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(57) Abstract: When frame data is acquired to a digital camera (1), a block split section (21) splits the frame data into a plurality
of correlation detection blocks, an average value calculation section (22) calculates an average pixel value of each of the correlation
& detection blocks, and an activity calculation section (23) calculates a block activity value of each of the correlation detection blocks
& from the calculated average pixel value of each of the correlation detection blocks. Next, a group allocation section (24) allocates
the individual correlation detection blocks to two groups on the basis of the calculated block activity value, and a motion vector
for each group is calculated using the representative point matching method. Next, the motion vector calculation section (26, 27,
28) calculates the entire motion vector from the motion vectors for each group in accordance with the ratio between the numbers of

calculation detection blocks in each group.
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DESCRIPTION

IMAGING APPARATUS WITH MOTION VECTOR DETECTING FUNCTION

Technical Field

The present invention relates to an image apparatus that
can be used for a digital cémera, a motion detection’apparatus

and a method of detecting a motion vector.

‘ Backg;ound Art

Recently,animagingapparatus,forexample,adigitalcamera
equipped with a hand shake correction function to prevent the
shake of an object image caused’by'hand shake has appeared on
the market. As an art to detect the hand shake amsunt required
for correcting the hand shake, an art to éetect a motion vector
of the hand shake using the representative point matching method
has been infroduced.

Intheart,forexample,apluralitjofmotionvectordetection
regions are providéd in the image, and.thelﬁotion'vector of each
regionisdetectedwiththerépresentativepointmatchingmethod.
Next, the detected motion vector in each region islevaluafed
according to the temporal change of the motion vector and other
elements so as to acquire the reliability. Next, the vectors
are selected and synthesized in accordance with the reliability,
thereby to acquire a motion vector representing the entire image
(refer to Japanese Laid-Open (Kokai) Patent Application No.

HO06-046316 (1994).
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Howevgr, in the conventional imaging apparatus, in the case
where a mobile object exists in such a manner that it covers
all vector detection regions in the sfate where a background
(a ;tationary objéct) occupies the most of the image, all of
the detected motion vectors are significagtly affected by the
mobile body. Accordingly, a motion vector which significantly
differs fromthemotionvectorof the backgrounditself isacquired.
As a rgsult, a drawback occurs that a shake (hand shake) of the
background which covers most of thq image cannot be compensated
appropriately.

The present invention is actualized to resolve the foregoing
drawback of the conventional art, and an object thereof is to
provideanimagingapparatusthatcandetectanapprobriatemotion
vector in accordance with the status of aﬁ object in the image,
a motion vector detection apparatus, and a method of detecting

a motion vector.

Disclosure of Invention

In accordance with one aspect of the present invention, there
is provided a motion vector detection épparatus is configured
to include: an acquisition means for acquiring frame data; an
activitycalculationmeans for calculatingablock activity value
on the basis of the frame data acquired by the acquisition means
for each correlation detection block; an allocation means for
allocating a plurality of correlation detection blocks to a

plurality of groups on the basis of the block activity wvalue
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of each of the correlatio'n detection blocks calculated by the
activity calculation means; a motion vector calculation means
for calculatingamotion vector for each group towhichallocation
has ‘been performed by the allocation means; and a detection means
for detecting th‘e motion vector of the frame\ data by calculating
a single motion vector on the basis of the motion vectors for

each group calculated by the motion vector calculation means

.in accordance with the ratio between the correlation detection

blocks which are allocated to a plurality of respective groups
by the allocation means.

In accordance with another aspect of the present invention,
there is provided an imaging apparatus comprising: an image
pick-up means for picking up an image of an object and outputting ‘
image data; an activity calculation means for calculating ablock
activity value on the basis of the -image data outputted from
fhe ima_ge pick-up means; an allocation means for allocating a
pluralityof correlation gletection blocks toapluralityof groups
on the basis of the block activity value'bf 9abh of the correlation
detection blocks calculated by the activity calculation means;
amotion vector calculation means for caléulating amotion vector
for each group to which allocation has been performed by the
allocation means; a detection means for detecting a motion vector
of the image data by calculating a single motion vector from
the motion vectors for each group calculated by the motion vector
calculation means in accordance with the ratio between the

correlation detection blocks which are allocated to a plurality
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of respective groups by the allocation means; and a camera shake
compensation means for executing éamera shake compensation
processing to the image data on the baéis of the motion vector
of ghe image data detected by the detection means.

In accordance with another aspect of th(;f; present invention,
there is provided a method of detecting amotion vector comprising
the steps of: an acquisition step for acquiring frame data; an
activij:y calculation step for calculating a block activity value
foreachcorrelationdetectionbldckfromtheframedataacquired
by the acquisition step; an allocation step for allocating a
plpralityofcorrelationdetectionblockstoapluralityofgroups
on the basis of ihe block activity value of each of the correlation
detection blocks calculated by the activity calculation step:
amotion vector calculation step for calcuiating a motion vector
for each group allocation has been performed by the allocation
step; and a detection step for detecting the motion vector of
the frame data by calculating a.single motion vector from‘the
motion vectors fof each group‘calculéted by the motion vector
calculation step in accoraance with the ratio between the
correlation detection blocks which ére allocated by the
allocation step to a plurality of groups.

In accordance with another aspect of the present invention,
there is provided a program executed by a processor in an imaging
apparatus for executing motion vector detection processing,
comprising: an acquisition processing step of acquiring frame

data; an activity calculation processing step of calculating
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a block activity value for each correlation detection block £from
the frame data acquired by the acquisition processing step; an
allocation processing stép of alloéating a plurality of
cor?elation detection blocks to a plurality of groups on the
basis of the block activity value of eachﬁof the correlation

detection blocks calculated by the activity calculation

processing step:; a motion vector calculation processing step

of calqulating amotion vector for each group to which allocation
has been performed by the allocation processing step; and a
detection processing step of detecting the motion vector of the
frame data by calculating a single motion vector from the motion
vectors for eachgroup calculated by themotion vector calculation
processing step in accordance with the ratio between fhe
correlation detection blocks which are allocated by the .
allocation processing step to a plurality of groups.
Thgaboveandfurthernovelfeaturesofthepmesentinvention
will more fully appear from the following detailed description
whenthesameisreadiﬁconjunctionwitﬁthgabcompanyingdrawings.
It is to be expressly uhderstood, however, thatlthe drawings
are for the purpose of illustration oniy and are not intended

as a definition of the limits of the invention.

Brief Description of Drawings

FIG. l1isablockdiagramof adigital cameral in an embodiment
of the present invention:;

FIG. 2 is a functional block diagram of a CPU 18;
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FIG. 3 shows details of each split correlation detection
block:

FIG. 4A and FIG. 4B are diagrams for illustrating the outline
of the invention;

FIG. 5 is a flowchart showing a hang shake correction
processing operation of a digital camera according to the
embodiment;

FIQ. 6 is a flowchart showing a motion vector calculation
processing operation of the digital camera according to the
embodiment;

FIG. 7A, FIG. 7B and FIG. 7C are diagrams for illustrating
a method of addition to a correlation value H and a cumulative
correlation value S; and

FIG. 8 is adiagram for illustrating a cumulative correlation

value S.

Best Mode for Carrying Out the Invention

Hereinafter, the best mode for éarrying out the present
invention will be described with reference to the drawings as
an example of application of a motion vector detection apparatus
of the present invention to a digital camera.

A. Configuration of the Digital Camera

FIG. 1 is a block diagram showing the general electrical
outline configuration of a digital cameral 1 which actualizes
a motion vector detection apparatus of the present invention.

The digital camera 1 includes an image pickup lens 2, a CCD
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3,a vertipal driver 4, a timing generator (TG) 5, a unit qircuit
6, a DMA controller (hereinafter referred to as a DMA) 7, a memory
8, a DMA 9, an image generation sectioﬁ 10, a DMA 11, a DMA 12,
a display section 13, a DMA 14, a compression section 15, a DMA
l6, a flash memory 17, a CPU 18, and a bus 19.

The image pickup lens 2 projects light of an object to the
CCD 3. The CCD 3 is scanned and driven by the vértical driver
4 so ag to photo-electrically convert intensity of light of an
object projected at every certain time interval and outputs it
as an imaging signal (image data) to the unit circuit 6. 1In this
case, since the CCD 3 has color filters of Bayer layout, the
projected ligﬁt of an object is photo-electrically converted .
to an amount of 1light of each color represented in t—he RGB value.
Theoperationtimingsoftheverticaldrivaf4andtheunitcircuit
6 are controlled by the CPU 18 via 'the TG 5.

The TG 5, which is connected to the unit circuit 6, is
configured with a Correlated Double Sampling (CDS) cirpuit‘for
performing correlated double sampling, of imaging signals
outputted from the CCD 3 aﬁd holding them, an automatic gain
control (AGC) circuit for performing auéomatic gain control of
the sampled imaging signals, and an analog to digital (A/D)
converter for converting the automatic-gain-controlled analog
imaging signals to digital signals. The imaging signals of the
CCD 3 go though the unit circuit 6 and are stored in the Bayer
data (raw data) state in the memory 8 through control of the

DMA 7.
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The DMA 9 cuts out and reads out the Bayer data stqred in
the memory 8 on the basis of a cut-éut area determined by the
CPU 18, and outputs them to the image genefation section 10.

Theimagegenefationsection10performspixelinterpolation
processing, gamma (y) correction, white ba}ance processing or
the 1like, and processing of generating luminosity color
difference signals (YUV data) to the image data of Bayer data
sent from the DMA 9.

DMA 11 stores in the memory 8 the image data of the luminosity
color difference signals generated in the image generation
section 10. At this time, the image data of the luminosity color
difference signals are stored in a region other than a region
in which the above-described Bayer data are stofed.

The DMA 12 reads out the image data of the YUV data stored
in the memory 8, and outputs them to the display section 13.

The display section 13, including a color LCD and a drive
circuit thereof, displays the image data outputted from the QMA
12. \

The. DMA 14 outputs the(image data of the YUV data stored
in the memory 8 while a movie is shot and recorded and the image
data that has been compressed (the compressed image data) to
the compression section 15, and stores the image data compressed
by the compression section 15 and the image data that has been
expanded to the memory 8.

The compression section 15 is a section for executing

compressionandexpansion (forexample, compressionandexpansion
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in the MPEG format) of the image data.

The DMA 16 reads out the compressed image data stored in
the memory 8 to record them in the flash memory 17, and stores
the compressed image data recorded in the flash memory 17 to

the memory 8. .
i

The CPU 18 is configured with a one-chip micro computer with
a function of controlling individual sections of the digital
cameraJ” Particularly, it has a function of calculatingamotion
vector of frame data, which characterizes the present invention.

The memory 8 further records a program and data necessary
for controlling the CPU 18, and has a storage region necessary
for calculating the motion vector.

B. Function of the CPU 18

Next, the function of the CPU 18 which characterizes the
present invention will be described.

The CPU’18 calculates a motion vector MV from each of the
frame data (image data) ogtputted from the CCD 3 at every certain
time interval by driving the CCD 3.

First of all, FIG. é‘sﬁows a functional block diagram of
the CPU 18 which characterizes the pregent invention and the
details of the storage region of the memory 8.

The CPU 18 has functions such as a block split section 21,
an average value calculation section 22, an activity calculation
section 23, a group allocation section 24, a counting section
25, a correlation value calculation section 26, a cumulative

addition section 27 and a motion vector calculation section 28
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and the like.

The memory 8 has a cumulative correlation value storage area
A 31, a cumulative correlation value étorage area B 32 and a
frame information'storage region 33.

When an image is picked up by the CCD % and new Bayer data
is stored in fhe memory 8, the CPU 18 acquires new frame data
by reading out the new Bayer data from the memory 8. At this
stageofacquiringthenewframedata,theCPUlBerasesinformation
stored in the cumulative correlation Yalue storage area A 31
and the cumulative correlation value storage area B 32 of the
memory 8, and sets the number of counts of the counting section
25 to 0.

When the block split section 21 acquires singie frame data
(current frame data) sent £from the memory 8 ,‘ it splits the acquired
frame data (Bayer data) into a plurality of correlation detection
blocks. Since a éingle correlation detection block has 17 x 13
pixels, it splits all pixel values outputted from the CCD 3 \into
17 x 13 pixels. FIG: 3‘shows‘the detéils,thereqf. Since the
address (x, y) of the cenfer pixel of the split correlation
detection block is assumed to be (0, 0;; the address (x, y) of
the pixel A will be (6, 2), and the address (x, y) of the pixel
B will be (7, -3).

The average value calculation section 22 calculates an
average pixel value of each of the plurality of correlation
detection blocks into which the data has been split by the block

split section 21. In this case, it calculates the average pixel
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value only on the basis of G pixel values in the correlation
detection block. That is, it calculates the average value of
the G pixel values. In addition, the aQerage'value calculation
section 22 outputs the calculated average pixel values to the
activity calculation 'section 23, and stores the calculated
average pixel value of each of the correlatien detection blocks.

At this time, it also stores a representative pixel value of

‘each of the correlation detection blocks in the frame information

storage region 33. In this case, ;he pixel value of the center
pixel of the correlation detection block is assumed to be the
representative pixel value.

Note that, the average value calculation section 22 may
calculate the average pixel Va;ue only on the basis of the R
pixel values or the B pixel values in the correlation detection
block, may calculate the average pixel value on the basis of
all pixel vaiues (RGB pixel values), may calculate the average
pixel value on the basis of pixels at predetermined intervals,
or may calculate the final average pixel'value through.combieed
use of various average pixel values. The point is, any value
may be used so long as it reflects the aegree of change of the
position in the temporal axis. In addition, only the average
pixel value of each of the correlation detection blocks may be
stored in the frame information storage region 33, without the
representative pixel value of each of the correlation detection
blocks being stored. 1In this case, the average pixel value plays

a role of the representative pixel value of the correlation
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detection block. Alternatively, a pixel additioq value
determined by adding predetermined pixel values in the
correlation detection block may be uséd in'place of the pixel
avegage value.

The activity calculation section 23ﬁcalculates a block
activity value of each of the correlation detegtionfblocks on
the basis of the average pixel value of each of the correlation
detection blocks calculated by the average value calculation
section 22. This calculation is made by performing subtraction
between the average pixel value of each of the correlation
detection blocks in the last frame before the current frame (the
previous frame) and the average pixel value of each of the
correlation detection blocks of the current frame, with the both
correlation detection blocks being at the same position, and
determining the absolute value (or squaring) of the difference.
Accordingly, the absolute value of the difference will be the
block activityvalue. Inaddition, since the average pixel value
of each of the correlation detection bléck,s 6f the previous frame
has been stored in the frame information storage region 33, the
activity calculation section 23 is capable of calculating the
block activity value of each of the correlation detection blocks
by reading out the average pixel value of each of the correlation
detection blocks of the previous frame from the frame information
storage region 33.

When the block activity value of each of the correlation

detection blocks is calculated, the group allocation section
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24 determipes whether or not the calculated block activity value
is lower than the threshold. It allocates the correlation
detection blocks whose block activity‘value is lower than the
thre‘shold to Group A, and the correlation detection blocks whose
block activity Qalue is not lower than thegthreshold to Group
B. ' -

The counting section 25 counts the number of correlation
detection blocks which are allocated to Group A, and the number
of correlation detection blocks.which are allocated to Group
B, respectively.

The correlation value calculation section 26, the cumulative
addition section 27, and the motion vector calculation section
28 calculate, mainly using the representative pdint matching
method, the motion vector of Group A and‘the motion vector of
Group B on the basis of the correlation detection blocks which
are allocated to Group A and the correlation detection blocks
whichareallocated toGroupB, respectively. Further,tpemotion
vector calculation section 28'calculétes the motion vector of
the entire frame on the basis of the calculated motion vector
of Group A and the motion vector of Grﬁup B.

Specifically, the correlation value calculation section 26
calculates the correlation values H of the pixels from the G
pixelvalues ineachof the correlationdetectionblocks allocated
to Group A and Groups B, respectively. The calculation of the
correlation values H of the pixels is made by performing

subtraction between each of the G pixel values in each of the
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correlation detection blocks of the current frame and the
representative pixel value in each of the correlation detection
blocksofthe;ueviousframe,withthebofhcorrelationdetection
block being at thé same position, and squaring the difference.
Accordingly, the square of the difference wi%l be the correlation

value H of the pixels. 1In addition, since the representative

pixel value of each of the correlation detection blocks of the

previous frame has been stored in the frame information storage
region 33, the correlationvalue calculationsection 26 is capable
of calculating the correlation values H of the pixels in each
of' the correlation detection blocks by reading out the
representative pixel value in each of the correlation detection
blocks of the previous frame from the frame infqrmation storage
region 33. Note that, in place of the squére of the difference,
the absolute value of the difference may be determined.

The cumulative addition section 27 adds the correlation
values H of the pixels in each of the correlation detection bloqks
which afe allocated to Group A, with thelpixels.being at the
same position, and stores fhe cumulative correlation value S
determined by addition in the cumulative correlation value
storage area A 31. In addition, it adds the correlation values
H of the pixels in each of the correlation detection blocks which
isallocated to GroupB, with the pixels beingat the same position,
and stores the cumulative correlation value S determined by
addition in the cumulative correlation value storage area B 32.

The motion vector calculation section 28 detects a motion
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vector Mva of Group A on the basis of the cumulative cor;:elation
value Swhich is the smallest of the cumulative correlation values
S which have been stored in the cumulative correlation wvalue
storage area A 31. Similarly, it also detects a motion vectop
MVb of Group B on the basis of the cumulati\{'e correlation value
S which is the smallest of the cumulative correlation values
S which have been stored in the cumulative correlation wvalue
storage area B 32.

Next, the motion vector calculation section 28 detects the
motion vector of the current frame on the basis of the detected
moj:ion vector of Group A and Group B (MVa, MVb). The detection
of the motion vector of the current frame is made from the motion
vector of Group A and Group B (MVa, MVb) in accordance with the
ratio between the number of calculation détection blocks which
are allocated to Group A and the number of correlation detection
blocks which are'allocated to Group B.

C. Outline of the Present Invention

The outline of the present ihventic;n w;‘.li be described before
describing the operation of the digital camera 1 according to
the present embodiment.

The present invention calculates amotion vector of a portion
inwhich the image has not significantly changed, such as aportion
in which only a hand shake exists (for example, the background),
and a motion vector of a portion, in which the image has
significantly changed, such as a portion in which the object

significantly moves, respectively. Next, the present invention



10

15

20

25

WO 2007/049432 PCT/JP2006/319817

16

calculates the motion vector of the frame in accordaﬁce with
the areas which are covered by the portioﬂ 'in which the image
has not significantly changéd, and the pértion in which the image
has significantly changed in the frame, respectively.

FIG. 4A and FIG. 4B are diagrams showing the details of the

correlation detection blocks which are allocated by the group

~allocation section 24. It is apparent that although the image

of the previous frame and the.image of the current frame include
a mountain, a house and a person, the position of the person
differs between the previous frame and the current frame. That
is, it is apparent that the movement of the object (the person)
is much larger than that of the hand shake.
Accordingly,thecorrelationdetectionblockséreallocated
to Groups A and B using the block activity‘ value and a threshold -
of the correlation detection block, whereby the correlation -
detection blockslare allocated to portions in which only a hand
shake exists and portions in which the object moves. _That is,
in the case of the c'orr\elation detection bl/oék in which the object
moves, the correlation witﬁ the correlation detection block of
the previous frame (correlation betweeﬂ‘the frames) decreases,
that is, the block activity value increases (i.e., the difference
in the pixel average values increases). The magnitude of the
block activity value is judged using the threshold.
Referring to FIG 4B, the correlation detection blocks filled
in white of the current frame represent the correlation detection

blocks which are allocated to Group A, and the correlation
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detection blocks filled in black represent the correlation
detection blocks which are allocated to Group B. That is, the
correlation detection blocks filled in white represent the
correlation detection blocks whose block activity value is
smaller than the threshold, and the correlat:,?.on detection blocks
filled in black represent the correlation detecti~on blocks whose
block activity value is not smaller than the threshold.

Next, themotionvectors for Group A and Group B are calculated,
respectively, and the entire motion vector is calculated in
accordance with the ratio between the number of correlation
de"tection blocks of Group A and the number of correlationdetection
blocks of Group B. This enables calculating the motion vector
of the entire image in accordance with the ratid between the ‘
area of the hand shake and the area of thé object with movement
in the image.

For example, as shown in FIG 4B, in the case where the portion
with the hand shake (the background) occupies a larger area than
the portion with the object with movement’(the pgrson) in the
image, the motion vector focusing on the motion vector of the
background is selected, as the motion vector of the frame is
calculated, from the calculated motion vector of the background
(the motion vector of Group A) and the motion vector of the object
(the motion vector of Group B).

On the contrary, in the case where the portion with the object
with movement (the person) occupies a larger area than the portion

with the hand shake (background) in the image, the motion vector
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focusing on the motion vector of the object is selected, as the
motion vector of the frame is calculated, from the calculated
motion vector of the background (the motion vector of Group A)
and the motion vgctor of the object (the motion vector of Group
B). ' ‘

Thatis,themotionvectofoftheframeiscalcu;ated;focusing
on the motion vector which occupies a larger area in the image
of the frame.

D. Operation

Next, a hand shake compensation processing operation of the
digital camera 1 according to the present embodiment will be
described referring to a flowchart of FIG. 5.

First, when, a new image is picked up by the CCD 3 and new |
Bayer data is stored in the memory 8, fof example, during the
operation of movie shooting and recording, the CPU 18 acquires
the new frame data (the i*" frame data) by reading out new Bayer
data from the memory 8 (Step -Sl1). The frame data may be
séquentially acquired for each of the cofrelation detection
blocks,whilesettingthetimingatwhichtheprocéssingofreading
out the new Bayer data from the memory 8 to the timing at which
storage for one correlation detection block to the memory 8 is
complete. Inthiscase, however, forsimplifyingthedescription,
the frame data for a single image is to be acquired, while setting
the timing at which the processing of reading out the new Bayer
data from the memory 8 to the timing at which storage for one

image to the memory 8 is complete.
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Next,lthe CPU 18 executes the motion vector calculation
processing of the new frame data acquired in Step S1 (Step S2).
The details will be described later. |

When the motion vector calculation processing in Step S2
is complete, the CPU 18 determines a cut-?ut area for the i*™
frame on the basis of the motion vector for the i*" frame calculated
in Step S2 and the cut-out area used for trimming the (i-1)™
frame (Step S3).

Subsequently, the CPU 18 controls the DMA 9 so as to cut
out and read out the image data (Bayer data) for the i*™" frame
stpred in the memory 8 according to the cut-out area for the
i*® frame determined in Step S3. Further, the CPU 18 has the
image generation section 10 output the trimmed image data (Step"
s4). ’

Subsequently, the CPU 18 controls the DMA 12 so as to read
out the YUV data generated by the‘image generation section 10
and stored in the memory 8 (Step S5).

Further, the CPU 18 controls the pMAs 14,’16, and the
compression section 15 so és to compress the YUV data stored
in the memory 8 and record them in the—flash memory 17 (Step
S6).

The processing of Steps S1 to S6 as described above is
repeatedly executed each time a new image is picked up by the
CCD 3 and new Bayer data is stored in the memory 8.

Next, thedetails of themotionvector calculation processing

operation of the digital camera 1 according to the present
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" embodiment (Step S2 in FIG. 5) will be described referring to

the flowchart of FIG. 6.

First, when new frame data is acquired in Step S1 of FIG.
5, the CPU 18 sets J to 1l (J: the number of correlation detection_
blocks), Nato 0, and Nb to 0, and clears (era§es) the information
stored in the cumulative correlation value stqrage area A 31
and the cumulative correlation value storage area B 32 (Step
S11).

Here,Narepresentsacountvalueofthecorrelationdetection
block (the correlation detection block allocated to Group A)
whoseblockactivityvalue is judged tobe lower than the threshold,
and Nb represents a count value of the correlation detection
block (the correlation detection block allocaﬁed to Group B)
whose block activity wvalue is judged té be higher than the
threshold.

Further, the block split section 21 splits the acquired frame
(the ith frame in this case) into a plurality of cor;elation
detectionblocks(StepSlZ). Thatis,sincefisinglecorrelation
detection block has 17 x 13 pixels, the block éplit section 21
splits all pixel values outputted from the CCD 3 into blocks
each having 17 x 13 pixels.

Next, the CPU 18 starts calculation of the correlation value
H of the J™ (in this case, the first, since J=1) correlation
detection block (Step S13).

Next, the average value calculation section 22 calculates

the average value of the pixel values in the J*™ correlation
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detection block (the average pixel value) (Step S14). Here, the

average value of the Gpixel values in tfle J*™ correlation detection
block is calculated. |

Next, the avefage value calculation section 22 stores the
calculated average pixel value of the J™ correlation detection
block in the frame information storage region 33 of the memory
8, and also stores the representative pixel vaiue of the J™
correlation detection block.in the frame information storage
region 33 (Step S15)." The represéntative pixel value refers to
a pixel value of the center pixel of the J*™ correlation detection
block, that is, the pixel value of the pixel the address (x,
y) of which will be (0, 0). Note that, the average pixel value
of the correlation detection block may be used as the
representative pixel value.

The stored representative pixel value of the J*™ correlation -
detection block and the block average value of the J* correlation
detection block are used when calculating the motion \{ectqr of
the following frame (the (i+1)® frame), that is, in Step S6 and
Step S9. °

Next, the activity calculation seétion 23 calculates the
J™ correlation detection block activity value (Step S16). The
calculation is made as follows: reading out the average value
of the G pixel values in the J™ correlation detection block of
the previous frame (the (i-1)*™ frame) is stored in the frame

information storage region, and determines the absolute value

of the difference between the average value of the J*™ correlation
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detection block of the (i-1)™ frame that has been read out and
the average value of the J“‘correlation detection block of the
i*™ frame calculated in Step S4. Thé absolute value of the
difference is set as the block activity value.

Next, the group allocation section 24 jydges whether or not
the calculated.block.activity'value is lower than the threshold
(Step S17). That is, it judges whether to allocate the blocks
to Group A or Group B in accordance with the calculated block
activity value and the threshold.

In Step S17, when the calculated block activity value is
judgedtobelowerthanthethreshold,theQroupallocationsection
24 allocates the correlation detection blocks to Group A, and
the counting section 25 sets the count of Na to +1 (Step S18).

Next, the correlation value caléulation section 26
respectively calculates the correlation values H of the pixels h
(the square of the ‘difference) from each of the G pixel values
in the J™ correlation detection block and the represgntaﬁive
pixel value of the .ith correlation detection i)lock of the previous
frame. The cumulative addifion section 27 adds the calculated
correlation value H of each of the pixels to each of the cumulative
correlation value S stored in the cumulative correlation value
storage area A 31 (Step S19) and stores the value, and the routine
advances to Step S22. Note that, in the case where the cumulative
correlation value S has not been stored in the cumulative
correlation value storage area A 31, each of the calculated

correlation values H of the pixels is stored as it is, and the
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thus stored correlation value H becomes the cumulative
correlation value S.

The calculation of the correlation \.ralue Hwill be described
specifically as fdllows: the correlation value H of the pixels
is determined by subtracting the representQtive pixel value of
the J™ correlation detection block of the (i-1)®® frame stored
in the frame information storage region 33 from each of the G
pixel values of the J™ correlation detection block of the ith
frame, and by squaring each of the values determined by the
subtraction. For example, when it is assumed that there are five
G pixels in the J™ correlation detection block, the number of
the correlation values H of the pixels to be determined will
be 5. This is because the representative pixel vaiue of the J™
correlation detection block of the previous frame is subtracted
from the five G pixel values in the J™ correlation detection
block of the acqﬁired frame in Step S1 of FIG. 5, and each of
the values determined by the subtraction is squared.

FIG. 7Aindicates each of the Gpixel values of the J™detection
block, and FIG. 7B shows thé details of the correlation value
H of each of the pixels calculated from the J* detection block.
At this time, the address of the pixel on which the calculation
is made is used as the address of the calculated correlation
value H of each of the pixels. That is, the address (x, y) of
the correlation value H of the pixel calculated on the basis
éf the pixel A will be (6, 2), and the address (x, y) of the

correlation value H of the pixel calculated on the basis of the
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pixel B will be (7, -3).

Next, a specific description will be given on the addition
of each of the calculated correlation.values H on each of the
cumulative correlation values S which have been stored in the
cumulative correlation value storage areasA 31.

First of all, the cumulative correlation value S which has
been stored in the cumulative correlation value storage area
A 31 refers to a value determined by adding the calculated
correlation values H of each of the pixels of each of the
correlation detection blocks, while the pixels are at the same
position.

That is, the cumulative correlation value S is a value
determined by selecting the correlation values H 6f the pixels
whose address are the same out of the cofrelation values H of
each of the pixels calculated in each of the correlation detection
blocks as shown in FIG. 8. The same number of the cumulative
qorrelation values S exists as those of the correlation va;qes
H and the number of the G pixels in the cdrrelation detection
block. |

At this time, the address of the cofrelation value H of the
pixel which is determined by the addition is used for each
cumulative correlation value S.

For example, the address (x, y) of the cumulative correlation
value S determined by adding the correlation values H of the
pixels with the address (x, y) being (6, 2) will be (6, 2), and

the address (x, y) of the cumulative correlationvalue Sdetermined
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by adding the correlation values H of the pixels with the address
(x, y) being (7, -3) will be (7, -3).

FIG. 7C shows the detaiis of the cumulative correlation value
S, and the newly éalculated correlation value H of the pixels
is added to the cumulative correlation valge S. At this time,
the correlation value H of the pixels with the same address as
that of the cumulative correlation wvalue S isAadded to the
cumulative correlation value S as shown in FIG. 7B.

On the other hand, when it is judged that the calculated
block activity value is not smaller than the threshold in Step
S17, the group allocation section 24 allocates the correlation
detection blocks to Group B, and the counting section 25 sgts
the count of Nb to +1 (Step S20).

Next, as is the case with Step S19, the correlation value
calculation section 26 calculates the correlation values H of
the pixels (the square of the difference) from each of the G
pixel values in the J*™ correlation detection block and the
répresehtativepixelvalueofthe:ﬁhcofrelétiondetectionblock
of the previous frame, respectively. The cumulative addition
section 27 adds each of the calculated correlation values H of
the pixels to each of the cumulative correlation values S stored
in the cumulative correlation value storage area B 32 and stores
it (Step S21), and the routine advances to Step S22. Note that,
in the case where the cumulative correlation value S has not
been stored in the cumulative correlation value storage area

B 32, the calculated correlation value H of each of the pixels
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is storedlas it’is, and thus the stored correlation value H of
the pixel will be the cumulative correlation value S.'

When the routine advaﬁces to StevaZZ, the CPU 18 judges
whether or not the'correlation value H has been calculated from
all correlation detection blocks for the i?‘frame (Step S22).

In Step S22, when it is judged that there is a correlation

detection block of which the correlation value H of the pixel

‘has no1; been calculated, J is set to J=1, and the routine returns

to Step S13. This enables determiping the correlation value H
of the pixels of the correlation detection block of the next
number.

On the other hand, in Step S22, when it is judged that there
is no correlation detection block of which the correlation value
H has not been calculated, the motion vector caléulation section
28 detects the position, that is, the address of the cumulative .
correlation valﬁe‘S*which is the smallest of the cumulative
correlation values S which have been stored in the cumulative
cbrrelétion Value'stérage area A 31 kStep S24). The detected
address will be the motion vector MVa.

Next, the motion vector calculatioﬁ section 28 detects the
position, that is, the address of the cumulative correlation
value Swhich is the smallest of the cumulative correlation values
S which have been stored in the cumulative correlation value
storage area B 32 (Step S25). The detected address will be the
motion vector MVb.

Next, the CPU 18 detects the motion vector MV of the i*™ frame
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(Step S26). The detection of the motion vector of the i'" frame
is made in such a manner that the motion vector MV of the current
frame is detected from the motion vecfor of Group A and Group
B (MVa, MVb) in aécordance with the ratio between the numbers
of correlation detection blocks which are allocated to Group

A and the number of correlétion detection blocks which are

~allocated to Group B. Specifically, the detection is made

according to the following equation.

(Equation 1)

MV = (Na x MVva + Nb x MVb) / (Na + Nb)

Na: the number of correlation detection blocks which are
allocated to Group A

Nb: the number of correlation detection blocks which are

" allocated to Group B

Note that, when the CPU 18 detects the motion vector MV of
the i*™ frame in Step S26, the routine moves to the processing
of Step S3 of FIG. 5, and the CPU 18 executes the procegsing
thereafter. )

D. Effects

As described above, in the present embodiment, the block
activity value of each of the split correlation detection blocks
is calculated, each of the correlation detection blocks is
allocated to either of two groups on the basis of the calculated
block activity value and the threshold, the motion vector of

each group is calculated for each allocated group using the

representative point matching method, and the motion vector MV
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of the cur;ent frame is detected £from the motion vector of Group
A and Group B in accordance with the number of blocks fér each
group. Therefore, it is possible to célculate an appropriate
moti;)n vector with simplified processing in accordance with the
ratio between the area of the portion in Yhich the image has
not significantly changed (for example, the hand shake-portion)

and the portion in which the image has changed significantly

'(for example, the portion with the object with movement) of the

image. For example, 'in the case where the hand shake portion
(for example, the background portion) occupies the most area
of’the image, the motion vector focusing on the motion vector
of the hand shake portion is calculated. In the case where the
portion with the object with movement occupies the image, the
motion vector focusing on the motion vector of the portion of
the object with movement is calculated.

In addition, since the motion vector for each group is
calculated by the representative point matching method using
theBayerdata(CCDdafa,rawdata),théinterpolationprocessing
is eliminated and the processing time is reduced. In addition,
only the G pixel values are used to calcﬁlate the motion vector
for each group with the representative point matching method.
Accordingly, the number of pixels is halved and thus the number
of computations is also halved, thereby further reducing the
processing time.

E. Modifications

Although all G pixel values are used for calculating the
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average pixel values and the correlation values H of the pixels
in the above-described embodiment, thinned G pixel valﬁes may
be used.

‘In addition, although the motion vector MV is detected for
each frame in thé above-described embodimen}: , the motion vector'

|
MV may be detected for each field. .

In addition, although the average pixel valué is calculated
from ea}ch of the correlation detection blocks of the frame data
in the above-described embodiment,» the resultant data using the
photometry circuit for AE may be used. That is, any value may
be used so long as it reflects the change in the temporal axis
at the positién. In this case, the AE detection block must
correspond to the correlation detection block.

In addition, although the group allocation section 24
allocates each of the correlation detection blocks to two groups
in the above-described embodiment, it may allocate them to three
groups or four groups. In this case, a plurality of thresholds
are provided in accordance with the ﬁumt?er of groups ‘to which
the blocks are to be allo;:atéd, the cumulative corx;elation value
storage area corresponding to the number of groups is provided,
the motion vector is provided for each group, and a single motion
vector MV is calculated from the motion vector for each group
in accordance with the ratio between the numbers of calculation
detection blocks for each group.

In addition, although the block activity value is calculated

merely as the average value of the G pixel values in the
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above-described embodiment, the average value may be calculated
by performing weighting, and the value may l;e the block activity
value. For example, when it is assumed that there are three pixel
valﬁes, Gl, G2 and G3, although the normal average value shall
be (Gl + G2 + G3) / 3, it will become (Glg + G2 x 2 + G3) / 3
in the case where the average value is calculated with weighing.

In addition, although the motion vector is detected using
the enFire image in the above-described embodiment, the motion
vector may be detected using the image in some area (for example,
the focus area).

In addition, although the motion vector of the frame is
detected on thé basis of the Bayer data in the above-described
embodiment, the motion vector of the frame may be detected on
the basis of the image data of luminosity color difference signal -
generated by the image generation section 10.

Further, although the motion vector of the frame is detected
on the basis of the Bayer data in the above-described embodiment .
the motion vector of the frame may be' detected on the basis of
raw data other than the Bayer data. The point is, any raw data
which comply with the color filter arrair provided on the image
pickup elements, are acceptable.

In addition, although the description has been given on the
case where the camera shake compensation processing is executed
on movie data which is shot and recorded during the movie shooting
and recording in the above-described embodiment, the camera shake

compensation processing may be executed on the movie data which
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is displayed on the displéy section 13 while a through image
which does not involve recording operation of the image data
(finder image) may be executed. Alternétively, the camera shake
compénsationprocéssingmaybeexecutedtothemoviedatareplayed
and displayed inithe display section 13 by'rgading out the movie
|
which is picked up by the CCD 3 and recorded in the flash memory
17.

In addition, although the hand shake compensation processing
(FIG. 5) and the motion calculation processing of the frame (FIG.
6)isexecutedbytheCPUiBthroughsoftwareintheabove-described
embodiment, it may be actualized through hardware.

Further, aithough the description has been made in the case
where the motion vector detection apparatus according to the
present invention is applied to a digital camera in the
above-described embodiment, the present invention is not limited
to this. It may be applied to a cell phone with camera, a PDA
with camera, a PC with camera, an IC recorder with camera, a
digital camera or fhe like. Further, it may be applied to a ;:éll
phone, a PDA, a PC, a téleﬁision receiver, an image receiver
or the like without camera. Thepointisfhatanyequipmentwhich
is capable of detecting the motion vector from the frame data
is acceptable.

Furthermore, although the programof the digital camerawhich
is an embodiment of the present invention is stored in the memory
(for example, ROM, etc.) of the digital camera, this imaging

program is stored on a computer-readable medium and should also
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be protected in the case of manufacturing, selling, etc. of only
the program. In that case, the method of protecting the érogram
witha;mtentwillberealizedbytheformbfthecomputer-readable
medium on which the imaging program product is stored.
Whilethepresentinventionhasbeendesq;ibedwithreference
to the preferred embodiments, it is intended that the invention
be not limited by any of the details of the descfiption therein
but includes all the embodiments which fall within the scope

of the appended claims.
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CLAIMS

1. A motion vector detection apparatus comprising:

an acquisition means (21) for acéuiring frame data;

an activity calculation means (23) for calculating a block
activity value én the:basis of the frame d@ta acquired by the
acquisition means (21) for each correlation detection blocks;

an allocation means (24) for allocating a plurality of
correlation detection blocks to a plurality of groups on the
basis of the block activity valuevof each of the correlation
detection.blocks calculated by the activity calculation means
(23);

a motion. vector calculation means (26, 27, 28) for
calculating a motion vector for each group to which allocation
has been performed by the allocation meéns (24); and

a detection means (28) for detecting the motion vector of
the frame data by calculating a single motion vector on the basis
of the motion vectors for each group calculated by the mot;on
vector calculation means (26, 27, 28) in éccordance with the
ratio between the corfélafion detection blocks which are
allocated to a plurality of respective gx;oups by the allocation

means (24).

2. The motion vector detection apparatus according to claim
1, wherein the activity calculation means (23) calculates the
block activity value of the correlation detection block by

determining a difference between a value on the basis of pixel
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values in the correlation detection block of the currenﬁ frame
data and a value on the basis of pixel valués in the correlation
detection block of the previous frame aata.at the same position
which corresponds to the correlation detection block of the
current frame aata.' 3

3. The motion vector detection apparatus according to claim
2, wherein the activity calculation means (23) calculates the
block activity value of the correlation detection block by
determining a difference between an average value of the pixel
values in the correlation detection block of the current‘frame
data and an average value of the pixel values in the correlation
detection block of the previous frame data at the se;me position.
4. The motion vector detection apparatus according to claim
2, whe;ein the aétivity calculation means (23) calculates the
block activity wvalue of the correlation detection block py
determining a différehce between the value on the 'pasis of pixel
values of some pixels in‘thel correlation detection block of the
current frame data and a value on the bésis of pixel values of
some pixels in the correlation detection block of the previous

frame data at the same position.

5. The motion vector detection apparatus according to claim
2, wherein the activity calculation means (23) calculates the

block activity value of the correlation detection block by
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determining a difference between the value on the basis of the
pixel values in the correlation deteétion block of current raw
data and the value on the basis of the pixel values in the
cor?elation detection block of previous raw data.

4
6. The motion vector detection apparatus according -to claim

5, wherein the raw data is defined as Bayer data.

7. The motion vector detection apparatus according to claim
6, wherein the activity calculation means (23) calculates the
block activity value of the correlation detection block using

G pixel values in the correlation detection block.

8. The motion vector detection apparatué according to claim
1, wherein the allocation means (24) includes a judgment means
(24) for judging whether or not the block activity value of the
correlation detection block calculated by the activ;ty
calculation means (23) is lower than a ;ﬁreshol@, and

the allocation meéns ‘(24) allocates the correlation
detection blocks whose block activity valﬁe is judged to be lower
than the threshold by the judgment means (24) to a first group,
and allocates the correlation detection blocks whose block
activity value is judged to be higher than the threshold by the

judgment means (24) to a second group.

9. The motion vector detection apparatus according to claim
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_1, wherein the motion vector calculation means (26, 27, 28)

includes a correlation calculation means (26) for calculating
a correlation value of pixels in the correlation detection block
by‘ determining a difference between pixel values in the
correlation detection block of the current frame data and a
representative pixel value of the correlation detection block
of the previous frame data at the same position, and
calculates the motion vector for each group on the basis
of the correlation value of the pikels in each of the correlation
detectionblockscalculatedbythe correlationcalculationmeans

(26).

10. The motion vector detection apparatus accord-ing to claim
9, wherein the correlation calculation n'—leanS (26) calculates
the correlation value of the pixels in each of the correlation
detection blocks by determining a difference between some pixel
values in the correlation detection b;ock of the current frame
data and the representative pixel value Iof the correlation

detection'block of the previous frame data at the same position.

11. The motion vector detection apparatus according to claim
9, wherein the correlation calculation means (26) calculates
the correlation value of the pixels in the correlation detection
block by determining a difference between the pixel values in
the correlation detection block of the current raw data and the

representative pixel value in the correlation detection block
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of the previous raw data at the same position.

12. The motion vector detection apparatus according to claim

11, wherein the raw data is defined as Bayer data.

¢
1

13. The motion vector detection apparatus according,to'claim
12, wherein the correlation calculation means (26) calculates
the correlation value of the pixels in each of the correlation
detection blocks by determining,a'difference between G pixel
values in the correlation detection block of the current Bayer
data and a representative G pixel value in the correlation

detection block of the previous Bayer data at the same position.

14. The motion vector detection apparatﬁs according to cléim
9, wherein the motion vector calculation means (26, 27, 28)
comprises a cumulative addition means (27) for adding the
correlation values of the pixels of which pixel positions are
the same in each of the correlation detect,io'n blocks calculated
by the correlation calcﬁlation means (26), and calculates the
motion vector for each group on the basis of the value for each

group added by the cumulative addition means (27).

15. The motion vector detection apparatus according to claim
14, wherein the motion vector calculation means (26, 27, 28)
calculates the motion vector on the basis of the pixel position

of the smallest value out of the values that are determined by
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addition of the cumulative addition means (27).

16. The motion vector calculation appafatus according to claim
1, Qherein the detection means (28) detects the motion vector
of the frame data by synthesizing the mot%on vector for each
group calculated by the motion vector calculation meané (26,
27, 28) in accordance with the ratio between the numbers of
correlationdetectionblocks thatareallocatedbytheallocation

means (24) to a plurality of groups.

17. An imaging apparatus comprising:

an image pick-up means (2,3) for picking up an image of
an object and outputting image data;

an activity calculation means (23) for calculating a block
activity value on the basis of the image data outputted from
the image pick-up means (2,3):

an allocation means (24) for allocating a plurality\of
correlation detection blocks to a plﬁralify of groups on the
basis of the block acti&ity value of each of the correlation
detection blocks calculated by the acti&ity calculation means
(23);

a motion vector calculation means (26, 27, 28) for
calculating a motion vector for each group to which allocation
has been performed by the allocation means (24);

a detection means (28) for detecting a motion vector of

the image data by calculating a single motion vector on the basis
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of the motion vectors for each group calculated by the motion
vector calculation means (26, 27, 28) in accordance with the
ratio between the correlation detecfion blocks which are
allo‘cated to a plui‘ality of respective groups by the allocation '

means (24); and

%
1

a hand shake correction means (18) for executing hand shake
correction processing to the image data on the basis of themotion
vector of the image data detected by the detection means (28).
18. The imaging apparatus according to claim 17, further
comprising a record means (17) for recording the image data

corrected by the hand shake correction means (18).

19. The imaging apparatus according t6 claim 17, further
comprising a display means (13) for displaying the image data

corrected by the hand shake correction means (18).

20. The imaging apparatus accordiné to claim 17, further
comprising: ‘

a record means (17) for recording tﬁe image data outputted
from the image pick-up means (2,3); and

an output means (16) for reading out and outputting the
image data recorded in the record means (17),

wherein the activity calculation means (23), the allocation
means (24), the motion vector calculation means (26, 27, 28),

the detection means (28), and the hand shake correction means
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(18) execute processing to the image data outputted from the

output means (16).

21: The method of detectingamotion vector comprising the steps
of: ' 5

an acquisition step (21) for acquiring frame data:

an activity calculation step (23) for calculating a block
activity value for each correlation detection block on the basis
of the frame data acquired by the acquisition step (21):

an allocation'stép (24) for allocating a plurality of
correlation detection blocks to a plurality of groups on the
basis of the block activity value of each of the correlation
detection blocks calculated by the activity calculation step
(23):

amotionvector calculationstep (26, 27, 28) forcalculating
amotion vector for-each group allocation having been performed
by the allocation step (24); and

a detection sfep (28) for detecting the motipn vector of
the frame data by calculatiné a single motion vector on the basis
of the motion vectors for each group célCulated by the motion
vector calculation step (26, 27, 28) in accordance with the ratio

between the correlation detection blocks which are allocated

by the allocation step (24) to a plurality of groups.

22. A program executed by a processor in an imaging apparatus

for executing motion vector detection processing, comprising:
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an acquisition processingstep (21) of acquiring frame data;
an activity calculation processing step (23) of calculating
a block activity value for each correlation detection block on
thegasisoftheframedataacquiredbytheacquisitionprocessing

step (21);

3
1

an allocation processing step (24) of allocating a plurality
of correlation detection blocks to a plurality of .groups on the
basis of the block activity value of each of the correlation
detection blocks calculated by _the activity calculation
processing step (23):

a motion vector calculation processing step (26, 27, 28)
ofcalculatingénmtionvectorforeachgrouptowhichallocation
has been performed by the allocation processing sfép (24); aﬁd

a detection processing step (28) of detecting the motion
vector of the frame data by calculating a single motion vector
on the basis of the motion vectors for each group calculated
by the motion vector calqulation processing step (26, 27, 28)
in accordance with the ratio between tﬁe gofrelation detection
blocks which are allocaéedlby the allocation processing step

to a plurality of groups.
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