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MOTION VECTOR DETECTOR AND VIDEO
CODER

This is a divisional of co-pending application Ser. No.

lation is valid for motion vector detection or not. If the
variance of luminance in the block is small, the use of a
motion vector loW in reliability can be avoided as an invalid
vector not determined in the correspondence of a region on

08/871,688 ?led on Jun. 9, 1997 Which is a continuation

different frames. TWo prior arts of motion vector detecting

application of Ser. No. 08/329,276 ?led on Oct. 26, 1994

method or apparatus have been introduced.
Next is shoWn prior art of video coder. For example, a

(noW abandoned).

video coder (prior art 3) is mentioned in CCITT Recom
mendation H.261. In the inter-frame coding mode of this

BACKGROUND OF THE INVENTION

coder, When coding the present frame image, a predicted

1. Field of the Invention
The present invention relates to a motion vector detector
used in coding of image and reduction of noise, and a video

image of the current frame is produced as a motion com

pensated image from the image of the preceding frame by

coder for transmitting and accumulating images in a small

coding quantity.

15

2. Related Art of the Invention
A conventional technique for detection of motion vector

the block correlation method, and the differential image
betWeen the motion compensated image and current frame
image is coded. In this coder, While the motion compensated
image is matched With the preceding frame Without error, the
information to be sent is only the motion vector, so that the
image can be transmitted by a small coding amount.
Incidentally, the H.261 is a speci?cation of a video coder
recommended for the purpose of transmitting an image of at
least 144x180 pixels at a coding rate of 64 kilobits per
second or faster. If an image of similar siZe is coded at about
20 kilobits per second (hereinafter called very loW bit rate

is described, for example, by K. FUKINUKE in “Image

digital signal processing” (chapter 10, NIKKAN KOGYO
SHIMBUN, 1985). Herein, the “method of minimiZing the
difference betWeen consecutive images” is to determine the
motion vector as the shift (a, b) for minimiZing formula 1,
Where gt(x,y) denotes the luminance at screen position (x,y)
in frame t, and R represents a block region on the screen.
25

coding), the folloWing problems are experienced.
(B1) A motion compensated image is created by using
parallel move in a block unit determined by the detected

formula [1]

motion vector. Generally, hence, the motion compensated
image is discontinuous on the block border. If the coding
amount that can be transmitted is enough, this block border
This principle is shoWn in FIG. 9. The motion vector is
determined as the shift (a,b) to block R‘ having the closest
correlation With block R, in the image of frame of time t-1.
In formula 1, the sum of absolute values is determined as the
evaluation of correlation, but the sum of squared errors may
be also used. Such “method for minimiZing the difference of
consecutive images” is herein called the block correlation
method.
The block may not be necessarily square. For detection of

is not recogniZed as it is transmitted as the differential

35

hoWever, a quantiZing error of a DC component in each
block is recogniZed as the block border and becomes a visual
disturbance.

motion vector by block correlation method, the folloWing

problems exist.
(A1) When the block region is set smaller, the reliability

As prior art for solving the problem (B1), for example, an
image coding method (prior art 4) Was proposed by M.

of detected motion vector is loWered due to disturbance of

the noise component. To the contrary, When the region is

larger, the detection precision is higher, but the granularity
of motion vector detection becomes coarse.

KAWASHINA et al. in “UltraloW bit rate coding of motion
45

(A2) If there is no luminance change component differing
in direction in the region de?ned by the block, the corre
spondence of region on the frame is not determined.
To solve these problems, several improvements of block
correlation method had been attempted. For example, as
prior art for solving the problem (A1), a motion vector
detecting method (prior art 1) Was disclosed in the Japanese
Laid-Open Patent No. 62-230180. This is a method of
setting Wider so that mutual blocks may overlap, instead of
equally dividing the image to form blocks as the basic unit
corresponding to a region betWeen frames. According to this
method, if the interval of motion vector detection is narroW,
the block for calculating the correlation is greater than the
interval of motion vector detection, and therefore the motion
vector may be stably estimated from the block correlation
equally divided by the interval of motion vector detection.

As prior art for solving the problem (A2), for example, a
motion vector detector (prior art 2) Was disclosed in the

Japanese Laid-Open Patent 62-105587. In this apparatus, by
determining the variance of luminance values in the block,
it is evaluated Whether the block for calculating the corre

information betWeen the motion compensated image and
current frame image. If the coding amount is limited,
hoWever, it is recogniZed as a visual disturbance.
(B2) In the video coder conforming to the H.261, high
ef?ciency coding is realiZed by a discrete cosine transform
of the image in every block and coarse quantiZation of high
frequency components. In a limited coding amount,

picture” (Technical Report of Institute of Electronic Infor
mation and Communications Engineers of Japan, EI92-117,
February 1993). This is a method for creating a motion

compensated image by determining the motion amount of
each pixel by interpolation of the transmitted motion vector.
According to this method, a smooth motion compensated
image is obtained by a small number of motion vectors.

As a prior art for solving the problem (B2), for example,
a sub-band coding method (prior art 5) Was disclosed in the
Japanese Laid-Open Patent No. 62-230180. In the sub-band
55

coding method, the picture is divided into different fre
quency bands by ?lter scanning. In the former prior arts, the
sub-banded image, or the image composed of different
frequency bands can be coded With high ef?ciency, by
scanning the sample point at the same spatial position from
the loW frequency to the high frequency region. In this
sub-band coding method, by contrast, since luminance infor
mation produced from the frequency components of the
image are overlapped, the quantiZing error of the loW
frequency components is not recogniZed as the block border

65 to cause a visual disturbance.

In spite of the prior art, hoWever, the folloWing problems
exist.

5,929,913
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(C1) In prior art 1 and prior art 2, the motion vector is not
determined by making use of a correlation of adjacent
blocks. In prior art 1, it is possible that a motion vector
largely different from an adjoining block may be detected. In

direction, near the shift stored in the shift storage

prior art 2, if desired to determine the motion vector of an
invalid block, there is no other method than to determine by

block.
(C2) In very loW bit rate coding, it is necessary to decrease

and
correcting means for varying the shift stored in the shift
storage means, to the minimum shift direction obtained
in the minimum shift direction arithmetic means,
Wherein the shift storage means produces the shift stored

not only the coding amount of differential image, but also

When the minimum shift direction arithmetic means

the coding amount of motion vector. In the video coder
conforming to the H.261 as prior art 3, the coding amount is

times, as motion vector.

means, Where a sum of and an error betWeen partial

regions of the different frame images and change of the
shift of the adjacent partial regions may be minimum,

interpolation of the motion vector obtained in the adjoining

and correcting means are repeatedly operated plural

kept loW by Hafman coding of the difference from the
adjoining motion vector. HoWever, the correlation of motion

A third motion vector detector of the present invention

comprises:

vectors used in coding is in one dimension and one direction
only, and a more ef?cient motion vector coding is demanded

the ?rst motion vector detector of discussed above, and

motion vector interpolating means for interpolating plural
motion vectors obtained by the motion vector detector,

in very loW bit rate coding.
(C3) In prior art 4, in the ?rst place, the motion vector is
determined by block correlation method, and the motion
vector in piXel unit is determined by a luminance gradient,
then the representative motion vector is corrected and deter
mined so that the differential signal poWer betWeen frames

thereby to obtain a motion vector of each piXel.
A fourth motion vector detector of the present invention

comprises:
the second motion vector detector of discussed above, and

motion vector interpolating means for interpolating plural
motion vectors obtained by the motion vector detector,

may be a minimum. In this prior art, the motion vector in a

piXel unit can be determined by interpolating feW represen
tative motion vectors, but the disclosed technique is com

25

plicated.
(C4) Even by employing the coding method of prior art 5,

frequency band components,

if attempted to perform very loW bit rate coding by sub-band
division, it is necessary to quantiZe the sub-band divided
images coarsely. As a result of decoding by synthesiZing

changing region detecting means for detecting a region of
Which luminance change is larger than a speci?ed value
in the image, and
WindoW coef?cient multiplying means for multiplying
each frequency band component of the image divided

coarsely quantiZed frequency components, ringing is recog
niZed as a visual disturbance.

SUMMARY OF THE INVENTION

It is hence a primary objective of this invention to

thereby to obtain a motion vector of each piXel.
A ?rst video coder of the present invention comprises:
band dividing means for dividing an image into plural

by the band dividing means, by a non-Zero WindoW
35

coef?cient in a region detected by the changing region

provide, in consideration of such problems in conventional

detecting means, and by a Zero WindoW coef?cient in

motion vector detection and image coding, a motion vector
detector and a video coder capable of obtaining a smooth
motion vector if the block siZe is small, avoiding block
distortion in a motion compensated image, suppressing at a

A second video coder of the present invention comprises:
band dividing means for dividing an image into plural

other regions.
frequency band components,

loW motion vector coding amount, and dividing into sub
bands With little ringing.

partial regions of a minimum error and an error value

changing region detecting means for detecting a region of
Which luminance change is larger than a speci?ed value
in the image,
region information coding means for transmitting a posi
tion information of the region detected by the changing
region detecting means, and
band component coding means for transmitting only each
frequency band component of the image divided by the
band dividing means in the region detected by the
changing region detecting means.
A third video coder of the present invention comprises:

in a vicinity of the shift,

motion vector converting means for receiving motion

A ?rst motion vector detector of the present invention

comprises:
a memory for holding a coded image,
error arithmetic means for reading out frame images
before and after in time from the memory, in plural

45

partial regions obtained by dividing the image, calcu
lating error betWeen the partial regions of the different
frame images, and determining a shift betWeen the

error function arithmetic means for determining an error

function from the error value, and
optimiZing means for determining a shift for minimiZing

a sum of changes of the shift in adjacent partial regions
and a value of the error function.

A second motion vector detector of the present invention

comprises:
a memory for holding a coded image,
shift storage means for storing a shift betWeen corre

sponding partial regions in the frame images before and
after in time, in plural partial regions obtained by

dividing the image,
minimum shift direction arithmetic means for reading the
frame images from the memory, and determining a

55

vectors of plural partial regions obtained by dividing an
image, and converting adjacent plural motion vectors
into their representative value and differential value,
and

motion vector coding means for coding the representative
value and the differential value side by side.
A ?rst video decoder of the present invention comprises:
band combining means for combining frequency band
components inputted from said second video coder
discussed above to obtain an original Wave,

region information decoding means for decoding position
information of a transmitted partial region, thereby to
decode only original Wave of the partial region de?ned

by said position information.

5,929,913
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A second video decoder of the present invention com
prises:

the region information coding means, and, corresponding to
this, the band component coding means codes only the
frequency component of the detected region. By concentrat
ing the coding amount into a certain selected partial region,
an image coding With less ringing is realiZed. As compared
With the ?rst video coder invention, it gives rise neWly to the
need to transmit the selected partial region information, but
for the frequency component, to the contrary, it is enough to
transmit only for the corresponding region.

decoding means for decoding the representative value and
differential value obtained by said third video coder
discussed above, and
motion vector reversing means for re-constituting the
decoded representative value and differential value or

plural motion vectors of partial region.
In the ?rst motion vector detector, the error arithmetic
means calculates the error betWeen partial regions of frame

10

images before and after in time, and determines the shift
betWeen the partial regions having the minimum error and
the error value near the shift, then after receiving this result,

representative value and differential value, the motion vector
coding means codes the representative value and differential

value side by side, by making use of the redundancy that the

the error function arithmetic means determines an error

function from the error value, and consequently the opti

In the third video coder, the motion vector converting
means converts adjacent plural motion vectors into their

15

miZing means determines the motion vector so that the sum

of this error function and the change of the shift in the

differential value is very often Zero because the motion
vector is continuous or uniform in most regions of image.
Consequently, the motion vector can be coded by a small

quantity of information.
In the ?rst video decoder invention, the band combining
means combines frequency band components inputted from

adjoining partial region may be minimum. As a result, the
motion vector is determined so as to correspond to the partial

region of the current frame and the partial region of the
preceding frame Without signi?cant error, and to vary
smoothly in space.
In the second motion vector detector, the minimum shift

said second video coder, to obtain the original Wave, and the

direction arithmetic means determines the direction of the
minimum sum of the error of partial regions of different 25

region information decoding means decodes position infor
mation of a transmitted partial region, thereby to decode
only original Wave of the partial region de?ned by said

position information.

frame images and change of shift of adjoining regions, and

In the second video decoder invention, the decoding

the correcting means, receiving this result, corrects the shift

means decodes the representative value and differential

stored in the shift storage means. This correction of shift is

value obtained by said third video coder, and the motion

repeated. As a result, a motion vector is determined so as to

be small in the error betWeen partial regions of different

vector reversing means re-constitutes the decoded represen
tative value and differential value or plural motion vectors of

frames corresponding to each other at a shift produced as a

partial region.

motion vector, and to be smooth in the obtained motion

BRIEF DESCRIPTION OF THE DRAWINGS

vector.
According to these tWo inventions, as far as a motion

vector is obtained stably in a certain partial region, if the
adjoining region is a region of small luminance change, the

35

motion vector can be estimated more stably, so that it is

effective to solve the problem (C1).
In the third and fourth motion vector detectors, using the
?rst or second motion vector detectors, the motion vector

can be obtained smoothly betWeen partial regions. By mak
ing use of this nature, the motion vector interpolating means

interpolates the motion vector of plural partial regions, and
determines the motion vector of each pixel (in the block
correlation method Without using the ?rst or second motion
vector detector, it is not guaranteed that the obtained motion

45

embodiment of the invention.
FIG. 8 is a block diagram of a video decoder correspond
ing to the video coder in the fourth embodiment.
FIG. 9 is a diagram for explaining the principle of block
correlation method.
FIG. 10 is a diagram for explaining the operation of block

the motion vector of each pixel by interpolation).
In the ?rst video coder invention, the image is divided into

plural frequency band components by the band dividing
means, a region With a large changing amount of luminance

is detected by the changing region detecting means, and the
frequency component of this region is multiplied by a

correlation processing.
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FIG. 11 is a diagram for explaining the sub-band coding
band division.
FIG. 12 is a diagram for explaining the sub-band coef?
cient transmission.

With the large luminance change amount is transmitted (in
the conventional sub-band coding, all divided frequency
components are scanned and transmitted), and thereby the

FIG. 13 is a block diagram of a video coder in a ?fth

information transmission in the region With the small lumi
nance change amount is suppressed. For the problem (C4),
by concentrating the coding amount into a certain selected

partial region, an image coding With less ringing is realiZed.
In the second video coder invention, for the problem (C4),
in sub-band coding, a region of large luminance change
amount is detected by the changing region detecting means,
and the position information of that region is transmitted by

embodiment of the invention.
FIG. 4 is a block diagram of a video decoder correspond
ing to the video coder in the third embodiment.
FIG. 5 is a block diagram of a video transform circuit in
the third embodiment.
FIG. 6 is a block diagram of a video inverse transform
circuit in the third embodiment.
FIG. 7 is a block diagram of a video coder in a fourth

vector is smooth in space, and hence it is hard to determine

non-Zero WindoW coef?cient, and the other regions, by a
Zero WindoW coef?cient by the WindoW coef?cient multi
plying means. As a result, only the information in the region

FIG. 1 is a block diagram of a motion vector detector in
a ?rst embodiment of the invention.
FIG. 2 is a block diagram of a motion vector detector in
a second embodiment of the invention.
FIG. 3 is a block diagram of a video coder in a third

embodiment of the present invention.
FIG. 14 is a diagram for explaining the motion vector

orthogonal transform processing.
FIG. 15 is a block diagram of a video coder in a sixth
65

embodiment of the invention.
FIG. 16 is a block diagram of a video decoder corre

sponding to the video coder in the sixth embodiment.
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PREFERRED EMBODIMENTS
Referring noW to the drawings, some of the embodiments
of the invention are described in detail below.

10.
1

1

E(a, b) = 5(-1, 2, -1, 2, 5, 2, -1, 2, -1)s

In the embodiments shoWn in the speci?cation, for the
ease of understanding of the operation of the apparatus
shoWn in the embodiment, the image is composed of 144x
176 pixels, and the block for correlation operation is com

6E 14, v

(

6'4

formula?]

1

)

(u,v):(a,b)

= -(-1.o.1.-1,o,1,-1,0,1)S
6

formulate

posed of 8 pixels by 8 pixels.
FIG. 1 is a block diagram of a motion vector detector in
a ?rst embodiment of the invention. FIG. 9 and FIG. 10 are

6E 14, v

(

10

diagrams for explaining the block correlation processing. In

6V

1

)

(u,v):(a,b)

: _(_1,_l,_1,O,O,O,l,1,l)S

62E :4, v

FIG. 1, reference numeral 100 is a video input terminal, 101
is an A/D converting circuit for quantiZing a video analog

1

(2 )

6”

6

= -(1,-2,1,1,-2,1,1,-2,1)s

formula[7]

formulam

(u,v):(a,b)

signal, 102, 103 are frame memories for storing preceding
and succeeding frames of the picture, 104 is a correlation
arithmetic circuit for block correlation calculation, 105 is a
correlation parameter arithmetic circuit for calculating the
correlation parameter from the result of block correlation
calculation, 106 is a motion vector storage memory, 107 is
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62E :4, v

1

(2 )

6v

62E :4, v

(

= -(1,1,1,-2,-2,-2,1,1,1)s

formulap]

(u,v):(a,b)

1

)

61461)

= _(l, O, _l, O, O, O, _l, 0, Us

formula[l0]

(MFW’b)

a correlation parameter storage memory, 108 is a motion

vector correcting circuit for correcting the motion vector by
correlation parameter, and 109 is a motion vector output
terminal. The frame memories 102, 103 compose a memory,
the correlation arithmetic circuit 104 composes error arith
metic means, the correlation parameter arithmetic circuit
105 composes error function arithmetic means, and the

These correlation parameters are calculated on each block

divided into 18x22 pieces, of Which result is stored in the
correlation parameter storage memory 107. Herein, the
25

correlation parameters have the folloWing meaning. As the
coef?cients in formulas 5 to 10 are determined, the squared
error of each block in frame t can be expressed as a quadratic

motion vector correcting circuit 108 composes optimiZing

function having the shift (u,v) shoWn in formula 11 as a

means. This embodiment relates to a motion vector detector
for detecting a parallel move component as a motion vector

variable. In formula 11, Em is expressed as Taylor series of
expansion of the squared error of each block at position
(a,b). From this function, the correlation is evaluated.

in a block divided into 18x22.

In thus constituted ?rst embodiment, the processing pro
cedure is described beloW.

First, the image of the preceding frame digitiZed by the
A/D converting circuit 101 is stored in the frame memory
103, and the image of the current frame is stored in the frame
memory 102. The correlation arithmetic circuit 104 reads

35

out block information R from the current frame memory 102
as shoWn in FIG. 9, and simultaneously reads out block

information R‘ of the preceding frame, While varying the
shift (u,v) in every pixel, thereby calculating the correlation
as shoWn in formula 2. In formula 2, gt(x,y) denotes the

luminance value of frame t at pixel position (x,y).
Consequently, the shift for minimiZing the value is searched
as shoWn in formula 3, and a primary estimation (a,b) is
obtained. This (a,b) value is obtained at a precision of one
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pixel.
E04, V) = Z (gril(x+ '4, y + V) — 81(96, y))2

tion is expressed (formula 11), the motion vector is esti

formulalzl

mated by minimiZing the linear sum With formula 12 for
expressing the smoothness of motion vector betWeen adjoin
ing blocks. The number of evaluations subject to minimi
Zation is shoWn in formula 13, Where )L is a non-negative
constant determined experimentally. Minimization of for

formula [3]

mula 13 is aachieved by solving the Euler equation shoWn

(XMER

(a, b) = arg Sign”, V)

On the other hand, the de?nition for smooth change of
motion vector betWeen adjoining blocks can be expressed in
formula 12. In formula 12, (E, v) is a mean vector deter
mined from a motion vector of adjoining blocks. In the
motion vector correcting circuit 108, When a good correla

in formula 14.

This calculation is performed on each block divided into
18x22 pieces, and the results are stored in the motion vector
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storage memory 106. In the process of determining the
minimum shift in each block, an array S of squared errors
near the minimum shift shoWn in formula 4 is calculated,

Where ( )’ denotes the transposition of matrix. The correla
tion arithmetic circuit 104 sends it out into the correlation

More speci?cally, the folloWing calculations are operated

parameter arithmetic circuit 105.

in the motion vector correcting circuit 108.
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The correlation parameter arithmetic circuit 105 calcu
lates the correlation parameters shoWn in formulas 5 through

Step 1: In each block, the mean vector (5, V) is determined
in formulas 15 and 16, Where i and j denote the horiZontal
and vertical positions of the block subject to calculation as
shoWn in FIG. 10, and primary estimates a, b in the block are
used as initial values of (u,v).

