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DESCRIPTION

TITLE OF THE INVENTION

PROJECTOR AND CONTROL METHOD THEREOF

TECHNICAL FIELD
The present invention relates to a

projector and a control method thereof.

BACKGROUND ART

A projector is a device for projecting an
image onto a target such as a screen. There is a
projector which, when proje;ting an image, measures a
distancé to a target, and adjusts focusing of an
image to be projected. Furthef, there is a projector
which takes a projected image, and adjusts focusing
of the image based on the taken image.

Patent reference No. 1 (mentioned later)
discloses a technique of using an active sensor,
projecting infrared rays onto a target, measuring a
distance to the target from thé light reception
intensity of the reflected light, and adjusting
focusing based on the distance.

Patent reference No. 2 (mentioned later)

discloses a technique of taking an image of a
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projected focusing pattern, detecting brightness
differences of all the pixels of the taken image data
from the adjacent pixels, calculating the sum total
of the absolute values of the brightness differences,
and moving a focusing lens at a position having the
maximum vaiue of the sum total, and thus carrying out
automatic foéusing adjustment.

Patent reference No. 3 (mentioned later)
discloses a technique (mountain climbing autofocus
techniqﬁe) of receiving reflected light of a
projected image by a light reception sensor, taking
out high frequency components of an electric signal
output from the light reception sensor, calculating
contrast of an image signal (image data) obtained
from intégrating and/or the like of the high |
frequency components and obtaining the position
having the maximum contrast as an in-focus point.

When there is an obstruction (a presehter,
a desk, or the like) between a projector and a target,
or when a wall or the like is close to a side of a
target opposite to a side onto which an image is
projected, there is a case where an error is included
in meaSﬁrement of the distance to the target carried
out using detection of a signal input level of a

light reception element, according to the technique
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disclosed by Patent reference No. 1. Thus, focusing
adjustment may not be achieved. Further, according

‘to the techniques disclosed by Patent references Nos.

2 and 3, there is a case where the brightness or the
contrast concerning an obstruction has the maximum
value, and thus, focusing adjustment may not be

achieved using brightness or contrast.

" SUMMARY OF INVENTION

According to one aspect of the present
invention, a projector is provided having an image
taking part that takes an image of an area including
a target onto which an image is being projected; a
distance measuring part that calculates distance data
concerning a distance between the target and the
image taking part; a plane estimation part that

estimates from the distance data a plane

. corresponding to the target; and a focusing

adjustment part that adjusts focusing of the image
being projected based on information‘concerning the
plane.

Other objects, features and advantages of
the present.invention will become more apparent from
the following detailed description when read in

conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a géneral configuration of one
example of a projector;

FIG. 2 1is a functional block diagram
showing one example of functions of the projector;

FIG. 3 illustrates a luminance component of
a pixel{outputvsignal that is output for each pixel;

FIGs. 4A, 4B and 4C illustrate examples of

predetermined patterns;

FIG. 5 is a magnified view illustratingvone
example of a part of a stereo camera;

FIG. 6 is a flowchart showing one example
of operations of estimating a plane;

FIG. 7 is a flowchart showing one example

of operations of a projector according to a first

embodiment;

FIG. 8 illustrates one example of

operations of projecting;

FIG. 9 is a flowchart showing one example
of operations of a projector according to a first
variant of the first embodiment;

FIG. 10 is a flowchart showing one example
of operations of a projector according to a second
variant of the first embodiment;

FIGs. 11A, 11B and 11C illustrate examples
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of predetermined patterns according to the second
variant of the first émbodiment; and

FIG. 12 shows a general configuration of
one example of a projector system according to a

second embodiment.

DESCRIPTION OF EMBODIMENTS

An object of the embodiments discussed
herein is to provide a projector that can carry out
adjustment of focusing of an image being projected
even when an obstruction exists between the projector
and a target or when a wall or the like is close to
the back of the target.

Projectors according to the embodiments
will be described in detail, each of which
approximates a target onto which an image is being
projected by a plane and carries out adjustment of

focusing the image being projected.

(Configuration of Projector)
FIG. 1 shoWs a general configuration of one
exampie of a projector according to the embodiments.
In FIG. 1, a projector 100 includes a
control part 110, a projection part 120, an image

taking part 130, a distance measuring part 140, a
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plane estimation ?art 150, a focusing adjustment part
160, an image shape changing amount calculation part
170 and an interface (I/F) part 180.

The projector 100 takes an image of a
target onto which an image is being projected
(hereinafter, referred to as a “projection target”)
and calculates distance data, using the image taking
part 130 and the distance measuring part 140. The
projectof 100 estimates a plane corfesponding to the
projection target from the distance data, using the
plane estimation part 150. The projector 100 moves a
projection lens 121 based on information concerning
the estimated plane and so forth, and adjusts
focusing (focal point) of an image being projected,
using the focusing adjustment part 160.

As the projection target, any thing can be
used as long as an image can be projected onto the'
surface thereof, such as a screen, a wall, a
whiteboard, and so forth.

The control part 110 carries out control of
the entirety of the projector 100. The control part
110 controls the projection part 120 and so forth.
The control part 110 controls operations of a
projection light changing part 122 using a projection

light control part 111, and controls light intensity
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when perecting an image.

The projection part 120 projects an image
onto the projection target. The projection part 120
includes the projection lens 121, the projection
light changing part 122, a light source 123, a
projection image generation part 124, a projection
image storage part 125, a projection image shape
changing part 126 and a calibration pattern storage
part 127. The projection part 120 projects an image
stored in the projection image storage part 125 onto
the projection tafget using the projection lené 121,
the light source 123 and so forth.

The image taking part 130 forms an image of
an area including the projection target on an image

pickup device (image sensor), and obtains a pixel

output signal of the image sensor as taken image data.

The image taking part 130 includes an image taking
part A (131A), an image taking part B (131B) and a
taken image storage part 132. The image taking part
A (1312) and the image taking part B (131B) function
as a stereo camera. |
The “stereo camera” (described later using
FIG. 5) includes two image taking lenses (132a and
132b) and two image sensors (133a and 133b) in the

image taking part A (131A) and the image taking part
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B (131B), respectively, and photographs the

projection target with the two image'taking lenses
simultaneously. The image taking lenses make images
of the projection target incident on the image
sensors, respectively. The image sensors have light
reception surfaces on which plural light receptioﬁ
elements (piXels) are arranged like a grid, ahd form
images of the area including the projection target
incident through the image taking lenses on thé light
reception surfaces, respectively. As the image
sensors, solid state image sensors, organic image
sensors or the like may be used.

The distance measuring part 140 measures
the distance from the projector 100 to the projection
target. The distance measuring part 140 includes a
distance calculation part 141 and a distance

information storage part 142. The distance measuring

'part 140 calculates the distance to the projection

target according to the principle of triangulation.
Details will be described later in (operations of
measuring distance).

The plane estimation part 150 estimates a
plane corresponding to the projection target. The
plane estimation part 150 approximates the projection

target by a corresponding plane recursively. A
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specific method of approximating by a plane may be a
method (a regression analysis method) of, after
approximately estimating a plane based on plural
positions, excluding positions that are apart from
the estimated plane by a prédetermined distance, and
again estimating a plane. Details will be described
later in (operations of estimating plane).

The focusing adjustment part 160 focuses
the projection lens 121 on the projection target.
The focusing adjustment part 160 includes a focal
length calculation part 161 and a lens driving part
162. Details will be described later in (operations
of focusing adjustment).

The image shape changing amount calculation

part 170 calculates information concerning correction

(image processing such as magnification, size
reduction, keystone correction, and/or the like,
simply referred to aé “correction”) of an image to be
projected. The image shape changing amount
calculation part 170 calculates infofmation
concerning correction based on distance data
calculated by the distance measuring part 140 and/or
information concerning the plane estimated by the
plane estimation part 150. Details will be described

later in (operations of correcting image to be
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projected) .

The I/F part 180 carries out input/output
of informatibn from/to the outside of the projector
100. The I/F part 180 includes an operation panel
181 ahd a projection data obtaining part 182. The
operation panel 181 is a user interface which a user
operates. The projection data obtaining part 182
inputs data concerning an image to be projected from

an external personal computer (PC) or the like.

(Function of Projector)

One example of functions of the projector
100 will be described using FIG. 2.

FIG. 2 is a functional block diagram of the
projector 100.

In FIG. 2, the control part 110 outputs a
signal for giving an instruction to start projecting
an image to the projection part 120 fof starting

projection of an image in response to an instruction

" for operation given via the I/F part 180 (the

operation panel 181 or the like). Further, the
control part 110 outputs a signal for giving an
instruction to start taking an image to the image
taking part 130.

The projection part 120 projects onto a
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projection target a calibration pattern stored in the
calibration pattern storage part 127 or an image
stored in the projection image storage part 125 via
the projection lens 121. Further, the projection
part 120 corrects (changes the shape of) an image to
be projected based on.information concerning
correction calculated by the image shape changing
amount calculation part 170 using the projection
image shape changing part 126, and projects the
corrected image.

The image taking part 130 takes an image of
an area including the projection target using the
stereo camera (the image taking parts A and B (131A
and 131B)), and obtains two sets of taken image data.
Further, the image taking part 130 outputs the
obtained taken image déta to the distance measuring
part 140 and the image shape changing amount
calculation part 170. The “taken image data” means
data obtained from brightness and so fortﬁ of light
received by the light reception elements being
converted into an electric signal (pixel output
signal) .

The distance measuring part 140 calculates
distance data corresponding to plural positions

(hereinafter, referred to as “corresponding points”)
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on the surface of the projection target based on the

‘two sets of taken image data. Further, the distance

measuring part 140 outputs the distance data to the

plane estimation part 150 and the image shape

. chaﬁging amount calculation part 170. The “distance

data” means data concerning the disténces from the
projector (the image taking part 130) to the
projection target (corresponding points).

The plane estimation part 150 calculates
regression plane data concerning a plane
corresponding to the projection target based on the
distance data calculated by the distance measuring
part 140. Further, the plane estimation part 150
outputs the regression plane data to the image shape
changing amount calculation part 170 and the focusing
adjustment part 160. The “regression plane data”
means data concerning a plane including plural
positions in a three-dimensional space calculated
according td the regression analysis method.

The focusing adjustment part 160 moves the
projection lens 121 based on information concerning
the plane estimated by the plane estimation part 150
and/or the like, and adjusts focusing of the image
being projected. Further, the focusing adjustment

part 160 outputs to the control part 110 information
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concerning a result of the focusing adjustment.

The image shape changing amount calculation
part 170 generates image data concerning the area
including the projection target using the taken image
data obtained by the image taking part 130. Further,
the image shape changing amount calculation part 170
calculates correction data based on the regression
plane data estimated by the plane estimatidn part 150
and the distance data calculated by the distance
measuring part 130, and outputs the correction data
to the projection part 120 (the projection image
shape changing part 126). The “image data” means
data concerning an image obtained from carrying out a
digital process on the pixel output signal that is
output by the image sensor(s). Further the
“correction data” means data concerning correction of

the image to be projected by the projection part 120.

(Operations of Extracting Corresponding Points)

Using FIGs. 3, 4A, 4B and 4C, operations of
the distance measuring part 140 extracting
corresponding points based on the two sets of taken

image data obtained by the stereo camera of the image

taking part 130 will be described.

FIG. 3 illustrates the luminance components
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of the pixel output signal that are output for the

respective pixels based on the taken image data

obtained from the image of the

projection target

being taken by the stereo camera of the image taking

5 part 130. 1In FIG. 3, the x-direction is a direction

of a row or a column of pixels

(light reception

elements) arranged like a grid. The z-direction is a

direction of the column or the

row of the pixels

(light reception elements) arranged like a grid,

10 perpendicular to the x-direction.

In FIG. 3, the distance measuring part 140

first selects any pixel (Bl in
point from one of the two sets
obtained by the stereo camera

15 to as “taken image data A”).

FIG. 3) as a selected
of taken image data

(hereinafter, referred

Next, the distance measuring part 140

compares the luminance component of the selected

point with those of the peripheral 8 pixels (in FIG.

3, B8) in the taken image data

20 selected point is extracted as

A. At this time, the

a feature point (Xa,

zp) in a case where the luminance component of the

selected point is larger than that of every one of

the eight peripheral pixels or

1s smaller than that

of every one of the eight peripheral pixels. Further,

25 the distance measuring part 140 extracts an area, as
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a template block A, having four sides each having 15
pixels with the center that is the feature point, as
shown in FIG. 3.

It is noted that, as the luminance
components to be thus compared by the distance
measuring part 140, only the signal of the green
components‘that indicate the luminance may be used in
an approximative way in a case where the image taking
part 130 outputs the pixel output signal as an RGB
signal (signal having the components of red, green
and blue corresponding to the three primary colors).
Further, the comparison of the luminance components
may be comparing the pixel of the selected.point with
the peripheral 16 pixels (B16 in FIG. 3) in their
luminance components.

Next, the distance measuring part 140
selects, from the other of the two sets of taken
image data taken by the stereo camera (hefeinafter,
referred to as “taken image data B”), any pixel as a
selected point (xg, 2zm). Further, the distance
measuring part 140 selects an area having four sides
each having 15 pixels with the center that is the
selected point as a template block B. The distance
measuring part 140 calculates the sum total of the

luminance (or brightness) for the respective template
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blocks A and B, and compares the thus obtained
respective sum totals. As specific examples of a
method of the comparison, Sum of Absolute Distance
(SAD) described later, Squared Sum of Differences
(SSD) described later and so forth may be cited.

Next, the selected point (xp, 2zp) is
selected from the template block B, at which point
the difference between the respective sum totals of
the luminance (or brightness) is minimum in the
comparison between the template blocks A and B.
Then, when this difference between the respective sum
totals of the luminance (or brightness) is equal to
or less than a predetermined value, the feature point
(xn, za) of the taken image data A and the selected
point (xp, zp) of the taken image data B are
associated together, and the feature point (xa, za)
(selected point (xs, zg)) 1is extracted as a
corresponding point (Xap, Zas) - Thev“predetermined
value” may be a value corresponding to the distance
between the projection target and the projector or a
value corresponding to the depth of field. Further,
the predetermined value may also be a value.
determined according to a numerical calculation, an
experiment and/or the like.

In the extraction of the corresponding
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points, the distance measuring part 140 compares any
one of the feature points extracted from the taken
image data A with the selected points of the taken

image data B. At this time, the distance measuring

'part 140 extracts the plural correspohding points

(hereinafter, referred to as a “three-dimensional
point group”).

It is noted that "“SAD” is a method of
obtaining the sum total of differences of absolute
values, for the above-mentioned comparison of sum
totals. Assuming that a pixel is expressed by a
relative coordinate (x, z), Ia (x, z) denotes a
comparison value (luminance component or the like) of
a pixel (x, z) of the taken image data A and Iz (x, 2zZ)
denotes a comparison value (luminance component or
the like) of a pixel (x, z) of the taken imagé data B,
AD (sum total of differences) is obtained from the

following formula (1):

7 7
AD:Z Z|IA(i+xA,k+zA)——IB(i+xB,k+zB)|

=7 k=-1

On the other hand, “SSD” is a method of

obtaining the sum total of squares of differences.
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SD (sum total of squares of differences) can be

obtained from the following formula (2):

7 7 .
SD=Y Y {I(i+x,k+z,)~I,(+x5,k+2z5)}

i==7 k=-7

FIGs. 4A, 4B and 4C show examples of a
predetermined pattern (calibration pattern) to be
projected onto the projection target.

The distance measuring part 140 may use a
pattern having plural circles or the like as a
preaetermined pattern Pk to be projected onto the
projection target when extracting the corresponding
points. At this time, the distance measuring part
1490 méy extract the centers of the plural circles or
the like as the corresponding points based on at

least one item of information of the colors, the

brightness, the edge strengths and/or the like of the

taken image data obtained from taking an image of the
predetermined pattern Pk. FIG. 4A shows one example
of the pattern of the plural circles. The diameter
of each of the plural circles to be projected may be
in a range from a size such that an image formed on

the image sensor by one circle is the same as one
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light reception element (1 pixel) through a size such
that thfee circles can be projected onto the |
projection target.

Further, the distance measuring part 140
may use a check pattern as the predetermined pattern
Pk. At this time, the distance measuring part 140
may extract edges (the corners of the squares) or the
like of the squares of the check pattern as the
corresponding points based on at least one item of
information of the colors, the brightness, the edge
strengths and/or the like of the taken image data
obtained from taking an image of the predetermined
pattern Pk. FIGs. 4B and 4C show examples of the

check pattern.

(Operations of Calculating Distance Data)

Using FIG. 5, operations of the distance
measuring part 140 calculating the distancé data
concerning the distances from the image taking part
130 (projector 100) to the corresponding points
(projection target) using the stereo camera of the.
image taking part 130 will be described.

FIG. 5 is a magnified view illustrating one
example of a part of the stereo camera.

In FIG. 5, the stereo camera 131 has the
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first image taking lens 132a and the second image
taking lens 132b. The stereo camera 131 further has
the first image sensor 133a and the second image
sensor 133b arranged in a back direction (i.e., the
direction opposite to the direction of the projection
target) of the first and second image taking lenses
132a and 132b, respectively. _As the image sensors
133a and 133b, area sensors (that may also be called
“two-dimensional sensors”) or the like may be used.
The first and second image taking lenses
132a and 132b are separated by a predetermined space
D (hereinafter, referred to as a “base length”). The
optical axis 132ax of the-first image taking lens
132a and the optical axis 132bx of the second image
taking lens 132b are parallel. The first image
sensor 133a and the second image sensor 133b have
light reception surfaces, on which images of the
projection target are formed, on the front sides
(opposite to the back sides), respéctively. The
optical axis 132ax of the first image taking lens
132a and the optical axis 132bx of the second image
taking lens 132b are positioned to be coincident with
the centers of the diagonal lines of the light
reception surfaces of the first image sensor 133a and

the second image sensor 133b, respectively.
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The distance measuring part 140 extracts
the plural corresponding points by the above-
described (operations of extracting‘corresponding
points) based on the two sets of taken image data
taken by the stereo camera 131. Further, the
distance measuring part 140 (distance calculation
part 141) caléulates the distance data concerning the
distances from the projector 100 (the image taking
part 130) to the projection target (the corresponding
points) according to the principle of triangulation
for the.extracted plural corresponding points.

Specifically, the first image of the
projection.target obtained through the first image
taking lens 132a is formed on the light reception
surface of the first image sensor 133a. On the other
hand, the second image of the projection target
obtained through the second image taking lens 132b is
formed on the light reception surface of the first
image sensor 133b. The first and second images‘of
the projection target are formed on the respéctive
light reception surfaces having a difference in
position therebetween due to a parallax A. At this
time, the image sensors 133a and 133b carry out
photoelectric conversion on the brightness of the

light of the first and second images into amounts of
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electric charge, and output the amounts of electric
charge to the disténce measuring part 140 as the
pixel output signals. The distance measuring part
140 compares the pixel output signals of the image
sensors 133a and 133pb, and detects the parallaxes A
for the corresponding points.

The following formula (3) holds (the
principle of triangulation) when A denotes the
parallax, D denotes the base length, L denotes the
distance from the projector 100 (image taking part
130) to the projection target (the corresponding
point) and f denotes the focal length of the image
taking lens 132a or the like, under the condition of

L > f:

L=D-fIA

In‘this case, D and f are known. The
distance measuring part 140 (the distance calculation
part 141) calculates the distances L from the
detected parallaxes A according to the formula (3).
Further, the distance measuring part 140 obtains the
calculated distances L as the distance data

corresponding to the corresponding points, and stores
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the distance data in the distance information storage

part 142.

(Operations of Estimating Plane)

Using FIG. 6, operations of the plane
estimation part 150 recursively approximating a plane
corresponding to the projection target according to
the regression analysis method will be described.

FIG. 6 is a flowchart showing one example
of operations of the plane estimation part 150.

In FIG. 6, the control part 110 inputs
(registers) the distance data of the three-
dimensional point group (corresponding points)
calculated by the distance measuring part 140 to the
plane estimation part 150 (step S101). Then, the
process proceeds to step S102.

In step S102, the plane estimation part 150
calculates regression pléne data concerning a plane
corresponding to the projection target based on the
distance data. A method of calculating regression
plane data in step S102 will now bé described
specifically.

In the above-described (operations of

. extracting corresponding points), the n corresponding

points (Xapi, Yasir Zapi) (i = 1 through n) are
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calcuiated as the three-dimensional point group. It
is noted that the.y—axis direction is the optical
axXls direction (y-direction in FIG. 5) of the stereo
camera 131 of the image taking part 130. Further,
Vasi 1S the y-component of the distance L between the
projection target (corresponding point (Xasi, Zasi))
and the projector 100 (the image taking part 130).

In order to calculate a regression plane
from the three-dimensional point group according to
the regression analysis method, the plane estimation
part 150 first defines an equation of the regression
plane as y = ax + bz + ¢. Then, the following
formula (4) holds for the regression plane and the
three-dimensional point group:

Y=X[+¢
'B_ ‘ (4)

The wvariables in the formula (4) are those

in the formula (5):

(y,unw /x,qm Z 43 1) (91\

v a
Y= yA.BZ X = X 482 ZA‘BZ 1 B=|b €
c

\ Y 48n / \ X480 Zagn 1) \€n /
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At this time, e; denotes the residual.

Next, the normal equation is the formula

5 (6)
X7y =(x"x)B
(6)
Thus, B is the formula (7):
_ T -l ST
. ,B-—-(X x)'xTy

(7)

Then, using thé least-square method, the
~ constants “a”, “b” and “c¢” with which the sum of
15 squares of the residuals e; becomes minimum are
calculated, and thus, it is possible to obtain the
regression plane (y = ax + bz + c). The plane
estimation part 150 obtains, as the régression plane
data, the constants “a”, “b” and “c¢” of the egquation
20 (y = ax + bz + c) of the regression plane.
When calculation of the regression plane

data has been thus completed, the process proceeds to

step S103.
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Next, in step S103 of FIG. 6, the distances
Dapi between the regression plane and the three-
dimensional point group are calculated. Specifically,
the diétances Dagi are calculated by the following
formula (8) as the distances from the corresponding
points (Xasi, Yasi, Zapi) to the plane (&x + By +-Yz +

d = 0).

D .=|a°xABi+ﬂyABi+}ZABi+5l
ABi \/a2+ﬁ2+72

(8)

When the calculation of the distances
between the regression plane and all of the points of
the three-dimensional point group has been thus
completed, the process proceeds tb step S104.

In step 5104, the distance Dyax of the
corresponding point is extracted which is the maximum
one of the absolute values of the distances Dap;
calculated in step S103. When the extraction of the
distance Duax has been thus completed, the process
proceeds to step S105.

In step S105, the distance Dwax is compared

with a predetermined distance. When the distance Dyax
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is less than or equal to the predetermined distance,
the process proceeds.to step S106. When the distance
Duax exceeds the predetermined distance, the process
proceeds to step S109. The “predetermined distance”
may be a value corresponding to the distance between
the projection target and the projector lOO; Further,
the “predetermined distance” may also be a value
corresponding to the depth of field.

In step S106, the ratio of the number of
the points of the three-dimensional point group which
exist in a predetermined range from the center of the
taken image area (the image of which has been taken
by the image taking part 130) to the number of the
points of the three-dimensional point group of the
entirety of the taken image area is calculated. It
is noted that the number of the points of the three-
dimensional point group of the entirety of the taken
image area is kept unchanged even when the point
corresponding to the distance Dwyax has been removed in
step S109 (described later). However, when step S112
(described later) has‘been carried out, the number of
the points of the three-dimensional point group of
the entirety of the taken image area is replaced by
the number of the points of the three-dimensional

point group which have been thus input (registered)
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as new distance data in step S112. When calculation
of the fatio has been thus completed, the process
proceeds to step S107.

In step S107, the ratio calculated in step
S106 is compared with a predetermined ratio. 1In a
case where the calculated ratio exceeds‘the
predetermined ratio, the process proceeds to step
S108. In the other case, the process proceeds to
step S112. The “predetermined ratio” may be the
ratio of the predetermined range that is set in step
S106 to the entirety of the taken image area.
Further, the predetermined ratio may be a ratio of an
area, which may be regarded to include the projection
target at the center of the taken image area, to the
entirety of the taken image area, obtained from
numerical calculation, an experiment and/or the like.

In steps S106 and S107, it is determined
whether the three-dimensional point group is a point
group that indicates positions on the projection
target or a point group that indicates positions on a
wall that exists on the back side of the projection
target or the like. Thus, in step S106 and so forth,

other than the above-mentioned comparison with the

. predetermined ratio, it is also possible to carry out

the determination based on the variance of the points
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of the three-dimensional point group.

Specifically, for example, in a case where
the estimated plane corresponds to a wall that exists
on the back side of the projection target, points on
the projection target (instead of the points on the
wall or the like) may be removed in step S109
repetitively in repetitive loop operations of'steps
S105 NO — S109 — 8110 — S102 through S105. As a
result, only the points on the wall or the like may
remain. The variance of the points of the three-
dimensional point group on the projection target must
be smaller than the Variance of the points of the
three-dimensional point group on the wall on the back
side. Thus, it is possible to determine whether the
three-dimensional point group is one that indicates
positions on the surface of the projection target, by
determining whether the variance of the points of the
three—dimensioﬁal point group is smaller than a
predetermined threshold. The “predetermined
threshold” may be determined by a numerical
calculation, an experiment and/or the like.

It is noted that the variance is obtained

by the following formula:

v=v, +v,+v, =EG) —{E@F + EG?)~{EW)f + E(Z) - {E(2)f
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In this formula, v denotes variance, vy
denotes vériance ocn the x-axis, vy denbtes variance on
the y-axis and v, denotes variance on the z-axis. E()
denotes an average, and x, y and z denote an x
coordinate value, a y coordinate value and a z
coordinate value, respectively.

| Returning to FIG. 6, and then, when it has
been determined that the three-dimensional point
group 1is one that indicates positions on the surface
of the projection target in step S107, the process
proceeds to step S108. In the other case, the
process proceeds to step S112.

Next, in step S108, the regression plane
calculated in step S102 is estimated to be the plane
corresponding to the projection target, and is stored
as the regression plane data. Then, the process of
estimating the plane is finished (“END”).

In step S109, the point of the three-
dimensional point group corresponding to the maximum
distance Duax 1s removedvfrom the three-dimensional
point group. After the removing has been thus
completed, the process proceeds to step S110.

| In step S110, it is determined whether the
number of the points of the three-dimensional point

group is less than or equal to two. In a case where
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the number of points of the three-dimensional point
group exceeds two, the process is returned to step
S102. Then, a regression plane is again calculated
in step S102 under the condition that the point

corresponding to the distance Duax has been removed.

- Thus, the projection target is approximated by

recursively calculating a regression plane. In a
case where the number of points of the three-
dimensional point group is less than or‘eqqal to two,
the process proceeds to step S111.

In step S111, since the number of points of

the three-dimensional point group is less than or

équal to two, it is not possible to estimate the

plane. At this time, “an operation error of plane
estimation (or calibration)” or the like is output
using the I/F part 180 or the like. Then, the
process of estimating the plane is finished (“END”).

In step S112, only the poinﬁs of the three-
dimensional point group which have been removed in
step S109 are input (registered) to the plane
estimation part 150 as new distance data to replace
the existing distance data, and the process 1is
returned to step S102. It is noted that a case where
the determination result of step S107 is YES, and

thus, step S112-is then carried out may be a case
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where, as in the above-mentioned example, the three-
dimensional point group indicates points on a wall
that exists on the back side of the projection target
rather than points on the projection target.

In such a case, since the estimated plane
corresponds to the above-mentioned wall, points on
the projection target (instead of the points on the
wall or the like) are removed in the repetitive loop
operations of steps S105 NO — S5109 — 5110 — S102
through S105. Then, the determination result of step
S105 becomes YES. Thus, many points included in the
above-mentioned predetermined range have been removed

accordingly so that the determination result of step

S107 becomes YES.

Then, as mentioned above, in step.8112, the
distance data corresponding to the removed points of
the three-dimensional point group is input, as hew
distance data to replace the existing distance data,
to the plane estimation part 150, which then
calculates a regression plane based on the thus input
new distance data corresponding to the removed points
of the three-dimensional point grdup. As mentioned
above, in this case, the removed points of the three-
dimensional point group correspond to points on the

projection target, and as a result, the thus
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calculated regression plane corresponds to the
projection target.

Further, in this case, in step S$106, “the
number of the points of the three-dimensional point
group of the entirety of the taken image area” has

been replaced by the number of the points which has

 been input as the new distance data in step S112 as

mentioned above. Thus, the determination result of
step S107 becomes NO.

Thus, the projector 100.according to the
embodiments measures the distance to the projection
target, and a plane corresponding to the projection
target can be estimated according to the regression
analysis method (the repetitive loop of steps S105 NO
— 5109 — S110 — S102 through S105). Further, the
projector according to the embodiments removes the
corresponding points that exceed the predetermined
distance (in step S109). Thus, it is possible to
properly estimate a plane cérresponding to the
projection target even when an obstruction exists
between the projector and the projection target or
when a wall or the like is close to the back of the
projection target.

It is noted that in the operations of

estimating the plane, the corresponding points to be
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removed (in step S109) are not limited to those
concerning an obstruction that may exist between the
projector 100 and the projection target, a wall or
the like that may exist on the back side of the
projectioﬁ target, and the corresponding points
concerning something otﬁer than the projection target
may be included in the corresponding points to be

removed (in step S109).

(Operations of Focusing Adjustment)

Operations of tﬁe focusing adjustment part
160 moving the projection lens 121 and adjusting
focusing of an image being projected will be
described.

The focusing adjustment part 160 moves the
projection lens 121 using the lens driving part 162
based on the information concerning the plane
estiméted by the plane estimation part 150 and
adjusts focusing of an image being projected.

Specifically, the focusing adjustment part
160 can focus an image being projected onto the plane
corresponding to the projection target based on the
information concerning thevplane estimated by the
plane estimation part 150. Or, the focusing

adjustment part 160 can calculate, using the
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estimated plane, the distance data concerning the
projection target corresponding to the central
position of the area at which the image has been
projected, and adjust focusing of an image being
pfojected, using the thus célculated distance data.
The “central position” may be an average value of the
points (positions) that indicate the maximum values
and the minimum values 6f the x-coordinates and z~-
cobrdinates of the three-dimensional point group. Or,
the “central position” may be an average value of all
the points of the three—dimensionai point group.
Thus, the projector according to the
embodiments can adjust an image being projected based
on the estimated plane corresponding to the
projection target even when an obstruction exists
between the projector and the projection target or a
wall or the like is close to the back of the
projection target. Further, the projector according
to the embodiments can adjust focusing without being
affected by a variation in brightness of the light
being brojected, an unevenness of the surface of the
projection target and/or the like, by estimating a

plane corresponding to the projection target.

(Operations of Correcting Image to be Projected)
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Operations of the image shape changing
amount calculation part 170 correcting an imagé to be
projected based on the distance data calculated by
the distance measuring part 140 and/or thé plane
estimated by the plane estimation part 150 will be
described.

First, the projector 100 projects an image
that is white throughout its area, as a predetermined
pattern, using the projection part 120. Next, the
image shape changing amount calculation part 170
generates image data concerning an area including the
projection target, from the taken image data obtained
by the image taking part 130. Further, the image
shape changing amount calculation part 170 calculates
the area corresponding to the projection target based
on the regression plane data estimated by the plane
estimation_part 150 and the distance data calculated
by the distance measuring part 140.

Specifically, the image shape changing
amount calculation part.l70 extracts the white area
from the image concerning the generated image data,
and determines the extracted white area as the area
corresponding to the projection target. An area
having brightness greater than or equal to a

predetermined brightness may be determined as the
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“white area”. Further, it is also possible to detect
a part other than the white area and calculate the
outline shape of the projection target. The
“predetermined brightness” may be brightness that can
be regarded as the surface of the projection target
in the taken image, using numerical calculation, an
experiment, and/or the like.

Next, the image shape changing amount
calculation part 170 approximates the extracted
outline shape of the white area to be a rectangle,
and calculates the three-dimensional coordinates of
the vertexes of the rectangle based on the estimated
regression plane data and the calculated distance
data. The positions at which edge.strength‘obtained
by edge detection is high and the edge direction is
sharply changed may be determined as the vertexes of
the rectangle. 1In a case where the vertexes of the
rectangle cannot be extracted (in a case where there
is no area at which edge strength is high, or the
like), the contour of the three-dimensional point
group on the estimated plane may be determined as the
outline shape of the projection target, and the
vertexes of the rectangle that is inscribed in the

contour may be determined as the above-mentioned

- vertexes of the rectangle for which the three-
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dimensional coordinates are thus calculated.

A specific method of detecting edge
strength may be a method using an edge detection.
filter. Specifically, as an edge detection filter (a

5 3X3 pixel spatial filter), the following formula (8)
and formula (9) may be used, a sum of squares of the
filter values may be used as the edge strength, and
ratios of the edge strehgths of the two edge

detection filters may be used as the edge direction.

-1 -1 -1
6 0 O
11 1
10 ... (9)
-1 0 1
-1 0 1
-1 0 1

The formula (9) is an edge detection filter
15 for detecting an edge in a vertical direction, and
the formula (10) 1s an edge detection filter for
detecting an edge in a horizontal direction.

Specifically, each of the edge detection
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filters is applied to the image data, and the nine
filter values are thus obtained which correspoﬁd to
the respective nine filter element values shown in
the formulas (9) and (10). Each of the nine filter
values indicates the product of the pixel value and
the filter element value. Then, the sum of squares
of the nine filter values indicates the edge strength,
and the ratio of the edge strengths of the respective
edge detection filters for the vertical and
horizontal directions indicates the edge direction.

Next, the image shape changing amount
calculation part 170 calculates a shape changing
parameter (a projective transformation matrix, a
keystone correction transformation matrix and/or the
like) that 1is information.for correcting the image to
be projected, based on the calculated coordinates of
the vertexes of the rectangle, and obtains the shape
changing parameter as correction data. Then, the
image shape changing amount calculation part 170
outputs. the correction data to the projection part
120. At this time, the projection part 120 corrects
(changes the shape of) an image to be projected based
on the correction data, and projegts the corrected
image.

Thus, the projector 100 according to the
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embodiments can determine the outline shape of the
projection target by estimating the plane
corresponding to the projection target and generating
the image data, correct the image to be projected
into the image corresponding to the outline shape of
the projection target, and project the corrected

image.

(Program and Recording Medium Storing Program)

A program Pr according to the embodiments
causes one or more processors to take an image of an
area that includes a target (projection target) onto
which an image is being projected; obtain taken image
data; calculate distance data concerning a distance
between the target and a position having taken the
image, from the taken image data; estimate a plane
corresponding to the target, from the distance data;
and adjust focusing of the image being projected,
based on information concerning the plane.

Thereby, the advantageous effect same as or
similar to that of the projector 100 according to the
embodiments can be obtained.

Also, it is possible to provide a computer
readable recording medium Md that stores the program

Pr.
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As the recording medium Md, any computer
readable medium may be used such as a flexible disk,

a CD-ROM, a memory card, or the like.

(Embodiments)

Using embbdiments of a projector and a
projector system, a projector and a control method
thereof will be described.

An embodiment is not limited té a projector,
and any other arrangement may be an embodiment as
long as the arrangement projects an image, video or
the like onto a target, takes an image of the target,
approximates the target by a plane, and adjusts
focusing of the image or the like being pfojected.
[First Embodiment]

A projector 200 according to a first

embodiment will be described.

(Configuration of Projector)

A configuration of the projector 200
according to the first embodiment is the same as the
projector 100 of FIG.bl, and the duplicate
description will be omitted.

(Operations of Adjusting Focusing of Image being
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Projected)

Using FIGs. 7 and 8, operations of the
projector 200 adjusting focusing of an image being
projected (operations in a calibration phase) will be
described. According to the first embodiment, the
projector 200 carries out recursively (repetitively)
operations of estimating a plane corresponding to a
target and operations of adjusting focusing
corresponding to the target, using the plane
estimation part 150 and the focusing adjustment part
160.

FIG. 7 is a flowchart showing a procedure
of adjusting focusing of an image being projected at
a time of calibration (or starting up) of the
projector 200.

In step S301 of FIG. 7, the control part
110 starts calibration in response to an input from
the operation panel 181 or the like. At this time,
the control part 110 outputs an instruction to the
projection part 120 and so forth for starting their
operations. Then, the process proceeds to step S302.

In step S302, the projection part 120
projects a predetermined pattern stored in the
calibration pattern storage part 127 onto a

projection target via the projection lens 121. Then,
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the process proceeds to step S$S303.

In step S303, the image taking part 130
takes an image of an area including the projection
térget using the image taking parts A and B (131A and
1313), and stores the taken image in the taken image
storage part 132. Operations of the image taking
part taking an image will be described specifically
using FIG. 8.

FIG. 8 illustrates operations of taking an
image of the projection target. The sign “X” in FIG.
8 denotes a position on the surface of the projection
target (a screen Scr). The sign’WA” denotes a
position on the surface of a wall Wb that exists on
the back side of the projection target Scr. The sign
“4” denotes a position on a presenter.

In FIG. 8, the p;ojector 200 (projection
part 120) projects an image having a white area
throughout an area to be projected. At this time,
the projector 200 (projection part 120) takes an
image of an area including the screen Scr onto which
the image has been thus projected. Then, the process
proceeds to step S304.

Next, in step S304 of EIG. 7, the distance
measuring part 140 calculates, by the distance

calculation part 141, the distance from the projector
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200 to the projection target, and stores a
calculation result (distance data) in the distance
information storage part 142. A specific method of
calculating the distance is the éame as or similar to
that of the above-mentioned (operations of extracting
corresponding points) and (éperations of calculating
distance data), and description will be omitted.

When storing of the calculation result has been thus
completed, the process proceeds to step S305.

In step S305, the plane estimation part .150
estimates a plane corresponding to the projection
target based on the distance data. A specific method
of estimating the plane is the same as or similar to
that of the above-mentioned (operations of estimating
plane), so that its description will be omitted.

When estimation of the plane has been thus completed,
the process proceeds to step 5306.

In step S$306, the focusing adjustment part
160 moves the projection lens 121 with the lens
driving part 162 based on information concerning the
plane estimated by the plane estimation part 150
(step S305), and adjusts focusing of an image béing
projected. The operations of adjusting focusing is
the same as or similar to that of the above-mentioned

(operations of focusing adjustment), so that its
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descriptioh will be omitted. When focusing
adjustment has been thus completed, the process
proceeds to sfep S307.

In step S307, the control part 110
determines whether the number of times of having
adjusted focusing is greater than or equal to a
predetermined number of times. In a case of greater
than or equal to the predetermined number of times
(YES), the process proceeds to step S$308. 1In the
other case (NO), the process i1s returned to step S303.

The reason why focusing -adjustment is
carried out repetitively and recursively the
predeterhined number of times is that the measuring
result may includes an error since the distance
measuring part 140 may measure the distance to the
projection target in a state of not necessarily being
in focus at first a time of focusing adjustment.
Thus, the focusing adjustment part 160 repeats
focusing adjustment and plane estimation the
predetermined number of times, and removes the error.
The “predetermined number of times” may be determined
using numerical calculation, an experiment and/or the
like. Further, in a case of repeating focusing
adjustment, the repeating of focusing adjustment may

be terminated when a change in the distance measured
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by the distance measuring part 140 is less than or
equal to a predetermined threshold.

Next, in step S308, the image shape
changing amount calculation part 170 detects the
outline shape of the projection target; A specific
method of detecting the outline shape of the
projection target is the same as or similar to that
of the above;mentioned (operations of correcting
image to be projected), so that its description will
be omitted. When detection has been thus completed,
the process proceeds to step S3009.

In step S309, the image shape changing
amount calculation part 170 calculates an image shape
changing amount (correction data). A specific method
of calculating an image'shape changing amount is the
same as or similar to that of the above-mentioned |
(operations of corfecting image to be projected), so
that its description will be omitted. When
calculation has been thus completed, the process
proceeds to step S310.

In step 5310, the control part 110 finishes
projection of the predetermined pattern by the
projection part 120, and then, finishes the
operations of adjusting focusing of an image being

projected (“END”).
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Thus, the projector 200 according to the
first embodiment can adjuét (and calibrate) focusing
of an image being projected, by estimafing a plane
corresponding to a projection target, even when an
obstruction exists between the projector and the
projection target or when a wall or the like is close

to the back side of the prbjection target.

(First Variant of First Embodiment)

Operations of adjusting focusing during
projection of an image (operations in an operating
phase) according to a first variant of the first

embodiment will be described.

(Configuration of Projector)

A configuration of a projector 300
according to the first variant of the firét
embodiment is the same as the projector 200 (FIG. 1)
according to the first embodiment, and the duplicate

description will be omitted.

(Operations of Adjusting Focusing During Projection)
Operations of adjusting focusing in a case
where a projection target has been moved during

projection or a case where the projector 300 has been
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moved during projection will now be described, using
FIG. 9.

FIG. 9 is a flowchart showing an example of

a procedure of adjusting focusing of an image being

pﬁojected while the image is being projected by the
projector 300 according to the first variant of the
first embodiment.

<in step S401 of FIG. 9, the projection éart
120 is projecting an image stored in the projection
image storage part 125 onto the projection target.
Next, the process proceeds to step S4C2.

In step S402, the control part 110
determines whether a predetermined period of time has
elapsed, using a time counter that is used to measure
the predetermined period of time. When the
predetermined period of time has elapsed, the
process proceeds to step S403. When the
predetermined period of time has not elapsed yet, the
elapse of the predetermined period of time is waited
for.

In step S403, the image taking part 130
takes an image of an area including the projection
target using the image taking parts A and B (131A and
131B), and stores the taken image in the taken image

storage part 132. When storing has been thus
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completed, the process proceeds to step S404.

In step S404, the distance measuring part
140 calculates, by the distance calculation part 141,
the distance from the projector 200 to the projection
target, énd stores a calculation result in the
distance information storage part 142. A speéific
method of calculating the distance is the same as or
similar to that of the above-mentioned (operations of
extracting corresponding points) and (operationé of
calculating distance data), and its description will
be omitted. When storing of the calculation result
has been thus completed, the process proceeds to step
S405.

In step S405, the piane estimation part 150
estimates a plane corresponding to the projection
target based on the distance data. A specific method
of estimating the plane is the same as or similar to
that of the above-mentioned (operations of estimating
plane), and its description will be omitted. When
estimation of tHe plane has been thus completed, the
process proceeds to step S406.

In step S406, the plane estimation part 150
compares the plane estimated in step S405 with the

plane estimated in the previous time (or at a time of

‘'starting the projector 300), and calculates the
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difference in the positions of the planes. The
difference in the‘positions of the planes may be the
difference iﬁ the magnitudes (square root of sum of
squares) of the normal vectors of the planes.

5 It is assumed that the plane estimated in
step S405 1s expressed by the following formula (11):

y=ax+bz+c
. (11)

Also it 1is assumed that the plane estimated
10 in the previous time is expressed by the following
formula (12):

=a,x+b,z+cC
Y 0 0 0 (12)

At this time, the normal vectors of the
15 planes are expressed by the following formula (13):

(aa—l, b)s (ao —1 bo)

.- (13)

When calculation of the difference in thé
positions of the planes has been thus completed, the
20 prdcess proceeds to step S407.
In step S407, the plane estimation part 150

determines that the projection target has been moved
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when the difference in the positions of the planes is
greater than or equal to a predetermined Value. The
“predetermined value” may be a value corresponding to
a distance between the projection target and the
projector 300. Further, it is also possible that the
“predetermined value” may be a value corresponding to
the depth of field.

In a case where the difference in the
positions of the planes is greater than or equal to
the predetermined value (YES), the process proceeds
to step $5408. 1In a case where the difference in the
positions of the planes is less than the
predeterminéd value (NO), the process proceeds'to
step S409.

In step 5408, the projector 300 carries out
calibration again. Specifically, the calibration the
same as or similar to the calibration that has been
carried out at the time of starting the projector 300
(steps S303 through S309 in FIG. 7 according to the
first embodiment) is carried out. Or, based on the-
plane estimated in step S$S405, calibration is carried
out. It is noted that the projector 300 may
interrupt the projection of an image, project the
predetermined pattern and carry out the calibration.

When the calibration has been thus
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completed, the process proceeds to step S409.

In step S409, the control part 110 resets
the time counter, and initializes measurement of the
predetermined period of time. Then, the process
proceeds to step S410.

In step S410, the control part 110
determines whether the projector 300 is in use. In a
casekwhere the projector 300 is in use (YES), the
process is returned to step.S402. 1In the other case
(NO), the operations of adjusting focusing during

projection are finished (“END”).

{Second Variant of First Embodiment)

Operations of Selecting a predetermined
pattern accordihg to operations of estimating a plane
and operations of adjusting focusing, carried out
recursively (repetitively) by the plane estimation
part 150 and the focusing adjustment part 160, and
adjusting focusing, according to a second variant of

the first embodiment, will now be described.

(Configuration of Projector)
Since a configuration of a projector 400
according to the second variant of the first

embodiment is the same as or similar to the projector
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200 according to the first embodiment (FIG. 1), its

description will be omitted.

(Operations of Selecting Predetermined Pattern and
Adjusting Focusing)

Operations of selecting a predetermined
pattern (a calibration pattern or the like) and
adjusting focusing will now be described using FIGs.
10, 11A, 11B and 11C.

FIG. 10 1is é flowchart showing an example
of a procedure of adjusting focusing of an image
being projected in the projector 400 according to the
second variant of the first embodiment.

In step $501 of FIG. 10, the control part
110 starts calibration in response to an input from
the operation panel 181 or the like. At this time,

the control part 110 outputs an instruction to the

'projection'part 120 and so forth for starting their

operations. Then, the process proceeds to step S502.
In step S502, the projection part 120
selects a pattern that includes shapes each having
the largest area from among predetermined patterné
stored in the calibration pattern storage part 127.
Then, the process proceeds to step S503. The reason

why-the pattern that includes shapes each having the
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largest area is selected in the first time of
focusing adjustment is that the distance measuring
part 140 can extract the corresponding pointé even
when focusing adjustment has not been carried out vyet.
| FIGs. 11A, 11B and 11C show examples of
patterns having circular shapes as the predetermined
patterns to be selected by the projection part 120.
FIG. 11A is a pattern having circular shapes having
the largest areas. FIG. 11B is a pattern having
circular shapes having medium areas. FIG. 11C is a
pattern having circular shapes having smaller areas.
The diameter of each circular shape may be
in a range from a size such that an image of one
circular shape formed on the image sensor is the same

as one (1 pixel) of the light reception elements of

~the image sensor (image taking part 130) to a size

such that three circular shapes can be projected onto
the projection target. Further, the predetermined
patterns may be those including shapes that have the
sizes (the diameters of the circular shapes, or the
like) which are changeable by an optical systém,
image processing or the like.

Next, steps S503 through S507 are the same
as or similar to steps $302 through S306 of the first

embodiment, and thus, its descriptions will be
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omitted. Then, the process proceeds to step S508.

In step S508, the control part 110
determines whether the number of times of having
adjusted focusing by the focusing adjustment pért 160
is greater than or equal to a predetermined number of
times. In a case of greater than or equal to the
predetermined number of times (YES), the process
proceeds to step $509. In the other case (NO), the
process proceeds to step S512.

The reason why focusing adjustment is thus
repeated the predetermined number of times is that
adjustment may include an erfor at the first time
since the pattern including the circular shapes
having the largest areas is used. Thus, the focusing
adjustment part 160 and the plane estimation part 150
repeat focusing adjustment and plane estimation the
predetermined number of times, and the areas of the
circular shapes included in the selected
predetermined pattern are gradually reduced. Thus,
the error can be removed. The “predetermined number
of times” may be determined using numerical
calculation, an experiment, and/or the like.

Next, steps S509 through S511 are
substantially the same as steps S308 through SSlO of

the first embodiment, and thus, its descriptions will
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be omitted. Then, the operations of adjusting
focusing of an image being projected are finished
(“END”) .

In step S512, the projection part 120
selects the pattern including shapes having the areas
immediately smaller compared to those of the péttern
selected in the immediately previous time from among
the predetermined patterns stored in the calibration
pattern storage part 127. Then, the prbcess proceeds

to step S$503.

[Second Embodiment]

A projector system according to a second
embodiment will now be described.
(Configuration of Projector System)

FIG. 12 is an example of a general
configuration of a projector system 500 according to
the second embodiment.

In FIG. 12, the projector system 500
includes a projector 510 and an external calculation
part 520. The basic configuration of the projector
510 is the same as or similar to the projector 200

according to the first embodiment, and thus, its

"description will be omitted.

The projector 510 includes a communication
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part 511. The external calculation part 520 also
includes a communication part 521. The projector 510
and the externél calculation part 520 can mutually
communicate by wire or wireless communication using
the communication parts 511 and 521. The external
calculation part 520 may be realized using cloud
computing or the like.

The external calculation part 520 includes
a projection image shape changing part 126, a
distance calculation part 141, a plane estimation
part 150, a focal length calculation part 161 and an
image shape changing amount calculation part 170.
The external calculation part 520 can carry out
calculation processes based on information that is
output by the projector 510 such as calculation of
distance data, estimation of a plane, calculation of
information concerning focusing adjustment and
calculation of information concerning correction of
an image to be projected. Further, the external
calculation part 52O corrects an image to be
projected by the projection image shape changing part
126 based on the information concerning correction,
and outputs. data concerning the corrected image to
the projector 510 (the projection image storage part

125). The external calculation part 520 may have a
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configuration that has at least one of the projection
image shape changing part 126 and so forth.

Thus, in the projector system 500, by using
the external calculation part 520, it is possible to
reduce the processing amount of the projector 510,
and it is possible to miniaturize, reduce the weight
of and simplify the projector 510. Further, it is
possible to use a personal computer (PC)or the like
as the external calculation part 520. In a case
where a presenter carries out presentation or the
like using the projector 10, a PC or the like used
for the presentation can also be used as the external
calculation part 520. Further, the external
calculation part 520 may include another part(s) such
as the image taking part 130 of the projector 510.

According to the embodiments described
above, it is possible to carry out adjustment of
focusing by estimating a target by a plane, in a
projector.

Although the projectors and the control
methods thereof have been described as the
embodiments, the present invention is not limited to
the embodiments, and variations and modifications may
exist within the scope and spirit of the invention as

described and defined in the following claims.
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CLAIMS

Claim 1. A projector comprising:

an image taking part that takes an image of
an area that includes a target onto which an image is
being projected;

a distance measuring part that calculates,
from taken image'daﬁa obtained by the image taking
part, distance data concerning a distance between the
target and the image taking part;

a plane estimation part that estimates,
from the distance data, a plane corresponding to the
target; and

a focusing adjustment part that adjusts
focusing of the image being projected, based 6n

information concerning the plane.

Claim 2. The projector as claimed in.claim
1, wherein

the distance measuring part calculates,
from the taken image data, plural sets of the
distance data concerniﬁg plural positions
corresponding to the target, and

the plane estimation part removes the

distance data concerning positions, of the plural
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positions, apart from the plane by a predetermined

distance, and recursively approximates the plane.

Claim 3. The projector as claimed in claim
2, wherein

the plane estimation part calculates the
number of the sets of the distance data, of the
positions that exist in a predetermined range from
the center of the area, of the distance data
corresponding to the recursively estimated plane,
calculates a ratio of the calculated number to the
number of the plural sets of the distance data, and
recursively approximates the plane based on the
removed distance data in a case where the calculated

ratio is less than or equal to a predetermined ratio.

Claim 4. The projector as claimed in claim
1, wherein

the plane estimation part and the focusing
adjustment part recursively carry out operations of
estimating the plane corresponding to the target and
operations of adjusting focusing cofresponding to the

target.

~Claim 5. The projector as claimed in claim
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1, further comprising
a projection part that projects a

predetermined pattern.

Claim 6. The projector as claimed in claim
5, wherein

the projeétion part selects the
predetermined pattern according to operations of -
estimating the plahe and the operations of adjusting
focusing recursively carried out by the plane

estimation part and the focusing adjustment part.

Claim 7. The projector as claimed in claim
1, wherein

the plane estimation part estimates the
plane based on at least one of plural items of
information of the taken image data concerning color,

brightness and edge strength.

Claim 8. The projector as claimed in claim
1, further comprising:

a projection image shape changing part that

corrects the image to be projected.

Claim 9. A control method of a projector
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comprising:

taking an image of an area that includes a
target onto which an image is being projected, and
obtaining taken image data;

calculating, from the taken image data,
distance data concerning a distance between the
target and a position of having taken the image;

estimating, from the distance data, a plane
corresponding to the target; and

adjusting focusing of the image being

projected, based on information concerning the plane.

Claim 10. The control method as claimed‘in
claim 9, wherein

the calculating the distance data
calcuiates, from the taken image data, plural sets of
the distance data concerning plural positions
corresponding to the target, and

the estimating the plane removes the
distance data concerning positions, of the plural
positions, apart from the plane by a predetermined

distance, and recursively approximates the plane.

Claim 11. The control method as claimed in

claim 10, wherein
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the estimating the plane calculates the
number of the sets of the distance data, of the
positions that exist in a predetermined range from
the center of the area, of the distance data
corresponding to the recursively estimated plane,
calculates a ratio of the calculated number to the
number of the plural sets of the distance data, and
recursively approximates the plane based on the
removed distance data in a case where the calculated

ratio is less than or equal to a predetermined ratio.

Claim 12. The control method as claimed in
claim 9, wherein
the estimating the plane and the adjusting

focusing are recursively carry out.

Claim 13. The control method as claimed in
claim 9, further comprising

projecting a predetermined pattern.

Claim 14. The control method as claimed in
claim 13, wherein
the projecting the predetermined pattern

selects the predetermined pattern according to the

"estimating the plane and the adjusting focusing being
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recursively carried out.

Claim 15. The control method as claimed in
claim 9, wherein |

the estimating the plane estimates the
plane based on at least one of plural items of
information of the taken image data concerning color,

brightness and edge strength.
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AMENDED CLAIMS
received by the International Bureau on 21 December 2012 (21.12.2012)

Claim 1. (Amended) A projector comprising:
an image taking part that takes an image of
5 an area that includes a target onto which an image is
béing projected;

a distance measuring part that calculates,
from taken image data obtained by the image taking
part, distance data concerning a distance between the

10 target and the image taking part;

a plane estimation part that estimates,
from the distance data, a plane corresponding to the
target; and

a focusing adjustment part that adjusts

15 focusing of the image being projected, based on
information concerning the plane, wherein

the distance’measuring part calculates,
from the taken image data, plural sets of the
distance data concerning plural positions

20 corresponding to the target,

the plane estimation part removes the
distance data concerning positions, of the plural
positions, apart from the plane by a predetermined
distance, and recursively approximates the plane, and

25 the plane estimation part calculates the

AMENDED SHEET (ARTICLE 19)
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number of the sets of the distance data, of the
positions that exist in a predetermined range from
the center of the area, of the distance data
corresponding to the recursively estimated plane, and
calculates a ratio of the calculated number to the

number of the plural sets of the distance data.
Claim 2 (Canceled)

Claim 3. (Amended) The projector as claimed
in claim 1, wherein
| the plane estimation part recursively
approximates the plane based on the removed distance
data 1in a case where the calculated ratio is less

than or equal to a predetermined ratio.

Claim 4. The projector as claimed in claim
1, wherein

the plane estimation part and the focusing
adjustment part recursively carry out operations of
estimating the plane corresponding to the target and
operations of adjusting focusing corresponding to the

target.

Claim 5. The projector as claimed in claim

AMENDED SHEET (ARTICLE 19)
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1, further comprising
a projection part that projects a

predetermined pattern.

Claim 6. The projector as claimed in claim
5, wherein

the projection part selects the
predetermined pattern according to operations of
estimating the plane and the operations of adjusting
focusing recursively carried out by the plane

estimation part and the focusing adjustment part.

Claim 7. The projector as claimed in claim
1, wherein

the plane estimation part estimates the
plane based on at. least one of plural items of
information of the taken image data concerning color,

brightness and edge strength.

Claim 8. The projector as claimed in claim
1, further comprising:

a projection image shape changing part that

corrects the image to be projected.

Claim 9. (Amended) A control method of a

AMENDED SHEET (ARTICLE 19)
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projector comprising:

taking an image of an area that includes a
target onto which an image is being projected, and
obtaining taken image data:;

calculating, from the taken image data,
distance data concerning a distance between the
target and a position of having taken the image;

estimating, from the distance data, a plane
corresponding to the target; and

adjusting focusing of the image being
projected, based on information concerning the plane,
wherein

the calculating the distance data
calculates, from the taken image data, plural sets of
the distance data concerning plural positions
corresponding to the target,

the estimating the plane removes the
distance data concerning positions, of the plural
positions, apart from the plane by a predetermined
distance, and recursively approximates the plane, and

the estimating the plane calculates the
number of the sets of the distance data, of the
positions that exist in a predetermined range from
the center of the area, of the distance data

corresponding to the recursively estimated plane, and

AMENDED SHEET (ARTICLE 19)
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calculates a ratio of the calculated number to the

number of the plural sets of the distance data.
Claim 10 (Canceled)

Claim 11. (Amended) The control method as
claimed in claim 9, wherein

the estimating the plane recursively
approximates the plane based on the removed distance
data in a case where the calculated ratio is less

than or equal to a predetermined ratio.

Claim 12. The control method as claimed in
claim 9, wherein
the estimating the plane and the adjusting

focusing are recursively carry out.

Claim 13. The control method as claimed in
claim 9, further comprising

projecting a predetermined pattern.

Claim 14. The control method as claimed in
claim 13, wherein
the projecting the predetermined pattern

selects the predetermined pattern according to the

AMENDED SHEET (ARTICLE 19)
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estimating the plane and the adjusting focusing being

recursively carried out.

Claim 15. The control method as claimed in
5 claim 9, wherein
the estimating the plane estimates the
plane based on at least one of plural items of
information of the taken image data concerning color,
brightness and edge strength.

10

AMENDED SHEET (ARTICLE 19)
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