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57 ABSTRACT

A projection system includes a plurality of projectors
adapted to project respective images arranged on a projec-
tion surface, a control device, and an imaging section, the
plurality of projectors is classified into N (N is no smaller
than 2) projector groups, the control device makes the
projector groups project adjusting images on the projection
surface at respective timings different from each other, and
then makes the imaging section sequentially image the
projection surface on which the adjusting images are pro-
jected, at least one of the N projector groups includes two or
more projectors, and the two or more projectors project the
adjusting images at respective positions not adjacent to each
other in the projection surface.

10 Claims, 8 Drawing Sheets

FIRST PROJECTOR
20

VIDEG INPUT
SECTION

VIDEC f
SUPPLY |
SECTION

(170

- COMMUNICATSON
SECTION

CONTROL SECTICN
155

IMAGE ANALYSIS

SECTION

ﬁj SECOND PROJECTOR

.__:j THIRD PROJECTOR

.—:j FOURTH PROJECTOR

’_-:j FIFTH PROJECTOR

_j SIXTH PROJECTOR

10
e
‘ -SC
c120 |
FROJECTION
SECTION
T (130
ADJUSTING RIAGE
STORAGE SECTION
(140
IMAGING SECTION ]
L
T R—
105 __
o
c 0§>
\\\\




U.S. Patent Jan. 30, 2018 Sheet 1 of 8 US 9,883,154 B2

10
101 4
( SC
FIRST PROJECTOR
~20 110 120
- [ ‘
Sﬁgg& VIDEO INPUT PROJECTION
T
sy SECTION i SECTION
170 130
COMMUNICATION ADJUSTING MAGE
SECTION STORAGE SECTION
(150 (140
CONTROL SECTION <-—>§ IMAGING SECTION
(155
IMAGE ANALYSIS
SECTION
102
,_;2 SECOND PROJECTOR
_j THIRD PROJECTOR
~104
j FOURTH PROJECTOR
~105
*1 FIFTH PROJECTOR
~106
_j SIXTH PROJECTOR
\\




U.S. Patent Jan. 30, 2018 Sheet 2 of 8 US 9,883,154 B2




U.S. Patent Jan. 30, 2018 Sheet 3 of 8 US 9,883,154 B2

S100

PROJECTORS IN FIRST PROJECTOR GROUP GA
PROJECT ADJUSTING IMAGES,
THEN PROJECTORS IN GA AND PROJECTORS
ADJACENT TO GA PERFORM MEASUREMENT

5110

PROJECTOR IN SECOND PROJECTOR GROUP GB
PROJECTS ADJUSTING IMAGE,
THEN PROJECTOR IN GB AND PROJECTORS
ADJACENT TO GB PERFORM MEASUREMENT

5120

PROJECTORS IN THIRD PROJECTOR GROUP GC
PROJECT ADJUSTING IMAGES,
THEN PROJECTORS IN GC AND PROJECTORS
ADJACENT TO GC PERFORM MEASUREMENT

5130

PROJECTOR IN FOURTH PROJECTOR GROUP GD
PROJECTS ADJUSTING IMAGE,
THEN PROJECTOR IN GD AND PROJECTORS
ADJACENT TO GD PERFORM MEASUREMENT

~S140

PERFORM ADJUSTMENT OF PROJECTORS
USING MEASUREMENT VALUES




U.S. Patent Jan. 30, 2018 Sheet 4 of 8 US 9,883,154 B2

Agald
L/




U.S. Patent Jan. 30, 2018 Sheet 5 of 8 US 9,883,154 B2

A2, o
— Agb2r
SC
R(1,1) —
JR(12)
] ’ R(1.3)
2% % ,x,é‘x\
R(2.1) , T —
R(2,2)
‘\__‘ R(2.3)
4 .
101 ay —




U.S. Patent Jan. 30, 2018 Sheet 6 of 8 US 9,883,154 B2

{  sTART )

c S10

i PROJECTOR PROJECTS POSITION DETECTING IMAGE,
THEN POSITION OF it PROJECTOR IS DETECTED

~ PROJECTIONAND
DETECTEON OF ALL OF THE PROJECTORS
~__HAVECONPLETED? __~

STEPS 5100 THROUGH 5140

END



U.S. Patent Jan. 30, 2018 Sheet 7 of 8

US 9,883,154 B2

i=1 rSC = f,«SC
R(1,1Y IR(1.2)
ARV 4 > /'/ Z .
//R 1/,3
. > -
LR(2,1)]
£
=5 -SC - (SC
// > L. //
|R(2.2) 1R(2.3)




US 9,883,154 B2

.- M2

U.S. Patent Jan. 30,2018 Sheet 8 of 8
AH),.A?P_” p21
o o o} o o/ ‘Mo o © o o
piz2 P22
Mi— o 1 o o o] o/ “oilo o o o
P13 P23
ol o o o] o+’ “+olo o o o
P14 P24
ol o o o | o/ ‘“to i o o o o
p1s P25
ofo ¢ o | o4+’ o | o o
pi1g P26
A?d{ o o o o o/ ‘v o o ©o o
Sy -
Alr A2l
A?T,,AJ -P11{P21) A22 A2
o 'c o o o © o of o o
M1 o o © ojlolo © © © o o
© o o olojo © ©o o© o o
o © o ololo © @ o© o o
o © o ololo © © © o o
Aid{ o o o ojojo o o o o o
b P16(P28)
Atr{A2D

FIG. 8



US 9,883,154 B2

1

PROJECTION SYSTEM, PROJECTOR, AND
IMAGE ADJUSTMENT METHOD

The entire disclosure of Japanese Patent Application No.
2016-008574, filed Jan. 20, 2016 is expressly incorporated
by reference herein.

BACKGROUND

1. Technical Field

The present invention relates to a projection system, a
projector, and an image adjustment method.

2. Related Art

There has been known a projection system for projecting
a seamless large screen using a plurality of projectors
(JP-A-2002-072359). In such a projection system, it is
generally performed to automatically measure and then
correct differences in color and brightness between the
projectors, a shift in the projection position between the
projectors to dispose the projectors so as to overlap the
boundary part of the projectors adjacent to each other to
thereby make the junction inconspicuous.

However, if measurement patterns are projected together
with the adjacent projector when measuring the character-
istics of the respective projectors, the measurement patterns
overlap each other, and there is a problem that it is unachiev-
able to measure the correct characteristics.

SUMMARY

An advantage of some aspects of the invention is to solve
the problem described above, and the invention can be
implemented as the following aspects.

(1) According to an aspect of the invention, a projection
system is provided. The projection system includes a plu-
rality of projectors adapted to project respective images
arranged on a projection surface, a control device, and an
imaging section, the plurality of projectors is classified into
N (N is no smaller than 2) projector groups, the control
device makes the projector groups project adjusting images
on the projection surface at respective timings different from
each other, and then makes the imaging section sequentially
image the projection surface on which the adjusting images
are projected, at least one of the N projector groups includes
two or more projectors, and the two or more projectors
project the adjusting images at respective positions not
adjacent to each other in the projection surface.

According to this aspect of the invention, since the two or
more projectors for projecting the adjusting images at the
same timing project the adjusting images at the respective
positions not adjacent to each other in the projection surface,
it is possible to perform correct measurement. Further, since
the adjusting images are projected for each of the projector
groups, it is possible to shorten the time for taking the
adjusting images.

(2) In the aspect of the invention, that the control device
may perform an image adjustment, which includes at least
one of an adjustment of a color projected, and an adjustment
of a position shift of the image projected, on each of the
projectors based on a taken image, which the imaging
section is made to take.

(3) In the aspect of the invention, in a case in which the
value of N is 4, and the positions of the images projected on
the projection surface by the plurality of projectors are
arranged in a matrix, the plurality of projectors may be
classified into four projector groups based on whether a row
number and a column number of an arrangement position of
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the image in the matrix arrangement of the images are each
an even number or an odd number.

In general, in the case of performing projection on the
projection surface using a plurality of projectors, the posi-
tions of the images projected on the projection surface are
arranged in a matrix in many cases. According to the aspect
of the invention with the configuration described above, in
such a case, by performing the classification into the four
projector groups based on whether the row number and the
column number of the arrangement position are each an
even number or an odd number in the matrix arrangement of
the images, it is possible to reduce the number of projector
groups to shorten the time for taking the adjusting images.

(4) In the aspect of the invention, in a case in which the
value of N is 2, and the positions of the images projected on
the projection surface by the plurality of projectors are
arranged in one of a single row and a single column, the
plurality of projectors may be classified into two projector
groups based on whether an arrangement position of the
image in the arrangement of the images is an even-numbered
position or an odd-numbered position.

According to the aspect of the invention with this con-
figuration, in the case in which the projection images by the
projectors are arranged in a single row or a single column,
by performing the classification into two projector groups
based on whether the arrangement position of the image in
the arrangement of the images is an odd-numbered position
or an even-numbered position, it is possible to reduce the
number of the projector groups to shorten the time for taking
the adjusting images.

(5) In the aspect of the invention, the control device may
be a control section provided to one of the plurality of
projectors.

According to the aspect of the invention with this con-
figuration, the control device separate from the projector is
unnecessary.

(6) In the aspect of the invention, the imaging section may
be provided to each of the projectors, and image a range
including a projection range of each of the projectors.

According to the aspect of the invention with this con-
figuration, the imaging section separate from the projector is
unnecessary.

(7) In the aspect of the invention, the control device may
make the projectors project a position detecting image used
to detect a mutual positional relationship between the pro-
jectors at respective timings different from each other before
making the adjusting images be projected.

According to the aspect of the invention with this con-
figuration, what position in the taken image the adjusting
image projected by the own projector is projected at can be
measured in advance in each of the projectors.

(8) According to another aspect of the invention, a pro-
jector is provided. The projector is a projector classified to
one of N (N is no smaller than 2) projector groups, and at
least one of the N projector groups includes two or more
projectors. The projector includes a projection section
adapted to project an image on a projection surface, a control
section, and an imaging section. The control section makes
the projector groups project adjusting images on the projec-
tion surface at respective timings different from each other,
and then makes the imaging section sequentially image the
projection surface on which the adjusting images are pro-
jected, and performs control so that the plurality of projec-
tors included in the one of the projector groups project the
respective adjusting images at respective positions not adja-
cent to each other in the projection surface.
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According to this aspect of the invention, since the two or
more projectors for projecting the adjusting images at the
same timing project the adjusting images at the respective
positions not adjacent to each other in the projection surface,
it is possible to perform correct measurement. Further, since
the adjusting images are projected for each of the projector
groups, it is possible to shorten the time for taking the
adjusting images.

(9) According to still another aspect of the invention, an
image adjustment method of a plurality of projectors
adapted to project respective images arranged on a projec-
tion surface is provided. The image adjustment method
includes (i) classifying the plurality of projectors into N (N
is no smaller than 2) projector groups so that the projectors
included in the same projector group project respective
adjusting images at respective positions not adjacent to each
other in the projection surface, (ii) projecting the adjusting
images on the projection surface at timings different
between the projector groups, and then sequentially imaging
the projection surface on which the adjusting images are
projected, and (iii) adjusting the images of the plurality of
projectors using imaging data of the adjusting images. At
least one of the N projector groups includes two or more
projectors.

According to this aspect of the invention, since the two or
more projectors for projecting the adjusting images at the
same timing project the adjusting images at the respective
positions not adjacent to each other in the projection surface,
it is possible to perform correct measurement. Further, since
the adjusting images are projected for each of the projector
groups, it is possible to shorten the time for taking the
adjusting images.

The invention can be realized in a variety of forms such
as a projector, or an image adjustment method besides the
projection system.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference
like elements.

FIG. 1 is an explanatory diagram showing a projection
system.

FIG. 2 is an explanatory diagram showing a positional
relationship between a projector and a projection surface.

FIG. 3 is a flowchart of an image adjustment process
according to a first embodiment of the invention.

FIG. 4 is an explanatory diagram showing the state of the
step S100 shown in FIG. 3.

FIG. 5 is an explanatory diagram showing the state of the
step S110 shown in FIG. 3.

FIG. 6 is a flowchart of an image adjustment process
according to a second embodiment of the invention.

FIG. 7 is an explanatory diagram showing an example of
the state in which the projectors perform projection in
sequence in the steps S10, S20 in FIG. 6.

FIG. 8 is a diagram showing an example of an adjusting
image in the third embodiment of the invention.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment
FIG. 1 is an explanatory diagram showing a projection

system 10. The projection system 10 is provided with a
video supply section 20, a plurality of projectors 101
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through 106, and a projection surface SC. It is sufficient for
the video supply section 20 to be a device such as a computer
or a television capable of supplying a picture or an image to
be projected by the projectors 101 through 106. As the
projection surface SC, there can be used an interior wall, an
exterior wall of a building, and so on besides the screen as
long as there is provided a surface, on which the picture or
the image projected by the projectors 101 through 106 can
be projected.

The projectors 101 through 106 are capable of projecting
the image obtained by dividing a large screen on the
projection screen SC when receiving a supply of a picture or
an image of the large screen from the video supply section
20. Although in the first embodiment, there are provided the
six projectors 101 through 106, the number of projectors
included in one projection system 10 can also be an arbitrary
number. Since the configurations of the projectors 101
through 106 are the same as each other, the projector 101
will be described as an example. It should be noted that the
projector 101 is referred to as a “first projector 101” in
accordance with the trailing number of the reference
numeral if need arises. It should be noted that the same
applies to the projectors 102 through 106.

The projector 101 is provided with a video input section
110, a projection section 120, an adjusting image storage
section 130, an imaging section 140, a control section 150,
and a communication section 170. The control section 150
is provided with an image analysis section 155. The video
input section 110 receives an input of a picture or an image
from the video supply section 20. The projection section 120
projects the picture or the image on the projection surface
SC. The adjusting image storage section 130 stores the
adjusting image used when adjusting the images of the
projectors 101 through 106. As the adjusting image, it is
possible to use a solid image (also referred to as a “standard
color image”) of a predetermined color, or a pattern image
including a mark such as a dot or a grid. The standard color
image is used for the adjustment of the color of the projector.
As the predetermined color, for example, red, blue, or green
is used. The pattern image including the mark such as a dot
or a grid is used for the correction of the position shift of the
projection position between the projectors or a keystone
correction.

It should be noted that one of the plurality of projectors
101 through 106 operates as a master projector, and the other
projectors operate as slave projectors, and thus, it is possible
for the plurality of projectors 101 through 106 to operate in
a coordinated manner. On this occasion, the control section
150 of the master projector functions as a control device for
controlling the overall operation of the plurality of projec-
tors 101 through 106. In the following description, the term
“control section 150 mainly means the control section 150
of the master projector. It should be noted that it is possible
to arrange that there is disposed a control device for con-
trolling the coordinated operation besides the control sec-
tions 150 of the projectors 101 through 106.

The imaging section 140 takes the adjusting image pro-
jected on the projection surface SC by the projection section
120. The imaging section 140 takes the image of a range
including projection range of each of the projectors 101
through 106. It should be noted that it is preferable for the
range to be imaged by the imaging section 140 to be slightly
larger than the range of the projection by the projection
section 120 of the own projector 101. The control section
150 has a function of controlling what part of the whole of
the picture or the image of the large screen supplied is the
area, projection of which is handled by each of the projectors
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101 through 106. The image analysis section 155 generates
correction data for each of the projectors 101 through 106
using the imaging data of the adjusting image of the pro-
jection surface SC taken by the imaging section 140. The
communication section 170 obtains the imaging data of the
adjusting images of the projection surfaces SC taken by the
imaging sections 140 of the other projectors 102 through
106 from the other projectors 102 through 106, respectively,
and at the same time, transmits the correction data to the
other projectors 102 through 106. The communication sec-
tion 170 of each of the projectors 101 through 106 further
transmits and receives a variety of signals necessary for the
mutual coordinated operation with the communication sec-
tions 170 of the other projectors.

FIG. 2 is an explanatory diagram showing the positional
relationship between the projectors 101 through 106 and the
projection surface SC. In the first embodiment, there are the
six projectors 101 through 106, and the images are projected
on the projection surface SC in a 2x3 matrix. The top row
is referred to as a “first row,” the second top row is referred
to as a “second row,” the first column from the left is referred
to as a “first column,” the second column from the left is
referred to as a “second column,” and the third column from
the left is referred to as a “third column.” The character i of
the range R(i, j) on the projection surface SC represents the
row number, and the character j represents the column
number. In the first embodiment, the first projector 101
projects the range R(1, 1), the second projector 102 projects
the range R(1, 2), the third projector 103 projects the range
R(1, 3), the fourth projector 104 projects the range R(2, 1),
the fifth projector 105 projects the range R(2, 2), the sixth
projector 106 projects the range R(2, 3).

The reference symbols “GA,” “GB,” “GC,” and “GD”
attached to the side surfaces of the projectors 101 through
106 represent projector groups to which the projectors
belong. The first projector group GA includes the first
projector 101 and the third projector 103, the second pro-
jector group GB includes the second projector 102, the third
projector group GC includes the fourth projector 104 and the
sixth projector 106, and the fourth projector group GD
includes the fifth projector 105. Here, in the case in which,
for example, a plurality of projectors is included in one
projector group as in the first projector group GA, the
projectors 101, 103 included are referred to as a “same-
group projector.” The plurality of the same group projectors
101, 103 projects the picture, the image, or the adjusting
image at respective positions not adjacent to each other
(respective positions separate from each other) in the pro-
jection surface SC. The same also applies to other projector
groups. Further, the range R(1, 1) and the range R(1, 2), in
which the first projector 101 and the second projector 102 as
an example of the two projectors adjacent to each other
perform projection, partially overlap each other, and in the
overlapping area, the same images are projected. By over-
lapping the ranges to be projected, black lines can be
prevented. It should be noted that the overlapping area
where the projection ranges overlap each other is an area,
which can be imaged by both of the imaging section 140 of
the first projector 101 and the imaging section 140 of the
second projector 102. The same applies to other projectors
adjacent to each other.

FIG. 3 is a flowchart of an image adjustment process in
the first embodiment. In the step S100, the control section
150 makes each of the projectors 101, 103 of the first
projector group GA project the adjusting image, and then
makes the imaging sections 140 of the projectors 101, 103
of the first projector group GA and the projectors 102, 104,
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and 106 adjacent to the projectors 101, 103 of the first
projector group GA take the adjusting images thus projected.
The control section 150 further makes the image analysis
sections 155 analyze the taken images to obtain respective
measurement values. In the case in which the adjusting
image is the standard color image, the measurement value is
the color of the taken image. In the case in which the
adjusting image is the pattern image, the measurement value
is the positional coordinate of the mark.

FIG. 4 is an explanatory diagram showing the state of the
step S100 shown in FIG. 3. The same adjusting images are
projected respectively in the range R(1, 1) and the range R(1,
3) on the projection surface SC. The areas Agal, Agalr, and
Agald are areas constituting the range R(1, 1) in which the
first projector 101 performs projection. Among these areas,
the area Agalr is an overlapping area overlapping the range
R(1, 2) in which the second projector 102 performs projec-
tion, and is the area imaged by both of the imaging section
140 of the first projector 101 and the imaging section 140 of
the second projector 102. Further, the arca Agald is an
overlapping area overlapping the range R(2, 1) in which the
fourth projector 104 performs projection, and is the area
imaged by both of the imaging section 140 of the first
projector 101 and the imaging section 140 of the fourth
projector 104.

Similarly, the arcas Aga3, Aga31, and Aga3d are the areas
constituting the range R(1, 3) in which the third projector
103 performs projection, and among these areas, the area
Ags31 is an overlapping area overlapping the range R(1, 2)
in which the second projector 102 performs projection, and
is imaged by both of the imaging section 140 of the third
projector 102 and the imaging section 140 of the second
projector 102. Further, the area Aga3d is an overlapping area
overlapping the range R(2, 3) in which the sixth projector
106 performs projection, and is the area imaged by both of
the imaging section 140 of the third projector 103 and the
imaging section 140 of the sixth projector 106.

In the step S110 shown in FIG. 3, the control section 150
makes the projector 102 of the second projector group GB
project the adjusting image, and then makes the projector
102 of the second projector group GB and the projectors
101, 103, and 105 adjacent to the projector 102 of the second
projector group GB perform imaging and measurement of
the adjusting images thus projected.

FIG. 5 is an explanatory diagram showing the state of the
step S110 shown in FIG. 3. The adjusting image is projected
in the range R(1, 2) on the projection surface SC. The areas
Agb2, Agbh21, Agb2r, and Agb2d are areas constituting the
range R(1, 2) in which the second projector 102 performs
projection. Among these areas, the area Agh21 is an over-
lapping area overlapping the range R(1, 1) in which the first
projector 101 performs projection, and is the area imaged by
both of the imaging section 140 of the first projector 101 and
the imaging section 140 of the second projector 102. Further,
the area Agb2r is an overlapping area overlapping the range
R(1, 3) in which the third projector 103 performs projection,
and is the area imaged by both of the imaging section 140
of the second projector 102 and the imaging section 140 of
the third projector 103. The area Agb2d is an overlapping
area overlapping the range R(2, 3) in which the fifth pro-
jector 105 performs projection, and is the area imaged by
both of the imaging section 140 of the second projector 102
and the imaging section 140 of the fifth projector 105.

In the step S120, the control section 150 makes each of the
projectors 104, 106 of the third projector group GC project
the adjusting image, and then makes the projectors 104, 106
of the third projector group GC and the projectors 101, 103,
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and 105 adjacent to the projectors 104, 106 of the third
projector group GC perform imaging and measurement of
the adjusting images thus projected. In the step S130, the
control section 150 makes the projector 105 of the fourth
projector group GD project the adjusting image, and then
makes the projector 105 of the fourth projector group GD
and the projectors 102, 104, and 106 adjacent to the pro-
jector 105 of the fourth projector group GD perform imaging
and measurement of the adjusting images thus projected. It
should be noted that the same can be applied to specific
imaging areas on the projection surface SC in the steps
S120, S130 as those shown in FIG. 3 and FIG. 4, and
therefore, the explanation thereof will be omitted. As is
understood from the steps described above, the control
section 150 makes the projector groups project the adjusting
images on the projection surface SC at respective timings
different from each other, and makes the imaging sections
140 of the projectors having projected the adjusting images
and the projectors adjacent to the projectors having pro-
jected that adjusting images sequentially take the image of
the projection surface SC on which the adjusting images are
projected. Further, a plurality of same-group projectors
belonging to the same projector group performs projection
of the adjusting images at the same timing.

In the step S140, the control section 150 performs an
adjustment process of the projectors 101 through 106 using
the measurement values measured by the imaging sections
140 of the respective projectors 101 through 106. Herein-
after, as an example of the adjustment process, an adjust-
ment of the color using a red standard color image will be
described. Regarding other colors, the adjustment can be
achieved similarly to the red color.

In the step S100 in FIG. 3, the imaging section 140 of the
first projector 101 and the imaging section 140 of the second
projector 102 each obtain an RGB value of the overlapping
area Agalr. The RGB value can be an average value of the
RGB values of the overlapping area Agalr. The RGB value
obtained by the imaging section 140 of the first projector 101
is defined as R11, and the RGB value obtained by the
imaging section 140 of the second projector 102 is defined
as R12.

The image analysis section 155 of the control section 150
calculates a correction coefficient KR2 of the sensitivity of
the imaging section 140 of the second projector 102 relative
to the imaging section 140 of the first projector 101 as
KR2=R11/R12 based on the two RGB values R11, R12.
Similarly, the image analysis section 155 calculates a cor-
rection coefficient KR4 of the sensitivity of the imaging
section 140 of the fourth projector 104 relative to the
imaging section 140 of the first projector 101 using the RGB
value of the overlapping area Agald.

Similarly, the correction coefficient KR3' (KR3'=R22/
R23) of the sensitivity of the imaging section 140 of the third
projector 103 relative to the imaging section 140 of the
second projector 102 based on the RGB values (R22 and
R23) of the overlapping area Agb2r in the step S110.
Therefore, the correction coefficient KR3 of the sensitivity
of the imaging section 140 of the third projector 103 relative
to the imaging section 140 of the first projector 101 can be
obtained as KR3=(R11/R12)x(R22/R23). Similarly, the cor-
rection coefficients KR2 through KR 6 of the sensitivity of all
of the other projectors 102 through 106 relative to the
imaging section 140 of the first projector 101. The control
section 150 transmits the correction coefficients to the other
projectors 102 through 106. It is possible for the control
sections 150 of the respective projectors 101 through 106 to
know the own projection color by multiplying the color of
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the standard color image projected by itself by the correction
coeflicient. Then, there is obtained the correction data for
adjusting the projection colors of the respective projectors so
that the projection colors of the respective projectors
become the same as each other. The picture input is cor-
rected based on the correction data, and is then projected on
the projection surface SC. According to this process, even in
the case in the case in which the sensitivities of the imaging
sections 140 of the plurality of projectors 101 through 106
are different from each other, it becomes possible to make
the plurality of projectors 101 through 106 project the
images roughly the same in color as each other.

As described hereinabove, according to the first embodi-
ment, even if the plurality of same-group projectors included
in the same projector group projects the adjusting images at
the same time, the adjusting images do not interfere with
each other, and it is possible to perform the measurement
without any problem. Further, since it is sufficient to make
the projector groups project the adjusting images equal
number of times and imaging the adjusting images, the
measurement time for imaging the adjusting images can be
reduced.

As a method of classifying a plurality of projectors into a
plurality of projector groups, some methods as described
below, for example, can be adopted.

1. Matrix Arrangement

In the case in which the positions of the images projected
by a plurality of projectors on the projection surface SC are
arranged in a matrix, the projectors can also be classified
into four projector groups based on whether the row number
and the column number are each an even number or an odd
number in the matrix arrangement. According to this
method, it is possible to reduce the number of projector
groups to shorten the time for taking the adjusting images.
2. Single Row Arrangement or Single Column Arrangement

In the case in which the positions of the images projected
by the plurality of projectors on the projection surface SC
are arranged in a single row or a single column, the plurality
of projectors can also be classified into an odd-numbered
projector group and an even-numbered projector group
based on the arrangement position of the corresponding
image. According to this method, since the projectors can be
classified into the two projector groups, the number of steps
of projecting and then taking the adjusting images can be set
to two, and thus, the time for taking the adjusting images can
be reduced.

Although in the present embodiment, the image analysis
section 155 of the control section 150 is provided to each of
the projectors 101 through 106, it is also possible to adopt
a configuration in which the image analysis section 155 is
provided only to a single projector, for example, the first
projector 101. Further, it is also possible to configure the
image analysis section 155 as a separate device from the
projector.

Although in the present embodiment, each of the projec-
tors 101 through 106 is provided with the imaging section
140, the imaging section 140 can also be provided separately
from the projectors. It should be noted that in the case of
providing the imaging section 140 to each of the projectors
101 through 106, the constituent elements of the projection
system 10 is reduced, and at the same time, even in the case
in which the number of the projectors increases to increase
the projection area, there is no need to modify the imaging
section 140.

In the first embodiment, assuming that the imaging sec-
tions 140 of the respective projectors 101 through 106 are
different in sensitivity, the correction coeflicient and the
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correction data are calculated using the data of the taken
image of the overlapping area where the projection ranges of
the adjacent projectors overlap each other. However, in the
case in which the sensitivities of the imaging sections 140 of
the respective projectors 101 through 106 are roughly the
same, it is also possible to obtain the correction data by, for
example, measuring the RGB values of the central areas
Agal, Agb2 located at the center of the projection range. In
this case, it is also possible to arrange that only the projectors
projecting the adjusting images perform imaging.

Second Embodiment

FIG. 6 is a flowchart of an image adjustment process in a
second embodiment. The second embodiment is different in
the point that the steps S10, S20 are performed before the
steps S100 of the flowchart of the first embodiment shown
in FIG. 3. Therefore, the steps S10, S20 will be described
here.

In the step S10, the control section 150 makes the i”
projector (i represents either one of 1 through 6) project
position detecting image (e.g., a solid white image) for
detecting the mutual positional relationship, and then detects
what position in the projection surface SC the position
detecting image is projected at with the imaging section 140
of the i”* projector. Here, the value i sequentially takes 1
through the largest number corresponding to the number of
projectors (“6” in the second embodiment). In the step S20,
the control section 150 determines whether or not the
projection and the detection by all of the projectors have
been completed. If they have been completed, the process
proceeds to the steps S100 through S140 described with
reference to FIG. 3, and if not, the process returns to the step
S10.

FIG. 7 is an explanatory diagram showing an example of
the state in which the projectors perform projection in
sequence in the steps S10, S20 in FIG. 6. It should be noted
that FIG. 7 shows an example in which a first projector (i=1)
corresponds to the first projector 101, and performs projec-
tion in the range R(1, 1) on the projection surface SC, and
a second projector (i=2) corresponds to the second projector
102, and performs projection in the range R(1, 2) on the
projection surface SC.

In general, the position and the size of the picture, which
has been projected by the own projector, and shows in the
taken image of the imaging section 140, vary due to the
projection distance, the zoom lens shift of the projection lens
(not shown) of the projection section 120, and so on.
Therefore, unless what position in the taken image of the
imaging section 140 the picture projected by the own
projector shows has been measured and recognized in
advance, there is a possibility of taking the adjusting image
projected by another projector belonging to the same pro-
jector group for the adjusting image projected by the own
projector when performing the measurement. According to
the second embodiment, since it is possible to measure and
recognize, in advance, where the adjusting image projected
by the own projector is projected in the taken image of the
imaging section 140 in each of the projectors, there is no
chance of taking the adjusting image projected by another
projector belonging the same projector group for the adjust-
ing image projected by the own projector in performing the
measurement.

It should be noted that it is also possible to arrange that the
user of the projectors 101 through 106 inputs the respective
projection positions using input panels (not shown) of the
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projectors 101 through 106 or a remote controller (not
shown) instead of performing the steps S10, S20 shown in
FIG. 6.

Third Embodiment

FIG. 8 shows an example of an adjusting image in the
third embodiment. In the first and second embodiments, the
color adjustment is described as an example. In the third
embodiment, the position shift is corrected. The upper part
of FIG. 8 shows adjusting images M1, M2 projected by the
first projector 101 and the second projector 102. Although
the two adjusting images M1, M2 are shown for the sake of
convenience, these two adjusting images M1, M2 are not
projected at the same time, but are projected at respective
timings different from each other. Further, the two adjusting
images M1, M2 are drawn separately from each other, but in
reality are projected at positions partially overlapping each
other as shown in the lower part of FIG. 8. The central area
A1l in the range Al, in which the first projector 101
performs projection, is an area, which does not overlap the
projection ranges of other projectors.

The overlapping area Air is an area overlapping the range
A2 in which the second projector 102 performs projection.
In the overlapping area Air, there are projected six dots P11
through P16. The overlapping area Aid is an area overlap-
ping the range in which the fourth projector 104 performs
projection. The central area A22 in the range A2, in which
the second projector 102 performs projection, is an area,
which does not overlap the projection ranges of other
projectors. The overlapping area A21 is an area overlapping
the range Al in which the first projector 101 performs
projection. In the overlapping area A21, there are projected
six dots P21 through P26. The overlapping area A2d is an
area overlapping the range in which the fifth projector 105
performs projection. It should be noted that the two over-
lapping areas Air, A21 are the same area.

Similarly to the first embodiment, the control section 150
makes the first projector 101 of the first projector group GA
project the adjusting image to obtain the coordinates of the
six dots P11 through P16 in the overlapping area Air. Then,
the control section 150 makes the second projector 102 of
the second projector group GB project the adjusting image
to obtain the coordinates of the six dots P21 through P26 in
the overlapping area A21. The image analysis section 155
performs expansion, contraction, shift of the projection
position, and rotation of the adjusting image so that the six
dots P11 through P16 and the six dots P21 through P26
respectively overlap each other. Thus the shift in the pro-
jection position between the first projector 101 and the
second projector 102. It should be noted that it is also
possible to perform adjustment of the position shift between
other projectors adjacent to each other in a similar manner.
Further, besides the adjustment of the position shift, the
keystone correction can also be performed.

Although the embodiments of the invention is herein-
above described based on some specific examples, the
embodiments of the invention described above are only for
making it easy to understand the invention, but not for
limiting the scope of the invention. It is obvious that the
invention can be modified or improved without departing
from the scope of the invention and the appended claims,
and that the invention includes the equivalents thereof.

What is claimed is:

1. A projection system comprising:

a plurality of projectors adapted to project respective

images arranged on a projection surface;
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a control device; and

aplurality of imaging sections, each of which corresponds
to at least one projector of the plurality of projectors
and each of which images a range including a projec-
tion range of the projector to which each imaging
section corresponds,

wherein
the plurality of projectors is classified into N (N is no

smaller than 2) projector groups,

12

a projection section adapted to project an image on a
projection surface;

a control section which controls a plurality of projectors
adapted to project respective images arranged on the
projection surface and a plurality of imaging sections,
each of which corresponds to at least one projector of
the plurality of projectors and each of which images a
range including a projection range of the projector to
which each imaging section corresponds; and

the control device makes the projector groups project 10 an imaging section, .
R Lo wherein the control section
adjusting images on the projection surface at respec- . . S
. . . makes the projector groups project adjusting images on
tive timings different from each other, and then the projecti o ¢ tive timinws different
. . . . . projection surface at respective timings differen
makes the plqahty of imaging sectl.ons sequgntlglly from each other, and then makes the plurality of
image the pI'OJe.CUOIl surface on which the adjusting imaging sections sequentially image the projection
images are projected, surface on which the adjusting images are projected,
at least one of the N projector groups includes two or and
more projectors, and the two or more projectors performs control so that the plurality of projectors
project the adjusting images at respective positions included in the one of the projector groups project
not adjacent to each other in the projection surface, 29 the respective adjusting images at respective posi-
and tions not adjacent to each other in the projection
a first adjusting image of the adjusting images projected surface, and
on the projection surface is imaged by both a first wherein a first adjusting image of the adjusting images
imaging section of a first projector of the plurality of projected on the projection surface is imaged by both
projectors that is projecting the first adjusting image 25 a first imaging section of a first projector of the
and a second imaging section of a second projector plurality of projectors that is projecting the first
adjacent to the first projector, and is not imaged by adjusting image and a second imaging section of a
a third imaging section of a third projector that is not second projector adjacent to the first projector, and is
adjacent to the first projector. not imaged by a third imaging section of a third
2. The projection system according to claim 1, wherein 30 projector that is not adjacent to the first projector.
the control device performs an image adjustment, which 8. An image adjustment method of a plurality of projec-
includes at least one of an adjustment of a color tors adapted to project respective images arranged on a
projected and an adjustment of a position shift of the projection surface, each of the plurality of projectors includ-
image projected, on each of the projectors based on ing an imaging section which images a range including a
images taken by at least some of the plurality of 35 projection range of the projector to which the imaging
imaging sections. section corresponds, the method comprising:
3. The projection system according to claim 1, wherein (1) classifying the plurality of projectors into N (N is no
in a case in which the value of N is 4, and the positions smaller than 4) projector groups so that the projectors
of'the images projected on the projection surface by the included in the same projector group project respective
plurality of projectors are arranged in a matrix, 40 adjusting images at respective positions not adjacent to
the plurality of projectors is classified into four projector each other in the projection surface;
groups based on whether a row number and a column (i) projecting the adjusting images on the projection
number of an arrangement position of the image in the surface at timings different between the projector
matrix arrangement of the images are each an even groups, and then sequentially imaging the projection
number or an odd number. 45 surface on which the adjusting images are projected;
4. The projection system according to claim 1, wherein and
in a case in which the value of N is 2, and the positions (ii1) adjusting the images of the plurality of projectors
of'the images projected on the projection surface by the using imaging data of the adjusting images,
plurality of projectors are arranged in one of a single wherein
row and a single column, 50 at least one of the N projector groups includes two or
the plurality of projectors is classified into two projector more projectors, and
groups based on whether an arrangement position of a first adjusting image of the adjusting images projected
the image in the arrangement of the images is an on the projection surface is imaged by both a first
even-numbered position or an odd-numbered position. imaging section of a first projector of the plurality of
5. The projection system according to claim 1, wherein 55 projectors that is projecting the first adjusting image
the control device is a control section provided to one of and a second imaging section of a second projector
the projectors. adjacent to the first projector, and is not imaged by
6. The projection system according to claim 1, wherein a third imaging section of a third projector that is not
the control device makes the projectors project a position adjacent to the first projector.
detecting image used to detect a mutual positional 60 9. A projector to be classified to one of N (N is no smaller

relationship between the projectors at respective tim-
ings different from each other before making the adjust-
ing images be projected.

7. A projector to be classified to one of N (N is no smaller

than 4) projector groups, at least one of the N projector
groups including two or more projectors which project
respective images on a projection surface, the projector
comprising:

than 2) projector groups, at least one of the N projector 65  a projection section adapted to project an image on the
groups including two or more projectors, the projector projection surface;
comprising: a control section; and
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an imaging section,
wherein the control section
makes the projector groups project adjusting images on
the projection surface at respective timings different
from each other, and then makes the imaging section
sequentially image the projection surface on which
the adjusting images are projected, and
performs control so that the plurality of projectors
included in the one of the projector groups project
the respective adjusting images at respective posi-
tions not adjacent to each other in the projection
surface, and
wherein
the positions of the images projected on the projection
surface by the plurality of projectors are arranged in
a matrix, and
the plurality of projectors is classified into four projec-
tor groups based on whether a row number and a
column number of an arrangement position of the
image in the matrix arrangement of the images are
each an even number or an odd number.
10. An image adjustment method of a plurality of pro-
jectors adapted to project respective images arranged on a
projection surface, the method comprising:
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(1) classifying the plurality of projectors into N (N is no
smaller than 4) projector groups so that the projectors
included in the same projector group project respective
adjusting images at respective positions not adjacent to
each other in the projection surface;
(i) projecting the adjusting images on the projection
surface at timings different between the projector
groups, and then sequentially imaging the projection
surface on which the adjusting images are projected;
and
(ii1) adjusting the images of the plurality of projectors
using imaging data of the adjusting images,
wherein
at least one of the N projector groups includes two or
more projectors,

the positions of the images projected on the projection
surface by the plurality of projectors are arranged in
a matrix, and

the plurality of projectors is classified into four projec-
tor groups based on whether a row number and a
column number of an arrangement position of the
image in the matrix arrangement of the images are
each an even number or an odd number.
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