a basic minimum error (El) related to the
current motion wvector;

second minimum value means (SW3, MIN3, OED3) calculate a fur-
ther minimum error (E3) belonging to adjacent pixel positions,
except directly adjacent pixel positions, along the row (HOR),
or column, containing the pixel position of said basic minimum
error;

first maximum value means (MAX2, OED2) calculate a max1mum er-
ror (E2) from said error values (ERR), from which two thresh-
0ld values are derived (DIV3, DIV4), using errors involved in
the calculation of said basic minimum error, which in particu-
lar belong to the current block or to a block shifted accord-
ing to the current minimum error position;

second maximum value means (SW4, MAX4, OED4) calculate from
gaid error values (ERR) a maximum error {(E4) in the row, or
column, containing the pixel position of said basic minimum
error;

first comparing means (SUB3, COM3) for comparing the differ-
ence values between the outputs of said second and said first
minimum value means with a first of said thresholds, resulting
in first periodic structure decision if said further minimum
error value is less then said threshold;
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¢) second comparing ieans (SUB4, COM4) for comparing the differ-
ence values between the outputs of said second maximum and
said first minimum value means with a second of said thresh-
olds, resulting in second periodic structure decision if said
further minimum error value is greater than/equal to said
threshold;

d) combining means (CB} for forming a final periodic structure
decision (PER) from said first and said second periodic struc-
ture decision;

e) vector replacement means {LA, MUX2) which replace the current
motion vector corresponding to said basic minimum error (E1)
by a motion wector of an aﬁjacent pixel block, in particular
the left or the above or the mean of both, when said final
periodic structure decision (PER) indicates that a periodic
structure in the picture content is detected.

6. Bpparatus according to claim 5, characterised in that said
vector replacement means (LA, MUX2) select (MUX1) using com-
paring means (COMUL) the motion vector either from the block
to the left or from the block above, whichever yields the
smaller error {ERRL, ERRU)} in the current block.
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