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(54) DRAWING  CREATION DEVICE AND DRAWING CREATION METHOD

(57) An object of the present invention is to provide
a drawing creation apparatus and a drawing creation
method capable of conveniently creating a drawing of a
large structure such as a bridge, without generating an
accumulation error by a connection of an image. In an
aspect of the present invention, an outer shape of an
outline of a structure which is a creation target of a draw-
ing is acquired from map information 170, and distance
images of a plurality of portions including annex informa-
tion indicating an imaging position and an imaging direc-
tion captured by dividing the structure by a plurality of

times from a Time Of Flight (TOF) camera 10 are ac-
quired. A connection processing unit 140 connects the
acquired distance images of the plurality of portions with
each other, by using the annex information on the dis-
tance images, however, connects the distance images
so that the distance images correspond to the outer
shape of the structure, by using the outer shape of the
structure at the time of the connection. A drawing creation
unit 150 automatically creates a drawing of the structure
from the distance images (three-dimensional information
on the entire structure) connected with each other.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a drawing cre-
ation apparatus and a drawing creation method, and par-
ticularly relates to a technique which conveniently cre-
ates a drawing of a large structure such as a bridge and
a dam.

2. Description of the Related Art

[0002] It is necessary to regularly perform an inspec-
tion on a social infrastructure such as a bridge. In a case
of the inspection of the structure, a drawing such as a
design drawing of the structure is necessary, however,
there is a case in which a drawing is dispersed and dis-
appeared in old structure. In this case, there is a problem
that huge cost and effort are taken to measure the struc-
ture and newly create a drawing.
[0003] JP2004-272459A discloses an automatic gen-
eration device which automatically generates three-di-
mensional shape data with high precision with respect
to a plant, building road, a cultural building, and the like,
by using a technique called as a laser scanning. In ad-
dition, JP2004-272459A discloses a technique for auto-
matically combining a plurality of range images which are
obtained from a plurality of measurement points.
[0004] The automatic generation device disclosed in
JP2004-272459A performs a segmentation for extracting
an edge and a face of a plurality of point group data having
three-dimensional coordinates, and determines the
three-dimensional shape on the basis of segment infor-
mation which is generated by the segmentation and a
predetermined function (plane equation or curved sur-
face equation).
[0005] In addition, a method is described below as a
method in which an automatic matching is performed on
the plurality of range images obtained from the plurality
of measurement points, and the whole range images are
converted into a global coordinate system.
[0006] First, it is assumed that randomly three seg-
ments are selected from each of the range images and
the three segments are corresponding segments. Next,
a rotation matrix and a movement amount vector are es-
timated, from the corresponding segments, and a con-
formity degree of segments which correspond with each
other in a case in which two range images are overlapped
is obtained by using the estimated rotation matrix and
the movement amount vector, by a unique value and a
unique vector. The processing described above is per-
formed by a combination of the whole segment, and a
rotation matrix and a movement amount vector having
the highest conformity degree are employed.
[0007] In addition, JP2010-236971A discloses a meth-
od in which distance images between adjacent frames

are gradually connected with each other, by deploying
the distance images between the adjacent frames on the
same coordinate system using a rotation matrix and a
translation vector between each of frames to overlap the
distance images and color images such as a bridge, a
road, a tunnel wall surface, and the like imaged by a
three-dimensional image sensor which is loaded on a
vehicle, and a three-dimensional shape of the bridge, the
road, the tunnel wall surface, and the like is detected.

SUMMARY OF THE INVENTION

[0008] JP2004-272459A discloses a disadvantage
that the position or the measurement direction of an ac-
curate measurement point is required to match the posi-
tions of the plurality of range images, and such informa-
tion is obtained. Therefore, the automatic generation de-
vice disclosed in JP2004-272459A does not use the in-
formation on the position or the measurement direction
of the measurement point as described above, selects
the plurality of (random three) segments which are
present in each of the range images, estimates the rota-
tion matrix and the movement amount vector from the
corresponding segments in each of the range images,
and obtains the conformity degree of the segments which
correspond with each other in a case in which each of
the range images is overlapped with each other by using
the estimated rotation matrix and the movement amount
vector, by the unique value and the unique vector.
[0009] Therefore, three or more segments correspond-
ing to each of the range images are required to be in-
cluded in each of the range images, a shape of each
segment is required to have a three-dimensional shape
appropriate to a predetermined function (plane equation
or curved surface equation), and in a case in which the
three or more segments satisfying such a condition is not
present in each of the range images, the invention dis-
closed in JP2004-272459A is not able to be employed.
[0010] The invention disclosed in JP2010-236971A is
also a method in which the position or the imaging direc-
tion of the imaging point is not detected, a translation and
a rotation of a camera coordinate system is detected for
each frame, and the distance image between the adja-
cent frames, and the like are combined (connected with
each other).
[0011] In addition, the inventions disclosed in
JP2004-272459A and JP2010-236971A connects a plu-
rality of images with each other by using any rotation
matrix and movement amount vector, and in a case in
which the number of the connected images is increased,
have a problem that an accumulation error by the con-
nection becomes large.
[0012] The present invention is made in consideration
of such circumstance, and an object of the present in-
vention is to provide a drawing creation apparatus and a
drawing creation method capable of conveniently creat-
ing a drawing of a structure such as a bridge, without
generating an accumulation error by a connection of an
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image.
[0013] In order to achieve the object, the invention ac-
cording to an aspect comprises: an outer shape acquisi-
tion unit that acquires an outer shape of an outline of the
structure which is a creation target of a drawing; a dis-
tance image capture device that captures the structure,
and captures distance images including annex informa-
tion indicating an imaging position and an imaging direc-
tion; a distance image acquisition unit that acquires a
plurality of distance images of a plurality of portions con-
figuring the structure, the distance images being obtained
by capturing by the distance image capture device; a
connection processing unit that connects the distance
images of the plurality of portions with each other which
are acquired by the distance image acquisition unit, by
using the outer shape of the structure acquired by the
outer shape acquisition unit and the annex information
on the distance images; and a drawing creation unit that
creates the drawing of the structure from the distance
images connected with each other by the connection
processing unit.
[0014] According to an aspect of the present invention,
the outer shape of the outline of the structure which is
the creation target of the drawing is acquired. The outer
shape of the outline of the structure may be, for example,
in a case in which the structure is a bridge, a plane shape
determined by the length and the width of the bridge. The
distance image capture device captures the distance im-
ages including the annex information indicating the im-
aging positions and the imaging directions, which cap-
tures the structure in the plurality of imaging positions
and imaging directions. The distance image acquisition
unit acquires the distance images of the plurality of por-
tions configuring the structure, which are obtained by
capturing the distance image capture device. The con-
nection processing unit connects the distance images of
the plurality of portions with each other, which are ac-
quired by the distance image acquisition unit, by using
the outer shape of the structure and the annex informa-
tion on the distance images. The using the annex infor-
mation (imaging position and imaging direction) of the
distance images may be converting the distance images
into a three-dimensional coordinates of a global coordi-
nate system. In addition, in a case in which the outer
shape of the structure is expressed on the global coor-
dinate system, it is possible to connect the distance im-
ages with each other by inserting the distance images
which are converted into the global coordinate system
into the outer shape of the structure of the global coor-
dinate system thereof. In addition, the drawing creation
unit automatically creates the drawing of the structure
from the distance images which are connected with each
other. Since the distance images are connected with
each other by combining the distance images to the outer
shape of the structure as described above, an accumu-
lation error by the connection of the distance images does
not occur, and it is possible to conveniently create the
drawing of a large structure such as a bridge.

[0015] In the drawing creation apparatus according to
another aspect of the present invention, it is preferable
that the distance image capture device comprises an es-
timation unit that estimates the number of the times of
capturing from the outer dimension of the outline of the
structure, and a first notification unit that notifies a result
estimated by the estimation unit.
[0016] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the distance image capture device comprises
a global positioning system and a azimuth sensor, and
uses GPS information and azimuth information acquired
from the global positioning system and the azimuth sen-
sor, respectively, at the time of capturing the distance
images, as the annex information indicating the imaging
position and the imaging direction.
[0017] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the distance image capture device comprises
a second notification unit that notifies information indi-
cating which position of the whole structure is captured,
in a case in which the structure is captured. Therefore,
in a case in which the structure is captured by dividing
the capture into a plurality of times, it is possible to support
the imaging position and the imaging direction.
[0018] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises a
first display unit that displays the distance images as vis-
ualization which are captured by the distance image cap-
ture device, or a second display unit that displays a vis-
ualization image acquired by a capture device which cap-
tures the visualization image of the same capture area
as that of the distance image capture device. Since the
visualization image is displayed by the first display unit
or the second display unit, it is possible to capture the
structure while viewing the visualization image.
[0019] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises a
third display unit that displays a previously-captured area
where the capture of the distance images is performed
with respect to the structure and a non-captured area
where the capture of the distance images is not per-
formed with respect to the structure, in a distinguishable
manner. Therefore, it is possible to capture the structure
so that the non-captured area of the structure is not re-
mained.
[0020] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the distance image capture device is a time
of flight type camera. However, a three-dimensional laser
scanner or a stereo camera may be used as the distance
image capture device.
[0021] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation unit creates a diagram
formed by connecting points with each other, which are
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seen as a contour of the structure from the distance im-
ages which are connected with each other. For example,
in a case in which each pixel (distance information) of
the distance image is set as the visualization image which
is converted into the luminance corresponding to the dis-
tance, the change point of the luminance in the visuali-
zation image thereof is the point seen as the contour of
the structure.
[0022] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises a
first manual correction unit that manually corrects the
connection of the distance images of the plurality of por-
tions by the connection processing unit. For example,
the positions (specifically, imaging position and imaging
direction used at the time of coordinate conversion) of
the distance images are manually corrected, so that the
outer shape of the structure and the visualization image
of the distance image are displayed so as to overlap, and
a portion corresponding to the outer shape among the
distance image and the outer shape correspond with
each other.
[0023] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises a
second manual correction unit that manually corrects the
drawing of the structure which is created by the drawing
creation unit. For example, in a case in which a portion
corrupting the diagram among the created drawing, or
the like is present, a correction for successively connect-
ing the diagrams or the like is performed.
[0024] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises a
dimension appending unit that appends a dimension line
and a dimension in the drawing of the structure. Since
the distance images (three-dimensional information) of
the whole structure are present, it is possible to obtain
the distance (dimension) between random positions of
the structure and append the obtained dimension in the
drawing.
[0025] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the outer shape acquisition unit acquires the
outer shape of the structure from map information ex-
pressing the outer shape of the outline of the structure.
[0026] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the map information is map information ac-
quirable from a map information system, or map infor-
mation provided by a map information provision service
on the Internet.
[0027] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the drawing creation apparatus comprises an
unmanned aerial vehicle that loads the distance image
capture device and a control unit that controls the un-
manned aerial vehicle, and the distance image acquisi-

tion unit acquires the plurality of distance images which
are obtained by capturing by the distance image capture
device loaded on the unmanned aerial vehicle. It is pref-
erable that a drone having an automatic driving function
is used as the unmanned aerial vehicle.
[0028] In the drawing creation apparatus according to
further another aspect of the present invention, it is pref-
erable that the distance image capture device succes-
sively captures the distance images at a regular frame
rate, and the distance image acquisition unit acquires the
images of the plurality of portions used in the connection
among the successively captured distance images.
[0029] A drawing creation method according to further
another aspect of the present invention comprises a step
of acquiring an outer shape of an outline of a structure
which is a creation target of a drawing; a step of acquiring
a plurality of distance images of a plurality of portions
configuring the structure, which are distance images be-
ing acquired by a distance image capture device which
captures the structure; a step of connecting the acquired
distance images of the plurality of portions with each oth-
er, by using the acquired outer shape of the structure and
annex information on the distance images; and a step of
creating the drawing of the structure from the distance
images which are connected with each other.
[0030] According to the present invention, since the
distance images of the plurality of portions of the struc-
ture, which are captured by the distance image capture
device, are connected with each other, by using the outer
shape of the structure and the annex information (imag-
ing position and imaging direction) of the distance imag-
es, and the drawing of the structure is created from the
distance images which are connected with each other,
an accumulation error by the connection of the images
does not occur, and it is possible to conveniently create
the drawing of a large structure such as a bridge.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 is a main part block diagram illustrating an
embodiment of a drawing creation apparatus ac-
cording to the present invention.
Fig. 2 is a block diagram illustrating an internal con-
figuration of a TOF camera illustrated in Fig. 1.
Fig. 3 is a diagram illustrating an operation process-
ing of a distance between an object T1 and a close
object T2 in a measurement area.
Fig. 4 is a diagram illustrating an example of a dis-
tance image file in which a distance image and annex
information are related to each other.
Fig. 5 is a diagram illustrating a map (aerial photo-
graph) including a structure of a target.
Fig. 6 is a diagram illustrating an outer shape of a
bridge, the number of captures in which a bridge is
divided and captured, a global coordinate system,
and the like.
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Fig. 7 is a diagram illustrating a visualization image
corresponding to three-dimensional information on
a portion of the bridge.
Fig. 8 is a diagram created according to the three-
dimensional information on the portion of the bridge,
and the diagram in which a dimension is appended.
Fig. 9 is a block diagram of an unmanned aerial ve-
hicle.
Fig. 10 is a diagram used for describing another em-
bodiment of an image sensor which may be applied
to the TOF camera.
Fig. 11 is a flowchart illustrating an embodiment of
a drawing creation method according to the present
invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0032] Hereinafter, embodiments of a drawing creation
apparatus and a drawing creation method according to
the present invention will be described with reference to
the accompanying drawings.

[Drawing creation apparatus]

[0033] Fig. 1 is a main part block diagram illustrating
the embodiment of the drawing creation apparatus ac-
cording to the present invention.
[0034] As illustrated in Fig. 1, the drawing creation ap-
paratus is configured from a time of flight type camera
10 (hereinafter "TOF camera") functions as a distance
image capture device 10 and a drawing creation appa-
ratus main body 100.
[0035] In the drawing creation apparatus of the present
embodiment, the TOF 10 and the drawing creation ap-
paratus main body 100 are separated from each other,
and have a wireless communication function which en-
ables the TOF 10 and the drawing creation apparatus
main body 100 to communicate with each other. Howev-
er, the drawing creation apparatus may be configured
from a TOF camera integrated portable device such as
a TOF camera portable information terminal, a smart
phone, or a tablet terminal, and in this case, the wireless
communication function is not necessary.

<TOF camera 10>

[0036] Fig. 2 is a block diagram illustrating an internal
configuration of the TOF camera 10 illustrated in Fig. 1.
[0037] The TOF camera 10 illustrated in Fig. 2 is a
camera which obtains the distance to a subject by emit-
ting light on a subject and measuring the time taken to
receive reflection light thereof by a sensor, and mainly
configured from an image forming lens 12, a distance
image sensor 14, an Analog-to-Digital (A/D) converter
16, an interface circuit 18, a memory 19, a Central
Processing Unit (CPU) 20, a pulse light emitting unit 22,
an exposure control unit 24, an operation unit 26, a dis-

play unit 28 such as a liquid crystal display device, a
Global Positioning System (GPS) (hereinafter, referred
to as "GPS device") 30, a azimuth sensor 32, and a first
communication unit 34.
[0038] The pulse light emitting unit 22 includes a near-
infrared ray light emitting diode (near-infrared LED), and
generates pulse light having a regular pulse width in syn-
chronization with a light emitting timing signal from the
exposure control unit 24. In addition, the pulse light emit-
ting unit 22 emits the pulse light on the whole capture
area captured through at least image forming lens 12.
Further, the pulse light emitted from the near-infrared
LED of the pulse light emitting unit 22 is near-infrared ray.
[0039] The image forming lens 12 image-forms the re-
flection light (including reflection light of the pulse light
which is emitted from the pulse light emitting unit 22 and
reflected from the surface of the structure) from the sub-
ject (structure) on the distance image sensor 14.
[0040] The distance image sensor 14 is configured by
a Complementary Metal-Oxide Semiconductor (CMOS)
driver having a vertical driver, a horizontal driver, and the
like, and a CMOS type image sensor driven by a timing
generator. In addition, the distance image sensor 14 is
not limited to the CMOS type, and may be an XY address
type or a Charge Coupled Device (CCD) type image sen-
sor.
[0041] It is preferable for the distance image sensor 14
to have a plurality of light receiving elements (photodi-
odes) arranged in a two-dimensional shape, and a band
pass filter through which only a wavelength band of the
pulse light of the near-infrared emitted from the pulse
light emitting unit 22 passes or a visible light cut filter
which removes visible light is provided on an incident
side surface of the plurality of light receiving elements.
Therefore, the plurality of light receiving elements of the
distance image sensor 14 function as a pixel sensitive to
the near-infrared ray.
[0042] The distance image sensor 14 controls the ex-
posure period (exposure time and exposure timing) by a
shutter control signal added from the exposure control
unit 24. In each light receiving element of the distance
image sensor 14, an electric charge corresponding to an
amount of light of the incident near-infrared ray during
the exposure period is accumulated. In addition, a pixel
signal (analog signal corresponding to electric charge
accumulated in each pixel) corresponding to the amount
of incident light of the near-infrared ray from the subject
is read from the distance image sensor 14.
[0043] Here, although details of the exposure control
unit 24 will be described later, the exposure control unit
24 sequentially performs a first exposure control in which
the pulse light is emitted from the pulse light emitting unit
22, and a difference between amounts (light receiving
times of pulse lights) of exposures in corresponding light
receiving elements of the distance image sensor 14 oc-
curs according to at least the distance of subject (struc-
ture), and a second exposure control in which the whole
light receiving element of the distance image sensor 14
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exposes the whole pulse light which is reflected from the
structure, which is the second exposure control in which
the pulse light is emitted from the pulse light emitting unit
22, and the phase of an exposure start for the pulse light
is different from a phase of the exposure start for the
pulse light of the first exposure control.
[0044] The analog signal read from the distance image
sensor 14 after the exposure control by the exposure
control unit 24 is converted into a digital signal by the A/D
converter 16, and maintained in the memory 19 through
the interface circuit 18 which functions as an image input
controller.
[0045] The memory 19 stores various types of data
and the like necessary in processing in the CPU 20, and
functions as a working memory of the CPU 20. In addition,
the memory 19 is able to function as a recording medium
which records the distance image captured by the TOF
camera 10.
[0046] The operation unit 26 includes a power switch,
a shutter button, a mode selection unit, and the like, and
an instruction input in the operation unit 26 is added to
the CPU 20.
[0047] Although descriptions of the CPU 20 will be de-
scribed later, the CPU 20 has a function as a device con-
trol unit which generally controls each unit such as the
exposure control unit 24 according to the instruction input
in the operation unit 26, and a function as a distance
image generation unit 20A.
[0048] The distance image generation unit 20A gener-
ates a three-dimensional distance image of the structure
of the capture target, on the basis of a sensor output of
the distance image sensor 14.

<Basic principle of TOF method>

[0049] Next, a basic principle for acquiring the three-
dimensional distance image by the TOF camera 10 is
described.
[0050] The pulse light emitted from the pulse light emit-
ting unit 22 of the TOF camera 10 enters to a subject
(structure) in a measurement area, and the pulse light
reflected from the structure is image-formed (received)
by the distance image sensor 14 through the image form-
ing lens 12.
[0051] Fig. 3 is a diagram illustrating an operation
processing of the distance between a distant object T1
and a close object T2 in the measurement area.
[0052] The pulse light emitting unit 22 is pulse-driven
by the exposure control unit 24, however, as illustrated
in Figs. 3A and 3B, the distance image sensor 14 se-
quentially performs the two exposure controls of the first
exposure and the second exposure by the exposure con-
trol unit 24, in synchronization with the pulse driving of
the pulse light emitting unit 22.
[0053] The first exposure control illustrated in Fig. 3A
is an exposure control for controlling the exposure period
so that the pulse light is emitted from the pulse light emit-
ting unit 22, and a difference between amounts of expo-

sures in corresponding light receiving elements of the
distance image sensor 14 occurs according to at least
the distance of subject. After the pulse light is emitted
from the pulse light emitting unit 22, an exposure starts
after a certain time (time taken for light to return from the
farthest object which may be measured) has elapsed,
and the exposure ends after a time (predetermined ex-
posure time) taken for the whole pulse light which is re-
flected from at least the farthest subject returns has
elapsed.
[0054] According to the first exposure control de-
scribed above, in a case in which the reflection rate of
the object is consistent, in a state of a comparison be-
tween the distant object T1 and the close object T2, an
amount of exposure increases by the distant object T1.
[0055] The second exposure control illustrated in Fig.
3B is an exposure control in which the pulse light is emit-
ted from the pulse light emitting unit 22, and the phase
of an exposure start for the pulse light is different from a
phase of the exposure start for the pulse light of the first
exposure control, and an exposure control for removing
a change of the amount of exposure of the distance image
sensor 14 by a difference of the reflection rate of the
object. In the present example, the second exposure con-
trol is an exposure control in which the whole light receiv-
ing element of the distance image sensor 14 exposures
the whole pulse light which is reflected from the object.
Specifically, the exposure starts in synchronization with
the emission timing of the pulse light which is emitted
from the pulse light emitting unit 22, and the exposure
ends after a certain time (predetermined exposure time
taken for the whole pulse light to return from the farthest
object which may be at least measured) has elapsed. In
addition, the "predetermined exposure time" in the first
exposure control and the "predetermined exposure time"
in the second exposure control are the same time, how-
ever, as described above, the phase of the exposure start
for the pulse light varies.
[0056] According to the second exposure control de-
scribed above, regardless of the distance of the object,
the amount of exposure varies according to the reflection
rate of the object, and it is possible to acquire information
corresponding to the reflection rate of the object by the
amount of exposure which is obtained by the first expo-
sure control.
[0057] Next, as illustrated in Fig. 3C, in a case in which
the sensor outputs (output data of one pixel) correspond-
ing to each amount of exposure acquired from the dis-
tance image sensor 14 by the first exposure control and
the second exposure control are set as first data L1 and
second data L2, respectively, the distance image gener-
ation unit 20A of the CPU 20 calculates distance infor-
mation D corresponding to the distance of the object by
the following Expression, 
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[0058] That is, according to Expression 1, division data
obtained by dividing the first data L1 by the second data
L2 is calculated. The division data is data (distance infor-
mation D) corresponding to a relative distance in which
an influence of the reflection rate of the object is removed
and an influence of the amount of light of the pulse light
which is not uniform on the whole screen is removed.
The distance information D is information corresponding
to the time (flying time) taken for the light is emitted on
the object and the reflection light thereof is received by
the distance image sensor. In addition, it is possible to
obtain an absolute distance of the object on the basis of
the first data L1 and the second data L2.
[0059] In addition, the distance image generation unit
20A may generate the three-dimensional distance im-
age, by acquiring the distance information D for each of
all pixels of the distance image sensor 14. Here, the dis-
tance image is a two-dimensional distribution image of a
distance value (distance information D) to the subject
(structure) obtained by the TOF camera 10 which is the
distance image capture device, and each pixel of the dis-
tance image has the distance value (distance informa-
tion).
[0060] Since the distance image is not appropriate to
a visualization image, in a case in which the distance
image is recognized, it is necessary to convert the dis-
tance image into the visualization image. For example,
each pixel (distance information) of the distance image
is converted into the luminance corresponding to the dis-
tance by the CPU 20 illustrated in Fig. 2, or converted
into a color corresponding to the distance, and the con-
verted distance image is output to the display unit 28 (first
display unit). Therefore, it is possible to recognize the
distance image (captured structure) on a screen of the
display unit 28.
[0061] In addition, in a case in which an optical finder
which has a view corresponding to a capture area of the
distance image by the TOF camera 10 is provided in the
TOF camera 10, it is possible to identify the capture area
of the distance image by the optical finder.
[0062] In Fig. 2, the GPS device 30 receives GPS sig-
nals transmitted from a plurality of GPS satellites, per-
forms a positioning operation processing on the basis of
the plurality of received GPS signals, and acquires posi-
tion information (GPS information) specified by the cur-
rent latitude, longitude, and altitude of the TOF camera
10. In a case in which the capture of the distance image
is performed by the TOF camera 10, the CPU 20 acquires
the GPS information from the GPS device 30 as infor-
mation indicating the imaging position.
[0063] In addition, the azimuth sensor 32 is a sensor
which detects azimuth information indicating the imaging
direction of the TOF camera 10, and is configured by a
gyro sensor, a geomagnetic sensor, and the like. Here,
the imaging direction refers to an optical axis direction
and a rotation angle of the optical axis of the image form-
ing lens 12. The optical axis direction is a direction spec-
ified by a azimuth angle and an elevation angle (or de-

pression angle). The rotation angle of the optical axis is
an inclination angle around the optical axis of the camera
setting a case in which the TOF camera 10 is in the hor-
izontality as 0°. In a case in which the capture of the
distance image is performed by the TOF camera 10, the
CPU 20 acquires the azimuth information indicating the
imaging direction of the distance image from the azimuth
sensor 32.
[0064] In a case in which the capture of the distance
image is performed according to a capture instruction
from the operation unit 26, the CPU 20 relates and stores
the distance image generated by the distance image gen-
eration unit 20A, the GPS information indicating the im-
aging position acquired from the GPS device 30 which
is the annex information on the distance image, and the
azimuth information indicating the imaging direction ac-
quired from the azimuth sensor 32, in the memory 19.
[0065] Fig. 4 is a diagram illustrating an example of a
distance image file in which the distance image and the
annex information are related to each other. The distance
image file 40 illustrated in Fig. 4 is configured by recording
the annex information including the GPS information in-
dicating the imaging position and the azimuth information
indicating the imaging direction in a header unit 42, and
recording the distance image in a main body unit 44 of
the distance image file 40. In addition, a method of relat-
ing the distance image, the GPS information and the az-
imuth information indicating the imaging direction is not
limited to the method described above, and, for example,
the distance image file in which the distance image is
recorded, and a text file in which the annex information
indicating the imaging position and the imaging direction
at the time of the capture may be related to each other
by a file name, or the like.
[0066] The first communication unit 34 is a part which
performs short range wireless communication or wireless
communication through a network between the first com-
munication unit 34 and the second communication unit
110 of the drawing creation apparatus main body 100
illustrated in Fig. 1. In the present example, the first com-
munication unit 34 transmits the captured distance im-
ages (distance image file) collectively to the drawing cre-
ation apparatus main body 100 whenever the distance
image is captured or after the capture of the plurality of
distance images (distance images of a plurality of por-
tions) ends. In addition, although details of the second
communication unit 110 of the drawing creation appara-
tus main body 100 will be described later, the second
communication unit 110 of the drawing creation appara-
tus main body 100 transmits information for supporting
the capture of the distance image by the TOF camera
10, to the TOF camera 10.

<Drawing creation apparatus main body 100>

[0067] The drawing creation apparatus main body 100
illustrated in Fig. 1 is mainly configured from the second
communication unit 110, a database 120, an outer shape
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acquisition unit 130, a connection processing unit 140, a
drawing creation unit 150, a dimension appending unit
152, an estimation unit 160, a first manual correction unit
180, a second manual correction unit 190, and the like.
[0068] In the present example, the outer shape acqui-
sition unit 130 acquires the outer shape of the outline of
the structure which is the creation target of the drawing,
from map information 170 expressing the outer shape of
the outline of the structure. Here, the map information
170 is map information which may be acquired from Ge-
ographic Information System (GIS), or map information
("Google map" (registered trademark) position informa-
tion acquisition page) provided by a map information pro-
vision service on Internet, and map information including
additional information such as GPS information usable
on a computer is preferable.
[0069] As illustrated in Fig. 5, by the map information
170, map (in the present example, aerial photograph)
including a structure (in the present example, a bridge 1)
of an object is displayed on a screen (not shown) of a
computer, and a cursor is shifted to a plurality of locations
determining an outer shape of the bridge 1. The outer
shape acquisition unit 130 acquires GPS information on
the plurality of locations which are designated by the cur-
sor of the bridge 1 from the map information 170. Here,
the acquisition of the GPS information by the outer shape
acquisition unit 130 includes a method in which GPS in-
formation corresponding to the position designated by
the cursor is automatically acquired through a computer
software having an edition function of the map informa-
tion 170, or a method in which the GPS information dis-
played on the screen corresponding to the position des-
ignated by the cursor is read with eyes, and read GPS
information is manually input, so as to acquire the GPS
information. In addition, it is possible to acquire the outer
shape of the bridge 1 which is more accurate, by esti-
mating an optimum function of the outer of the bridge 1
by least squares, on the basis of GPS information on a
plurality of points of the bridge 1, along the outer of the
bridge 1 displayed on the screen of the computer with
the cursor.
[0070] The estimation unit 160 is a part which esti-
mates the number of the times of capturing and the like
by the TOF camera 10, from the outer shape of the bridge
1 acquired by the outer shape acquisition unit 130, and
estimates the number of the times of capturing on the
basis of the whole size (outer dimension) of the bridge 1
(structure) and the measurement area (measurement ar-
ea having high reliability of measurement) by the TOF
camera 10. For example, as illustrated in Fig. 6, in a case
in which the length (length of horizontal direction) of the
bridge 1 is 65m, the width of the bridge 1 is 22m, and the
measurement area by the TOF camera 10 is 15m315m,
as illustrated in Fig. 6, the bridge 1 is captured by dividing
the bridge 1 into 10 divisions (12 times).
[0071] Now, in Fig. 6, in a case in which a corner of
the lower left of the bridge 1 is disposed at the origin O
of global coordinate system (XYZ coordinate system),

the horizontal direction of the bridge 1 corresponds to
the X direction, and the width direction of the bridge 1
corresponds to the Y axis direction, the capture is per-
formed 10 times in a positive direction of the X axis from
each of the 10 imaging positions P1 to P10 shown in Fig.
6, and the capture is performed twice in a negative di-
rection of the X axis from each of two imaging positions
P2 and P7.
[0072] In addition, in the imaging positions P2 and P7,
the reason why the capture is performed twice in each
of the positive direction and the negative direction of the
X axis is because an area (occlusion area) in which the
object behind a back is hidden by the object in front of
configuring the bridge 1 is generated, in the capture of
10 times of only the positive direction of the X axis. In
order to capture the occlusion area, the capture in the
negative direction of the X axis is also performed. In ad-
dition, in the whole of 10 imaging positions P1 to P10, the
capture (capture of total 1032 times) of twice in the pos-
itive direction and the negative direction of the X axis may
be performed, however, in a case in which the bridge 1
is configured by a repeat of the same structure, the
number of the times of capturing of one direction (nega-
tive direction) may be reduced like the present example,
and an occlusion area generated by reducing the number
of the times of capturing may be inferred.
[0073] The estimation unit 160 estimates the number
(12 times) of the captures, the imaging positions P1 to
P10, the imaging directions, and the like, as described
above, and transmits an estimation result to the TOF
camera 10 through the second communication unit 110
(transmitter 114).
[0074] The first communication unit 34 of the TOF cam-
era 10 illustrated in Fig. 2 receives the result estimated
by the estimation unit 160, and the CPU 20 displays the
estimated result which is received through the first com-
munication unit 34, on the display unit 28 which functions
as the first notification unit. For example, the number of
the times of capturing and the like may be displayed by
a graph as illustrated in Fig. 6, rather than displaying the
number of the times of capturing and the like by a text
on the display unit 28.
[0075] It is possible for a photographer to capture the
distance images of the plurality of portions configuring
the bridge 1 while determining the imaging position, the
imaging direction, or the like on the basis of the result
estimated by the estimation unit 160, which is displayed
on the display unit 28 of the TOF camera 10. For example,
the photographer performs the capture of the distance
image of a direction designated by an arrow, by perform-
ing a shift to an imaging position of any of the imaging
positions P1 to P10 or an imaging position of the vicinity
thereof as illustrated in Fig. 6, while viewing the GPS
information positioned by the GPS device 30. Therefore,
it is possible to capture the distance images of the plu-
rality of portions configuring the bridge 1, by repeating
the capture of the image distance one by one while
changing the imaging position.
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[0076] The CPU 20 of the TOF camera 10 displays
information which indicates a portion of the whole of the
bridge 1 corresponding to the portion captured at this
time in a case in which the structure (bridge 1) is captured,
on the display unit 28 which functions as a second noti-
fication unit. For example, the CPU 20 displays the whole
outer shape of the bridge 1 which is divided into 10 divi-
sions as illustrated in Fig. 6 on the display unit 28 and
the portion (one division) captured at this time so that the
portion is distinguishable from the other divisions. In this
case, it is preferable that the visualization image gener-
ated from the distance images which are successively
captured by the TOF camera 10 is displayed on the dis-
play unit 28 which functions as the first display unit, or a
live view image obtained from a capture unit which cap-
tures a visualization image of an image angle equal to
the distance image captured by the TOF camera 10 is
displayed on the display unit 28 which functions as the
second display unit, and the portion of the whole of the
bridge 1 corresponding to the portion captured at this
time on the display unit 28. Therefore, it is possible for
the photograph to identify the portion of the whole of the
bridge 1 corresponding to the portion captured at this
time, and to shift the distance image of the portion thereof
to the imaging position necessary in capturing.
[0077] In addition, the CPU 20 displays a previously-
captured area where the capture of the distance image
is performed with respect to the structure (bridge 1) and
a non-captured area where the capture of the distance
images is not performed with respect to the structure on
the display unit 28 which functions as a third display unit
so that the previously-captured area and the non-cap-
tured area are distinguishable from each other. For ex-
ample, the CPU 20 displays the outer shape of the whole
of the bridge 1 divided into 10 divisions as illustrated in
Fig. 6 on the display unit 28, performs a gray out on the
previously-captured area (division area where capture is
performed among division areas divided into 10 divi-
sions), and displays the previously-captured area and
the non-captured area so as to be distinguishable from
each other. Therefore, it is possible to capture the bridge
1 so that the non-captured area is not remained.
[0078] The distance images (distance image file) are
transmitted in a lump from the first communication unit
34 of the TOF camera 10 whenever the distance image
is captured or after the capture of the distance images
of the whole of the bridge 1 ends. A reception unit 112
of the second communication unit 110 of the drawing
creation apparatus main body 100 receives the distance
image file transmitted from the TOF camera 10, and
stores the received distance image file in the database
120.
[0079] The connection processing unit 140 sequential-
ly reads the distance images (12 distance images in the
example illustrated in Fig. 6) of the plurality of portions
of the bridge 1, which are stored in the database 120,
from the database 120, and connects the read distance
images each other, by using the outer shape of the bridge

1 acquired by the outer shape acquisition unit 130 and
the annex information (GPS information indicating imag-
ing position and azimuth information indicating imaging
direction stored in header unit 42 of distance image file
40) of each distance image.
[0080] The distance image is three-dimensional infor-
mation including a diameter and a declination angle of
polar coordinates space using the imaging position ex-
pressed by the GPS information as the origin. The dis-
tance information of each pixel of the distance image
corresponds to the diameter, and the position of each
pixel in a two-dimensional distribution image of the dis-
tance image corresponds to the declination angle. Here,
the connection processing unit 140 converts the distance
image expressed by the polar coordinates into xyz of
triaxial orthogonal coordinates using the imaging position
as the origin. For example, the z axis of the triaxial or-
thogonal coordinates may be used as the imaging direc-
tion (optical axis direction), and the x axis and the y axis
may be used as the horizontal direction and the vertical
direction of a face orthogonal to the z axis, respectively.
As described above, the three-dimensional coordinates
of the bridge 1 are acquired in a local coordinate system
of the TOF camera 10, in which the distance image is
converted into the triaxial orthogonal coordinates using
the imaging position as the origin.
[0081] Then, the connection processing unit 140 con-
verts the three-dimensional coordinates of the bridge 1
in the local coordinate system into the three-dimensional
coordinates of the global coordinate system illustrated in
Fig. 6.
[0082] In this case, the coordinate value (GPS infor-
mation) of the origin O of the global coordinate system
and the azimuth directions of the X axis and the Y axis
of the global coordinate system are known from the GPS
information at the time of the acquisition of the outer
shape of the bridge 1 in advance, and the coordinate
value (GPS information indicating imaging position of dis-
tance image) of the origin of the local coordinate system
is acquired. Therefore, it is possible to obtain a translation
vector for converting the coordinate value of the local
coordinate system into the coordinate value of the global
coordinate system. In addition, it is possible to acquire
the information (optical axis direction and rotation angle
of optical axis rotation of image forming lens 12) on the
imaging direction at the time of capturing the distance
image, and to obtain the rotation angle of the each axis
rotation of the orthogonal triaxis for converting the coor-
dinate value of the local coordinate system into the co-
ordinate value of the global coordinate system. There-
fore, it is possible to convert the coordinate value of the
local coordinate system into the coordinate value of the
global coordinate system on the basis of the translation
vector and the rotation angle, which are obtained by proc-
esses described above.
[0083] The connection processing unit 140 connects
the distance images with each other by converting the
distance images sequentially read from the database 120

15 16 



EP 3 358 480 A1

10

5

10

15

20

25

30

35

40

45

50

55

into the coordinate value of the global coordinate system,
by using the annex information indicating the imaging
position and the imaging direction appertaining to the dis-
tance image. The distance images which are connected
with each other as described above become images ex-
pressing the three-dimensional information on the whole
of the bridge 1.
[0084] Ideally, it is possible to obtain the outer shape
(plane shape) of the bridge 1 from the three-dimensional
information on the whole of the bridge 1, and the outer
shape of the bridge 1 obtained from the three-dimension-
al information on the whole of the bridge 1 is identical to
the outer shape acquired by the outer shape acquisition
unit 130. However, the outer shape of the bridge 1 ob-
tained from the three-dimensional information on the
whole of the bridge 1 is not identical to the outer shape
acquired by the outer shape acquisition unit 130, due to
an error of the imaging position (GPS information) posi-
tioned by the GPS device 30 and an error of the imaging
direction detected by the azimuth sensor 32. The con-
nection processing unit 140 corrects the translation vec-
tor and the rotation angle used in a case in which each
distance image is converted into the coordinate value of
the global coordinate system, so that the outer shape
(plane shape) of the bridge 1 obtained from the three-
dimensional information on the whole of the bridge 1 is
identical to the outer shape acquired by the outer shape
acquisition unit 130.
[0085] In addition, the connection processing unit 140
has a function of correcting the connection of the distance
images of the plurality of portions by a correction instruc-
tion which is input from the first manual correction unit
180. The first manual correction unit 180 has a display
unit (not shown) which displays the outer shape of the
structure (bridge 1) and the visualization image of the
distance images which are connected with each other,
so that the outer shape of the structure (bridge 1) and
the visualization image of the distance images which are
connected with each other overlap, and outputs the cor-
rection instruction for correcting the positions (specifical-
ly, imaging positions (translation vector) and imaging di-
rection (angle) at the time of the coordinate conversion)
of each distance image to the connection processing unit
140, so that a portion corresponding to the outer shape
among each of the distance images displayed on the
display unit coincides with the outer shape. The connec-
tion processing unit 140 corrects the connection (coor-
dinate conversion of distance image) of the distance im-
ages of the plurality of portions by the correction instruc-
tion from the first manual correction unit 180.
[0086] In addition, in a case in which an area where
adjacent distance images overlap is present, the connec-
tion processing unit 140 may correct a mutual coordinate
conversion so that the three-dimensional coordinate val-
ue after a coordinate conversion of the overlap area be-
comes the same coordinate value.
[0087] The drawing creation unit 150 creates the draw-
ing of the structure (bridge 1) on the basis of the distance

images which are connected with each other by the con-
nection processing unit 140. The drawing creation unit
150 may create the diagram configured by connecting
points seen as the contour of the bridge 1 from the dis-
tance images (three-dimensional information on the
whole of the bridge 1) which are connected with each
other. In addition, the three-dimensional information on
the whole of the structure (bridge 1) is obtained. There-
fore, it is possible to create six side views (front view,
rear view, plan view, bottom view, right side view, and
left side view), or create a perspective view, by for ex-
ample, an orthographic drawing method.
[0088] The drawing created by the drawing creation
unit 150 is related to the distance images of the plurality
of portions and stored in the database 120. The drawing
of the structure stored in the database 120 may be read,
may be output as a print, or may be displayed on the
display unit, as occasion demands.
[0089] In addition, the drawing creation unit 150 has a
function of correcting the drawing of the structure (bridge
1) by the correction instruction input from the second
manual correction unit 190. The second manual correc-
tion unit 190 has the display unit (not shown) which dis-
plays the drawing created by the drawing creation unit
150, and in a case in which a portion (portion correspond-
ing to occlusion area, and the like) omitted in the drawing
displayed on the display unit is present, or in a case in
which an apparent error is present in the drawing, the
correction instruction of the drawing by a manual is output
to the drawing creation unit 150.
[0090] The dimension appending unit 152 is a part
which appends a dimension line and a dimension in the
drawing of the structure (bridge 1) created by the drawing
creation unit 150. The dimension appending unit 152 has
a display unit which displays the drawing created by the
drawing creation unit 150, and may perform an instruction
input of the dimension and a portion where the dimension
line is input on the display unit. In addition, since the
three-dimensional information on the structure is gener-
ated by the distance images which are connected with
each other, in a case in which the instruction input of the
portion where the dimension line is input, it is possible to
automatically calculate the dimension of a configuration
portion of the structure corresponding to the dimension
line, and it is possible to use the calculated dimension
as information which is appended in the drawing.
[0091] Fig. 7 is a visualization image corresponding to
three-dimensional information on a portion of the bridge,
and Fig. 8 is a diagram created according to the three-
dimensional information on the portion of the bridge. The
drawing creation unit 150 appends the dimension line
and the dimension in the drawing created on the basis
of the instruction input of the dimension and the portion
where the dimension line is input from the dimension ap-
pending unit 152 as illustrated in Fig. 8.
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<Unmanned aerial vehicle 200>

[0092] There is a case in which it is difficult to move
the TOF camera 10 to an appropriate imaging position
by a hand and capture a distance image of a structure,
according to a structure.
[0093] In this case, as illustrated in Fig. 9, it is prefer-
able that the TOF camera 10 is loaded on the unmanned
aerial vehicle 200, the unmanned aerial vehicle 200 is
operated by the remote operation unit 210, and the dis-
tance image of the structure is captured.
[0094] The unmanned aerial vehicle 200 includes the
TOF camera 10 and a communication unit (first commu-
nication unit) which wirelessly transmits the distance im-
age captured by the TOF camera 10. In addition, in a
case in which the TOF camera 10 includes the first com-
munication unit 34 (Fig. 2), the unmanned aerial vehicle
200 may not have the first communication unit.
[0095] In addition, it is preferable that the unmanned
aerial vehicle 200 further includes a capture device which
captures a visualization image (live view image) of the
same capture area (including substantially the same cap-
ture area) as the TOF camera 10, and a communication
unit which transmits the live view image captured by the
capture device to the remote operation unit 210.
[0096] The remote operation unit 210 functions as a
control unit which remotely controls the unmanned aerial
vehicle 200. The remote operation unit 210 includes a
display unit which displays the live view image captured
by the capture device of the unmanned aerial vehicle
200, and an operation unit which instructs a flight of the
unmanned aerial vehicle 200 or the capture of the TOF
camera 10. An operator remotely operates the un-
manned aerial vehicle 200 while watching the live view
image displayed on the display unit.
[0097] In addition, in a case in which the unmanned
aerial vehicle 200 is the drone having the automatic driv-
ing function, the unmanned aerial vehicle 200 may in-
clude a control unit in which a flight route, the imaging
position, and the like are programmed in advance, may
not use the remote operation unit 210 by controlling the
flight of the drone by the control unit, or may supplemen-
tary use the remote operation unit 210.
[0098] Fig. 10 is a diagram used for describing another
embodiment of the distance image sensor (image sen-
sor) which may be applied to the TOF camera 10, and
Fig. 10A is a diagram illustrating a basic arrangement of
232 pixels of the image sensor of the other embodiment.
The image sensor of the other embodiment is a config-
uration in which the basic arrangement thereof is repeat-
edly disposed in a horizontal direction and a vertical di-
rection.
[0099] As illustrated in Fig. 10A, the basic arrangement
of the 232 pixels includes a near-infrared ray pixel (in-
frared (IR) pixel) which is a first light receiving element
having sensitivity in a wavelength band of a near-infrared
ray, and three second light receiving elements (R pixel,
G pixel, and B pixel) having sensitivities in wavelength

bands of visible light of a red (R), a green (G), and a blue
(B), respectively. That is, the image sensor of the other
embodiment is configured by mixing the IR pixel, the R
pixel, the G pixel, and the B pixel, and arranging the IR
pixel, the R pixel, the G pixel, and the B pixel on a two-
dimension.
[0100] Fig. 10B illustrates a spectral transmittance of
each of color filters of RGB disposed in the R pixel, the
G pixel, and the B pixel, and a spectrum characteristic
of the near-infrared ray emitted from the pulse light emit-
ting unit 22 (near-infrared LED).
[0101] The distance image is read from the IR pixel of
the image sensor of the above described configuration,
and it is possible to acquire the distance image which
indicates the distance of the object on the basis of a signal
electric charge corresponding to the near-infrared ray
which is emitted from the pulse light emitting unit 22 and
reflected from the object.
[0102] In addition, a visualization image generation
unit (not shown) in the CPU 20 may generate a color
image (visualization image) of the subject in the capture
area from the image of the RGB read from the R pixel,
the G pixel, and the B pixel of the above described image
sensor. Each of the filters of the RGB has transmittance
even to the near-infrared ray. However, each of the filters
may have a structure in which corresponding R pixel, G
pixel, and B pixel do not have sensitivities to the near-
infrared ray. Alternatively, it is possible to generate the
visualization image which does not have sensitivity to the
near-infrared ray by providing an IR cut filter to each of
the filters of the RGB so that the IR cut filter overlaps
each of the filters. In addition, the visualization image
may be generated by installing a visible light cut filter
instead of the near-infrared ray filter having a band pass
characteristic in Fig. 10B, rather than the IR cut filter or
the structure does not have sensitivity to the near-infrared
ray, and subtracting IR image ingredient from each of the
images of the RGB read from the R pixel, the G pixel,
and the B pixel.
[0103] According to the image sensor of the above de-
scribed configuration, it is possible to capture the dis-
tance image and the visualization image (color image)
by one image sensor. In addition, in this case, it is pref-
erable that the captured distance image and the visual-
ization image (color image) are related to each other and
stored in the database 120.

[Drawing creation method]

[0104] Fig. 11 is a flowchart illustrating an embodiment
of a drawing creation method according to the present
invention.
[0105] In Fig. 11, the outer shape acquisition unit 130
of the drawing creation apparatus main body 100 illus-
trated in Fig. 1 acquires the outer shape of the outline of
the structure from the map information 170 (step S10).
[0106] The estimation unit 160 establishes an imaging
plan such as, the imaging position, imaging direction, and
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the number of the times of capturing by the TOF camera
10 from the outer shape of the structure (bridge 1) ac-
quired by the outer shape acquisition unit 130 (step SI2).
The photographer performs the capture (capture of dis-
tance image) of the structure by the TOF camera 10 ac-
cording to the imaging plan in step S12. The distance
image acquisition unit of the drawing creation apparatus
main body 100 acquires the distance images of the plu-
rality of portions configuring the structure captured by the
TOF camera 10 (step S14).
[0107] Then, the connection processing unit 140 con-
nects the distance images of the plurality of portions with
each other acquired in step S14, by using the outer shape
of the structure acquired in step S10 and the annex in-
formation (imaging position and imaging direction) of
each distance image (step S16).
[0108] Next, the drawing creation unit 150 creates the
drawing of the structure from the distance images (three-
dimensional information of the entire structure) after the
connection (step SI8).
[0109] The drawing of the structure created by the
processes described above is made as electronic data
or output as a print, and thus may be used in a repair, an
inspection, and the like of the structure.

[Others]

[0110] In the present embodiment, the structure is di-
vided by a plurality of times (for each of plurality of im-
aging positions) so that the distance images are cap-
tured, however, the present embodiment is not limited
thereto. The distance image may be successively cap-
tured in a regular frame rate while successively changing
(shifting) the imaging position, and images of the plurality
of portions to be successively used may be extracted
(acquired) from among the plurality of successively cap-
tured distance images.
[0111] In addition, in the present embodiment, the out-
er shape of the outline of the structure which is the cre-
ation target of the drawing is acquired from the map in-
formation which may be acquired from the GIS, and the
like. However, for example, in a case in which information
related to the outer shape of the structure such as the
length, the width, and the like of a bridge is known in
advance, the outer shape may be acquired from the in-
formation thereof, and may be acquired by measuring
the outer shape of the structure.
[0112] Furthermore, the present embodiment is not
limited to a case in which the distance image including
the annex information indicating the imaging position and
the imaging direction is acquired by the wireless commu-
nication from the TOF camera, and the distance image
may be acquired from the TOF camera by a wired method
or through a recording medium of the TOF camera.
[0113] In addition, the distance image capture device
is not limited to the TOF camera, and may use a three-
dimensional laser scanner or a stereo camera. Any de-
vice may be used as the distance image capture device

as long as the device is a device capable of acquiring a
distance image of a necessary structure.
[0114] In addition, it is obvious that the present inven-
tion is not limited to the above described embodiments,
and various modifications can be made without departing
from the spirit of the present invention.

Explanation of References

[0115]

10: TOF camera
12: image forming lens
14: distance image sensor
20: Central Processing Unit (CPU)
22: pulse light emitting unit
24: exposure control unit
28: display unit
30: GPS device
32: azimuth sensor
34: first communication unit
100: drawing creation apparatus main body
110: second communication unit
120: database
130: outer shape acquisition unit
140: connection processing unit
150: drawing creation unit
152: dimension appending unit
160: estimation unit
180: first manual correction unit
190: second manual correction unit
200: unmanned aerial vehicle
210: remote operation unit

Claims

1. A drawing creation apparatus of a structure, com-
prising:

an outer shape acquisition unit that acquires an
outer shape of an outline of the structure which
is a creation target of a drawing;
a distance image capture device that captures
the structure, and captures distance images in-
cluding annex information indicating an imaging
position and an imaging direction;
a distance image acquisition unit that acquires
a plurality of distance images of a plurality of
portions configuring the structure, the distance
images being obtained by capturing by the dis-
tance image capture device;
a connection processing unit that connects the
distance images of the plurality of portions with
each other which are acquired by the distance
image acquisition unit, by using the outer shape
of the structure acquired by the outer shape ac-
quisition unit and the annex information on the
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distance images; and
a drawing creation unit that creates the drawing
of the structure from the distance images con-
nected with each other by the connection
processing unit.

2. The drawing creation apparatus according to claim 1,
wherein the distance image capture device compris-
es an estimation unit that estimates the number of
the times of capturing from the outer dimension of
the outline of the structure, and a first notification unit
that notifies a result estimated by the estimation unit.

3. The drawing creation apparatus according to claim
1 or 2,
wherein the distance image capture device compris-
es a global positioning system and a azimuth sensor,
and uses GPS information and azimuth information
acquired from the global positioning system and the
azimuth sensor, respectively, at the time of capturing
the distance images, as the annex information indi-
cating the imaging position and the imaging direc-
tion.

4. The drawing creation apparatus according to any
one of claims 1 to 3,
wherein the distance image capture device compris-
es a second notification unit that notifies information
indicating which position of the whole structure is
captured, in a case in which the structure is captured.

5. The drawing creation apparatus according to any
one of claims 1 to 4, further comprising:

a first display unit that displays the distance im-
ages as visualization which are captured by the
distance image capture device; or
a second display unit that displays a visualiza-
tion image acquired by a capture device which
captures the visualization image of the same
capture area as that of the distance image cap-
ture device.

6. The drawing creation apparatus according to any
one of claims 1 to 5, further comprising:
a third display unit that displays a previously-cap-
tured area where the capture of the distance images
is performed with respect to the structure and a non-
captured area where the capture of the distance im-
ages is not performed with respect to the structure,
in a distinguishable manner.

7. The drawing creation apparatus according to any
one of claims 1 to 6,
wherein the distance image capture device is a time
of flight type camera.

8. The drawing creation apparatus according to any

one of claims 1 to 7,
wherein the drawing creation unit creates a diagram
formed by connecting points with each other, which
are seen as a contour of the structure from the dis-
tance images which are connected with each other.

9. The drawing creation apparatus according to any
one of claims 1 to 6, further comprising:
a first manual correction unit that manually corrects
the connection of the distance images of the plurality
of portions by the connection processing unit.

10. The drawing creation apparatus according to any
one of claims 1 to 9, further comprising:
a second manual correction unit that manually cor-
rects the drawing of the structure which is created
by the drawing creation unit.

11. The drawing creation apparatus according to any
one of claims 1 to 10, further comprising:
a dimension appending unit that appends a dimen-
sion line and a dimension in the drawing of the struc-
ture.

12. The drawing creation apparatus according to any
one of claims 1 to 11,
wherein the outer shape acquisition unit acquires the
outer shape of the structure from map information
expressing the outer shape of the outline of the struc-
ture.

13. The drawing creation apparatus according to claim
12,
wherein the map information is map information ac-
quirable from a map information system, or map in-
formation provided by a map information provision
service on the Internet.

14. The drawing creation apparatus according to any
one of claims 1 to 13, further comprising:

an unmanned aerial vehicle that loads the dis-
tance image capture device, and a control unit
that controls the unmanned aerial vehicle,
wherein the distance image acquisition unit ac-
quires the plurality of distance images which are
obtained by capturing by the distance image
capture device loaded on the unmanned aerial
vehicle.

15. The drawing creation apparatus according to any
one of claims 1 to 14,
wherein the distance image capture device succes-
sively captures the distance images in a regular
frame rate, and
the distance image acquisition unit acquires the im-
ages of the plurality of portions used in the connec-
tion among the successively captured distance im-
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ages.

16. A drawing creation method comprising:

a step of acquiring an outer shape of an outline
of a structure which is a creation target of a draw-
ing;
a step of acquiring a plurality of distance images
of a plurality of portions configuring the structure,
which are the distance images being acquired
by a distance image capture device which cap-
tures the structure;
a step of connecting the acquired distance im-
ages of the plurality of portions with each other,
by using the acquired outer shape of the struc-
ture and annex information on the distance im-
ages; and
a step of creating the drawing of the structure
from the distance images which are connected
with each other.
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