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DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention:

[0001] The present invention relates to an intraoral three-dimensional measuring device and
an intraoral three-dimensional measuring method for capturing an image of light directed
toward an intraoral measurement target such as, for example, a tooth and performing an
image analysis process to measure a three-dimensional shape of the measurement target,
and also relates to an intraoral three-dimensional measurement result display method.

2. Description of the Prior Art:

[0002] Devices and methods for measuring a three-dimensional shape of a measurement
target by any of various methods such as, for example, a light-section method, a focus
method, a spatial coding method, a phase shift method, a stereo method, a photogrammetric
method, a SLAM method and the like have been proposed and put into practice. For example,
a shape measuring device described in Patent Document 1 is operated as follows. Light for
projection passes a lattice-pattern plate to be lattice-pattern light. This light is projected onto,
and reflected by, a measurement target. An image of the reflected light is captured. Based on
the image, a three-dimensional shape of the measurement target is measured. In the field of
dental treatment in recent years, such a shape measuring device is used to measure a three-
dimensional shape of a dental arch. Thus, such a shape measuring device is applied for, for
example, producing artificial teeth and designing prostheses.

[0003] However, the measuring device described in Patent Document 1 (measuring device Z
in FIG. 11(a)) is not usable to measure, for example, the entirety of a dental arch Da, which
expands over a wide measurement range in an intraoral space, which is narrow, at one time.
The reason is as follows. The dental arch as the image capturing subject has a complicated
shape, and there are many dead angles in the case where image capturing is performed
merely once. The resultant three-dimensional data has many missing parts.

[0004] For the above-described reason, the measurement needs to be performed as follows.
As shown in FIG. 11(a), a plurality of narrow ranges Rn, each of which is a part of the
measurement target, are measured (hereinafter, referred to as "narrow range measurement”).
The narrow ranges Rn are defined such that the narrow ranges Rn cover the entirety of the
wide measurement target and also such that adjacent narrow ranges Rn have overlap portions
Rr. FIG. 11(b) shows narrow range measurement results In'. As shown in FIG. 11(c), the
adjacent narrow range measurement results In' are joined together based on the overlap
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portions Rr. As a result, an entire measurement result Ic' is acquired as the measurement
result on the entirety of the wide measurement target.

[0005] However, when two adjacent narrow range measurement results In' are joined together,
there occurs an error although being small. As shown in FIG. 11(d), when such adjacent
narrow range measurement results In' are joined together sequentially to form the entire
measurement result Ic', such small errors are accumulated. As a result, the entire
measurement result Ic' may undesirably have a large error.

[Prior Art Document]

[Patent Document]

[0006] Patent Document 1: Japanese Laid-Open Patent Publication No. 2011-242178 US
2014/0146142 A1 discloses a measuring device used in the dental field and aimed at
measuring in the absence of projection of active or structured light.

SUMMARY OF THE INVENTION

[Problems to be Solved by the Invention]

[0007] The present invention has an object of providing an intraoral three-dimensional
measuring device in accordance with the independent claim 12 and an intraoral three-
dimensional measuring method in accordance with the independent claim 1 capable of
accurately performing three-dimensional measurement on a wide measurement range in an
intraoral space, which is narrow, and also providing an intraoral three-dimensional
measurement result display method in accordance with claim 10.

[Means for Solving the Invention]

[0008] The present invention is directed to an intraoral three-dimensional measuring method
including a wide range three-dimensional measurement information acquisition step of
acquiring wide range three-dimensional measurement information on a three-dimensional
shape measured on a wide range in a desirable measurement range in an intraoral space; a
narrow range three-dimensional measurement information acquisition step of acquiring a
plurality of pieces of narrow range three-dimensional measurement information each on a
three-dimensional shape measured on a narrow range narrower than the wide range in the
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measurement range; and a synthetic three-dimensional information creation step of locating
the plurality of pieces of narrow range three-dimensional measurement information based on
the wide range three-dimensional measurement information by use of, as a synthesis
reference, intra-measurement range position information common to the wide range three-
dimensional measurement information and each of the plurality of pieces of narrow range
three-dimensional measurement information, to create synthetic three-dimensional information
on the measurement range.

[0009] The present invention is also directed to an intraoral three-dimensional measuring
device including a measurement information acquisition unit acquiring wide range three-
dimensional measurement information on a three-dimensional shape measured on a wide
range in a desirable measurement range in an intraoral space, and acquiring a plurality of
pieces of narrow range three-dimensional measurement information each on a three-
dimensional shape measured on a narrow range narrower than the wide range in the
measurement range; and a synthetic three-dimensional information creation unit locating the
plurality of pieces of narrow range three-dimensional measurement information based on the
wide range three-dimensional measurement information by use of, as a synthesis reference,
intra-measurement range position information common to the wide range three-dimensional
measurement information and each of the plurality of pieces of narrow range three-
dimensional measurement information, to create synthetic three-dimensional information on
the measurement range.

[0010] The wide range in a desirable measurement range described above may be the
entirety of the desirable measurement range, a part of the desirable measurement range that
is wider than the narrow range, or an entire measurement range formed by joining a plurality of
pieces of three-dimensional measurement information on parts of the desirable measurement
range that are each narrower than the wide range and wider than the narrow range, the joining
being performed at an overlapping portion of each piece of three-dimensional measurement
information.

[0011] The measurement range may be the entirety of the dental arch including the gum in the
intraoral space, a predetermined region of the dental arch, or the entirety of, or a part of,
edentulous jaw.

[0012] The wide range three-dimensional measurement information, the narrow range three-
dimensional measurement information, and the synthetic three-dimensional information
described above may be numerical information such as spatial coordinate information,
direction vector information of texture, reliability information on the measured value or the like,
or image information.

[0013] According to the present invention, three-dimensional measurement on the wide
measurement target in the narrow intraoral space is accurately performed.

[0014] This will be described in more detail. According to the above-described method, wide
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range three-dimensional measurement information on a three-dimensional shape measured
on a wide range in a desirable measurement range in an intraoral space, and a plurality of
pieces of narrow range three-dimensional measurement information each on a three-
dimensional shape measured on a narrow range narrower than the wide range in the
measurement range, are acquired. The plurality of pieces of narrow range three-dimensional
measurement information are located based on the wide range three-dimensional
measurement information by use of, as a synthesis reference, intra-measurement range
position information common to the wide range three-dimensional measurement information
and each of the plurality of pieces of narrow range three-dimensional measurement
information, to create synthetic three-dimensional information on the measurement range. The
synthetic three-dimensional information on the measurement range created in this manner
includes the narrow range three-dimensional measurement information based on the wide
range three-dimensional measurement information. Thus, three-dimensional measurement on
the entirety of the measurement range is accurately performed with no accumulation of errors.

[0015] In an embodiment according to the present invention, the wide range three-dimensional
measurement information may be used to create wide range three-dimensional image
information on the three-dimensional shape of the wide range; the plurality of pieces of narrow
range three-dimensional measurement information each may be used to create narrow range
three-dimensional image information on the three-dimensional shape of the narrow range; and
in the synthetic three-dimensional information creation step, synthetic three-dimensional image
information may be created based on the synthetic three-dimensional information.

[0016] Alternatively, the synthetic three-dimensional information creation unit may create
synthetic three-dimensional image information based on the synthetic three-dimensional
information.

[0017] According to the present invention, the measurement information is displayed as an
image. This allows the user to make an operation while visually checking the measurement
state, and thus improves the operability.

[0018] In an embodiment according to the present invention, in the narrow range three-
dimensional measurement information acquisition step, the plurality of pieces of narrow range
three-dimensional measurement information may be measured at a higher resolution than that
of the wide range three-dimensional measuring information.

[0019] According to the present invention, the resultant synthetic three-dimensional
information on the measurement range includes the narrow range three-dimensional
measurement information of a high resolution based on the wide range three-dimensional
measurement information with no accumulation of errors. Thus, three-dimensional
measurement on the entirety of the measurement range is performed at high precision with a
high resolution.

[0020] In an embodiment according to the present invention, in the synthetic three-dimensional
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information creation step, the synthetic three-dimensional information may be created by use
of, as intra-measurement range position information, characteristic portion information
common to each of the plurality of pieces of narrow range three-dimensional measurement
information and the wide range three-dimensional measurement information.

[0021] Alternatively, the synthetic three-dimensional information creation unit may create the
synthetic three-dimensional information by use of, as the intra-measurement range position
information, characteristic portion information common to the each of plurality of pieces of
narrow range three-dimensional measurement information and the wide range three-
dimensional measurement information.

[0022] According to the present invention, the plurality of pieces of narrow range three-
dimensional measurement information are accurately synthesized based on the wide range
three-dimensional measurement information by use of the characteristic portion information to
create the synthetic three-dimensional information.

[0023] In an embodiment according to the present invention, the intraoral three-dimensional
measuring method may further include a position information acquisition step of acquiring
position information on each of the plurality of pieces of narrow range three-dimensional
measurement information and acquiring position information on the wide range three-
dimensional measurement information. In the synthetic three-dimensional information creation
step, the synthetic three-dimensional information may be adjusted based on the position
information acquired in the position information acquisition step.

[0024] Alternatively, the intraoral three-dimensional measuring device may further include a
position information acquisition unit acquiring position information on each of the plurality of
pieces of narrow range three-dimensional measurement information and acquiring position
information on the wide range three-dimensional measurement information. The synthetic
three-dimensional information creation unit may adjust the synthetic three-dimensional
information based on the position information acquired by the position information acquisition
unit.

[0025] The position information described above may be position information based on an
absolute position at the time of three-dimensional measurement as being acquired by the GPS,
or position information based on a relative position with respect to, for example, the intraoral
space. Therefore, the position information acquisition unit described above may be a
measurement device measuring an absolute position such as a GPS or the like or a
measurement device measuring a relative position such as a position sensor or the like.
Alternatively, the position information may be acquired by an acceleration sensor, a velocity
sensor, a gyro sensor, an azimuthal sensor, a posture sensor, or a combination of any of these
SEensors.

[0026] According to the present invention, the synthetic three-dimensional information is
adjusted based on the position information on each of the plurality of pieces of narrow range
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three-dimensional measurement information and position information on the wide range three-
dimensional measurement information. Therefore, the synthetic three-dimensional information
is more precise and more accurate.

[0027] In an embodiment according to the present invention, in the synthetic three-dimensional
information creation step, a part of the wide range three-dimensional measurement information
corresponding to each piece of narrow range three-dimensional measurement information may
be overwritten with the each piece of narrow range three-dimensional measurement
information.

[0028] According to the present invention, the information amount of the synthetic three-
dimensional information is decreased.

[0029] In an embodiment according to the present invention, the wide range three-dimensional
measurement information may be entire measurement information on a shape of the entirety
of the measurement range.

[0030] According to the present invention, the resultant synthetic three-dimensional
information has no accumulation of errors and is more accurate than synthetic three-
dimensional information created in the case where a plurality of pieces of three-dimensional
measurement information on ranges narrower than the wide range and wider than the narrow
range are joined together at an overlapping portion of each piece of three-dimensional
measurement information to provide wide range three-dimensional measurement information
on the entirety of the measurement range.

[0031] In an embodiment according to the present invention, the intraoral three-dimensional
measuring method may further include an entire joining measurement information creation
step of locating a plurality of pieces of the wide range three-dimensional measurement
information by use of, as a joining reference, wide range position information common to
adjacent pieces of wide range three-dimensional measurement information, to create entire
joining measurement information on the entirety of the measurement range.

[0032] According to the present invention, a plurality of pieces of wide range three-dimensional
measurement information are located by use of, as the joining reference, wide range position
information common to adjacent pieces of wide range three-dimensional measurement
information, to create the entire joining measurement information on the entirety of the
measurement range. Therefore, the synthetic three-dimensional information is created more
accurately even on a wider measurement range.

[0033] In an embodiment according to the present invention, at least one of the plurality of
pieces of the narrow range three-dimensional measurement information may be adjustment
narrow range three-dimensional measurement information including measurement information
on a part corresponding to the wide range position information; and the intraoral three-
dimensional measuring method may further include an entire joining measurement information
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adjustment step of adjusting the entire joining measurement information based on the
adjustment narrow range three-dimensional measurement information located in the synthetic
three-dimensional information creation step.

[0034] According to the present invention, the entire joining measurement information on the
entirety of the measurement range, created by locating the plurality of pieces of the wide range
three-dimensional measurement information by use of, as a joining reference, wide range
position information common to the adjacent pieces of wide range three-dimensional
measurement information, is adjusted based on the adjustment narrow range three-
dimensional measurement information. Thus, the entire joining measurement information is
adjusted based on clearer characteristic portion information. Therefore, the synthetic three-
dimensional information is created more accurately even on a wider measurement range.

[0035] An embodiment according to the present invention is directed to an intraoral three-
dimensional measurement result display method for creating images based on the wide range
three-dimensional measurement information and the plurality of pieces of narrow range three-
dimensional measurement information by the above-described intraoral three-dimensional
measuring method and displaying the images in an overlapping manner.

[0036] According to the present invention, the synthetic three-dimensional image is created
while a state where the narrow range three-dimensional image is overlapped on the wide
range three-dimensional image is displayed. Therefore, the user performs the synthesis
operation while visually checking the synthesis state, and thus the synthetic three-dimensional
information is created more accurately.

[0037] In an embodiment according to the present invention, the wide range three-dimensional
measurement information and the plurality of pieces of narrow range three-dimensional
measurement information displayed as the images in an overlapping manner may be displayed
with at least one of brightness, color, luminance and display pattern being different between
the images.

[0038] According to the present invention, the user clearly recognizes the narrow range three-
dimensional image against the wide range three-dimensional image. Therefore, the synthetic
three-dimensional information is created more accurately.

[0039] In an embodiment according to the present invention, the measurement information
acquisition unit may include a three-dimensional measurement element including a light source
emitting projection light toward a measurement target; an image capturing element capturing
an image of an area irradiated with the projection light; a guide path guiding light reflected by
the measurement target toward the image capturing element; and a handheld housing
accommodating the light source, the guide path and the image capturing element.

[0040] The light source described above may be any of various light sources including a planar
light source having a planar light emitting portion, a point light source having a point-like light
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emitting portion, and a strip light source having a strip-like light emitting portion. The light
source may be a single light source or an array light source including a plurality of light
sources. The light source may emit light that is shaped by a lens, an optical fiber, a light
diffuser, a mask or the like. The light source may be a uniform light source emitting uniform
projection light or a structured light source emitting structured light having a sine waveform-like
pattern, a lattice pattern or the like, or may include both of the uniform light source and the
structured light source. The structured light source may include a mechanism dynamically
changing the pattern of the structured projection light. The light source maybe located such
that the projection light passes the guide path or is directed directly toward the measurement
target without passing the guide path.

[0041] In the case where a stereo method by use of a multiview camera is used as the three-
dimensional measuring method, a plurality of image capturing units may be used. In the case
where any other method is used as the three-dimensional measuring method, a single image
capturing unit may be used. The image capturing unit may be a CCD (Charge Coupled Device)
image sensor using a photodiode, a CMOS (Complementary MOS) image sensor, or the like.

[0042] According to the present invention, three-dimensional on the measurement range in the
narrow intraoral space is performed at high precision.

[0043] In an embodiment according to the present invention, the guide path may include a
wide range guide path usable to measure the wide range; a narrow range guide path usable to
measure the narrow range; and a switching unit switching the guide path to the wide range
guide path or to the narrow range guide path.

[0044] According to the present invention, one three-dimensional measurement element is
usable to perform three-dimensional measurement on the entirety of the measurement range
at high precision by merely switching the measurement range to the wide measurement range
or to the narrow measurement range with a simple structure.

[0045] In an embodiment according to the present invention, a part of the housing may include
an exchangeable unit that includes at least the guide path and is detachable and
exchangeable to change the measurement range.

[0046] According to the present invention, one three-dimensional measurement element is
usable to perform three-dimensional measurement on the entirety of the measurement range
at high precision by merely switching the exchangeable unit to switch the measurement range
to the wide measurement range or to the narrow measurement range.

[0047] Preferably, the attachment error detection unit detecting an attachment error for the
exchangeable unit, and the measurement result correction unit correcting the measurement

result based on the attachment error, are further provided.

[0048] In an embodiment according to the present invention, the intraoral three-dimensional
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measuring device may further include an attachment that includes at least the guide path and
is detachable from the housing to change the measurement range.

[0049] According to the present invention, one three-dimensional measurement element is
usable to perform three-dimensional measurement on the entirety of the measurement range
at high precision by merely detaching or attaching the attachment to switch the measurement
range to the wide measurement range or to the narrow measurement range.

[0050] Preferably, the attachment error detection unit detecting an attachment error for the
attachment, and the measurement result correction unit correcting the measurement result
based on the attachment error, are further provided.

[Effect of the Invention]

[0051] The present invention provides an intraoral three-dimensional measuring device and an
intraoral three-dimensional measuring method capable of accurately performing three-
dimensional measurement on a wide measurement range in an intraoral space, which is
narrow, and also provides an intraoral three-dimensional measurement result display method.

BRIEF DESCRIPTION OF DRAWINGS

[0052]
FIG. 1 is a schematic structural view of an intraoral three-dimensional measuring device.
FIG. 2 is a schematic structural view of a handy scanner in an embodiment.

FIG. 3 is a flowchart showing an intraoral three-dimensional measuring method in an
embodiment.

FIG. 4 shows the intraoral three-dimensional measuring method.

FIG. 5 is a schematic structural view of a handy scanner in another embodiment.
FIG. 6 is a schematic structural view of a handy scanner in still another embodiment.
FIG. 7 is a schematic structural view of a handy scanner in still another embodiment.

FIG. 8 is a flowchart showing an intraoral three-dimensional measuring method in another
embodiment.

FIG. 9 is a flowchart showing an intraoral three-dimensional measuring method in still another
embodiment.

FIG. 10 is a schematic view showing an intraoral three-dimensional measurement result
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display method.

FIG. 11 shows a conventional intraoral three-dimensional measuring method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0053] Hereinafter, an intraoral three-dimensional measuring device 1 according to the present
invention will be described with reference to FIG. 1 through FIG. 4.

[0054] FIG. 1 is a schematic view of an intraoral three-dimensional measuring device 1. FIG. 2
is a schematic structural view of a handy scanner 10 (corresponding to a three-dimensional
measuring element). FIG. 3 is a flowchart showing an intraoral three-dimensional measuring
method. FIG. 4 shows the intraoral three-dimensional measuring method.

[0055] In more detail, FIG. 4(a) is an isometric view of a wide range three-dimensional
measuring state, FIG. 4(b) is an isometric view of a narrow range three-dimensional measuring
state, FIG. 4(c) shows a wide range three-dimensional image Iw (corresponding to wide range
three-dimensional image information), FIG. 4(d) shows a state where narrow range three-
dimensional images In (corresponding to narrow range three-dimensional image information)
are overlapped on the wide range three-dimensional image Iw, and FIG. 4 (e) shows a
synthetic three-dimensional image Ic (corresponding to synthetic three-dimensional image
information).

[0056] As shown in FIG. 1, the intraoral three-dimensional measuring device 1 is for
measuring a three-dimensional shape of an intraoral dental arch Da, and includes a handy
scanner 10, a control unit 20 and a monitor 30. The handy scanner 10 and the monitor 30 are
connected with the control unit 20.

[0057] The handy scanner 10 includes a handheld housing main body 110 and a tip unit 120
(120a, 120b) (corresponding to an exchangeable unit) detachable from the housing main body
110.

[0058] The housing main body 110 accommodates a light source 111, a pattern generation
unit 112, and an image capturing unit 113 (corresponding to an image capturing element). The
pattern generation unit 112 converts projection light Lt, emitted from the light source 111
toward a tooth T as a measurement target, into structured light having a desirable pattern. The
image capturing unit 113 captures an image of an area irradiated with the projection light Lt.
The housing main body 110 is connected with the control unit 20 described below, and the light
source 111, the pattern generation unit 112 and the image capturing unit 113 are controlled by
a control/computation device 21 included in the control unit 20.
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[0059] In this example, the pattern generation unit 112 is, for example, a slit mask including
light transmissive portions and light blocking portions provided alternately in a periodical
manner. After passing the pattern generation unit 112, the projection light Lt emitted by the
light source 111 has a sinewave pattern. A combination of the light source 111 and the pattern
generation unit 112 may be considered as a light source for structured light.

[0060] The light source 111 may be any of various light sources including a planar light source
having a planar light emitting portion, a point light source having a point-like light emitting
portion, and a strip light source having a strip-like light emitting portion. The light source 111
maybe a single light source or an array light source including a plurality of light sources. The
light source 111 may emit light that is shaped by a lens, an optical fiber, a light diffuser, a mask
or the like.

[0061] In the case where the three-dimensional measuring method used by the intraoral three-
dimensional measuring device 1 is a stereo method by use of a multiview camera, a plurality of
image capturing units 113 are used. In the case where the three-dimensional measuring
method used by the intraoral three-dimensional measuring device 1 is any other method, a
single image capturing unit 113 is used. In this example, the intraoral three-dimensional
measuring device 1 uses a phase shift method, and a single image capturing unit 113 is used.

[0062] The image capturing unit 113 may be a CCD (Charge Coupled Device) image sensor
using a photodiode, a CMOS (Complementary MOS) image sensor, or the like. In FIG. 2, a
light input/output opening 121 is on a bottom and tip side. Alternatively, the light input/output
opening 121 may be at any side.

[0063] The tip unit 120 is detachable from a tip of the housing main body 110. The tip unit 120
includes a guide path 130. The guide path 130 guides the projection light Lt emitted from the
light source 111 toward the tooth T or the like as the measurement target and also guides
reflected light Lr reflected by the tooth T or the like. The tip unit 120 also includes the light
input/output opening 121 at a bottom surface on the tip side. Via the light input/output opening
121, the projection light Lt is output toward the tooth T, and the reflected light Lr reflected by
the tooth T is incident on the tip unit 120.

[0064] The guide path 130 includes a projection light path 131 usable to guide the projection
light Lt and a reflected light path 132 usable to guide the reflected light Lr.

[0065] There are two types of tip unit 120. One is a wide range tip unit 120a usable to
measure a wide range, and the other is a narrow range tip unit 120b usable to measure a
range narrower than the wide range. The wide range tip unit 120a and the narrow range tip
unit 120b are attachable to the housing main body 110 in an exchangeable manner.

[0066] The wide range tip unit 120a and the narrow unit tip unit 120b include different types of
guide path 130. The wide range tip unit 120a includes a wide range guide path 130a usable to
measure a wide range, and the narrow unit tip unit 120b includes a narrow range guide path
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130b usable to measure a narrow range.

[0067] The wide range guide path 130a includes a wide range projection light path 131a and a
wide range reflected light path 132a. The narrow range guide path 130b includes a narrow
range projection light path 131b and a narrow range reflected light path 132b. The size of
range to be measured may be adjusted by appropriately designing the positions, the focal
distances and the number of lenses or any other optical element built in the guide path 130 of
the tip unit 120.

[0068] The control unit 20 connected with the handy scanner 10 and the monitor 30 includes
the control/computation device 21, and a storage unit 22.

[0069] The control/computation device 21 controls the light emission of the light source 111, a
dynamic change in the pattern of the structured light to be projected (e.g., a shift in the phase
of the structured light when the phase shift method is used, or a change in the focal position of
the structured light when the focus method is used), or the image capturing of the image
capturing unit 113. The control/computation device 21 also computes a three-dimensional
shape based on the result of image capturing performed by the image capturing unit 113 to
generate a three-dimensional measurement image. The storage unit 22 is connected with the
control/computation device 21 and stores a control program or the like usable to control
various data or devices connected thereto.

[0070] The monitor 30 is a display device such as a liquid crystal display device or the like, and
is connected with the control unit 20. The monitor 30 is controlled by the control unit 20 to
display a three-dimensional measurement image | or the like.

[0071] In FIG. 1, the control unit 20 and the handy scanner 10 have different housings. In the
case where the entirety of, or a part of, the control unit 20 is sufficiently small, the control unit
20 may be accommodated in the housing main body 110 of the handy scanner 10.

[0072] The intraoral three-dimensional measuring device 1 having such a structure is used to
accurately perform three-dimensional measurement on a wide measurement range in the
narrow intraoral space by the intraoral three-dimensional measuring method. Hereinafter, the
intraoral three-dimensional measuring method will be described with reference to FIG. 3 and
FIG. 4.

[0073] In the following description, three-dimensional measurement will be performed on the
entirety of the dental arch Da as the wide measurement range in the narrow intraoral space.

[0074] In this case, the wide range tip unit 120a including the wide range guide path 130a is
attached to the housing main body 110 of the handy scanner 10. First, as shown in FIG. 4(a), a
wide range Rw including the entirety of the dental arch Da is subjected to three-dimensional
measurement by the handy scanner 10 to acquire wide range three-dimensional measurement
information (step s1 in FIG. 3). Based on the acquired wide range three-dimensional
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measurement information, the control/computation device 21 creates a wide range three-
dimensional image Iw (FIG. 4(c)). The wide range three-dimensional image Iw is displayed on
the monitor 30.

[0075] The wide range three-dimensional measurement information is acquired by the handy
scanner 10 including the wide range tip unit 120a including the wide range guide path 130a
and is on the entirety of the wide range Rw. Therefore, the information is of a low resolution,
and the wide range three-dimensional image Iw created based on this information is also of a
low resolution. The wide range three-dimensional image Iw often misses three-dimensional
information of dead angles and thus is incomplete. In FIG. 4(c), FIG. 4(d) and FIG. 4(e), an
image of a low resolution is represented by the dashed line, and an image of a high resolution
described below is represented by the solid line.

[0076] Next, as shown in FIG. 4(b), the narrow range tip unit 120b including the narrow range
guide path 130b is attached to the housing main body 110 of the handy scanner 10 in
replacement of the wide range tip unit 120a. A narrow range Rn including a small number of
teeth T of the dental arch Da is subjected to three-dimensional measurement by the handy
scanner 10 to acquire narrow range three-dimensional measurement information (step s2) .
Based on the acquired narrow range three-dimensional measurement information, the
control/computation device 21 creates a narrow range three-dimensional image In.

[0077] The narrow range three-dimensional measurement information is acquired by the
handy scanner 10 including the narrow range tip unit 130a including the narrow range guide
path 130b and is on the narrow range Rn narrower than the wide range Rw. Therefore, the
information is of a high resolution, and the narrow range three-dimensional image In created
based on this information is also of a high resolution.

[0078] The narrow range three-dimensional image In created by the control/computation
device 21 is displayed on the monitor 30 together with the wide range three-dimensional image
Iw. More specifically, as shown in FIG. 4(d), an overlapping process is performed (step s3). In
the overlapping step, the narrow range three-dimensional image In of a high resolution is
overlapped on the wide range three-dimensional image Ilw of a low resolution to create a
synthetic three-dimensional image Ic.

[0079] In more detail, the overlapping process is as follows. Information on a characteristic
portion (such information will be referred to as "characteristic portion information”) included in
the narrow range three-dimensional measurement information displayed as the narrow range
three-dimensional image In, and information on a characteristic portion included in the wide
range three-dimensional measurement information displayed as the wide range three-
dimensional image |lw are compared against each other, and common characteristic portion
information (corresponding to intra-measurement range position information) is extracted. By
use of such common characteristic portion information, the narrow range three-dimensional
measurement information of a high resolution (narrow range three-dimensional image In) is
overlapped on the wide range three-dimensional measurement information of a low resolution
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(wide range three-dimensional image Iw).

[0080] Such an overlapping process of overlapping the narrow range three-dimensional image
In of a high resolution on the wide range three-dimensional image Iw of a low resolution to
create the synthetic three-dimensional image Ic (step s3) is performed a plurality of times in
repetition while the number of repetition has not reached a predetermined number of times
(step s4: No) until the entirety of the dental arch Da is covered.

[0081] In the overlapping process shown in FIG. 4(d), a plurality of narrow range three-
dimensional images In of right back portions of the dental arch Da are overlapped on the wide
range three-dimensional image Iw of the entirety of the dental arch Da.

[0082] When the overlapping process of overlapping the narrow range three-dimensional
image In on the wide range three-dimensional image Iw is performed the predetermine
number of times, namely, when the plurality of narrow range three-dimensional images In are
overlapped on the entirety of the wide range three-dimensional image Iw (step s4: Yes),
information on each of parts of the wide range three-dimensional image Iw is overwritten with
the corresponding narrow range three-dimensional image In. Thus, the synthetic three-
dimensional image Ic is created (step s5).

[0083] The handy scanner 10 may include a position information acquisition unit 40 such as a
GPS or the like acquiring position information on the three-dimensional measurement
information (wide range three-dimensional measurement information, narrow range three-
dimensional measurement information) to be acquired. In this case, based on the acquired
position information (position information acquisition step), synthetic three-dimensional
information (synthetic three-dimensional image Ic) in which the position of each piece of
narrow range three-dimensional measurement information (narrow range three-dimensional
image In) is adjusted with respect to the wide range three-dimensional measurement
information (wide range three-dimensional image Iw) is created.

[0084] In the above description, the wide range tip unit 120a or the narrow range tip unit 120b
is attached to the housing main body 110 in an exchangeable manner. The hand scanner 10
may include an attachment error detection unit 50 (FIG. 1) detecting an attachment error d
(FIG. 2) between the tip unit 120 and the housing main body 110 at the time of exchange. In
this case, the control unit 20 may include a measurement result correction unit 23 (FIG. 1)
correcting a three-dimensional measurement result based on the attachment error d detected
by the attachment error detection unit 50.

[0085] In the above description, the wide range tip unit 120a or the narrow range tip unit 120b
is attached to the housing main body 110 in an exchangeable manner. Alternatively, as shown
in FIG. 5, an attachment 120c including an additional guide path 130c may be attached to the
wide range tip unit 120a, so that a combination of the wide range tip unit 120a and the
attachment 120c is used instead of the narrow range tip unit 120b.
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[0086] In FIG. 5, the attachment 120c¢ includes the light input/output opening 121 at the bottom
surface on the tip side, like the tip unit 120. Alternatively, the light input/output opening 121
may be at any side. The additional guide path 130c includes an additional projection light path
131c and an additional reflected light path 132c, like the wide range guide path 130a.

[0087] In FIG. 5, a combination of the wide range tip unit 120a and the attachment 120c is
used in place of the narrow range tip unit 120b. Alternatively, a combination of the narrow
range tip unit 120b and an attachment may be used in place of the wide range tip unit 120a.
The size of range to be measured may be adjusted by appropriately designing the positions,
the focal distances and the number of lenses or any other optical element built in the guide
paths in the tip unit and the attachment.

[0088] The attachment 120c may include an attachment error detection unit detecting an
attachment error d' (FIG. 5) between the wide range tip unit 120a and the attachment 120c. In
this case also, the control unit 20 may include a measurement result correction unit 23
correcting a three-dimensional measurement result based on the attachment error d' detected
by the attachment error detection unit 50.

[0089] As shown in FIG. 6, a tip unit 120d may be attached to the housing main body 110. The
tip unit 120d includes the wide range guide path 130a, the narrow range guide path 130b, and
an optical path switching unit 60 switching the optical path. The optical path switching unit 60
is, for example, a mirror. In this case, the control unit 20 may include a switch control unit 24
(FIG. 1) controlling the optical path switching unit 60 to switch the optical path.

[0090] In the example shown in FIG. 6, the tip unit 120d includes the wide range guide path
130a and the narrow range guide path 130b located side by side, and the optical path is
switched by the optical path switching unit 60. Alternatively, the tip unit 120d may include the
wide range guide path 130a and the additional guide path 130c included in the attachment
120c coupled with each other in series. In this case, the optical switching unit 60 switches
between a state where the light is guided by the additional guide path 130c and a state where
the light is not guided by the additional guide path 130c. The size of range to be measured
may be adjusted by appropriately selecting the positions, the focal distances and the number
of lenses or any other optical element built in the guide path 130 by the switching operation.

[0091] As shown in FIG. 7, the handy scanner 10 may include a tip unit 120e including a range
adjustment guide path 130e (including a range adjustment projection light path 131e and a
range adjustment reflected light path 132e) . The range adjustment guide path 130e adjusts
the measurement range from the wide range to the narrow range by, for example, using a
focal distance adjusting optical element such as a variable-focus lens (e.g., liquid lens), a
spatial light modulator, a deformable mirror or the like, or mechanically moving a lens or the
like included in the guide path.

[0092] In the above description, after all the narrow range three-dimensional images In are
overlapped on the wide range three-dimensional images lw (step s4: Yes), the information on
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each part of the wide range three-dimensional image Iw is overwritten with the corresponding
narrow range three-dimensional image In (step s5). Alternatively, after each narrow range
three-dimensional image In is overlapped on the wide range three-dimensional image Iw (step
s3), the information on the corresponding part of the wide range three-dimensional image lw
may be overwritten with the narrow range three-dimensional image In.

[0093] In the above description, the wide range Rw including the entirety of the dental arch Da
is subjected to three-dimensional measurement to acquire the wide range three-dimensional
measurement information, and the wide range three-dimensional image lw is created based on
the wide range three-dimensional measurement information. Alternatively, the dental arch Da
may be divided into a plurality of wide ranges, which are subjected to three-dimensional
measurement.

[0094] In this case, the measurement is performed as shown in FIG. 8. The wide range tip unit
120a including the wide range guide path 130a is attached to the housing main body 110 of the
handy scanner 10. A wide range including a part of the dental arch Da is subjected to three-
dimensional measurement by the handy scanner 10 to acquire wide range three-dimensional
measurement information (step t1).

[0095] Such a step is performed in repetition while the number of repetition has not reached a
predetermined number of times (step t2: No). As a result of the step being repeated the
predetermined number of times (step t2: Yes), the wide range three-dimensional measurement
information on the entirety of the dental arch Da is acquired. For this step, a plurality of wide
ranges are set so as to cover the entirety of the dental arch Da and so as to include overlap
portions Rr.

[0096] Such a wide range Rr is a part of the dental arch Da but is wider than the narrow range
Rn. Therefore, the number of times by which such a wide range is subjected to three-
dimensional measurement to measure the entirety of the dental arch Da is smaller than the
number of times by which the narrow range Rn is subjected to three-dimensional
measurement to measure the entirety of the dental arch Da.

[0097] Then, the acquired plurality of pieces of wide range three-dimensional measurement
information are joined together by use of, as a joining reference, three-dimensional
measurement information on the overlap portions Rr (step t3). As a result, entire joining
measurement information on the entirety of the dental arch Da is created.

[0098] Based on the entire joining measurement information, the control/computation device
21 creates a wide range three-dimensional image Iw. In the meantime, a narrow range Rn is
subjected to three-dimensional measurement to acquire narrow range three-dimensional
measurement information. Based on the acquired narrow range three-dimensional
measurement information, the control/computation device 21 creates a narrow range three-
dimensional image In (step t4). Then, an overlapping process is performed (step t5); more
specifically, the narrow range three-dimensional image In is overlapped on the wide range
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three-dimensional image Iw to create a synthetic three-dimensional image Ic. Such an
overlapping process is performed in repetition while the number of repetition has not reached a
predetermined number of times (step t6: No).

[0099] When the overlapping process of overlapping the narrow range three-dimensional
image In on the wide range three-dimensional image Iw is performed the predetermined
number of times, namely, when the plurality of narrow range three-dimensional images In are
overlapped on the entirety of the wide range three-dimensional image Iw (step t6: Yes), the
information on each of parts of the wide range three-dimensional image Iw is overwritten with
the corresponding narrow range three-dimensional image In. Thus, the synthetic three-
dimensional image Ic is created (step t7).

[0100] In the step of joining the plurality of pieces of wide range three-dimensional
measurement information to create the entire joining measurement information and creating
the wide range three-dimensional image Iw based on the entire joining measurement
information, the entire joining measurement information may be adjusted based on narrow
range three-dimensional measurement information including information on parts
corresponding to the overlap portions Rr. The information on such parts is usable as the
joining reference.

[0101] In this case, the measurement is performed as shown in FIG. 9. First, steps u1 through
u3 corresponding to step t1 through t3 in FIG. 8 are performed to create entire joining
measurement information on the entirety of the dental arch Da.

[0102] Then, the narrow range tip unit 120b including the narrow range light path 130b is
attached to the housing main body 110 of the handy scanner 10. A narrow range Rn including
a plurality of teeth T of the dental arch Da is subjected to three-dimensional measurement by
the handy scanner 10 to acquire narrow range three-dimensional measurement information
(step ud). In the case where acquired narrow range three-dimensional measurement
information includes measurement information on a part corresponding to an overlap portion
Rr, usable as the joining reference (step ub: Yes), it is determined whether or not the joining of
the corresponding parts of the wide range three-dimensional measurement information is to be
adjusted based on the narrow range three-dimensional measurement information
(corresponding to adjustment narrow range three-dimensional measurement information)
including the measurement information on the part corresponding to the overlap portion Rr.
When it is determined to perform adjustment (step u6: Yes), the adjustment is performed, and
thus post-adjustment entire joining measurement information is created (step u7). The narrow
range three-dimensional measurement information is overlapped on the post-adjustment entire
joining measurement information to create synthetic three-dimensional information (step u8).

[0103] In the case where the acquired narrow range three-dimensional measurement
information does not include measurement information on the part corresponding to the
overlap portion Rr (step u5: No), or it is determined that the joining of the corresponding parts
of the wide range three-dimensional measurement information is not to be adjusted (step u6:
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No), the narrow range three-dimensional measurement information is overlapped on the entire
joining measurement information (step u8) . Such an operation is performed in repetition while
the number of repetition has not reached a predetermined number of times (step u9: No).
When the narrow range three-dimensional measurement information is overlapped on the
entirety of the entire joining measurement information (step u9: Yes), the entire joining
measurement information is overwritten with the narrow range three-dimensional
measurement information to create a synthetic three-dimensional image Ic (step u10).

[0104] There may be an operation mode in which even if the condition for terminating the
repetition in each of steps s4, t2, t6, u2 and u9, the user terminates the measurement by
pressing a termination button or the like to create the three-dimensional image Ic or Iw
although being incomplete.

[0105] There may be an operation mode by which the user resumes the measurement from
the middle of the repetition in each of steps s4, {2, t6, u2 and u9 by pressing a resume switch
or the like.

[0106] In the above description, the narrow range three-dimensional image In of a high
resolution is overlapped on the wide range three-dimensional image Iw of a low resolution.
Alternatively, as shown in FIG. 10, for example, the wide range three-dimensional image Iw of
a low resolution may be displayed at a low brightness, or the narrow range three-dimensional
image In of a high resolution may be displayed at a high brightness. The wide range three-
dimensional image Iw and the narrow range three-dimensional image In may be displayed with
color, luminance or display pattern (e.g., in a continuously lit up state, or a blinked state) being
different between the images. Needless to say, the brightness, color, luminance, display
pattern and any other manner of display may be varied in combination.

[0107] In the above description, the measurement target is the entirety of the dental arch Da.
Alternatively, the measurement target may be, for example, a part of the dental arch Da.

[0108] As described above, the intraoral three-dimensional measuring device 1 is used to
perform a wide range three-dimensional measurement information acquisition step (step sf1,
t1, u1), a narrow range three-dimensional measurement information acquisition step (step s2,
t4, u4), and a synthetic three-dimensional information creation step (step s3, t5, u8). In the
wide range three-dimensional measurement information acquisition step, a three-dimensional
shape of the wide range Rw including the dental arch Da, which is a desirable measurement
range in an intraoral space, is measured to acquire wide range three-dimensional
measurement information. In the narrow range three-dimensional measurement information
acquisition step, three-dimensional shapes of the narrow ranges Rn, which are narrower than
the wide range Rw, are measured to acquire a plurality of pieces of narrow range three-
dimensional measurement information. In the synthetic three-dimensional information creation
step, the plurality of pieces of narrow range three-dimensional measurement information are
located based on the wide range three-dimensional measurement information to create
synthetic three-dimensional information on the measurement range. In this step, each piece of
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narrow range three-dimensional measurement information is located by use of, as a synthesis
reference, intra-measurement range position information (characteristic portion information)
common to the wide range three-dimensional measurement information and the narrow range
three-dimensional measurement information. The synthetic three-dimensional information on
the measurement range created in this manner includes the narrow range three-dimensional
measurement information based on the wide range three-dimensional measurement
information. The accumulation of errors, which is a problem of the conventional measuring
device Z, is not caused. Thus, three-dimensional measurement on the dental arch Da, which is
a wide measurement range in the narrow intraoral space, is accurately performed.

[0109] The wide range three-dimensional measurement information acquired by measurement
on the three-dimensional shape of the wide range Rw is used to create the wide range three-
dimensional image Iw. The narrow range three-dimensional measurement information
acquired by measurement on the three-dimensional shape of the narrow range Rn is used to
create the narrow range three-dimensional images In. In the synthetic three-dimensional
information creation step (step s3, t5, u8), the synthetic three-dimensional image Ic is created
based on the synthetic three-dimensional information. In this manner, the measurement
information on the entirety of the measurement range is displayed as an image. This allows the
user to make an operation while visually checking the measurement results, and thus improves
the operability.

[0110] In the narrow range three-dimensional measurement information acquisition step (step
s2, t4, ud), the narrow range three-dimensional measurement information is acquired at a
higher resolution than that of the wide range three-dimensional measurement information.
Therefore, the resultant synthetic three-dimensional information (synthetic three-dimensional
image Ic) of the measurement range includes the narrow range three-dimensional
measurement information of a high resolution based on the wide range three-dimensional
measurement information with no accumulation of errors. Thus, three-dimensional
measurement on the entirety of the measurement range is performed at a high resolution.

[0111] When the narrow range three-dimensional measurement information (narrow range
three-dimensional image In) is located on the wide range three-dimensional measurement
information (wide range three-dimensional image Iw), the part of the wide range three-
dimensional measurement information corresponding to the narrow range three-dimensional
measurement information is overwritten with the narrow range three-dimensional
measurement information (step s5, t7, u10). Therefore, the information amount of the synthetic
three-dimensional information is decreased.

[0112] The wide range three-dimensional measurement information is acquired by
measurement on the shape of the entirety of the dental arch Da. The resultant synthetic three-
dimensional information is more accurate than synthetic three-dimensional information created
in the case where a plurality of pieces of information on ranges narrower than the wide range
Rw and wider than the narrow range Rn are joined together at overlapping portions to provide
wide range three-dimensional measurement information on the entirety of the measurement
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range.

[0113] The wide range three-dimensional image Iw (wide range three-dimensional
measurement information) and the narrow range three-dimensional image In (narrow range
three-dimensional measurement information) both created by the above-described intraoral
three-dimensional measuring method may be displayed on the monitor 30 in an overlapping
manner. In this case, the synthetic three-dimensional image Ic is created while a state where
the narrow range three-dimensional image In is overlapped on the wide range three-
dimensional image lw is displayed. Therefore, the synthesis operation is performed while the
synthesis state is visually checked, and thus the synthetic three-dimensional information is
created more accurately.

[0114] The handy scanner 10 includes the light source 111; the pattern generation unit 112
converting the projection light Lt, emitted from the light source 111 toward the tooth T as a
measurement target, into structured light having a desirable pattern; the guide path 130 (130a,
130b, 130c, 130e) guiding the projection light Lt emitted from the light source 111 toward the
dental arch Da and also guiding the reflected light Lr reflected by the dental arch Da; the image
capturing unit 113 capturing an area irradiated with the projection light Lt; and the handheld
housing main body 110 accommodating the light source 111, the pattern generation unit 112
and the image capturing unit 113. Therefore, three-dimensional measurement on a
measurement range in the narrow intraoral space is performed at high precision.

[0115] The handy scanner 10 may use the wide range tip unit 120a or the narrow range tip
unit 120b in an exchangeable manner to change the measurement range. The wide range tip
unit 120a and the narrow range tip unit 120b are detachable from the housing main body 110.
In this case, the measurement range is switched to the wide measurement range or to the
narrow measurement range by merely exchanging the tip unit 120. One handy scanner 10 is
usable to perform three-dimensional measurement on the entirety of the measurement range
at high precision.

[0116] Preferably, the attachment error detection unit 50 detecting an attachment error d
between the tip unit 120a or 120b and the housing main body 110, and the measurement
result correction unit 23 correcting the measurement result based on the attachment error d,
are further provided.

[0117] As shown in FIG. 5, the handy scanner 10 may use the attachment 120c. The
attachment 120c includes the additional guide path 130c and is attachable to the wide range
tip unit 120a, attached to the housing main body 110, to change the measurement range. In
this case, the measurement range is switched to the wide measurement range or the narrow
measurement range by merely attaching or detaching the attachment 120c. One handy
scanner 10 is usable to perform three-dimensional measurement on the entirety of the
measurement range at high precision.

[0118] Preferably, the attachment error detection unit 50 detecting an attachment error d'
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between the attachment 120c and the housing main body 110, and the measurement result
correction unit 23 correcting the measurement result based on the attachment error d', are
further provided.

[0119] As shown in FIG. 6, the handy scanner 10 may use the tip unit 120d including the
optical path switching unit 60 switching the guide path to the wide range guide path 130a
usable to measure the wide range or to the narrow range guide path 130b usable to measure
the narrow range. Inthiscase, one handy scanner 10 is usable to perform three-dimensional
measurement on the entirety of the measurement range at high precision by merely switching
the measurement range to the wide measurement range or to the narrow measurement range
with a simple structure.

[0120] The handy scanner 10 may include the position information acquisition unit 40, so that
the position information acquisition step is performed. In the position information acquisition
step, the position information on each of the narrow range three-dimensional measurement
information and the wide range three-dimensional measurement information is acquired. In the
synthetic three-dimensional information creation step (step s3, t5, u8), the synthetic three-
dimensional information is adjusted based on the position information acquired in the position
information acquisition step. The resultant synthetic three-dimensional information is more
precise and more accurate.

[0121] As shown in FIG. 8, an entire joining measurement information creation step (step t3,
u3) may be performed. In the entire joining measurement information creation step, a plurality
of pieces of wide range three-dimensional measurement information are located by use of, as
the joining reference, wide range position information common to adjacent pieces of wide
range three-dimensional measurement information, to create the entire joining measurement
information on the entirety of the measurement range. In this case, the synthetic three-
dimensional information is created more accurately even on a wider measurement range.

[0122] As shown in FIG. 9, at least one of the plurality of narrow range three-dimensional
measurement information is used as narrow range three-dimensional measurement
information (adjustment narrow range three-dimensional measurement information) including
information on the part corresponding to the overlap portion Rr, which is usable as the joining
reference. Before the synthetic three-dimensional information creation step (step s3, t5, u8),
an entire joining measurement information adjustment step (step u7) may be performed. In the
entire joining measurement information adjustment step, the entire joining measurement
information is adjusted based on the narrow range three-dimensional measurement
information (adjustment narrow range three-dimensional measurement information) . In this
case, the entire joining measurement information is adjusted based on clearer characteristic
portion information. Therefore, the synthetic three-dimensional information is created more
accurately even on a wider measurement range.

[0123] As shown in FIG. 10, the wide range three-dimensional image Iw and the narrow range
three-dimensional image In may be displayed on the monitor 30 in an overlapping manner with
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at least one of brightness, color, luminance and display pattern being different between the two
types of images. In this case, the narrow range three-dimensional image In is clearly
recognizable against the wide range three-dimensional image Iw. Therefore, the synthetic
three-dimensional information is created more accurately.

[0124] The wide range three-dimensional measurement information acquisition step according
to the present invention corresponds to step s1, t1 or u1 in the above-described embodiment.
Similarly,

the narrow range three-dimensional measurement information acquisition step corresponds to
step s2, t4 or u4,

the synthetic three-dimensional information creation step corresponds to step s3, t5 or u§;

the wide range three-dimensional image information corresponds to the wide range three-
dimensional image lw;

the narrow range three-dimensional image information corresponds to the narrow range three-
dimensional image In;

the synthetic three-dimensional image information corresponds to the synthetic three-
dimensional image Ic;

the overwriting process corresponds to step s5, t7 or u10;

the entire joining measurement information creation step corresponds to step t3 or u3;

the adjustment narrow range three-dimensional measurement information corresponds to the
narrow range three-dimensional measurement information including information on a part
corresponding to the overlap portion Rr;

the entire joining measurement information adjustment step corresponds to step u7;

the measurement information acquisition unit and the three-dimensional measuring element
each correspond to the handy scanner 10;

the synthetic three-dimensional information creation unit corresponds to the
control/computation device 21;

the position information acquisition unit corresponds to the position information acquisition unit
40;

the measurement target corresponds to the dental arch Da;

the guide path corresponds to the guide path 130, the wide range guide path 130a, the narrow
range guide path 130b, the additional guide path 130c, or the range adjustment guide path
130e;

the image capturing element corresponds to the image capturing unit 113;

the wide range guide path corresponds to the wide range guide path 130a;

the narrow range guide path corresponds to the narrow range guide path 130b;

the switching unit corresponds to the optical path switching unit 60; and

the exchangeable unit corresponds to the wide range tip unit 120a or the narrow range tip unit
120b.

[0125] The present invention is not limited to the above-described embodiment, and may be
carried out in any of many various embodiments.

[0126] For example, in the above description, the desirable measurement range is the dental
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arch Da. Alternatively, the desirable measurement range may be a part of the dental arch Da,
or the entirety of, or a part of, edentulous jaw.

[0127] The above-described position information is not limited to being acquired by the
position information acquisition unit 40 such as a GPS or the like, and may be acquired by a
position sensor measuring a relative position with respect to the intraoral space. Alternatively,
the position information may be acquired by an acceleration sensor, a velocity sensor, a gyro
sensor, an azimuthal sensor, a posture sensor, or a combination of any of these sensors.

[0128] The handy scanner 10 may include a light source for illumination instead of, or in
addition to, the light source 111.

[0129] In the above description, in the state where the narrow range three-dimensional
measurement information (narrow range three-dimensional image In) is overlapped on the
wide range three-dimensional measurement information (wide range three-dimensional image
Iw), the part of the wide range three-dimensional measurement information corresponding to
the narrow range three-dimensional measurement information is overwritten with the narrow
range three-dimensional measurement information (step s5, t7, u10). Alternatively, the narrow
range three-dimensional measurement information may be merely overlapped on the wide
range three-dimensional measurement information, but the wide range three-dimensional
measurement information does not need to be overwritten with the narrow range three-
dimensional measurement information.

[Description of the Reference Numerals]

[0130]

1
Intraoral three-dimensional measuring device

10

Handy scanner
21

Control/computation device
40

Position information acquisition unit
60

Optical path switching unit
110

Housing main body
111

Light source
112

Pattern generation unit



113

Image capturing unit

120, 120d, 120e

120a

120b

120c

130

130a

130b

130c

130e

Da

Lr

Lt

Tip unit

Wide range tip unit

Narrow range tip unit

Attachment

Guide path

Wide range guide path

Narrow range guide path

Additional guide path

Range adjustment guide path

Dental arch

Synthetic three-dimensional image

Narrow range three-dimensional image

Wide range three-dimensional image

Reflected light

Projection light
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Patentkrav

1. Fremgangsmade til intraoral tredimensionel maling, omfattende:

et trin (s1, t1, u1) til opnéelse af information fra tredimensionel maling af et
bredt omrade med at opna information fra tredimensionel maling af et bredt
omrade (Iw) om en tredimensionel form malt pa et bredt omréde (Rw) i et an-
skeligt maleomrade i et intraoralt rum;

et trin (s2, t4, u4) til opnéelse af information fra tredimensionel maling af et
smalt omrade med at opna en flerhed af informationer fra tredimensionel ma-
ling af et smalt omrade (In), hver om en tredimensionel form malt pa et smalt
omrade (Rn), der er smallere end det brede omrade (Rw) i maleomradet; og
et trin (83, t5, u8) til frembringelse af syntetisk tredimensionel information med
gentagne gange at lokalisere hver af flerheden af informationer fra tredimen-
sionel maling af et smalt omréde pa dens respektive position baseret pa infor-
mationen fra tredimensionel maling af det brede omrade (In) under anven-
delse, som en syntesereference, af positionsinformation inden for maleomra-
det, som er faelles for informationen fra tredimensionel maling af et bredt om-
rade (Iw) og hver af flerheden af informationer fra tredimensionel maling af et
smalt omrade (In), til frembringelse af syntetisk tredimensionel information om
maleomradet.

2. Indretning til intraoral tredimensionel maling ifglge krav 1,

hvor informationen fra tredimensionel maling af et bredt omrade anvendes til
at frembringe tredimensionel billedinformation om et bredt omrade (Iw) om den
tredimensionelle form af det brede omrade (Rw);

flerheden af informationer fra tredimensionel maling af et smalt omréde hver
anvendes til at frembringe tredimensionel billedinformation (In) om et smalt
omrade om den tredimensionelle form af det smalle omrade (Rn); og

der i trinnet til frembringelse af syntetisk tredimensionel information frembrin-
ges syntetisk tredimensionel billedinformation (Ic) baseret pa den syntetiske
tredimensionelle information.

3. Fremgangsmade til intraoral tredimensionel maling ifalge krav 1 eller 2,
hvor, i trinnet (s2, t4, u4) til opnaelse af information fra tredimensionel maling
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af et smalt omrade, flerheden informationer fra tredimensionel maling af et
smalt omrade (In) méles med en hgjere oplasning end oplasningen af infor-
mationen fra tredimensionel méaling af et bredt omrade (Ilw).

4. Fremgangsmade til intraoral tredimensionel maling ifglge et af kravene 1 til
3, hvor, i trinnet (s3, t5, u8) til frembringelse af syntetisk tredimensionel infor-
mation, den syntetiske tredimensionelle information (Ic) frembringes under an-
vendelse, som positionsinformation inden for maleomradet, af karakteristisk
delinformation, der er feelles for hver af flerheden af informationer fra tredimen-
sionel maling af et smalt omrade (In) og informationen fra tredimensionel ma-
ling af et bredt omrade (Iw).

5. Fremgangsmade til intraoral tredimensionel maling ifelge et af kravene 1 il
4, som endvidere omfatter et trin til opndelse af positionsinformation med at
opna positionsinformation om hver af flerheden af informationer fra tredimen-
sionel maling af et smalt omrade (In) og med at opna positionsinformation om
informationen fra tredimensionel maling af et bredt omrade (Iw);

hvor den syntetiske tredimensionelle information (Ic), i trinnet (s3, t5, u8) til
frembringelse af syntetisk tredimensionel information, justeres pa basis af po-
sitionsinformationen, der er opnaeti trinnet til opnaelse af positionsinformation.

6. Fremgangsmade til intraoral tredimensionel maling ifelge et af kravene 1 il
5, hvor, i trinnet (s3, t5, u8) til frembringelse af syntetisk tredimensionel infor-
mation, en del af informationen fra tredimensionel méaling af et bredt omrade
(Iw) svarende til hver information fra tredimensionel maling af et smalt omrade
(In) overskrives (s5, t7, u10) med hver information fra tredimensionel maling
af det smalle omrade (In).

7. Fremgangsmade til intraoral tredimensionel maling ifalge et af kravene 1 il
6, hvor informationen fra tredimensionel maling af et bredt omrade (Iw) er fuld-
steendig malingsinformation om en form af helheden af maleomradet.
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8. Fremgangsmade til intraoral tredimensionel maling ifalge et af kravene 1 il
6, som endvidere omfatter et trin (t3, u3) til frembringelse af fuldstaendig for-
bindelsesmalingsinformation med at lokalisere en flerhed af informationer fra
tredimensionel maling af det brede omrade (lw) under anvendelse, som en
forbindelsesreference, af positionsinformation om et bredt omrade, der er fael-
les for tilstadende informationer fra tredimensionel maling af et bredt omrade
(Iw), til frembringelse af fuldstaendig forbindelsesmalingsinformation om hel-
heden af maleomradet.

9. Fremgangsmade til intraoral tredimensionel maling ifslge krav 8,

hvor mindst en af flerheden af informationer fra tredimensionel maling af et
smalt omrade (In) er justeringsinformation fra tredimensionel maling af et smalt
omrade, indbefattende malingsinformation om en del svarende til positionsin-
formationen om et bredt omrade (lw); og

fremgangsmaden til intraoral tredimensionel maling endvidere omfatter et trin
til justering af fuldsteendig forbindelsesmalingsinformation (u6, u7) med at ju-
stere den fuldsteendige forbindelsesmalingsinformation baseret pa justerings-
informationen fra tredimensionel maling af et smalt omrade, lokaliseret i trinnet
til frembringelse af syntetisk tredimensionel information.

10. Fremgangsmade til visning af resultat af intraoral tredimensionel maling til
frembringelse af billeder baseret pa informationen fra tredimensionel méling af
et bredt omrade (lw) og flerheden af informationer fra tredimensionel méling af
et smalt omrade (In) ved hjeelp af fremgangsmaden til intraoral tredimensionel
maling ifelge et af kravene 1 til 9 og visning af billederne pé en overlappende
made.

11. Fremgangsmade til visning af resultat af intraoral tredimensionel maling
ifelge krav 10, hvor informationen fra tredimensionel maling af et bredt omrade
(Iw) og flerheden af informationer fra tredimensionel maling af et smalt omrade
(In), vist som billedeme pa en overlappende made, vises med forskel mellem
billederne med hensyn til mindst en blandt lysstyrke, farve, luminans og vis-
ningsmenster.
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12. Indretning til intraoral tredimensionel maling, omfattende:

en enhed (20, 21) til opnaelse af malingsinformation, som er tilpasset til at
opnd information fra tredimensionel méling af et bredt omréade (Iw) om en tre-
dimensionel form malt pa et bredt omrade (Rw) i et snskeligt maleomrade i et
intraoralt rum, og til at opna en flerhed af informationer fra tredimensionel ma-
ling af et smalt omrade (In), hver om en tredimensionel form malt pa et smalt
omrade (Rn), der er smallere end det brede omrade i maleomradet; og

en enhed (20, 21) til frembringelse af syntetisk tredimensionel information,
som er tilpasset til gentagne gange at lokalisere hver af flerheden af informa-
tioner fra tredimensionel maling af et smalt omrade (In) pa dens respektive
position baseret pa informationen fra tredimensionel maling af det brede om-
rade (lw) under anvendelse, som en syntesereference, af positionsinformation
inden for maleomradet, som er feelles for informationen fra tredimensionel ma-
ling af et bredt omrade og hver af flerheden af informationer fra tredimensionel
maling af et smalt omrade, til frembringelse af syntetisk tredimensionel infor-
mation (Ic) om méaleomradet.

13. Indretning til intraoral tredimensionel maling ifelge krav 12, der yderligere
tilpasses

til at anvende informationen fra tredimensionel maling af et bredt omrade (Iw)
til at frembringe tredimensionel billedinformation om et bredt omrade (lw) om
den tredimensionelle form af det brede omrade; og

at anvende hver af flerheden af informationer fra tredimensionel maling af et
smalt omrade (In) til at frembringe tredimensionel billedinformation om et smalt
omrade om den tredimensionelle form af det smalle omrade;

hvor enheden (20, 21) til frembringelse af syntetisk tredimensionel information
tilpasses til at frembringe syntetisk tredimensionel billedinformation (Ic) base-
ret pa den syntetiske tredimensionelle information.

14. Indretning til intraoral tredimensionel maling ifelge krav 12 eller 13, som
endvidere er tilpasset til at male flerheden informationer fra tredimensionel méa-
ling af et smalt omrade (In) med en hajere opl@sning end oplasningen af infor-
mationen fra tredimensionel méling af et bredt omrade (lw).
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15. Indretning til intraoral tredimensionel maling ifalge et af kravene 12 til 14,
hvor enheden (20, 21) til frembringelse af syntetisk tredimensionel information
er tilpasset til at frembringe den syntetiske tredimensionelle information (Ic)
under anvendelse, som positionsinformation inden for maleomradet, af karak-
teristisk delinformation, der er faelles for hver af flerheden af informationer fra
tredimensionel maling af et smalt omréde (In) og informationen fra tredimensi-
onel maling af et bredt omrade (Iw).

16. Indretning til intraoral tredimensionel maling ifelge et af kravene 12 til 15,
som endvidere omfatter en enhed (40) tilpasset til at opna positionsinformation
om hver af flerheden af informationer fra tredimensionel maling af et smalt om-
rade (In) og at opna positionsinformation om informationen fra tredimensionel
maling af et bredt omrade (Iw);

hvor enheden (20, 21) til frembringelse af den syntetiske tredimensionelle in-
formation er tilpasset til at justere den syntetiske tredimensionelle information
(Ic) pa basis af positionsinformationen, der er opnaet ved hjeelp af enheden
(40) til opnaelse af positionsinformation.

17. Indretning til intraoral tredimensionel maling ifglge et kravene 12 til 16, hvor
enheden (20, 21) til opnaelse af malingsinformation omfatter et element til tre-
dimensionel maling, som indbefatter:

en lyskilde (111), der udsender projektionslys i retning mod et malingsobjekt;
et billedoptagelseselement (113), der optager et billede af et omrade, som be-
strales med projektionslyset;

en faringsvej (132), som leder det lys, der reflekteres af malingsobjektet, i ret-
ning mod billedoptagelseselementet (113); og

et handholdt hus (110), der rummer lyskilden (111), faringsvejen (132) og bil-
ledoptagelseselementet (113).

18. Indretning til intraoral tredimensionel maling ifelge krav 17, hvor feringsve-
jen indbefatter:
en fgringsvej til et bredt omrade (132a), som kan anvendes til at méle det
brede omrade;
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en feringsvej til et smalt omrade (132b), som kan anvendes til at méle det
smalle omrade; og

en omskiftningsenhed (20, 21), der skifter faringsvejen til faringsvejen til et
bredt omréde (132a) eller til feringsvejen til et smalt omrade (132b).

19. Indretning til intraoral tredimensionel maling ifalge krav 17 eller 18, hvor en
del af huset (110) indbefatter en udskiftelig enhed (120), der indbefatter mindst
feringsvejen (132) og er aftagelig og udskiftelig til &2ndring af maleomradet.

20. Indretning til intraoral tredimensionel maling ifglge krav 17 eller 18, som
endvidere omfatter en anordning (120), der indbefatter mindst faringsvejen
(132) og er aftagelig fra huset (110) til &endring af maleomradet.
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