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(54) PRINTING DEVICE AND PRINTING METHOD

(57) A printing device (10) includes a table (14) that
allows a plurality of printing subjects (200) to be placed
thereon, a projection device (24) that projects a binary
pattern to the printing subjects placed on the table, an
image capturing device (26) that captures an image of
the printing subjects having the binary pattern projected
thereon, a three-dimensional information acquirer (314)
that acquires a spatial code image from the image cap-
tured by the image capturing device and acquires

FIG.1

MICROCOMPUTER

three-dimensional information on the printing subjects
from the acquired spatial code image, a recognizer (304)
that recognizes a position and a posture of each of the
printing subjects from the acquired three-dimensional in-
formation, a disposer (330) that disposes a printingimage
on each of the printing subjects in accordance with the
position and posture thereof, and a printing data gener-
ator (332) that generates printing data on the printing
image disposed on each of the printing subjects.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] The present invention relates to a printing device and a printing method.
2. Description of the Related Art

[0002] Conventionally, so-called flatbed-type printing devices are known. In a flatbed-type printing device, a printing
head is moved, for example, in two directions perpendicular to each other in a plane with respect to a printing subject
placed on a table. Such a flatbed-type printing device is used for performing printing on, for example, a printing subject
such as a substantially rectangular business card, greeting card or the like. In the following description, the term "printing
subject" is a "substantially rectangular sheet-type or plate-type printing subject such as a substantially rectangular
business card, greeting card or the like", unless otherwise specified.

[0003] For performing printing on a printing subject by use of a flatbed-type printing device, the printing subject is
placed on a table and then printing is performed. For accurate printing, the printing subject needs to be placed accurately
at a predetermined position. This requires, for example, measuring the size of the printing subject beforehand, so that
the position at which the printing subject is to be placed is determined accurately.

[0004] Such a work needs to be performed accurately. For an unexperienced operator, the work is time-consuming.
This causes a problem that the printing requires a long time and the production cost is raised. There is also a problem
thatthe work requires a great number of steps to be performed by an operator, whichimposes a heavy load on the operator.
[0005] A technology for solving these problems is proposed by, for example, Japanese Laid-Open Patent Publication
No. 2007-136764. According to the technology disclosed in Japanese Laid-Open Patent Publication No. 2007-136764,
a jig that can be secured to a table and accommodate a plurality of printing subjects is produced. For performing printing,
the jig is secured to the table and a plurality of printing subjects are accommodated in the jig, and each of the plurality
of printing subjects is accommodated at a predetermined position in the jig. This allows the printing to be performed at
predetermined positions of the printing subjects.

[0006] However, the above-described technology requires producing a jig in accordance with the shape or the size of
a printing subject. This causes a problem that the production of a jig is time-consuming, which imposes a heavy load
on the operator. In addition, even in the case where printing is to be performed on a small number of printing subjects,
a jig needs to be produced. This increases the cost.

SUMMARY OF THE INVENTION

[0007] Preferred embodiments of the present invention provide a printing device and a printing method capable of
performing printing easily at a desired position of a printing subject at low cost with no use of a jig, without imposing a
heavy load on an operator.

[0008] A printing device according to a preferred embodiment of the present invention is a printing device that acquires
three-dimensional information on at least one printing subject having a three-dimensional shape and prints a predeter-
mined printing image as a two-dimensional image on the at least one printing subject. The printing device includes a
table that allows at least one printing subject to be placed thereon; a projection device that projects a predetermined
pattern to the at least one printing subject placed on the table; an image capturing device that captures an image of the
at least one printing subject having the predetermined pattern projected thereon; three-dimensional information acquirer
that acquires a spatial code image from the image captured by the image capturing device and acquires the three-
dimensional information on the at least one printing subject from the acquired spatial code image; a recognizer that
recognizes a position and a posture of each of the at least one printing subject from the acquired three-dimensional
information; a disposer that disposes the printing image on each of the at least one printing subject by use of the position
and the posture thereof; and a printing data generator that generates printing data representing the printing image
disposed by the disposer.

[0009] A printing method according to another preferred embodiment of the present invention is a method by which
three-dimensional information on at least one printing subject having a three-dimensional shape that is placed on a table
is acquired, and a predetermined printing image as a two-dimensional image is printed on the at least one printing
subject. The printing method includes projecting a predetermined pattern to the at least one printing subject placed on
the table; capturing an image of the at least one printing subject having the predetermined pattern projected thereon;
acquiring a spatial code image from the captured image, and acquiring the three-dimensional information on the at least
one printing subject from the acquired spatial code image; recognizing a position and a posture of each of the at least
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one printing subject from the acquired three-dimensional information; disposing the printing image on each of the at
least one printing subject by use of the position and the posture thereof; and generating printing data on the printing
image disposed on the at least one printing subject.

[0010] The above and other elements, features, steps, characteristics and advantages of the present invention will
become more apparent from the following detailed description of the preferred embodiments with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

FIG. 1 shows a schematic structure of a printing device according to a preferred embodiment of the present invention.
FIG. 2 is a block diagram showing a functional structure of a microcomputer.

FIG. 3A shows point group data on a plurality of printing subjects, and FIG. 3B shows a state where the point group
is divided to generate clusters.

FIG. 4A shows a state where source point group data is generated and target point group data is set, and FIG. 4B
shows that a distance image is generated from the point group data.

FIG. 5A shows that a source distance image is overlapped on each of target distance images, and FIG. 5B shows
astate where atwo-dimensional component of the source point group data is made close to the target point group data.
FIG. 6 provides an image showing a state where the two-dimensional component of the source point group data is
made close to the target point group data by use of a transformation matrix A44, and an image showing that three-
dimensional position matching is optimized by use of a transformation matrix Acp.

FIG. 7 shows that a source distance image is transformed into a target distance image.

FIG. 8 shows a state where a printing image is disposed on the source distance image and shows a state where
the printing image is disposed on each of the target distance images.

FIG. 9A shows a checker pattern printed on a sheet attached to a table, and FIG. 9B shows that gray code patterns
are projected to the checker pattern to acquire spatial code images.

FIG. 10 is a flowchart showing a routine of a printing data generation process performed by the printing device
according to a preferred embodiment of the present invention.

FIG. 11 is a flowchart showing a routine of a three-dimensional information acquisition process.

FIG. 12 is a flowchart showing a routine of a posture recognition process.

FIG. 13 shows a printing device according to a modification of a preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Hereinafter, examples of preferred embodiments of a printing device and a printing method according to the
present invention will be described in detail with reference to the attached drawings. In the figures, letters F, Re, L, R,
U and D respectively represent front, rear, left, right, up and down. In the following description, the directions "front",
"rear", "left", "right", "up" and "down" are provided for the sake of convenience, and do not limit the manner in which the
printing device is installed in any way.

[0013] First, a structure of a printing device 10 will be described. As shown in FIG. 1, the printing device 10 is a so-
called flatbed-type inkjet printer. The printing device 10 includes a base member 12, a table 14 including a top surface
14a, a movable member 18 including a rod-shaped member 16, a printing head 20, a standing member 22 standing on
a rear portion of the base member 12, a projector 24, a camera 26, and a microcomputer 300. An overall operation of
the printing device 10is controlled by the microcomputer 300. A structure of the microcomputer 300 will be described later.
[0014] The table 14 is located on the base member 12. The top surface 14a of the table 14 is flat. A printing subject
200 is to be placed on the top surface 14a of the table. The table 14 is movable in a Z-axis direction by a moving
mechanism (not shown). This allows the printing subject 200 placed on the top surface 14a of the table 14 to be moved
in the Z-axis direction. The range in which the table 14 is movable up and down matches, for example, a range of
thickness of the printing subject 200 on which printing can be performed by the printing device 10. The moving mechanism
that moves the table 14 in the Z-axis direction may be a known mechanism, for example, a combination of a gear and
a motor. An operation of the moving mechanism is controlled by the microcomputer 300.

[0015] The printing subject 200 is placed on the top surface 14a of the table 14. The printing subject 200 may have
any shape with which the printing subject 200 can be placed on the table 14 with a predetermined gap from the printing
head 20. A printing surface of the printing subject 200 may have any of various shapes, for example, may be flat, curved
to be protruded upward, curved to be protruded downward, concaved and convexed with piercing edges, or concaved
and convexed without piercing edges. A difference between top and bottom levels of the printing surface is within a
maximum difference with which ink may be applied normally to the printing surface by the printing head 20.
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[0016] The base member 12 is provided with guide grooves 28a and 28b extending in a Y-axis direction. The movable
member 18 is driven by a driving mechanism (not shown) to move in the Y-axis direction along the guide grooves 28a
and 28b. There is no limitation on the driving mechanism that moves the movable member 18 in the Y-axis direction.
The driving mechanism may be a known mechanism such as, for example, a combination of a gear and a motor. The
rod-shaped member 16 extends in an X-axis direction above the table 14. A Z axis is a vertical axis, an X axis is
perpendicular to the Z axis, and a Y axis is perpendicular to the X axis and the Z axis.

[0017] The printing head 20 is an ink head that injects ink by an inkjet system. In this specification, the "inkjet system"
refers to a printing system of any of various types of conventionally known inkjet technologies. The "inkjet system"
encompasses various types of continuous printing systems such as a binary deflection system, a continuous deflection
system and the like, and various types of on-demand systems such as a thermal system, a piezoelectric element system
and the like. The printing head 20 is structured to perform printing on the printing subject 200 placed on the table 14.
The printing head 20 is provided on the rod-shaped member 16. The printing head 20 is provided so as to be movable
in the X-axis direction. This will be described in more detail. The printing head 20 is engaged with guide rails (not shown)
provided on a front surface of the rod-shaped member 16 and is slidable with respect to the guide rails. The printing
head 20 is provided with a belt (not shown) movable in the X-axis direction. The belt is rolled up by a driving mechanism
(not shown) and thus is moved. Along with the movement of the belt, the printing head 20 moves in the X-axis direction
from left to right or from right to left. There is no limitation on the driving mechanism. The driving mechanism may be a
known mechanism such as, for example, a combination of a gear and a motor.

[0018] The projector 24 projects a predetermined pattern to the entirety of the top surface 14a of the table 14. The
projector 24 is secured to the standing member 22. An operation of the projector 24 is controlled by the microcomputer
300. In this preferred embodiment, the projector 24 projects a gray code pattern extending in a vertical direction and a
gray code pattern extending in a horizontal direction to the top surface 14a of the table 14, and also projects a binary
pattern when a phase shift spatial coding method (described later) is used. The "binary pattern” is a projection pattern
including a slit-shaped light-transmissive area and a slit-shaped light-non-transmissive area, each having a certain width
and extending in a direction perpendicular to a width direction, located alternately and repeatedly.

[0019] The camera 26 is secured to the standing member 22. The camera 26 is located so as to capture an image of
the entirety of the top surface 14a of the table 14 in a direction different from a direction in which the projector 24 projects
the patterns. An operation of the camera 26 is controlled by the microcomputer 300.

[0020] The microcomputer 300 controls the overall operation of the printing device 10 as described above, and also
recognizes the position or posture of each of a plurality of printing subjects 200 placed on the table 14 to generate printing
data usable to print a printing image, input by an operator, at a predetermined position of each printing subject 200. In
this preferred embodiment, the posture of the printing subject 200 is a three-dimensional inclination. As the microcomputer
300, a known microcomputer including, for example, a CPU, a ROM and a RAM is usable. There is no specific limitation
on the hardware structure of the microcomputer 300. Software is either stored or read into the microcomputer 300, and
the microcomputer 300 executes the software to define and operate as each of the functional elements described below.
[0021] The microcomputer 300 includes a controller 302 that controls the overall operation of the printing device 10,
a recognizer 304 that recognizes the position or posture of each of the plurality of printing subjects 200 placed on the
table 14, a printing data generator 306 that generates printing data usable to perform printing on the plurality of printing
subjects 200, a storage 308 that stores the generated printing data and various other types of information, and a display
310 that causes images of the plurality of printing subjects 200 placed on the table 14 and various other images to be
displayed on a display screen (not shown).

[0022] The controller 302 drives the moving mechanism (not shown) to control various operations, for example, to
control the printing head 20 to move in the X-axis direction, to control the movable member 18 to move in the Y-axis
direction, and to move the table 14 in the Z-axis direction. The movement of the table 14 in the Z-axis direction is
controlled by a Z-axis direction movement controller (adjustment unit) 312 of the controller 302. The Z-axis direction
movement controller 312 acquires height information (Z coordinate value) on the greatest height of the printing subjects
200 from three-dimensional information on the printing subjects 200 acquired by the recognizer 304, and controls the
table 14 to move up and down based on the height information.

[0023] The recognizer 304 includes a three-dimensional information acquirer 314, a point group data generator 316,
a cluster generator 318, a source point group data generator 320, a distance image generator 322, a first transformation
matrix calculator 324, and a second transformation matrix calculator 326.

[0024] The three-dimensionalinformation acquirer 314 acquires three-dimensional information on the printing subjects
200 placed on the table 14. The point group data generator 316 generates point group data on the printing subjects 200
from the acquired three-dimensional information. The cluster generator 318 generates a plurality of clusters representing
the printing subjects 200 from the point group data. The source point group data generator 320 sets each of the generated
clusters as target point group data, and generates source point group data from one piece of data among the target
point group data. The distance image generator 322 generates a source distance image, which is a two-dimensional
image, from the source point group data, and generates a target distance image, which is a two-dimensional image,
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from the target point group data. This will be described in detail later. The first transformation matrix calculator 324
calculates a first transformation matrix usable to rotate the source distance image by an angle such that the source
distance image is closest to the target distance image. The second transformation matrix calculator 326 calculates, from
the calculated first transformation matrix, a second transformation matrix usable to make the source point group data
and the target point group data to be close to each other more accurately.

[0025] Images of a plurality of gray code patterns, projected by the projector 24 to the top surface 14a of the table 14
having the plurality of printing subjects 200 placed thereon, are captured by the camera 26. The three-dimensional
information acquirer 314 acquires a spatial code image from each of the captured gray code patterns by a known spatial
coding method, and synthesizes the acquired spatial code images to acquire the three-dimensional information (point
group) on the printing subjects 200.

[0026] The three-dimensional information acquirer 314 may acquire the three-dimensional information by a known
phase shift spatial coding method instead of the spatial coding method. The phase shift spatial coding method is performed
as follows. A binary pattern is projected by the projector 24 while being shifted by a predetermined moving distance,
and an image of the binary pattern is captured by the camera 26 each time the binary pattern is shifted. The three-
dimensional information acquirer 314 synthesizes the captured images to acquire phase shift code images. In the
meantime, images of a plurality of binary patterns projected by the projector 24 to the top surface 14a of the table 14
having the plurality of printing subjects 200 placed thereon are captured by the camera 26. The three-dimensional
information acquirer 314 acquires a spatial code image from each of the captured binary patterns. The three-dimensional
information acquirer 314 acquires three-dimensional information on the printing subjects 200 from the acquired phase
shift code images and the acquired spatial code images, in other words, by synthesizing phase shift code values and
spatial code values. The three-dimensional information acquired by the phase shift spatial coding method has a higher
resolution than that of the three-dimensional information acquired by the spatial coding method. More specifically, the
phase shift code values acquired by the phase shift spatial coding method is a value obtained as a result of the spatial
code value acquired by the spatial coding method being divided more finely. As a result, the posture of the printing
subjects 200 is recognized with higher precision. Acquisition of the three-dimensional information by the spatial coding
method is known and will not be described herein. Acquisition of the three-dimensional information by the phase shift
spatial coding method may be performed by a technology disclosed in, for example, Japanese Patents Nos. 4944435
and 4874657, and will not be described herein.

[0027] The pointgroup data generator 316 transforms the three-dimensional informationin a camera coordinate system
that is acquired by the three-dimensional information acquirer 314 into values in a printing coordinate system. The point
group data generator 316 also deletes the point group in the vicinity of (Z = 0) on the top surface 14a of the table 14 to
generate point group data representing only the printing subjects 200 as shown in FIG. 3A. Specifically, the point group
data representing only the printing subjects 200 is calculated by the following expression by use of a 4 x 4 transformation
matrix Hgop (described later) calculated by a calibration performed on the camera 26 and the table 14.

Expression 1

SMp = Hgyp - Mg

[0028] As shown in FIG. 3B, the cluster generator (divider) 318 divides the point group data representing the plurality
of printing subjects 200 placed on the table 14 into a plurality of pieces of point group data each representing one printing
subject 200 by use of the Euclidean Cluster Extraction algorithm to generate clusters each representing each printing
subject 200. The Euclidean Cluster Extraction algorithm is a conventionally known technology (R. B. Rusu and S.
Cousins, 3D is here: Point Cloud Library (PCL), In IEEE International Conference on Robotics and Automation (ICRA),
Shanghai, China, May 9-13 2011), and will not described herein.

[0029] The source pointgroup data generator (setter) 320 copies one cluster among the plurality of clusters representing
the plurality of printing subjects 200, and sets the copied cluster as source point group data. All the plurality of clusters
are each set as target point group data. This will be described more specifically, with respect to FIG. 4A. As shown in
FIG. 4A, for example, the point group data in an upper left area is copied to generate source point group data, and the
four pieces of point group data are each set as target point group data. At this point, the coordinate values of the source
point group data are transformed into relative coordinate values from a start point of the display area. In this manner,
all the pieces of point group data including the point group data from which the copying was performed are each set as
target point group data. Thus, each cluster is made a target at which the printing image is to be disposed. The source
point group data may be selected arbitrarily from the plurality of pieces of target point group data.

[0030] AsshowninFIG. 4B, the distance image generator 322 generates a source distance image and a target distance
image, each of which is two-dimensional data, respectively from the source point group data and the target point group
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data generated by the source point group data generator 320. This will be described specifically. In order to generate
the source distance image from the source point group data, an X coordinate and a Y coordinate of source point group
coordinates, which are three-dimensional coordinates of the source point group data, are transformed into an X coordinate
and a Y coordinate, which are two-dimensional coordinates of the source distance image to be generated. In addition,
the Z coordinate of the source point group coordinates is represented as a gray value. At this point, the (x, y) coordinates
are transformed into values with which an average inter-point distance of the point group data is 1 pixel. In other words,
the source distance image is generated by transforming the three-dimensional coordinates of the source point group
data into two-dimensional coordinates by the following expression.

Expression 2

Ug s 0 ){5

Ug 0 s y}

(Xs, Ys): source point group coordinates

(us, vs): source distance image coordinates

s : transformation scale from the three-dimensional point group image coordinate system (mm) into the distance
image coordinate system

[0031] The scale factor s usable to transform the coordinate values of the point group data into coordinate values of
the distance image is represented as s = reso/25.4 in the case where the resolution of the printer is reso (dpi) and the
unit of the coordinate values of the point group data is mm. The range of gray values, i.e., the range from the minimum
value to the maximum value among the Z values of the point group data in all the clusters is the range of 0 to 255. In
other words, among the gray values, i.e., the Z coordinate values Zs, corresponding to the XY coordinate values of the
source point group data, the minimum value is 0, and the maximum value is 255.

[0032] In order to generate the target distance image from the target point group data, an X coordinate and a Y
coordinate of target point group coordinates, which are three-dimensional coordinates of the target point group data,
are transformed into an X coordinate and a Y coordinate, which are two-dimensional coordinates of the target distance
image to be generated. In addition, the Z coordinate of the target point group coordinates is represented as a gray value.
At this point, the (x, y) coordinates are transformed into values with which an average inter-point distance of the point
group data is 1 pixel. In other words, the target distance image is generated by transforming the three-dimensional
coordinates of the target point group data into two-dimensional coordinates by the following expression.

Expression 3

2% s 0 Xt
V¢ 0 s Yt

(Xt, Yt): target point group coordinates

(ut, vt): target distance image coordinates

s: transformation scale from the three-dimensional point group image coordinate system (mm) into the distance
image coordinate system

[0033] As described above, the scale factor s usable to transform coordinate values of the point group data into
coordinate values in the distance image is represented as s = reso/25.4 in the case where the resolution of the printer
is reso (dpi) and the unit of the coordinate values of the point group data is mm. The range of gray values, i.e., the range
from the minimum value to the maximum value among the Z values of the point group data in all the clusters is the range
of 0 to 255. In other words, among the gray values, i.e., the Z coordinate values Zs, corresponding to the XY coordinate
values of the target point group data, the minimum value is 0, and the maximum value is 255.

[0034] As shown in FIG. 5A, the first transformation matrix calculator (first calculator) 324 moves the source distance
image generated from the source point group data, such that the center of gravity of the source distance image overlaps
the center of gravity of the each of target distance images generated from each piece of the target point group data. The
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first transformation matrix calculator 324 rotates each of the post-movement source distance images one degree by one
degree to acquire a normalized cross correlation for each target distance image. An angle at which the normalized cross
correlation is highest is set as the rotation angle of the source distance image. Then, the first transformation matrix
calculator 324 calculates a first transformation matrix usable to rotate the source distance image at the above rotation
angle on each target distance image. Specifically, an affine transformation matrix Ts usable to move the center of gravity
(ugs, vgs) of the source distance image to the origin is represented by the following expression. The first transformation
matrix calculator 324 rotates the source distance image one degree by one degree in this example, but the present
invention is not limited to this. For example, the first transformation matrix calculator 324 may rotate the source distance
image in units of a predetermined degree, for example, two degrees by two degrees, or three degrees by three degrees.

Expresgsion 4

1 0 -—ugs
T, =0 1 —wvgs
0 0 1

[0035] An affine transformation matrix Tt usable to move the source distance image from the origin to the center of
gravity (ugtn, vgtn) of each target distance image is represented by the following expression.

Expression 5

1 0 wugt
T, =0 1 wvgt
0 0 1

[0036] An affine transformation matrix R(6) usable to rotate the source distance image by angle 6 is represented by
the following expression.

Expression 6

cosd —sind O
R(O) = [sinf cos6é O
0 0 1

[0037] The above-mentioned affine transformation matrices T, T, and R(6) are multiplied to generate a transformation
matrix A(0) (see the following expression). The source distance image is rotated while angle 6 is increased one degree
by one degree to calculate the transformation matrix A(6).

Expression 7
A(B) =T, -R(O) T,

[0038] Then, the coordinate values of the source distance image are transformed by the following expression by use
of the calculated A(0) to acquire the source distance image in a state of being rotated by angle 0.
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Expression 8

[us vs 11" =A@0) [us vy 1]

[0039] The degree of closeness between the post-coordinate-transformation source distance image (i.e., the source
distance image in a state of being rotated by angle 6) and the target distance image is evaluated with a robust normalized
cross-correlation coefficient RNCC. The robust normalized cross-correlation coefficient RNCC is represented by the
following expression.

Expression 9
Zj=0 Zito SWAT ()

Yiso XiLotS( )2 x X RIS T (0, ))?

Ryce =

S(i, j): pixel value in the source distance image

T(i. j): pixel value in the target distance image

M: number of pixels in the horizontal direction in the distance image
N: number of pixels in the vertical direction in the distance image

[0040] A(0)atangle 6, among angles 0 of 0 to 359, at which the robust normalized cross-correlation coefficient RNCC
is greatest is acquired as the first transformation matrix As5. The first transformation matrix As3 is represented by the
following expression. The position at which each printing subject is to be disposed is acquired by acquiring angle 6.

Expression 10

11 A1z Q4q3
Az = Ay Apz Apj
0 0 1

[0041] The second transformation matrix calculator (second calculator) 326 calculates, from the first transformation
matrix Az, @ second transformation matrix usable to make the source point group data close to the target point group
data with higher precision. The second transformation matrix is calculated for each piece of target point group data. This
will be described specifically. The first transformation matrix A;5 calculated by the first transformation matrix calculator
324 is expanded to a 4 x 4 matrix usable to perform transformation into three-dimensional coordinates to acquire a
transformation matrix A44. The transformation matrix A4, is represented by the following expression.

Expression 11
a;r a;z 0 agz/s

A, = |%21 422 0 ay3/s
“*7lo o 1 o0
L 0 0 O 1 |

[0042] At this point, translation components a5 and a5 are transformed by an extent corresponding to the transfor-
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mation scale s (i.e., scale factor s) usable to perform transformation from the three-dimensional coordinate system to
the two-dimensional coordinate system. As represented by the following expression, only the two-dimensional component
of the source point group data is transformed by use of the transformation matrix A4 to make the source point group
data close to the target point group data as shown in FIG. 5B.

Expression 12
Y, Y

=A
Z, 1 Z,

|1 |1

[0043] Then, a transformation matrix A,cp usable to make the source point group data close to the target point group
data more accurately is calculated by use of the ICP (Interactive Closest Point) algorithm. The ICP algorithm is a
conventionally known technology (Paul J. Besl and Neil D. McKay, A method for registration of 3-d shapes, IEEE
Transactions on Pattern Analysis and Machine Intelligence, Vol. 14, No. 2, pp. 239-256, February 1992), and will not
be described herein.

[0044] The transformation matrix A4, is an optimal solution among solutions obtained by rotating the source distance
image discretely one degree by one degree. Therefore, it is difficult to accurately match the source point group data
transformed by use of the transformation matrix to each target point group data. However, the posture of the entire three-
dimensional component, which is diverted due to the actual disposing method or the dispersion of the shape, is optimized
by the ICP algorithm. As a result, as shown in FIG. 6, more accurate position matching suitable to the actual shape is
performed. For performing the optimization by use of the ICP algorithm, the result of transformation of the two-dimensional
component of the source point group data performed by use of the transformation matrix A4, is set as an initial value.
The rough transformation matrix Ay, and the transformation matrix A,cp calculated by use of the ICP algorithm are
multiplied to calculate a second transformation matrix A;p usable to accurately match the source point group data to
each target point group data. The second transformation matrix A, is represented by the following expression.

[95)

Expression 13

Azp =Aicp Ay

[0045] The printing data generator 306 includes a third transformation matrix calculator (third calculator) 328, a printing
image disposer (disposer) 330, and a printing data generator 332. The third transformation matrix calculator 328 calculates
a third transformation matrix usable to dispose a printing image, input onto the source distance image, on each target
distance image. The printing image disposer 330 disposes the printing image, input onto the source distance image, on
each target distance image by use of the third transformation matrix. The printing data generator 332 generates printing
data based on the printing image disposed on the target distance image. This will be described in more detail. The third
transformation matrix calculator 328 calculates the third transformation matrix usable to dispose the printing image, input
onto the source distance image by the operator, on each target distance image in accordance with the position or posture
of the printing subject 200, by use of the transformation matrix calculated by the second transformation matrix calculator
326. The source distance image, which is a two-dimensional image, is transformed into the target distance image, which
is also a two-dimensional image, as follows. As shown in FIG. 7, the source distance image is transformed into the
source point group data, and then the source point group data is transformed into the target point group data. Then, the
target point group data is transformed into the target distance image. In other words, in a process of transforming the
source distance image into the source point group data, each of pixels in the two-dimensional image is disposed in a
three-dimensional space. The three-dimensional coordinates of each pixel are provided by adding Z coordinate = 0 to
the X coordinate and the Y coordinate of the pixel. At this point, the three-dimensional coordinates of each pixel is
acquired by the following expression.

Expression 14
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[0046] In a process of transforming the source point group data into the target point group data, the three-dimensional
coordinates of the source point group data are transformed into three-dimensional coordinates of the target point group
data by the following expression.

Expression 15
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[0047] This transformation is to be performed on the same table plane (two-dimensional transformation). However,
the transformation matrix A;cp includes slight movement or rotation in the Z axis direction (three-dimensional coordinate
transformation) due to a slight error in the shape or position of each actual printing subject 200. In a process of transforming
the target point group data into the target distance image, the two-dimensional image is generated from the three-
dimensional coordinates of the target point group data by the following expression.

Expression 16
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[0048] Asdescribed above, the movement or rotation in the Z axis direction is performed in the process of transforming
the source point group data into the target point group data. Therefore, there occurs a case where the post-transformation
Z coordinate is not "0". In this case, the Z coordinate is forcibly made "0", so that the shape is projected to the Z = 0
plane. The above-described three-stage transformation (transformations by expressions 14 through 16) may be sum-
marized as follows.

Expression 17
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[0049] The three 4 x 4 transformation matrices may be summarized into one 4 x 4 matrix as follows.
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Expression 18

hip Rz 0 hyy
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[0050] The above expression represents an affine transformation matrix of the two-dimensional coordinates, and
therefore may be represented by a 2 x 3 matrix as follows. This is set as the third transformation matrix.

Hy, =

Expression 19
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[0051] As shown in FIG. 8, the printing image disposer 330 transforms the printing image, disposed on the source
distance image displayed on the display screen by the operator, by use of the third transformation matrix to dispose the
printing image on each target distance image in accordance with the position or posture of the target distance image.
More specifically, the printing image is disposed on each target distance image by use of the third transformation matrix,
such that the position and posture of the printing image disposed on the source distance image match those of each
target distance image. The printing data generator 332 generates printing data based on the printing image disposed
on each target distance images by the printing image disposer 330.

[0052] The storage 308 stores the printing data generated by the printing data generator 306 and also stores, for
example, various types of information necessary to perform the printing on the printing subjects 200. The display 310
causes the display screen to display the images acquired by the recognizer 304 as well as various types of images and
information. The display 310 also changes the content to be displayed based on information input by the operator
pressing an operation button (not shown).

[0053] With the printing device 10 having the above-described structure, desired printing is performed on the printing
subjects 200 having a three-dimensional shape as follows. First, camera calibration and calibration on the camera 26
and the top surface 14a (printing coordinate system) of the table 14 (hereinafter, referred to as "installation calibration")
are performed on the printing device 10 at a predetermined timing, for example, at the time of shipping of the printing
device 10 from the plant or at the time of exchange of the camera 26. The camera calibration is performed independently
from the printing device 10 by use of a separate LCD (liquid crystal display). After the camera calibration is performed,
the camera 26 is installed in the printing device 10, and the installation calibration is performed to find the position
relationship and the posture relationship between the camera 26 and the top surface 14a of the table 14. This will be
described more specifically. In the camera calibration, an image of a checkered pattern is captured in the entirety of the
angle of view of the camera 26, and a camera parameter is calculated by use of the Zhang technique. Used as the
checkered pattern is not the checkered pattern drawn on the top surface 14a of the table 14, but is a checkered pattern
displayed on the LCD. A method for calculating the camera parameter by use of the Zhang technique is disclosed in,
for example, Japanese Patent No. 4917351 and will not be described herein. Calculated by the camera calibration are
acamerainside parameter (Ac), a camera outside parameter ([Rc, Tc]), a projector inside parameter (Ap), and a projector
outside parameter ([Rp, Tp]).

[0054] In the installation calibration, an affine transformation matrix Hgop usable to transform the three-dimensional
coordinate system of the camera 26 into the printing coordinate system of the printing device 10 is calculated. First, as
shown in FIG. 9A, a sheet is bonded to the top surface 14a of the table 14 , and a checker pattern showing an actual
printing range is printed on the sheet by the printing device 10. For example, each of squares in the checker pattern is
gray or white and preferably has a size of 20 x 20 mm. The checker pattern preferably has an overall size of, for example,
300 x 280 mm. Next, a gray code pattern extending in a u direction (vertical direction) and a gray code pattern extending
in a v direction (horizontal direction) are projected to the sheet having the checker pattern printed thereon. As shown in
FIG. 9B, a u-direction spatial code image and a v-direction spatial code image are acquired from captured images of
the gray code patterns. Checker intersection coordinates are determined at a sub pixel precision on the camera-captured
images, and projectorimage coordinates (u-direction spatial code value and v-direction spatial code value) corresponding
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to the checker intersection coordinates are determined.

Checker intersection coordinates: mc = (uc, vc)
Projector image coordinates: mp = (up, vp)

[0055] From the checker intersection coordinates and the projector image coordinates thus determined, three-dimen-
sional coordinates M of checker intersections are determined. More specifically, a simultaneous equation of an expression
showing the relationship between the camera coordinate system and the three-dimensional coordinate system, and an
expression showing the relationship between the projector coordinate system and the three-dimensional coordinate
system, is set. The three-dimensional coordinates are determined from the checker intersection coordinates (uc, vc)

and the projector image coordinates Up-

Expression 20

Expression 21
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Expression 22

(c;) —csu)X + (¢ —csou )Y + (cp3 —c33u.)Z = c3qu, —cpy
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Expression 23
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[0056] Where the above is represented as Q-V = F, when Q-1 is present, the three-dimensional coordinates (X, Y, Z)
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are determined from V = Q'-F. The affine transformation matrix Hg,p usable to transform the determined three-dimen-
sional coordinate values of the checker intersections into known coordinate values on the checker pattern is determined
by a least square method. More specifically, the affine transformation matrix Hg,p, which is a 4 x 4 transformation matrix
usable to transform three-dimensional coordinates Mg in a measurement coordinate system of the camera 26 into three-
dimensional coordinates Mp in the printing coordinate system of the printing device 10, is determined.

Expression 24
mp = Hgyp - MR
My = [Xg,Yz,Zz,1]"  Hgap =

R T

=
w
l

[0057] Specifically, n groups of Mg and Mp are applied to the following expression to find, by a nonlinear least square
method (Levenberg-Marquardt method), the affine transformation matrix Hgop with which the value obtained by the
following expression is minimized. In other words, "R" and "T" in the affine transformation matrix Hg,p are determined.

Expression 25

n
Z”NIP — Hpop - IWRHZ
i=0

[0058] Herein, "R"is a 3 x 3 rotation matrix, and the number of element is "9". This is represented by three-dimensional
vectorr=[rx, ry, rz] T, and the degree of freedom is "3". In other words, the elements that are actual targets of optimization
are three elements of rx, ry, and rz. During an optimization calculation performed by the nonlinear least square method,
rx, ry, and rz are transformed into "R" by the following Rodrigues’ formula. In the following formula, Tis a three-dimensional
translation vector, and the degree of freedom is "3".

Expression 26

0 - n
R = cosOl + (1 —cos@)rr” +sinf| r, 0 —n
—Ty Ty 0

[0059] When the calibrations are finished, first, the operator places the plurality of printing subjects 200 on the top
surface 14a of the table 14 such that the printing surface of each printing subject 200 faces an ink injection surface of
the printing head 20. When the operator issues an instruction to generate printing data by, for example, pressing the
operation button in this state, the microcomputer 300 starts a printing data generation process. FIG. 10 is a flowchart
showing the printing data generation process in detail. In the printing data generation process, first, a three-dimensional
information acquisition process is performed (step S1002).

[0060] The three-dimensional information acquisition process is performed as shown in FIG. 11. First, three-dimen-
sional information on each printing subject 200 is acquired by the phase shift spatial coding method (step S1102). By
the process of step S1102, the three-dimensional information on each of the plurality of printing subjects 200 placed on
the table 14 is acquired by the three-dimensional information acquirer 314.

[0061] Next, the acquired three-dimensional coordinates are transformed into values in the printing coordinate system
(step S1104). By the process of step S1104, the three-dimensional coordinates in the camera coordinate system acquired
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by the process of step S1102 are transformed into values in the printing coordinate system by the point group data
generator 316. Then, three-dimensional information on the height of elements other than the top surface 14a of the table
14, in other words, three-dimensional information representing only the printing surfaces of the printing subjects 200, is
acquired (step S1106). Then, the process advances to step S1004 (described later). By the process of step S1106, point
groups in the vicinity of (Z = 0) on the top surface 14a of the table 14 are deleted to generate point group data representing
only the printing subjects 200 by the point group data generator 316.

[0062] When the acquisition of the three-dimensional information on the printing subjects 200 is finished, a posture
recognition process (step S1004) is performed to recognize the posture of each printing subject 200. FIG. 12 is aflowchart
showing the posture recognition process in detail. The posture recognition process is performed as follows. First, the
point group data acquired by the process of step S1002 is divided into a plurality of pieces of point group data each
representing one printing subject 200 (step S1202). A reason for performing this is that the point group data acquired
by the process of step S1002, which is three-dimensional information, does not show the printing subject 200 to which
each point belongs. By the process of step S1202, the point group data, which is three-dimensional information repre-
senting the plurality of printing subjects 200 placed on the table 14, is divided to generate clusters each representing
the printing subject 200 by the cluster generator 318. In this case, each cluster represents one printing subject 200.
[0063] Next, source point group data and target point group data are set (step S1204). In this case, one of the plurality
of clusters is copied to be set as the source point group data, and all the clusters are each set as the target point group
data, by the source point group data generator 320. When the setting of the source point group data and the target point
group data is finished, distance images, each of which is two-dimensional information, are generated from the corre-
sponding point group data, which is three-dimensional information (step S1206). By the process of step S1206, distance
images, each of which is a two-dimensional image in which the Z coordinate is represented by a gray value, are generated
from the source point group data and the target point group data by the distance image generator 322. Specifically, a
source distance image is generated from the source point group data, and target distance images are each generated
from the target point group data. The source distance image and the target distance images thus generated may be
displayed on the display screen at this point.

[0064] Then, the source distance image and the target distance images are matched to each other (step S1208). By
the process of step S1208, the source distance image is moved such that the center of gravity of the source distance
image overlaps the center of gravity of each target distance image by the first transformation matrix calculator 324. After
being moved, the source distance image is rotated one degree by one degree to acquire a normalized cross correlation
for each target distance image. An angle at which the normalized cross correlation is highest is acquired as a rotation
angle of the source distance image.

[0065] The first transformation matrix A33 usable to rotate the source distance image by the above rotation angle on
each target distance image is calculated by the first transformation matrix calculator 324. Next, the three-dimensional
coordinates of the source point group data are transformed (step S1210). By the process of step S1210, the first trans-
formation matrix A33 is expanded to a 4 x 4 matrix for transformation of three-dimensional coordinates to acquire the
transformation matrix A44 by the second transformation matrix calculator 326. The transformation matrix A44 is used
to transform only a two-dimensional component of the three-dimensional coordinates of the source point group data,
and thus the source point group data is made close to the target point group data.

[0066] Next, the transformation matrix usable to transform the three-dimensional coordinates of the source point group
data is optimized (step S1212). By the process of step S1212, the transformation matrix AICP is calculated by use of
the ICP algorithm, and the transformation matrix A44 and the transformation matrix AICP are multiplied to acquire the
second transformation matrix A3D, by the second transformation matrix calculator 326. Then, the second transformation
matrix A3D acquired by the process of step S1212 is used to calculate a transformation matrix usable to transform the
source distance image (two-dimensional image) into the target distance image (two-dimensional image) (step S1214).
Then, the process advances to step S1006. By the process of step S1214, the second transformation matrix A3D acquired
by the process of step S1212 is used by the third transformation matrix calculator 328 to calculate the third transformation
matrix usable to dispose the printing image, which is a two-dimensional image input onto the source distance image by
the operator, on each target distance image in accordance with the position or posture of the corresponding printing
subject 200.

[0067] When the posture recognition process is finished, an image that allows the printing image to be input by the
operator is displayed on the display screen (step S1006). By the process of step S1006, the source distance image
generated by the process of step S1206 is displayed on the display screen by the distance image generator 322 in a
state where the printing image can be input by the operator. In other words, the source distance image is displayed in
a state where the printing image can be disposed or edited by the operator. The operator disposes a desired printing
image at a desired position or a desired angle on the source distance image displayed on the display screen. Such a
printing image may be generated by the operator by use of predetermined software, or image data input beforehand
may be used as such a printing image.

[0068] When the source distance image is displayed on the display screen, it is determined whether or not the printing
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image has been disposed on the source distance image by the operator (step S1008). Any of various techniques is
usable to determine whether or not the printing image has been disposed on the source distance image by the operator.
For example, a complete button usable to input information that the disposing of the printing image has been completed
may be provided, and it may be determined that the disposing of the printing image has been finished by the complete
button being clicked. When it is determined in the process of step S1008 that the printing image has not been disposed
on the source distance image by the operator, the process of step S1008 is repeated.

[0069] By contrast, when it is determined in the process of step S1008 that the printing image has been disposed on
the source distance image by the operator, the printing image disposed on the source distance image is disposed on
each target distance image by use of the third transformation matrix calculated by the process of step S1214 (step
S1010). In the case where the target distance image is set to be displayed on the display screen, a state where the
printing image is disposed on the target distance image may be displayed by the process of step S1010.

[0070] Then, printing data is generated based on a plurality of the printing images disposed on each target distance
image (step S1012), and the printing data generation process is finished. By the process of step S1012, the printing
data is generated by the printing data generator 332 based on the plurality of printing images disposed on each target
distance image.

[0071] Atfter the printing data is generated in this manner, the operator issues an instruction to start the printing by,
for example, pressing the operation button. When this occurs, the coordinate value representing a greatest height in the
three-dimensional information acquired by the process of step S1104 (i.e., the highest Z coordinate value) is acquired,
and the table 14 is moved in the Z-axis direction based on the coordinate value, by the Z-axis direction movement
controller 312. More specifically, the table 14 is moved in the Z-axis direction such that the acquired Z coordinate value
representing the greatest height and the Z coordinate value of the position of the printing head 20 (since the printing
head 20 does not move in the Z-axis direction, the Z coordinate value of the print head 20 is kept the same) have a
predetermined gap therebetween that allows the printing head 20 to perform the printing properly. When the position of
the table 14 in the Z-axis direction is determined, the printing head 20 is moved in the X-axis direction and the Y-axis
direction to perform the printing on the printing surface of each printing subject 200 based on the printing data, under
the control of the controller 302.

[0072] Asdescribedabove, the printing device 10 in this preferred embodiment acquires three-dimensional information
on the plurality of printing subjects 200 placed on the table 14, and recognizes the position and posture of each printing
subject 200 from the acquired three-dimensional information. From the acquired position and posture of each printing
subject 200, the third transformation matrix is acquired that is usable to dispose the printing image, which is a two-
dimensional image input onto the source distance image by the operator, on each printing subject 200 in accordance
with the position and posture of the printing subject 200. When the operator disposes the printing image on the source
distance image, the third transformation matrix is used to dispose the printing image on each target distance image. As
aresult, the printing image is disposed on each printing subject 200 for printing, regardless of the position or posture of
the printing subject 200 placed on the table 14. Therefore, the work of determining the position of each printing subject
200is made unnecessary, and thus the printing is performed easily. Since itis not necessary to produce ajig inaccordance
with the shape or size of the printing subject unlike with the conventional technology, the load on the operator is not
increased. Since there is no cost of designing or producing the jig, the printing is performed at lower cost than with the
conventional technology.

[0073] The above-described preferred embodiment may be modified as described in (1) through (6) below.

[0074] (1) In the above-described preferred embodiment, the printing device 10 preferably is an inkjet printer. The
present invention is not limited to this. The printing device 10 may be any of various types of printers, such as a dot
impact printer, a laser printer or the like.

[0075] (2) In the printing device 10 in the above-described preferred embodiment, the printing head 20 preferably is
movable in the X-axis direction along the rod-shaped member 16 included in the movable member 18 and is movable
in the Y-axis direction by the movable member 18, whereas the table 14 preferably is movable in the Z-axis direction.
The present invention is not limited to this. As shown in FIG. 13, the table 14 movable up and down in the Z-axis direction
may be also movabile in the Y-axis direction, whereas the printing head 20 may be movable in the X-axis direction. This
will be described specifically. Unlike the printing device 10, a printing device 60 shown in FIG. 13 is structured as follows.
The table 14 is provided so as to be slidable with respect to guide rails 62 located on the base member 12, and the
printing head 20 is provided so as to be slidable with respect to a secured member 66, which is secured to the base
member 12. The guide rails 62 include a pair of guide rails 62a and 62b extending in the Y-axis direction on the base
member 12. The table 14 is provided with a driver (not shown) controllable by the microcomputer 300 such that the table
14 is movable in the Y-axis direction on the guide rails 62. As a result, the table 14 movable in the Z-axis direction is
also movable in the Y-axis direction on the base member 12. The secured member 66 includes standing members 68a
and 68b secured to the base member 12 and a rod-shaped member 64 extending in the X-axis direction so as to couple
the standing members 68a and 68b to each other. The printing head 20 is located on the rod-shaped member 64 so as
to be slidable with respect thereto in the X-axis direction. Because of this structure, the printing head 20 is movable in
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the X-axis direction along the secured member 66.

[0076] (3) Inthe above-described preferred embodiment, four printing subjects 200 preferably are placed on the table
14, and the printing is performed on the printing surface of each printing subject 200. The present invention is not limited
to this. One, two, three, or five or more printing subjects 200 may be placed on the table 14 for printing. In the case
where the printing is performed on one printing subject 200 placed on the table 14, the source point group data and the
target point group data to be set are the same.

[0077] (4) In the above-described preferred embodiment, height information on the greatest height preferably is ac-
quired from the three-dimensional information that is acquired by the three-dimensional information acquirer 314, and
the table 14 is moved up and down by the Z-axis direction movement controller 312 based on the height information.
The presentinvention is not limited to this. The height of the printing subjects 200 may be measured, so that the operator
can move the table 14 up and down based on the result of the measurement. Alternatively, height information may be
acquired from the three-dimensional information that is acquired by the three-dimensional information acquirer 314 ,
and the amount by which the table 14 is to be moved up and down may be displayed on the display screen based on
the height information, so that the operator can move the table 14 up and down by the amount displayed on the display
screen.

[0078] (5) In the above-described preferred embodiment, the flatbed-type printing device 10 preferably includes the
camera 26, the projector 24 and the microcomputer 300. The present invention is not limited to this. The camera 26, the
projector 24 and the microcomputer 300 may be included in a printing device of a type different from the flatbed type.
[0079] (6) The above-described preferred embodiment and modifications described in (1) through (5) may be optionally
combined.

[0080] The terms and expressions used herein are for description only and are not to be interpreted in a limited sense.
These terms and expressions should be recognized as not excluding any equivalents to the elements shown and
described herein and as allowing any modification encompassed in the scope of the claims. The present invention may
be embodied in many various forms. This disclosure should be regarded as providing preferred embodiments of the
principle of the present invention. These preferred embodiments are provided with the understanding that they are not
intended to limit the present invention to the preferred embodiments described in the specification and/or shown in the
drawings. The present invention is not limited to the preferred embodiments described herein. The present invention
encompasses any embodiments including equivalent elements, modifications, deletions, combinations, improvements
and/or alterations which can be recognized by a person of ordinary skill in the art based on the disclosure. The elements
of each claim should be interpreted broadly based on the terms used in the claim, and should not be limited to any of
the preferred embodiments described in this specification or referred to during the prosecution of the present application.
[0081] While preferred embodiments of the present invention have been described above, it is to be understood that
variations and modifications will be apparent to those skilled in the art without departing from the scope and spirit of the
present invention. The scope of the present invention, therefore, is to be determined solely by the following claims.

Claims

1. A printing device that acquires three-dimensional information on at least one printing subject having a three-dimen-
sional shape and prints a predetermined printing image as a two-dimensional image on the at least one printing
subject, the printing device comprising:

a table that allows the at least one printing subject to be placed thereon;

a projector that projects a predetermined pattern to the at least one printing subject placed on the table;

an image generator that captures an image of the at least one printing subject having the predetermined pattern
projected thereon;

a three-dimensional information acquirer that acquires a spatial code image from the image captured by the
image capturing device and acquires the three-dimensional information on the at least one printing subject from
the acquired spatial code image;

a recognizer that recognizes a position and a posture of each of the at least one printing subject from the
acquired three-dimensional information;

a disposer that disposes the printing image on each of the at least one printing subject in accordance with the
position and the posture thereof; and

a printing data generator that generates printing data representing the printing image disposed by the disposer.

2. A printing device according to claim 1, further comprising:

a printing head that performs printing on the at least one printing subject; and
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an adjuster that acquires height information on a greatest height of the at least one printing subject from the
three-dimensional information and adjusts a gap between the table and the printing head by use of the acquired
height information.

3. A printing device according to claim 1 or 2, wherein:

the projector projects a binary pattern as the predetermined pattern to the at least one printing subject while
shifting the binary pattern;

the image generator captures animage of the projected binary pattern each time the binary pattern is shifted; and
the three-dimensional information acquirer acquires a phase shift image formed by synthesis of the images of
the binary pattern captured each time the binary pattern is shifted, and acquires the three-dimensional information
from a synthesis image formed by synthesis of the acquired phase shift image and the spatial code image.

4. A printing device according to any one of claims 1 through 3, wherein
the at least one printing subject includes a plurality of printing subjects, and the recognizer includes:

a divider that divides point group data as the three-dimensional information on the plurality of printing subjects
placed on the table into a plurality of pieces of point group data, each of which represents one of the plurality
of printing subjects;

a setter that sets, as first point group data, point group data on one of the plurality of printing subjects onto
which the printing image is allowed to be input by an operator, among the plurality of pieces of point group data,
and sets each of all the plurality of pieces of point group data as second point group data;

a distance image generator that generates a first distance image as two-dimensional information from the first
point group data, and generates a second distance image as two-dimensional information from the second point
group data;

a first calculator that calculates a first transformation matrix usable to make the first distance image close to the
second distance image;

a second calculator that expands the first transformation matrix into a transformation matrix usable to perform
transformation into three-dimensional coordinates, and calculates a second transformation matrix usable to
transform the first point group data such that the first point group data is made close to the second point group
data; and

a third calculator that calculates, from the second transformation matrix, a third transformation matrix usable to
dispose the printing image, input onto the first distance image, on the second distance image; and

the disposer transforms the printing image on the first distance image by use of the third transformation matrix
and disposes the printing image on the second distance image.

5. A printing device according to any one of claims 2 though 4, wherein the printing head is an ink head that injects
ink by an inkjet system.

6. A printing device according to claim 4 or 5, wherein to calculate the first transformation matrix, the first calculator
moves the first distance image such that a center of gravity of the first distance image overlaps a center of gravity
of the second distance image, and rotates the first distance image in units of a predetermined angle such that the
first distance image is close to the second distance image.

7. Aprinting method by which three-dimensional information on at least one printing subject having a three-dimensional
shape that is placed on a table is acquired, and a predetermined printing image as a two-dimensional image is
printed on the at least one printing subject, the printing method comprising:

projecting a predetermined pattern onto the at least one printing subject placed on the table;

capturing an image of the at least one printing subject having the predetermined pattern projected thereon;
acquiring a spatial code image from the captured image, and acquiring the three-dimensional information on
the at least one printing subject from the acquired spatial code image;

recognizing a position and a posture of each of the at least one printing subject from the acquired three-
dimensional information;

disposing the printing image on each of the at least one printing subject in accordance with the position and the
posture thereof; and

generating printing data on the printing image disposed on the at least one printing subject.
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8. A printing method according to claim 7, further comprising:

acquiring height information on a greatest height of the at least one printing subject from the three-dimensional
information; and

adjusting, by use of the acquired height information, a gap between the table and a printing head that performs
printing on the at least one printing subject.

9. A printing method according to claim 7 or 8, wherein:

abinary pattern as the predetermined pattern is projected onto the atleast one printing subject while being shifted;
an image of the projected binary pattern is captured each time the binary pattern is shifted; and

a phase shift image formed by synthesis of the images of the binary pattern captured each time the binary
pattern is shifted is acquired, and the three-dimensional information is acquired from a synthesis image formed
by synthesis of the acquired phase shift image and the spatial code image.

10. A printing method according to any one of claims 7 through 9, wherein:

the at least one printing subject includes a plurality of printing subjects;

point group data as the three-dimensional information on the plurality of printing subjects placed on the table
is divided into a plurality of pieces of point group data, each of which represents one of the plurality of printing
subjects;

point group data on one of the plurality of printing subjects onto which the printing image is allowed to be input
by an operator, among the plurality of pieces of point group data, is set as first point group data, and each of
all the plurality of pieces of point group data is set as second point group data;

a first distance image as two-dimensional information is generated from the first point group data, and a second
distance image as two-dimensional information is generated from the second point group data;

a first transformation matrix usable to make the first distance image close to the second distance image is
calculated;

the first transformation matrix is expanded into a transformation matrix usable to perform transformation into
three-dimensional coordinates, and a second transformation matrix usable to transform the first point group
data such that the first point group data is made close to the second point group data is calculated; and

a third transformation matrix usable to dispose the printing image, input onto the first distance image, on the
second distance image is calculated from the second transformation matrix; and

the printing image on the first distance image is transformed by use of the third transformation matrix, and the
printing image is disposed on the second distance image.

11. A printing method according to any one of claims 8 through 10, wherein the printing head is an ink head that injects
ink by an inkjet system.

12. A printing method according to claim 10 or 11, wherein, to calculate the first transformation matrix, the first distance
image is moved such that a center of gravity of the first distance image overlaps a center of gravity of the second
distance image, and the first distance image is rotated in units of a predetermined angle such that the first distance
image is close to the second distance image.
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FIG.11

THREE-DIMENSIONAL INFORMATION ACQUISITION PROCESS

START

ACQUIRE THREE-DIMENSIONAL INFORMATION (POINT GROUP)

ON THE PRINTING SUBJECTS BY THE PHASE SHIFT SPATIAL | 51102
CODING METHOD.

TRANSFORM THE THREE-DIMENSIONAL INFORMATION _S1104
(POINT GROUP) ACQUIRED FROM THE CAMERA INTO VALUES
IN THE PRINTING COORDINATE SYSTEM.

ACQUIRE HEIGHT INFORMATION (POINT GROUP) ON THE

HEIGHT OF ELEMENTS OTHER THAN THE TOP SURFACE OF | —S1106
THE TABLE.

TO THE PROCESS OF S1004

29



FIG.12

EP 3 106 312 A1

POSTURE RECOGNITION PROCESS

START

DIVIDE THE POINT GROUP DATA INTO POINT
GROUP DATA ON EACH PRINTING SUBJECT.

51202

!

SET A SOURCE AND TARGETS.

51204

GENERATE DISTANCE IMAGES FROM THE
POINT GROUP DATA.

——S51206

MATCH THE SOURCE DISTANCE IMAGE AND
THE TARGET DISTANCE IMAGES.

—~—S51208

!

TRANSFORM THE THREE-DIMENSIONAL
COORDINATES OF THE SOURCE POINT

—~—S51210

GROUP DATA.

OPTIMIZE THE TRANSFORMATION MATRIX
USABLE TO TRANSFORM THE THREE-
DIMENSIONAL COORDINATES OF THE
SOURCE POINT GROUP DATA.,

—~—S1212

\

CALCULATE THE TRANSFORMATION MATRIX
USABLE TO TRANSFORM THE TWO-
DIMENSIONAL SOURCE IMAGE INTO THE
TWO-DIMENSIONAL TARGET IMAGES.

—~—S51214

i

TO THE PROCESS OF 51006

30



EP 3 106 312 A1

FIG.13

300

MICROCOMPUTER

31



10

15

20

25

30

35

40

45

50

55

EP 3 106 312 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

Application Number

EP 15 17 2896

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2014/333946 Al (NAKAMURA YASUTOSHI 7 INV.
[JP]) 13 November 2014 (2014-11-13) B41J3/407
A * paragraph [0049] - paragraph [0104] * 1-6,8-12 B41J3/28
A US 2014/026769 Al (MILLER TODD W [US]) 1
30 January 2014 (2014-01-30)
* abstract *
A WO 20147207007 Al (OCE TECH BV [NL]) 1
31 December 2014 (2014-12-31)
* abstract *
TECHNICAL FIELDS
SEARCHED (IPC)
B41J
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 23 November 2015 Diaz-Maroto, V
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

32




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 3 106 312 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 15 17 2896

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

23-11-2015
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014333946 Al 13-11-2014  EP 2803492 Al 19-11-2014
JP 2014221515 A 27-11-2014
US 2014333946 Al 13-11-2014
US 2014026769 Al 30-01-2014 CN 104487257 A 01-04-2015
EP 2861426 Al 22-04-2015
US 2014026769 Al 30-01-2014
WO 2014018588 Al 30-01-2014
WO 2014207007 Al 31-12-2014  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

33




EP 3 106 312 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.
Patent documents cited in the description
« JP 2007136764 A [0005] e JP 4874657 B [0026]
e JP 4944435 B [0026] e JP 4917351 B [0053]
Non-patent literature cited in the description

* R.B.RUSU; S. COUSINS. 3D is here: Point Cloud * PAULJ.BESL ; NEIL D. MCKAY. A method for reg-

Library (PCL). IEEE International Conference on Ro- istration of 3-d shapes. IEEE Transactions on Pattern
botics and Automation (ICRA), Shanghai, China, 09 Analysis and Machine Intelligence, February 1992,
May 2011 [0028] vol. 14 (2), 239-256 [0043]

34



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

