DESCRIPTION

THREE-DIMENSIONAL MEASUREMENT DEVICE

Technical Field
[0001]

The present invention relates to a three-dimensional
measurement device for performing three-dimensional
measurement of an object with high accuracy.

Background Art
[0002]

Conventionally, a device that measures a three-
dimensional shape of an object by the principle of
triangulation based on two captured images obtained by
image-capturing the object from two directions has been
used. Here, in a case where the principle of triangulation
is used, it is necessary to specify a corresponding part
between the two captured images. As a method of specifying
the corresponding part, there is a method of comparing
luminance information of small regions in the two captured
images. However, in a case where there is a flat portion,
a portion with little color change, or the like in the
object, a situation in which it is difficult to specify the
corresponding part with high accuracy may occur.

[0003]

As a countermeasure against the situation, there is a



method of projecting projection light having a
predetermined pattern on an object and using the projection
light for specifying a corresponding part. For example,
Patent Literature 1 discloses a technique in which, in a
case where it is determined that a corresponding part
between two captured images cannot be accurately specified,
light of a specific pattern shape is projected by a pattern
projector, the corresponding part is specified using light
and darkness of the specific pattern shape, and parallax

information 1s calculated.

Citation List
Patent Literature
[0004]

Patent Literature 1: JP 4-25758 A

Summary of Invention
Technical Problem
[0005]

Meanwhile, a random dot pattern is generally used as a
light and dark pattern of projection light projected onto
an object for the purpose of specifying a corresponding
part. However, in the random dot pattern, there is a
possibility that a portion of a similar dot pattern locally

appears. Therefore, there is a problem that the



corresponding part between the two captured images cannot
be accurately specified, and as a result, a calculation
result of the parallax information may not be sufficiently
accurate.

[0006]

The present invention has been made in view of the
above problems, and an object thereof is to provide a
three-dimensional measurement device capable of performing
three-dimensional measurement of an object with high

accuracy.

Solution to Problem
[0007]

A three-dimensional measurement device according to the
present invention is a three-dimensional measurement device
that performs three-dimensional measurement on an object,
the three-dimensional measurement device including: a dot
pattern generation unit that generates a dot pattern by a
determination process of determining a reference position
according to a rule defined by a Poisson disk sampling
algorithm, a selection process of selecting one of a
plurality of arrangement patterns indicating at least one
or more dot arrangements, an arrangement process of
arranging dots based on the arrangement pattern selected

for the reference position, and an iterative process of



performing the determination process, the selection
process, and the arrangement process a plurality of times;
a dot pattern projection control unit that controls a
projection device to project projection light including the
dot pattern onto the object; a captured image acquisition
unit that controls an image capturing device to image-
capture the object onto which the projection light is
projected from two directions to acquire two captured
images; a parallax information calculation unit that
calculates parallax information about the acquired two
captured images; and a three-dimensional shape
specification unit that specifies a three-dimensional shape
of the object based on the calculated parallax information.
[0008]

A three-dimensional measurement device according to the
present invention is a three-dimensional measurement device
that performs three-dimensional measurement on an object,
the three-dimensional measurement device including: a dot
pattern generation processing unit that generates a dot
pattern in advance and stores the dot pattern in a
predetermined storage unit by a determination process of
determining a reference position according to a rule
defined by a Poisson disk sampling algorithm, a selection
process of selecting one of a plurality of arrangement

patterns indicating at least one or more dot arrangements,



an arrangement process of arranging dots based on the
arrangement pattern selected for the reference position,
and an iterative process of performing the determination
process, the selection process, and the arrangement process
a plurality of times; a dot pattern projection control unit
that reads the dot pattern from the storage unit and
controls a projection device to project projection light
including the dot pattern onto the object; a captured image
acquisition unit that controls an image capturing device to
image-capture the object onto which the projection light is
projected from two directions to acquire two captured
images; a parallax information calculation unit that
calculates parallax information about the acquired two
captured images; and a three-dimensional shape
specification unit that specifies a three-dimensional shape
of the object based on the calculated parallax information.
[0009]

Furthermore, in the three-dimensional measurement
device according to the present invention, the plurality of
arrangement patterns may be, as to where dots are arranged
in a preset dot arrangement region, a combination of
patterns that do not overlap each other when the dots are
moved in parallel in the dot arrangement region.

[0010]

A three-dimensional measurement device according to the



present invention is a three-dimensional measurement device
that performs three-dimensional measurement on an object,
the three-dimensional measurement device including: a dot
pattern generation unit that generates a dot pattern by a
determination process of determining a reference dot
according to a rule defined by a Poisson disk sampling
algorithm, an arrangement process of arranging additional
dots according to a predetermined addition rule in a
predetermined range with respect to the reference dot, and
an iterative process of performing the determination
process and the arrangement process a plurality of times; a
dot pattern projection control unit that controls a
projection device to project projection light including the
dot pattern onto the object; a captured image acquisition
unit that controls an image capturing device to image-
capture the object onto which the projection light is
projected from two directions to acquire two captured
images; a parallax information calculation unit that
calculates parallax information about the acquired two
captured images; and a three-dimensional shape
specification unit that specifies a three-dimensional shape
of the object based on the calculated parallax information.
[0011]

A three-dimensional measurement device according to the

present invention is a three-dimensional measurement device



that performs three-dimensional measurement on an object,
the three-dimensional measurement device including: a dot
pattern generation processing unit that generates a dot
pattern in advance and stores the dot pattern in a
predetermined storage unit by a determination process of
determining a reference dot according to a rule defined by
a Poisson disk sampling algorithm, an arrangement process
of arranging additional dots according to a predetermined
addition rule in a predetermined range with respect to the
reference dot, and an iterative process of performing the
determination process and the arrangement process a
plurality of times;

a dot pattern projection control unit that reads the
dot pattern from the storage unit and controls a projection
device to project projection light including the dot
pattern onto the object; a captured image acquisition unit
that controls an image capturing device to image-capture
the object onto which the projection light is projected
from two directions to acquire two captured images; a
parallax information calculation unit that calculates
parallax information about the acquired two captured
images; and a three-dimensional shape specification unit
that specifies a three-dimensional shape of the object
based on the calculated parallax information.

[0012]



Furthermore, in the three-dimensional measurement
device according to the present invention, the addition
rule is, as to where the additional dots are arranged with
respect to the reference dot, a rule for determining
positions where, when the reference dot and the additional
dots are moved in parallel within a predetermined range,
patterns do not overlap each other with respect to a case

where the additional dots are arranged at other positions.

Advantageous Effects of Invention
[0013]

According to the present invention, it is possible to
provide a three-dimensional measurement device capable of
performing three-dimensional measurement of an object with

high accuracy.

Brief Description of Drawings
[0014]

Fig. 1 is a block diagram illustrating an example of a
configuration of a three-dimensional measurement device
corresponding to at least one of embodiments of the present
invention.

Fig. 2 is a flowchart illustrating an example of a flow
of three-dimensional measurement processing corresponding

to at least one of the embodiments of the present



invention.

Fig. 3 is a flowchart illustrating an example of a flow
of a present example dot pattern generation process
corresponding to at least one of the embodiments of the
present invention.

Fig. 4 is an explanatory diagram describing an example
of an arrangement pattern corresponding to at least one of
the embodiments of the present invention.

Fig. 5 is an explanatory diagram describing an example
of a present example dot pattern corresponding to at least
one of the embodiments of the present invention.

Fig. 6 is an explanatory diagram illustrating an
example of a captured image corresponding to at least one
of the embodiments of the present invention.

Fig. 7 is an explanatory diagram illustrating an
example of a captured enlarged image corresponding to at
least one of the embodiments of the present invention.

Fig. 8 is an explanatory diagram illustrating an
example of a parallax image corresponding to at least one

of the embodiments of the present invention.

Description of Embodiments
[0015]
[First Embodiment]

Hereinafter, an example of a three-dimensional



measurement device according to a first embodiment of the
present invention will be described with reference to the
drawings.

[0016]

Fig. 1 is a block diagram illustrating an example of a
configuration of a three-dimensional measurement device
corresponding to at least one of embodiments of the present
invention. As illustrated in Fig. 1, a three-dimensional
measurement device 10 includes a dot pattern generation
unit 11, a dot pattern projection control unit 12, a
captured image acquisition unit 13, a parallax information
calculation unit 14, a three-dimensional shape
specification unit 15, and a storage unit 16.

[0017]

The three-dimensional measurement device 10 is a device
for performing three-dimensional measurement on an object.
Specifically, the three-dimensional measurement device 10
is a device that projects projection light onto an object
to capture an image, and specifies a three-dimensional
shape of the object on the basis of the captured image of
the object on which the projection light has been
projected. Note that the three-dimensional measurement
device 10 includes a central processing unit (CPU), a
memory, and a storage such as a hard disk drive and an SSD,

which are normally included in a general computer, and also
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includes an input device such as a mouse and a keyboard, an
output device such as a display and a printer, and a
communication device for connecting to a communication
network, and these may be connected via a bus. Processing
in each unit of the three-dimensional measurement device 10
is realized by reading a program for executing the
processing in each unit from a memory and executing the
program in a CPU, a GPU, or an FPGA that functions as a
control circuit (processing circuit or processing
circuitry). In other words, the processor (processing
circuit) is configured to be able to execute each
processing of each device by executing the program.

[0018]

The three-dimensional measurement device 10 uses a
projection device 20 and an image capturing device 30 in
the three-dimensional measurement.

In the present example, the description will be given
assuming that the three-dimensional measurement device 10
is realized as a dedicated machine, and the projection
device 20 and the image capturing device 30 are integrally
provided inside. Of course, the three-dimensional
measurement device 10 is not necessarily provided with the
projection device 20 and the image capturing device 30
inside, and an external projection device 20 and/or image

capturing device 30 may be used.
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[0019]

The projection device 20 is a device for projecting
projection light onto an object. Examples of the
projection device 20 include a projector and a display.
The image capturing device 30 is a device for image-
capturing an object from two directions. For example, two
image capturing devices 30 are provided inside the three-
dimensional measurement device 10 in a portion where the
object can be image-captured from two directions. In
addition, for example, in a case where the image capturing
device 30 is an external device independent from the three-
dimensional measurement device 10, the image capturing
device is two independent devices or one device including
two image-capturing optical systems inside the own device.
An example of the image capturing device 30 is a stereo
camera.

[0020]

The dot pattern generation unit 11 has a function of
generating a dot pattern by a determination process of
determining a reference position according to a
predetermined determination rule, a selection process of
selecting one of a plurality of arrangement patterns
indicating at least one or more dot arrangements, an
arrangement process of arranging dots based on the

arrangement pattern selected for the reference position,
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and an iterative process of performing the determination
process, the selection process, and the arrangement process
a plurality of times.

[0021]

The dot pattern generated by the dot pattern generation
unit 11 is a pattern indicating switching between light and
darkness of projection light projected by the projection
device 20, and is a two-dimensional pattern indicated by an
arrangement of dots. The dot pattern is generated by
performing the arrangement process of arranging dots on the
basis of the arrangement pattern for the reference position
a plurality of times. The dot pattern generated by the dot
pattern generation unit 11 is referred to as an “dot
pattern using arrangement pattern”, and hereinafter
referred to as an “present example dot pattern”. Note that
the shape of each dot is not particularly limited, and may
be a round shape or a square shape.

[0022]

In the determination process, the dot pattern
generation unit 11 determines the reference position
according to a predetermined determination rule. Here, the
reference position is a position serving as a reference for
arranging dots on the basis of the arrangement pattern, and
is a position determined according to a predetermined

determination rule. The reference position is given by,
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for example, plane coordinates in a preset region.
[0023]

Furthermore, the determination rule means a rule for
determining the reference position. The determination rule
is not particularly limited, but a rule for determining a
position such that a density of the dots in the generated
dot pattern is substantially constant and a rule in which
the arrangement patterns are not adjacent to each other or
do not overlap each other are preferable. Furthermore, the
determination rule is preferably one in which regularity
does not occur in a position to be determined as the
reference position (for example, a rule for determining the
reference position as a random position). As an example of
a rule for determining the position so that the density of
the arranged dot pattern is substantially constant, there
is a rule determined by a Poisson disk sampling algorithm.
[0024]

Furthermore, the arrangement pattern means a pattern
indicating at least one or more dot arrangements. For
example, the arrangement pattern is a pattern including one
dot (center dot) as a center and dots near the dot.

[0025]

The dot pattern generation unit 11 selects one of a

plurality of the arrangement patterns indicating at least

one or more dot arrangements in the selection process. For
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example, the dot pattern generation unit 11 randomly
selects any one pattern from the plurality of arrangement
patterns. In the present example, the plurality of
arrangement patterns are 25 types of patterns in which one
to three dots are arranged in a dot arrangement region
where up to nine dots can be arranged three vertically and
three horizontally, and the dot pattern generation unit 11
randomly selects any one of the 25 types of patterns in the
selection process.

[0026]

The dot pattern generation unit 11 arranges the dots
based on the arrangement pattern selected for the reference
position in the arrangement process. Specifically, in the
arrangement process, the dot pattern generation unit 11
arranges the dots so as to have the same arrangement as a
combination indicated by the arrangement pattern selected
in the selection process with respect to the reference
position determined in the determination process. 1In this
example, in the arrangement process, the dot pattern
generation unit 11 arranges the dots with the reference
position determined in the determination process as a
center of three vertically three horizontally so as to have
the same arrangement as the pattern selected in the
selection process among 25 types of patterns indicating the

arrangement of one to three dots in the dot arrangement
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region where up to nine dots of three vertically three
horizontally can be arranged.
[0027]

The dot pattern generation unit 11 generates the
present example dot pattern by an iterative process in
which the determination process, the selection process, and
the arrangement process are performed a plurality of times.
Specifically, after executing the arrangement process, the
dot pattern generation unit 11 determines whether or not a
series of processing of the determination process, the
selection process, and the arrangement process has been
performed a plurality of times. Then, the dot pattern
generation unit 11 completes the generation of the present
example dot pattern in a case where it is determined that
the series of processing has been performed a plurality of
times, and returns to the determination process in a case
where it is determined that the number of execution times
of the series of processing does not satisfy the plurality
of times. Here, the plurality of times can be
appropriately determined. For example, the plurality of
times is determined based on the density of dots in the
present example dot pattern to be generated.

[0028]
The dot pattern projection control unit 12 has a

function of controlling the projection device 20 so as to
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project projection light including the present example dot
pattern onto an object. Here, a portion corresponding to
the dots in the present example dot pattern in a case where
the projection light is projected onto the object may be a
portion (light portion) having high luminance or a portion
(dark portion) having low luminance as compared with a
portion corresponding to other than the dots. Note that,
in the present example, the projection processing by the
dot pattern projection control unit 12 is executed by
controlling the projection device 20.

[0029]

The captured image acquisition unit 13 has a function
of controlling the image capturing device 30 so as to
image-capture the object onto which the projection light is
projected from two directions to acquire two captured
images. In the present example, imaging processing from
the two directions by the captured image acquisition unit
13 is executed by controlling the image capturing device 30
provided inside the three-dimensional measurement device
10. Note that, in the image capturing from the two
directions, the image capturing by the image capturing
device 30 is performed in a state where an object of a
portion on which the projection light is projected falls
within both angles of view.

[0030]

17



The parallax information calculation unit 14 has a
function of calculating parallax information for the two
acquired captured images. Specifically, for the two
captured images acquired by the captured image acquisition
unit 13, the parallax information calculation unit 14
performs processing of specifying a portion in the other
captured image corresponding to a predetermined portion of
one captured image, and calculating distance information
between pixel positions of the respective portions as
parallax information. For example, the predetermined
portion is one pixel at a predetermined position in the
captured image. Then, for example, when specifying one
pixel in the other captured image corresponding to one
pixel at a predetermined position in the captured image,
the parallax information calculation unit 14 calculates
information indicating a distance between the pixel
positions of the two pixels with specified correspondence
as the parallax information. Here, the pixel position
refers to a position corresponding to each pixel in a
captured image including a plurality of pixels.

[0031]

The parallax information calculation unit 14 may use
luminance information of the captured image when specifying
a portion in the other captured image corresponding to a

predetermined portion of one captured image. The luminance
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information of the captured image exists, for example, for
each pixel. Here, luminance information of pixels within a
predetermined range based on a predetermined portion of the
captured image may be used. For example, the parallax
information calculation unit 14 uses luminance information
of a predetermined number of pixels (for example, a total
of nine pixels of three vertically and three horizontally
centered on a pixel at a predetermined position) located
within a predetermined range centered on one pixel at a
predetermined position of the captured image.

[0032]

Here, an example of a method of using the luminance
information when a portion in the other captured image
corresponding to a predetermined portion in the one
captured image is specified will be described. First,
binary vector data is generated by comparing luminance of
one pixel at a predetermined position with luminance of a
plurality of pixels located within a predetermined range
around the one pixel and binarizing the luminance. Then,
based on the Hamming distance between the captured images
for the data, a portion of the other captured image
corresponding to a predetermined portion of one captured
image is specified. The above is an example of a method of
using the luminance information.

[0033]
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The three-dimensional shape specification unit 15 has a
function of specifying the three-dimensional shape of the
object based on the calculated parallax information. Here,
the three-dimensional shape specification unit 15 uses the
principle of triangulation when specifying the three-
dimensional shape of the object. For example, the three-
dimensional shape specification unit 15 calculates distance
information from the image capturing device 30 to each
portion in the object using the principle of triangulation
on the basis of the information indicating the distance
between the pixel positions calculated by the parallax
information calculation unit 14, and specifies the three-
dimensional shape of the object on the basis of the
calculated distance information.

[0034]

The storage unit 16 has a function of storing
information necessary for processing of each unit in the
three-dimensional measurement device 10 and also storing
various types of information generated by the processing of
each unit.

[0035]

Fig. 2 is a flowchart illustrating an example of a flow
of three-dimensional measurement processing corresponding
to at least one of the embodiments of the present

invention. A flow of the three-dimensional measurement

20



processing in the three-dimensional measurement device 10
corresponding to at least one of the embodiments of the
present invention will be described with reference to Fig.
2.

[0036]

In Fig. 2, the three-dimensional measurement processing
is started by generating the present example dot pattern in
the three-dimensional measurement device 10 (step S101).

An example of a detailed flow of present example dot
pattern generation processing will be described with
reference to Fig. 3. Next, the three-dimensional
measurement device 10 controls the projection device 20 to
project the projection light including the present example
dot pattern onto the object (step S102). Next, the three-
dimensional measurement device 10 controls the image
capturing device 30 so as to image-capture the object from
two directions to acquire two captured images (step S103).
Next, the three-dimensional measurement device 10
calculates parallax information for the two captured images
(step S104). Finally, the three-dimensional measurement
device 10 specifies the three-dimensional shape of the
object based on the parallax information (step S105), and
the process ends.

[0037]

Fig. 3 is a flowchart illustrating an example of a flow
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of the present example dot pattern generation processing
corresponding to at least one of the embodiments of the
present invention. A flow of the present example dot
pattern generation processing in step S101 in the three-
dimensional measurement processing by the three-dimensional
measurement device 10 corresponding to at least one of the
embodiments of the present invention will be described with
reference to Fig. 2.

[0038]

In Fig. 3, the present example dot pattern generation
processing is started by determining the reference position
according to a predetermined determination rule in the
three-dimensional measurement device 10 (step S201). Next,
the three-dimensional measurement device 10 selects one of
a plurality of arrangement patterns indicating at least one
or more dot arrangements (step S202). Next, the three-
dimensional measurement device 10 arranges the dots based
on the arrangement pattern selected for the reference
position (step S203). Next, in a case where the
determination process, the selection process, and the
arrangement process have not been executed a plurality of
times (step S204, N), the three-dimensional measurement
device 10 returns to step S201. In this example, the
plurality of times in step S204 is the number of times the

density of the dots in the generated dot pattern becomes a
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predetermined density. On the other hand, when the
determination process, the selection process, and the
arrangement process are executed a plurality of times (step
S204, Y), the three-dimensional measurement device 10 ends
the process.

[0039]

Fig. 4 is an explanatory diagram describing an example
of an arrangement pattern corresponding to at least one of
the embodiments of the present invention. Fig. 4
illustrates an example of an arrangement pattern that
becomes a selection candidate by the dot pattern generation
unit 11. In the example illustrated in Fig. 4, there are
25 types of arrangement patterns in total, and each is a
grid-like pattern in which one to three dots are arranged
in a dot arrangement region where up to nine dots of three
vertically and three horizontally can be arranged. The 25
types of arrangement patterns in this example are a
combination of patterns in which patterns of the same dot
arrangement are not included in an overlapping manner and
which do not overlap each other when moved in parallel in
the dot arrangement region. Furthermore, in this example,
each arrangement pattern is assigned with a unique number
of 0 to 24. 1In the selection process by the dot pattern
generation unit 11, any one of 0 to 24 is generated as a

random number, and an arrangement pattern corresponding to
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the generated numerical value is selected. Note that in a
case where the arrangement pattern indicates that two dots
are arranged adjacent to each other, the two dots in the
projection light projected by the dot pattern projection
control unit 12 may be continuous or separated from each
other by a predetermined distance.

[0040]

Fig. 5 is an explanatory diagram describing an example
of a dot pattern corresponding to at least one of the
embodiments of the present invention. Fig. 5(A)
illustrates an example of the present example dot pattern
generated by the dot pattern generation unit 11. Fig. 5(B)
illustrates an example of a conventional dot pattern which
is a random dot pattern. In the dot patterns of Figs. 5(A)
and 5(B), the dot density is substantially the same at
about 20%. As illustrated in Fig. 5(A), the present
example dot pattern in which the dots are arranged based on
the arrangement pattern can have a feature in the
arrangement of the dots in each small region in the pattern
as compared with the conventional dot pattern in Fig. 5(B).
That is, a matching degree of the dot arrangement between a
plurality of the small regions in the pattern can be made
lower than that of the conventional dot pattern.

[0041]

Fig. 6 is an explanatory diagram illustrating an
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example of a captured image corresponding to at least one
of the embodiments of the present invention. Fig. 6
illustrates an example of the captured image acquired by
the captured image acquisition unit 13. Here, it is
assumed that the dot pattern projection control unit 12
projects projection light onto the object. Fig. 6(A) is a
captured image acquired by image capturing from a left side
from the three-dimensional measurement device 10 toward the
object. Fig. 6(B) is a captured image acquired by image
capturing from a right side from the three-dimensional
measurement device 10 toward the object. As illustrated in
Figs. 6(A) and 6(B), since the images are captured from two
different directions, ranges captured on the left side and
the right side are different from each other, and positions
of the same portion of the object in the captured image are
also different between the two captured images.

[0042]

Fig. 7 is an explanatory diagram illustrating an
example of a captured enlarged image corresponding to at
least one of the embodiments of the present invention.

Fig. 7(A) illustrates an enlarged part of the captured
image illustrated in Fig. 6. For comparison, Fig. 7(B)
illustrates an enlarged part of a captured image in a case
where projection light including a conventional dot pattern

is projected on the object illustrated in Fig. 6 instead of
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the present example dot pattern. In this way, the captured
image acquired by the captured image acquisition unit 13
includes the dot pattern projected as the projection light,
and the dot pattern is used by the parallax information
calculation unit 14 to specify the corresponding portion
between the two captured images.

[0043]

Fig. 8 is an explanatory diagram illustrating an
example of a parallax image corresponding to at least one
of the embodiments of the present invention. Fig. 8 (A)
illustrates an enlarged parallax image generated on the
basis of the result of specifying the corresponding portion
between the two captured images illustrated in Fig. 6. For
comparison, Fig. 8(B) illustrates a parallax image in a
case where projection light including a conventional dot
pattern is projected on an object instead of the present
example dot pattern, which is enlarged at the same portion
as in Fig. 8(A). Here, the parallax image refers to an
image indicating a result of calculating a difference value
for each corresponding portion between two captured images.
As the noise of the parallax image decreases, it 1is
indicated that the accuracy of specifying the corresponding
portion increases. The image illustrated in Fig. 8 (A) has
less noise than the image illustrated in Fig. 8 (B).

Specifically, in the image illustrated in Fig. 8 (A), the
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noise is smaller in the right region than in the image
illustrated in Fig. 8(B). As described above, it can be
seen that the calculation accuracy of the parallax
information is higher in the projection light including the
present example dot pattern than in the projection light
including the conventional dot pattern.

[0044]

As described above, the three-dimensional measurement
device 10 according to the present invention is configured
to include the dot pattern generation unit 11, the dot
pattern projection control unit 12, the captured image
acquisition unit 13, the parallax information calculation
unit 14, and the three-dimensional shape specification unit
15, acquires two captured images by generating a dot
pattern by a determination process of determining a
reference position according to a predetermined
determination rule, a selection process of selecting one of
a plurality of arrangement patterns indicating at least one
or more dot arrangements, an arrangement process of
arranging dots based on the arrangement pattern selected
for the reference position, and an iterative process of
performing the determination process, the selection
process, and the arrangement process a plurality of times,
controlling the projection device 20 to project projection

light including the present example dot pattern onto an
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object, and controlling the image capturing device 30 to
image-capture the object on which the projection light is
projected from two directions, calculates the parallax
information for the acquired two captured images, and
specifies the three-dimensional shape of the object on the
basis of the calculated parallax information, so that the
three-dimensional measurement of the object can be
performed with high accuracy.

[0045]

That is, since the present example dot pattern
generated by the three-dimensional measurement device 10 is
one in which the dots are arranged based on the arrangement
pattern, the shape of each set of dots can have a feature.
Therefore, in the case of the present example dot pattern,
a degree of mismatching of the shapes between the sets of
dots is higher than that in the case of the conventional
dot pattern. As a result, the parallax information can be
accurately calculated using the dots, and the three-
dimensional shape of the object can be specified with high
accuracy.

[0046]

Note that the three-dimensional measurement device 10
may include, instead of the dot pattern generation unit 11,
a dot pattern generation processing unit that generates the

present example dot pattern in advance and stores the dot
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pattern in a predetermined storage unit by the
determination process of determining a reference position
according to a predetermined determination rule, the
selection process of selecting one of a plurality of
arrangement patterns indicating at least one or more dot
arrangements, the arrangement process of arranging dots
based on the arrangement pattern selected for the reference
position, and the iterative process of performing the
determination process, the selection process, and the
arrangement process a plurality of times. In this case,
the dot pattern projection control unit 12 reads the
present example dot pattern from the storage unit, and
controls the projection device 20 to project the projection
light including the present example dot pattern onto the
object. The method of storing the dot pattern may be a
method of storing the dot pattern printed on a photomask in
the device, in addition to storing the dot pattern as an
image file.

[0047]

[Second Embodiment]

A dot pattern generation unit according to a second
embodiment has a function of generating a dot pattern by a
determination process of determining a reference dot
according to a predetermined determination rule, an

arrangement process of arranging additional dots according
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to a predetermined addition rule in a predetermined range
with respect to the reference dot, and an iterative process
of performing the determination process and the arrangement
process a plurality of times. The dot pattern generation
unit according to the second embodiment will be described
below with respect to differences from the dot pattern
generation unit 11 according to the first embodiment. Note
that description of configurations similar to those of the
first embodiment other than the dot pattern generation will
be omitted.

[0048]

The reference dot is a dot serving as a reference for
arranging the additional dots, and is a dot whose position
is determined according to a predetermined determination
rule. Since the determination rule here has the same
contents as those described in the first embodiment, the
description thereof will be omitted.

[0049]

The additional dots are dots whose positions are
determined within a predetermined range according to a
predetermined addition rule based on the position of the
reference dot. The addition rule is a rule for
additionally arranging at least one or more dots with
reference to the position of the reference dot. For

example, the predetermined range is a range within a
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predetermined distance based on the position of the
reference dot, and the addition rule is a rule of arranging
the additional dots at positions based on the position of
the reference dot. Furthermore, the addition rule may be,
as to where the additional dots are arranged with respect
to the reference dot, a rule for determining positions
where, when the reference dot and the additional dots are
moved in parallel within a predetermined range, patterns do
not overlap each other with respect to a case where the
additional dots are arranged at other positions.

[0050]

Note that the three-dimensional measurement device
according to the second embodiment may include, instead of
the dot pattern generation unit in the second embodiment, a
dot pattern generation processing unit that generates a dot
pattern in advance and stores the dot pattern in a
predetermined storage unit by a determination process of
determining a reference dot according to a predetermined
determination rule, an arrangement process of arranging
additional dots according to a predetermined addition rule
in a predetermined range with respect to the reference dot,
and an iterative process of performing the determination
process and the arrangement process a plurality of times.
In this case, the dot pattern projection control unit 12

according to the second embodiment reads the dot pattern
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from the storage unit, and controls the projection device
20 to project the projection light including the dot
pattern onto the object. The method of storing the dot
pattern may be a method of storing the dot pattern printed
on a photomask in the device, in addition to storing the

dot pattern as an image file.

Reference Signs List

[0051]

10 Three-dimensional measurement device

11 Dot pattern generation unit

12 Dot pattern projection control unit

13 Captured image acguisition unit

14 Parallax information calculation unit

15 Three-dimensional shape specification unit
16 Storage unit

20 Projection device

30 Image capturing device
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CLATIMS
1. A three-dimensional measurement device that performs
three-dimensional measurement on an object, the three-
dimensional measurement device comprising:

a dot pattern generation unit that generates a dot
pattern by a determination process of determining a
reference position according to a rule defined by a Poisson
disk sampling algorithm, a selection process of selecting
one of a plurality of arrangement patterns indicating at
least one or more dot arrangements, an arrangement process
of arranging dots based on the arrangement pattern selected
for the reference position, and an iterative process of
performing the determination process, the selection
process, and the arrangement process a plurality of times;

a dot pattern projection control unit that controls a
projection device to project projection light including the
dot pattern onto the object;

a captured image acquisition unit that controls an
image capturing device to image-capture the object onto
which the projection light is projected from two directions
to acquire two captured images;

a parallax information calculation unit that calculates
parallax information about the acquired two captured
images; and

a three-dimensional shape specification unit that
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specifies a three-dimensional shape of the object based on
the calculated parallax information.

2. A three-dimensional measurement device that performs
three-dimensional measurement on an object, the three-
dimensional measurement device comprising:

a dot pattern generation processing unit that generates
a dot pattern in advance and stores the dot pattern in a
predetermined storage unit by a determination process of
determining a reference position according to a rule
defined by a Poisson disk sampling algorithm, a selection
process of selecting one of a plurality of arrangement
patterns indicating at least one or more dot arrangements,
an arrangement process of arranging dots based on the
arrangement pattern selected for the reference position,
and an iterative process of performing the determination
process, the selection process, and the arrangement process
a plurality of times;

a dot pattern projection control unit that reads the
dot pattern from the storage unit and controls a projection
device to project projection light including the dot
pattern onto the object;

a captured image acquisition unit that controls an
image capturing device to image-capture the object onto
which the projection light is projected from two directions

to acquire two captured images;
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a parallax information calculation unit that calculates
parallax information about the acquired two captured
images; and

a three-dimensional shape specification unit that
specifies a three-dimensional shape of the object based on
the calculated parallax information.

3. The three-dimensional measurement device according to
claim 1 or 2, wherein

the plurality of arrangement patterns are, as to where
dots are arranged in a preset dot arrangement region, a
combination of patterns that do not overlap each other when
the dots are moved in parallel in the dot arrangement
region.

4. A three-dimensional measurement device that performs
three-dimensional measurement on an object, the three-
dimensional measurement device comprising:

a dot pattern generation unit that generates a dot
pattern by a determination process of determining a
reference dot according to a rule defined by a Poisson disk
sampling algorithm, an arrangement process of arranging
additional dots according to a predetermined addition rule
in a predetermined range with respect to the reference dot,
and an iterative process of performing the determination
process and the arrangement process a plurality of times;

a dot pattern projection control unit that controls a
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projection device to project projection light including the
dot pattern onto the object;

a captured image acquisition unit that controls an
image capturing device to image-capture the object onto
which the projection light is projected from two directions
to acquire two captured images;

a parallax information calculation unit that calculates
parallax information about the acquired two captured
images; and

a three-dimensional shape specification unit that
specifies a three-dimensional shape of the object based on
the calculated parallax information.

5. A three-dimensional measurement device that performs
three-dimensional measurement on an object, the three-
dimensional measurement device comprising:

a dot pattern generation processing unit that generates
a dot pattern in advance and stores the dot pattern in a
predetermined storage unit by a determination process of
determining a reference dot according to a rule defined by
a Poisson disk sampling algorithm, an arrangement process
of arranging additional dots according to a predetermined
addition rule in a predetermined range with respect to the
reference dot, and an iterative process of performing the
determination process and the arrangement process a

plurality of times;
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a dot pattern projection control unit that reads the
dot pattern from the storage unit and controls a projection
device to project projection light including the dot
pattern onto the object;

a captured image acquisition unit that controls an
image capturing device to image-capture the object onto
which the projection light is projected from two directions
to acquire two captured images;

a parallax information calculation unit that calculates
parallax information about the acquired two captured
images; and

a three-dimensional shape specification unit that
specifies a three-dimensional shape of the object based on
the calculated parallax information.

6. The three-dimensional measurement device according to
claim 4 or 5, wherein

the addition rule is, as to where the additional dots
are arranged with respect to the reference dot, a rule for
determining positions where, when the reference dot and the
additional dots are moved in parallel within a
predetermined range, patterns do not overlap each other
with respect to a case where the additional dots are

arranged at other positions.
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