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ABSTRACT

A method to enhance motion estimation is provided. The
method includes providing a motion estimator, obtaining at
least tWo candidate motion vectors from the motion estima
tor and applying an error function having a penalty that
depends on the position and siZe of the candidate motion
vectors. A device for recursive motion vector estimation
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having enhanced convergence is also provided. The device
includes a vector generator and a best vector selector. The
best vector selector comprises means to evaluate candidate
motion vectors by applying an error function having at least

3/1991
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OTHER PUBLICATIONS

a penalty that depends on the position and siZe of the

Hangu et al: “A cost function With position penalty for
motion estimation in MPEG—2 video coding” Multimedia
And Expo, 2000. ICME 2000, 2000 IEEE International

candidate motion vectors.

18 Claims, 1 Drawing Sheet

GENERATING
CANDIDATE MOTION w I I0

VECTORS

SELECTING A DISPLACEMENT
VECTOR FOR CANDIDATE
VECTORS BY APPLYING ERROR
FUNCTION WITH PENALTY TERM

U.S. Patent

Aug. 24, 2004

US 6,782,054 B2

GENERATING
CANDIDATE MOTION W110
VECTORS

SELECTING A DISPLACEMENT
VECTOR FOR CANDIDATE
x120
VECTORS BY APPLYING ERROR
FUNCTION WITH PENALTY TERM

/ 2OO
RECURSIVE MOTION VECTOR
ESTIMATION DEVICE
220
/_/

210
RANDOM
GENERATOR
VECTOR

BEST VECTOR SELECTOR
>1 EVALUATING
FOR APPLYING
MEANS ;

ERROR FUNCTION
I
222

US 6,782,054 B2
1

2

METHOD AND APPARATUS FOR MOTION
VECTOR ESTIMATION

function, e.g., a mean squared error or mean absolute

difference, is calculated per candidate. A penalty is added
Which depends on the candidate type, e.g., spatial or tem

poral. The penalty per candidate type is spatially invariant,

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to methods of motion esti
mation in a sequence of moving video pictures. More
speci?cally, but not exclusively, the invention relates to
methods of motion vector estimation and an apparatus for

10

i.e., it does not vary With the spatial position of the block. As
a result, the use of this type of penalty only may result in
suboptimal coding gain and some artifacts in the picture.
It is, therefore, an object of the present invention to
provide an improved motion estimation method. It is another
object of the invention to increase the speed of convergence
of motion vectors to improve the convergence process.

the same.

2. Description of the Prior Art
A prior art motion estimation technique, called “3-D
Recursive Search,” has been described by Gerard de Haan
and P. W. A. C. BieZen, in “Sub-pixel motion estimation With

SUMMARY OF THE INVENTION
15

3-D recursive search block-matching,” Signal Processing:
Image Communication 6, pp. 229—239 (1994), incorporated

method and a device for the same. As shoWn in FIG. 1, in
a preferred embodiment of the invention, a motion estimator
generates at least tWo candidate motion vectors (110) and an

herein by reference as if set forth in full.
3-D Recursive Search falls in the class of block-recursive
motion estimators. The algorithm is based on the assump

error function having a penalty that depends on the position
and siZe of the candidate motion vectors is applied in order
to select a best motion vector (120). Each candidate motion
vector is associated With a region representation of a video

tions that motion does not change much in time, i.e., from
?eld to ?eld. The algorithm maintains a vector ?eld Which
is updated on ?eld basis. The vector ?eld is usually similar

for a relatively large region, i.e., for an object. Therefore the

The present invention, Which addresses the needs of the
prior art, provides an improved motion vector estimation

image.

vector is associated With each block. The motion vector

As shoWn in FIG. 2, the present invention is also a device
200 for recursive motion vector estimation having enhanced
convergence including a random vector generator 210 for
generating a plurality of candidate motion vectors associated
With selected regions in at least a ?rst and second video
image, a best vector selector 220 for comparing the candi

motion vectors in the neighborhood of a location are good
candidates for the motion at that location.
Amotion video consists of a sequence of ?elds. Each ?eld

25

is divided into blocks, e.g., of 16 by 16 pixels. A motion
should hold the displacement betWeen the block in the

date motion vectors of selected regions in a ?rst and a

current frame compared to a previous ?eld or next ?eld. For

second video image, the best vector selector including

example, to update the motion vector of block (X, y) in a

means 222 for evaluating the candidate motion vectors by
applying an error function having at least a penalty that
depends on the position and siZe of the candidate motion

current ?eld, a 3-D Recursive Search uses only a limited

number of candidate vectors, say ?ve, for the estimation,
namely, some vectors from the previous ?eld, i.e., temporal
vectors, some vectors from the current ?eld, i.e., spatial

35

vectors.

Other improvements Which the present invention provides

vectors, and an update of a spatial vector. For each candidate
the motion estimation error is calculated. The candidate With
the loWest motion estimation error is chosen as the best

motion vector for that block. The algorithm uses the normal
raster scan order to go through the blocks.
3-D recursive search estimators are also described by G.
de Haan, et al. in “True Motion Estimation With 3-D
Recursive search block matching,” IEEE Trans. Circuits and

over the prior art Will be identi?ed as a result of the

folloWing description Which sets forth the preferred embodi
40

rather only to provide the Working example of the present
preferred embodiments. The scope of the present invention
is only limited as indicated in the appended claims.
45

Systems for Video Technology, Vol. 3, October 1993, pp.

BRIEF DESCRIPTION OF THE DRAWINGS

368—379; incorporated herein by reference as set forth in full

FIG. 1 is a ?oWchart of a method Which uses an error

and in the previously cited “Sub-pixel motion
estimation .

.

ments of the present invention. The description is not in any
Way intended to limit the scope of the present invention, but

function according to the present invention; and

. ” article.

Motion estimation is useful in several applications. It is

FIG. 2 is a block diagram of the modules in a recursive

part of predictive coding applications like MPEG-2, H.263,

motion vector estimation device according to the present
invention.

and the like. In these applications, motion vectors are used

to maximiZe temporal correlation, thereby minimiZing cod

DETAILED DESCRIPTION OF THE
INVENTION

ing error. Motion estimation is also used in the ?eld of video

enhancement, for example, to improve the motion portrayal
of motion pictures, deinterlacing, or temporal noise reduc

55

The method according to the invention, Which is
described beloW, includes providing a motion estimator

tion.
Motion can be estimated in several Ways. For example,
motion estimators include a full-search estimator, block

Which can select at least tWo candidate-motion vectors and
applying to the selected candidate motion vectors an error

they all try to maximiZe temporal correlation by assuming a

function containing a spatial penalty that depends both on
the position and siZe of the selected candidate.

certain spatial-invariant motion model. As an example, the
3-D-Recursive Search motion estimator, used in the Philips

picture blocks of one picture With multiple picture blocks in

matching, object-based methods, and the like. Nevertheless,

A motion estimation device includes means to compare

Natural Motion TV sets, estimates translational motion on a

block basis.
In the 3-D Recursive Search Estimator, the candidate
motion vectors are selected on a per block basis. An error

65

another picture. The evaluation is for a block matching
algorithm on the basis of regions or blocks, typically but not
limited to 8 by 8 pixels or 16 by 16. Several blocks of
another picture are compared With a block in the current

US 6,782,054 B2
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picture for Which a motion vector is being searched by
comparing the pixel value contained in these blocks. The
evaluation is accomplished by using an error function, for

and P. W. A. C. BiZen in “Sub-pixel motion estimation With

3-D recursive search block matching,” Signal Processing:
Image Communication, vol. 6, pp. 229—239 (1994). The best

example a sum-of-absolute differences (SAD), or a mean

match, i.e., the candidate yielding the smallest cost or error,

squared-error (MSE). In the SAD method all or some of the
pixel values Within the corresponding blocks are subtracted
from each other and evaluated in the error function. Usually,
the vector yielding the smallest error is selected as the best

is selected as the motion vector d(T(>,n) for the evaluated
block.
To further improve the consistency, a penalty, P, Was
added Which depends on the ‘type’ of the candidate motion

match providing the best vector. The corresponding candi
date motion vector is selected as the motion vector for the

10

current block. The process starts again for the next block,
until all blocks With the current picture are determined.

i.e., candidate motion vectors that are knoWn from the

calculation in the previous picture(s):
15

include, Without limitation, block matching and recursive
pel types as more particularly described by G. de Haan in
“Progress in Motion Estimation for Consumer Video Format
Conversation”, IEEE Transactions on Consumer

Electronics, vol. 46, no. 3, pp. 449—459, (August 2000)

20

incorporated herein by reference as if set forth in full. A

tor can be biased toWards the found statistics:

the 3-Dimensional Recursive Search Block Estimator, as

all to de Haan et al., incorporated herein by reference as set
forth in full. In addition, useful motion estimators for the
present invention, include a motion estimation device as
described above Which can operate not only on blocks but

regions of any kind of shape including blocks and pixels.
In selecting the candidate motion vectors, a video picture,
a

It has been found that the statistics of motion vectors
associated With a video region reveal that the probability of
velocities in the picture depend on the position of the screen.
It is, therefore, useful to extend the model described above
for motion estimation. By adding an additional penalty that

depends on the spatial position and siZe, the motion estima

preferred block matching estimator useful in the invention is

described in US. Pat. Nos. 5,212,548; 5,072,293; 5,148,269,

vectors that are already calculated in the current picture,

could be given a different penalty then temporal candidates,

“A best vector selector”, as used herein, refers to a device
or method that selects the nearest matching candidate vector.

Useful motion estimators for the present invention

vector. As such, spatial candidates, i.e., candidate motion

25

5(C, y, n)

_

(3)

30

Where

is the norm (ie., the ‘siZe’) of the candidate

-

motion vector.

F( x ,n) Was considered, Where
35

As an example, the penalty can be relatively large for large
candidate motion vectors in picture blocks i) toWards the
outside of the picture, and also for small candidate motion
vectors in picture blocks evaluated for the center part of the

picture.

de?ned the spatial position and n the ?eld number, i.e., the
temporal position, and F( ) Was the pixel value at the

spatio-temporal position de?ned by x) and n. The motion,
d(?,n), for every pixel in the picture Was estimated.

The term
40

estimator needs to evaluate candidates, Which can even be a

very large set, according to a certain cost function. The
addition of the candidate siZe and position dependent term in
the cost function alloW biasing the motion estimator, and is

HoWever, since the motion estimation process Was compu

tation intensive and improvement in consistency With exist
ing motion estimators Was sought, the estimation process
Was limited to blocks of pixels, typically 8 by 8 pixels. As

45

Again, in order to reduce computational complexity and

therefore, the preferred embodiment of the present inven
tion.
This relative simple addition to the cost function alloWs a
faster convergence of the motion vector toWards the ‘real’

such, the motion, d(x>,n) Was estimated for every 8 by 8
block in the picture wherein Y represents the center of a
block.

is not limited to be used by the

3D-recursive search motion estimator only. Any motion

one. In this manner a dependency Was found that helped to
50

improve the convergence. It is noted that based on evaluat

search block matching,” Signal Processing: Image

ing only a feW candidates, it might take several iterations or
passes, most often in the temporal direction, before the real
motion vector is found, and convergence is established.
Moreover, a faster convergence directly implies an
improved overall average accuracy of the motion vectors.
Thus, While We have described What are the preferred

Communication, vol. 6, pp. 229—239 (1994). As used herein
“spatio-temporal consistency” refers to a consistency in both

modi?cations can be made by those skilled in the art Without

improve spatio-temporal consistency, only a feW, typical
four to ?ve, candidate motion vectors
per block Were
evaluated as described in by G. de Haan and P. W. A. C.

BiZen in “Sub-pixel motion estimation With 3-D recursive

space and time. The evaluation Was based on calculating an
error function, typically a sum of absolute differences,
though not limited to this:

46 in>=2;€B<§,.)|F<?.14ml?(Qmin-ml
a

(1)
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embodiments of the present invention, further changes and
departing from the true spirit of the invention, and it is
60

intended to include all such changes and modi?cations as
come Within the scope of the claims set forth beloW.

What is claimed is:
1. A method to enhance motion estimation, said method

comprising the step of:

a

Where B(X, n) is the block of pixels With the center X.
The candidates Were selected from a spatio-temporal

neighborhood as more particularly described by G. de Haan

selecting a displacement vector as a best motion vector for
a region in a ?eld from a plurality of at least tWo
candidate motion vectors by applying an error function

US 6,782,054 B2
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5
to each of said plural candidate motion vectors,

-

a

Where1n

Wherein the candidate motion vector With the least error

-

~

~

-

comprises the size of candidate motion

is selected as the displacement vector for the region in
9. vector
The device of claim 3, Wherein the error function
5
further
comprises the sum-of-the-absolute differences or the
Wherein said error function comprises a ?rst penalty term
mean-squared
error.
that depends on said candidate motion vector either as

the ?eld;

10. The device of claim 3, further comprising: means for

calculated in a current frame or as calculated in a

previous frame and a second penalty term that depends
on the position and siZe of said candidate motion

a 3-D recursive search.
10

vector.

11. The device of claim 3, Wherein the selected region
comprises a block of pixels.
12. The device of claim 11, Wherein the error function

2. The method of claim 1, Wherein said ?eld is a video

comprises the folloWing equation:

image.
3. Adevice for recursive motion vector estimation having
enhanced convergence Which comprises:
a vector generator for generating a plurality of candidate
motion vectors associated With selected regions in at
least a ?rst and a second video image; and

a best vector selector for comparing said plural candidate

20

motion vectors of selected regions in a ?rst and a

Wherein C comprises the candidate motion vector;

Wherein B(?,n) comprises said block of piXels compris

second video image, said best vector selector compris

ing said selected region;

ing:

-

means for evaluating said candidate motion vectors by 25
applying an error function to each of said plural
candidate motion vectors, Wherein said error func
tion comprises a ?rst penalty term that depends on
said candidate motion vector either as calculated in
a current frame or as calculated in a previous frame

and a second penalty term that depends on the
position and siZe of said candidate motion vector.
4. The method of claim 1, Wherein the error function
further comprises the sum-of-the-absolute differences or the
mean-squared error.
5. The method of claim 1, Wherein the method is a 3-D
recursive search.

a

2

Wherein X de?nes a spatial position and n de?nes a
a

30

Wherein F( X ,n) comprises the piXel value at the spatio

temporal position de?ned by X) and n;
Wherein
35

comprises said ?rst penalty term;

Wherein

comprises said second penalty term;

and
-

a

Where1n

-

~

~

-

comprises the size of candidate motion
2

vector C.

40

13. A method to enhance motion estimation, said method

comprising the step of:

7. The method of claim 2, Wherein the region comprises
a block of piXels.
8. The method of claim 7, Wherein the error function

comprises the folloWing equation:

-

temporal position;

6. The method of claim 1, Wherein the region comprises
a block of piXels.

a

wherein X comprises the center of B( X ,n);

45

selecting a displacement vector as a best motion vector for
a region in a ?eld from a plurality of at least tWo
candidate motion vectors by applying an error function

to each of said plural candidate motion vectors,
Wherein the candidate motion vector With the least error

is selected as the displacement vector for the region in

the ?eld;
Wherein said error function comprises a ?rst penalty term
that depends on a type of said candidate motion vector
and a second penalty term that depends on the position
and siZe of said candidate motion vector.

2

wherein C comprises the candidate motion vector;

Wherein B(?,n) comprises said block of pixels compris
ing said region in said ?eld;
-

a

-

55
a

wherein X comprises the center of B( X ,n);

penalty than temporal candidates.

2

Wherein X de?nes a spatial position and n de?nes a

15. The method of claim 14, Wherein said spatial candi

temporal position;

dates comprise candidate motion vectors that are calculated
in a current frame and temporal candidates comprise can

Wherein F(?,n) comprises the piXel value at the spatio
temporal position de?ned by X) and n;
Wherein

didate motion vectors that are knoWn from calculation in a

previous frame.
16. The method of claim 13, Wherein said ?eld is a video

comprises said ?rst penalty term;
65

Wherein
and

comprises said second penalty term;

14. The method of claim 13, Wherein said ?rst penalty
term results in spatial candidates being given a different

image.
17. The method of claim 13, Wherein the region comprises
a block of piXels.

US 6,782,054 B2
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18. The method of claim 17, wherein the error function

Wherein F(?,n) comprises the piXel value at the spatio
temporal position de?ned by ;> and n;

comprises the following equation:

Wherein

comprises said ?rst penalty term;

Wherein

comprises said second penalty term;

and

Wherein B(?,n) comprises said block of pixels compris
ing said region in said ?eld;
-

a

-

a

wherein X comprises the center of B( X ,n);
.

a

.

~

.

wherein X de?nes a spatial position and n de?nes a

temporal position;

-

10

a

Wherem

-

~

~

-

comprises the size of candidate motion
a

vector C .

