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(54) MOBILE MEASURING APPARATUS AND MOBILE MEASUREMENT METHOD

(57) A mobile measuring apparatus (800) includes a
mobile object (700); and
a measuring device (100) mountable on the mobile object
(700), configured to measure a measurement target. The
measuring device (100) is disposed within a plane in a
space (300) in the back of the mobile object (700) in a
direction of movement of the mobile object (700), and

the space (300) is defined by an upper plane (301), a
lower plane (302), a first side plane (303), and a second
side plane (304). The upper plane (301) is a plane that
includes an upper end of the mobile object (700) and
intersects with a direction of gravity. The lower plane
(302) is a plane that includes a lower end of the mobile
object (700) and intersects with the direction of gravity.
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to a mobile measuring apparatus and a mobile measure-
ment method.

Background Art

[0002] A mobile measuring apparatus is known that
includes a measuring device, such as a distance-meas-
uring device equipped with a camera and a laser, mount-
ed on a mobile object, such as a vehicle and a drone.
Such a mobile measuring apparatus is capable of meas-
uring the conditions of the external environment of the
own vehicle, such as vehicles around the driver’s vehicle,
the road conditions, and the tunnel conditions. As an ex-
ample of the measuring device that measures the con-
ditions of the external environment, a camera that in-
cludes a wide-angle lens and a plurality of cameras (ster-
eo cameras), and has a configuration incorporating a la-
ser device for measurement is known (see JP-5729164-
B (JP-2013-009211-A)).
[0003] In such a mobile measuring apparatus, the
pressure (air pressure) of air flowing along the shape of
the mobile object after hitting the front part of the mobile
object is applied to the measuring device mounted on
the mobile object. As a result, the position of the meas-
uring device might be shifted, which might cause an er-
roneous measurement of the distance between the
measurement target, such as a road surface, and the
measuring device.
[0004] However, the configuration of JP-5729164-B
(JP-2013-009211-A) fails to handle the flow of air around
the mobile object, such as a vehicle, at the time of meas-
urement during the movement of the mobile object. That
is, the configuration of JP-5729164-B (JP-2013-009211-
A) fails to prevent the shift of the position of the measuring
device due to the air pressure, thus resulting in the erro-
neous measurement of the distance between the target
such as the road surface and the measuring device.

SUMMARY

[0005] In one aspect of this disclosure, there is provid-
ed an improved mobile measuring apparatus including a
mobile object and a measuring device mountable on the
mobile object, configured to measure a measurement
target. The measuring device is disposed within a plane
in a space in the back of the mobile object in a direction
of movement of the mobile object, and the space is de-
fined by an upper plane, a lower plane, a first side plane,
and a second side plane. The upper plane is a plane that
includes an upper end of the mobile object and intersects
with a direction of gravity. The lower plane is a plane that

includes a lower end of the mobile object and intersects
with the direction of gravity. The first side plane is a plane
that intersects with a width direction intersecting with
each of the direction of movement and the direction of
gravity, and includes one end of the mobile object in the
width direction. The second side plane is a plane that
intersects with the width direction, and includes the other
end of the mobile object in the width direction.
[0006] In another aspect of this disclosure, there is pro-
vided an improved mobile measurement method includ-
ing attaching, to a mobile object, a measuring device with-
in a plane in a space in the back of the mobile object in
a direction of movement of the mobile object, so as to
constitute a mobile measuring apparatus; and measuring
a distance between the measuring device and a meas-
urement target. The space is defined by an upper plane,
a lower plane, a first side plane, and a second side plane.
The upper plane is a plane that includes an upper end
of the mobile object and intersects with a direction of
gravity. The lower plane is a plane that includes a lower
end of the mobile object and intersects with the direction
of gravity. The first side plane is a plane that intersects
with a width direction intersecting with each of the direc-
tion of movement and the direction of gravity, and in-
cludes one end of the mobile object in the width direction.
The second side plane is a plane that intersects with the
width direction, and includes the other end of the mobile
object in the width direction.
[0007] The embodiments of the present disclosure
substantially prevent an erroneous measurement due to
the flow of air around the mobile object at the time of
measurement during the movement of the mobile object.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0008] A more complete appreciation of the disclosure
and many of the attendant advantages and features
thereof can be readily obtained and understood from the
following detailed description with reference to the ac-
companying drawings, wherein:

FIG. 1A is a side view of a mobile measuring appa-
ratus according to an embodiment of the present dis-
closure;
FIG. 1B is a perspective view of the mobile measur-
ing apparatus in FIG. 1A seen from the back side;
FIG. 1C is a rear view of the mobile measuring ap-
paratus in FIG. 1A;
FIG. 2 is an illustration of the state at which the mobile
measuring apparatus according to an embodiment
measures a measurement target;
FIG. 3 is an example of the flow of air around a mobile
object that is moving;
FIG. 4 is a cross-sectional view of a measuring de-
vice attached to the mobile measuring apparatus ac-
cording to an embodiment;
FIG. 5 is an enlarged perspective view of a part of
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an area C indicated in FIG. 4;
FIG. 6 is a perspective view of the measuring device
attached to the mobile measuring apparatus accord-
ing to an embodiment, as viewed from below;
FIG. 7A is a rear view of a fixed frame attached to
the mobile measuring apparatus according to an em-
bodiment;
FIG. 7B is a perspective view of the fixed frame as
viewed from the back side;
FIG. 7C is an illustration of the fixed frame as viewed
from the lower side;
FIG. 7D is an enlarged view of a part of an area E
indicated in FIG. 7B;
FIG. 8 is an illustration of an example of the advan-
tageous effects of a fixing method performed by the
fixed frame; and
FIG. 9 is an illustration of a mobile measuring appa-
ratus according to another embodiment.

[0009] The accompanying drawings are intended to
depict embodiments of the present invention and should
not be interpreted to limit the scope thereof. The accom-
panying drawings are not to be considered as drawn to
scale unless explicitly noted.

DETAILED DESCRIPTION

[0010] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise.
[0011] In describing embodiments illustrated in the
drawings, specific terminology is employed for the sake
of clarity. However, the disclosure of this specification is
not intended to be limited to the specific terminology so
selected and it is to be understood that each specific
element includes all technical equivalents that have a
similar function, operate in a similar manner, and achieve
a similar result.
[0012] The terminology used herein is for the purpose
of describing particular embodiments only and is not in-
tended to be limiting of the present invention. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. In describing embodiments
illustrated in the drawings, specific terminology is em-
ployed for the sake of clarity. However, the disclosure of
this specification is not intended to be limited to the spe-
cific terminology so selected and it is to be understood
that each specific element includes all technical equiva-
lents that have a similar function, operate in a similar
manner, and achieve a similar result. Hereinafter, modes
for carrying out the invention will be described referring
to the drawings. Note that identical components are pro-
vided with the same reference numerals and repeated
descriptions of the same components are omitted.

[0013] A mobile measuring apparatus 800 according
to an embodiment of the present disclosure is described
with reference to FIGs. 1A, 1B, and 1C, and 2. FIG. 1A
is a side view of the mobile measuring apparatus 800
according to an embodiment of the present disclosure.
FIG. 1B is a perspective view of the mobile measuring
apparatus 800 in FIG. 1A seen from the back side. FIG.
1C is a rear view of the mobile measuring apparatus 800
in FIG. 1A.
[0014] FIG. 2 is an illustration of the state at which the
mobile measuring apparatus 800 measures a measure-
ment target. In the following description, the direction of
travel (movement) of a vehicle 700 is forward (forward
direction), the opposite direction of the direction of travel
of the vehicle 700 is backward (backward direction). Fur-
ther, the direction of gravity is downward, and the oppo-
site direction thereof is upward. The right direction is to
the right along the horizontal direction relative to the di-
rection of movement. The opposite direction thereof is
the left direction. The width direction (right-to-left direc-
tion) intersects with each of the direction of movement
and the direction of gravity. These directions are indicat-
ed in FIGs. 1A, 1B, and 1C, and 2.
[0015] The mobile measuring apparatus 800 indicated
by a dashed dotted line in FIG. 1A includes a vehicle (an
example of a mobile object) 700, a fixed frame 750 at-
tached to the vehicle 700, and a measuring device 100
attached to the vehicle 700 using the fixed frame 750.
The vehicle 700 includes a vehicle body 701 and tires
702 attached to the vehicle body 701.
[0016] In the mobile measuring apparatus 800 in FIGs.
1A, 1B, and 1C, and 2, the fixed frame 750 is attached
to the back side of the vehicle 700. As illustrated in FIG.
2, a stereo camera (image-capturing device) 130 is at-
tached to the measuring device 100 with the image-cap-
turing area S facing downward. The measuring device
100 is attached to the vehicle body 701 via the fixed frame
750 so as to be disposed within a space 300 (placement
space) indicated by a thick broken line in FIGs. 1A, 1B,
and 1C, and 2. Further, the measuring device 100 is at-
tached to the vehicle body 701 via the fixed frame 750
so as to be disposed within a plane (placement plane) in
the space 300.
[0017] The space 300 is behind the vehicle 700, and
is defined by an upper plane 301, a lower plane 302, a
first side plane 303, and a second side plane 304. The
upper plane 301 is a plane that intersects with the direc-
tion of gravity (the up-to-down direction), and includes
the upper end of the vehicle body 701. The lower plane
302 is a plane that intersects with the direction of gravity,
and includes the lower end of the vehicle body 701. The
first side plane 303 (see FIG. 1C) is a plane that intersects
with the width direction, and includes one end of the width
direction of the vehicle body 701. The second side plane
304 (see FIG. 1C) is a plane that intersects with the width
direction, and includes the other end of the vehicle body
701 along the width direction.
[0018] The placement plane is within a space behind
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the vehicle 700, and is defined by the upper plane 301,
the lower plane 302, the first side plane 303, and the
second side plane 304 as described above.
[0019] In FIG. 1C, the length Lx in FIG. 1C is the length
(width) of the vehicle body 701 in the width direction, and
corresponds to the distance between the first side plane
303 and the second side plane 304. The length Ly is the
length (height) of the vehicle body 701 in the direction of
gravity, and corresponds to the distance between the up-
per plane 301 and the lower plane 302.
[0020] With such a configuration, the mobile measur-
ing apparatus 800 captures an image of a road surface
900 (the measurement target) using the stereo camera
130, while moving forward F (in the direction of move-
ment). Thus, the unevenness of the road surface 900 to
be measured and the road conditions (whether the white
line has been disappeared) can be measured. More spe-
cifically, it is possible to measure the flatness (the une-
venness of the road surface in the direction of move-
ment), rutting depth, and crack ratio of the road surface
900. Based on the three types of road surface properties,
a maintenance control index (MCI) is obtained. The MCI
may be obtained by transmitting measurement data to
an external device, such as a personal computers (PC)
and a tablet terminal, after the measurement. Alterna-
tively, a PC may be mounted on the vehicle 700 so as to
obtain the MCI during the measurement that is performed
while the vehicle 700 is moving.
[0021] The placement position of the measuring device
100 with respect to the vehicle 700 is described in more
detail below.
[0022] First, a description is given of the flow of air gen-
erated around the vehicle body 701 due to the movement
of the vehicle 700 during the measurement of the mobile
measuring apparatus 800 with reference to FIG. 3. FIG.
3 is an example of the flow of air around the vehicle body
701 while the vehicle 700 is running (moving). In this
example, the wind is blowing backward at a wind speed
of 30 meter (m)/second (s), and the vehicle 700 is running
(moving) at the speed of 60 kilometers (km)/hour (h). The
flow of air generated around the vehicle body 701 is sim-
ulated in FIG. 3.
[0023] In FIG. 3, the flow of air is indicated by a large
number of small arrows around the vehicle body 701.
The direction of the arrow indicates the direction of air
flow, and the size of the arrow indicates the size of the
air flow. The density of arrows indicates the density of
the air flow.
[0024] As illustrated in FIG. 3, air collides with the front
part of the vehicle body 701 and then flows backward
along the shape of the vehicle body 701, around the mov-
ing vehicle body 701. For example, air collides with the
front panel of the vehicle body 701 in the space area 31
and turns obliquely upward and downward, and then
flows backward along the shape of the vehicle body 701.
Further, in the space area 32, air collides with the wind-
shield of the vehicle body 701 and turns obliquely upward,
and then flows backward along the shape of the vehicle

body 701. As described above, air that has collided with
the front part of the vehicle body 701 flows backward.
Accordingly, a larger air flow is generated in the space
area 33 and the space area 34 in the back of the vehicle
body 701, than in the space area 35 apart from the vehicle
body 701.
[0025] For example, when the measuring device 100
is attached to the vehicle 700 so as to be positioned in
the space area 33 and the space area 34 where a large
air flow is generated, the position and angle of the meas-
uring device 100 is shifted due to the pressure (wind pres-
sure) caused by the air flow, which might cause an erro-
neous measurement of the distance between the meas-
uring device 100 and the road surface 900. In addition,
the shaking of the stereo camera 130 due to the wind
pressure causes a blur on an image captured by the ster-
eo camera 130, which might further cause a distance
measurement error due to the blur of the captured image
or might cause a breakage at the position where the
measuring device 100 is attached to the fixed frame 750.
[0026] In view of such circumstances, in an embodi-
ment of the present disclosure, the measuring device 100
is attached to the vehicle 700 via the fixed frame 750 so
as to be disposed within the space 300. In the space 300
as illustrated in FIG. 3, the number of arrows is sparse
and small, and the size of the arrows is small. This means
that the flow of air in the space 300 is smaller than in the
space area 33 and the space area 34. Accordingly, this
configuration, in which the measuring device 100 is dis-
posed within the space 300, reduces the influence of the
air flow and substantially avoids an erroneous measure-
ment of the distance between the measuring device 100
and the road surface 900 caused by the flow of air around
the mobile object at the time of measurement during the
driving of the mobile object. Further, the breakage at the
position where the measuring device 100 is attached to
the fixed frame 750 can be avoided as well.
[0027] In the example of FIGs. 1A, 1B, 1C, 2, and 3,
the space 300 is indicated as a space defined in both the
forward and backward directions for convenience, but
may not be defined in the forward and backward direc-
tions as long as the space 300 is behind the vehicle 700.
Accordingly, the measuring device 100 may be disposed
at a position apart from the vehicle 700 in the back direc-
tion within the space 300. However, in view of the stability
of the position and angle of the measuring device 100, it
is preferable to dispose the measuring device 100 as
close as possible to the vehicle 700 within the space 300.
[0028] Next, the measuring device 100 incorporated in
the mobile measuring apparatus 800 according to an em-
bodiment is described with reference to FIG. 4. FIG. 4 is
a cross-sectional view of the measuring device 100 in-
corporated in the mobile measuring apparatus 800 ac-
cording to an embodiment.
[0029] The measuring device 100 includes a base
frame 110, a camera mount 120, a stereo camera 130,
and a protective cover unit 200. One end of the base
frame 110 is attached to the fixed frame 750 (see FIGs.
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1A, 1B, 1C). The camera mount 120 is attached to the
other end of the base frame 110. The stereo camera 130
is fixed by the camera mount 120. In some embodiments,
the camera mount 120 may be provided with an angle
adjuster that adjusts an image-capturing angle of the
stereo camera 130.
[0030] The stereo camera 130 has two lenses 131a
and 131b and is configured to measure the distance to
the measurement target by processing acquired image
data. Although the following description is given assum-
ing that the measuring device 100 is provided with the
stereo camera 130, this is only one example. For exam-
ple, in some embodiments, the measuring device 100
may include a distance measuring device incorporating
a laser so as to measure the distance between the meas-
uring device and the measurement target. Further, the
number of distance measuring devices, such as the ster-
eo camera 130, is not limited to one, and a plurality of
distance measuring devices may be incorporated in the
measuring device 100. By incorporating a plurality of dis-
tance measuring devices in the measuring device 100,
a wider range of measurement data can be acquired.
Further, by employing wide-angle lenses as the lenses
131a and 131b of the stereo camera 130, a wider range
of measurement data can be obtained as well.
[0031] The protective cover unit 200 includes a protec-
tor body 210, movable protectors 220a and 220b, and a
protector 230. The protector body 210 has openings 211,
212a, and 212b. The movable protectors 220a and 220b
are movable in a direction to the opening 211. The pro-
tector 230 is configured to protect the opening 211.
[0032] The protector body 210 includes, for example,
a resin plate and an aluminum frame supporting the resin
plate, and forms a box having openings 211 on the lower
side (that is, the image-capturing side) of the image-cap-
turing device. The stereo camera 130 is disposed in the
internal space of the protector body 210.
[0033] Further, the protector body 210 has a side open-
ing 212a formed at the lower end of the right side, and a
side opening 212b is formed at the lower end of the left
side. The opening 211 and the side opening 212a com-
municate with each other, and the opening 211 and the
side opening 212b communicate with each other. The
positions of the side opening 212b and the side opening
212a differ along the right-to-left direction of the protector
body 210, which is the only difference between the side
opening 212b and the side opening 212a.
[0034] As described above, the openings 211, 212a,
and 212b forms a single opening that ranges from the
lower end of the right side to the lower end of the left side
through the lower side of the protector body 210. Further,
the protector body 210 includes second protector holders
215a and 215b configured to hold the protector 230 when
the opening 211 is open. The positions of the second
protector holders 215a and 215b are different from each
other along the right-to-left direction of the protector body
210, which is the only difference between the second
protector holders 215a and 215b.

[0035] The movable protector 220a is formed of, for
example, a resin plate and an aluminum plate for sup-
porting the resin plate, and is attached to the protector
body 210 via a direct-acting member 221a such as a
linear slider. The movable protector 220a is a protector
movable in the vertical direction and capable of opening
and closing the side opening 212a formed on the right
side of the protector body 210.
[0036] That is, the movable protector 220a is config-
ured to close the side opening 212a formed at the lower
end of the right side of the protector body 210 so as to
protect the lower end of the right side of the protective
cover unit 200. Further, the movable protector 220a in-
cludes a first protector holder 225a at the lower side, and
the first protector holder 225a is configured to hold the
protector 230 when the side opening 212a is closed. The
movable protector 220a has a supporting mechanism
configured to support the movable protector 220a at a
predetermined upper position so as to prevent the mov-
able protector 220a from dropping by its own weight. Fur-
ther, the movable protector 220a is configured not to fall
below a predetermined lower position.
[0037] The movable protector 220b has the same con-
figuration as that of the movable protector 220a. The
movable protector 220b is a protector movable in the
vertical direction and capable of opening and closing the
side opening 212b formed on the left side of the protector
body 210.
[0038] Further, the movable protector 220b includes a
first protector holder 225b at the lower side, and the first
protector holder 225b is configured to hold the protector
230 when the side opening 212b is closed. The positions
of the movable protectors 220a and 220b differ along the
right-to-left direction of the protector body 210, which is
the only difference between the movable protectors 220a
and 220b.
[0039] The protector 230 is formed of, for example, a
flexible resin plate. The right and left end parts of the
protector 230 are held so as to be movable along the
front-to-back direction. The moving of the protector 230
along the front-to-back direction opens and closes the
opening 211 formed at the lower-side of the protector
body 210. Preferably, the protector 230 is white.
[0040] With such a configuration, the sunlight directed
to the stereo camera 130 is reflected by the white pro-
tector 230, which can reduce or prevent an increase in
the temperature inside the stereo camera 130. Further,
the material of the protector 230 is preferably made of
polycarbonate, which is excellent in impact resistance
and heat resistance, for protecting the stereo camera 130
when the opening 211 is closed.
[0041] The right part of the protector 230 is held by
either one or both of the second protector holder 215a
of the protector body 210 and the first protector holder
225a of the movable protector 220a. The left part of the
protector 230 is held by either one or both of the second
protector holder 215b of the protector body 210 and the
first protector holder 225b of the movable protector 220b.
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[0042] In the measuring device 100 illustrated in FIG.
4, the second protector holders 215a and 215b are con-
figured as grooves formed in the frames of the protector
body 210 and the openings of the grooves face each
other along the right-to-left direction as illustrated in FIG.
5.
[0043] Further, as illustrated in FIG. 5, the first protec-
tor holders 225a and 225b are configured as grooves
formed in the frames at the lower sides of the movable
protector 220, and the opening of the grooves face each
other along the right-to-left direction. The protector 230
is held by the grooves with the right-and-left end parts of
the protector 230 inserted into the grooves. Such a meth-
od of holding the protector 230 is just one example.
[0044] In the measuring device 100 according to an
embodiment, the movable protector 220 is raised to un-
cover the side openings 212a and 212b at the time of
measurement, so that the measurement range can be
increased in the right-to-left direction. When the meas-
urement is not performed, the side openings 212a and
212b are closed so that the optical components, such as
the lenses 131 of the stereo camera 130, can be pre-
vented from getting dirty with the external environment.
[0045] The exterior of the protective cover unit 200 is
preferably white. With such a configuration, the sunlight
directed to the protective cover unit 200 is reflected by
the white exterior of the protective cover unit 200, which
can substantially prevent an increased in the temperature
of the stereo camera 130 disposed within the protective
cover unit 200 due to the sunlight.
[0046] Further, each of the second protector holders
215a and 215b of the protector body 210 preferably has
a round bending part. Each of the second protector hold-
ers 215a and 215b are formed to extend forward from
the opening 211 to the bending portion and extend up-
ward from the bending portion. With this configuration,
the width of the second protector holders 215a and 215b
along the front-to-back direction can be shortened, and
thus the size of the measuring device 100 can be re-
duced.
[0047] Next, FIG. 6 is a perspective view of the meas-
uring device 100 as viewed from below. The measuring
device 100 includes three stereo cameras 130a, 130b,
and 130c. In the example of FIG. 6, the opening 211 at
the lower side of the protective cover unit 200 is sectioned
by the frames 216a and 216b into three openings 211a,
211b, and 211c. The three openings 211a, 211b, and
211c are provided with the protectors 230a, 230b, and
230c for protecting the respective openings 211a, 211b,
and 211c while enabling the openings 211a, 211b, and
211c to be open and closed.
[0048] A side opening 212a is provided on the right
side of the protector body 210A, and is protected by the
movable protector 220a so as to be opened and closed.
Further, a side opening 212b is provided on the left side
of the protector body 210A, and is protected by the mov-
able protector 220b so as to be opened and closed.
[0049] The holding structure for holding the right part

of the protector 230a is the same as the holding structure
for holding the right part of the protector 230. In the hold-
ing structure for holding the left part of the protector 230a,
the left part of the protector 230a is held by a protector
holder 217a that is a groove provided at the right side of
the frame 216a.
[0050] In the holding structure for holding the right part
of the protector 230b, the left part of the protector 230b
is held by a protector holder 217b that is a groove pro-
vided at the right side of the frame 216a. In the holding
structure for holding the left part of the protector 230b,
the left part of the protector 230b is held by a protector
holder 217c that is a groove provided at the right side of
the frame 216b.
[0051] In the holding structure for holding the right part
of the protector 230c, the right part of the protector 230c
is held by a protector holder 217d that is a groove pro-
vided at the left side of the frame 216b. The holding struc-
ture for holding the left part of the protector 230c is the
same as the holding structure for holding the left part of
the protector 230 according to an embodiment.
[0052] With such a configuration, the protectors are
openable and closable according to the use situation of
the stereo cameras 130a, 130b, and 130c in the meas-
uring device 100. When only the stereo camera 130b is
used for example, only the protector 230b is moved to a
position to be open, and the movable protectors 220a,
220b and the protectors 230a, 230c remains at the po-
sitions to be closed. Accordingly, the stereo cameras
130a and 130c not used for measurement can be pro-
tected.
[0053] The above-described configuration that in-
cludes three stereo cameras 130a, 130b, and 130c is
just one example. As described above, the number of
distance measuring devices, such as stereo cameras, is
not limited to any particular number. In some embodi-
ments, the measuring device may include one stereo
camera, for example.
[0054] Next, the fixed frame 750 incorporated in the
mobile measuring apparatus 800 according to an em-
bodiment is described with reference to FIGs. 7A, 7B,
7C, and 7D. FIGs. 7A, 7B, 7C, and 7D are illustrations
of one example of the configuration of the fixed frame
750. FIG. 7A is a rear view of the fixed frame 750 attached
to the mobile measuring apparatus 800 according to an
embodiment. FIG. 7B is a perspective view of the fixed
frame 750 as viewed from the back side. FIG. 7C is an
illustration of the fixed frame 750 as viewed from the lower
side. FIG. 7D is an enlarged view of a part of an area E
indicated in FIG. 7B.
[0055] The fixed frame 750 includes vertical columns
751a, 751b, horizontal columns 752a, 752b, a bottom
connecting part 753, a fixing plate 754, and L-shaped
brackets 755a, 755b, which are attached to a tow pole
fixing part 781 and a spare tire fixing part (spare tire car-
rier) 782 mounted on the vehicle body 701, for example.
[0056] The tow pole fixing part 781 is attached to the
bottom of the vehicle body 701, and is a part to which a
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tow pole is attached. In the present embodiment, instead
of the tow pole, the bottom connecting part 753 to be
described later is attached to the tow pole fixing part 781.
[0057] The tow pole fixing part 781 is formed of a metal
prism whose longitudinal direction is along the width di-
rection, and has a rectangular through-hole 781a at the
central part of the tow pole fixing part 781 along the width
direction, to which a tow pole is inserted in the direction
of movement of the vehicle body 701. Further, the central
part of the tow pole fixing part 781 in the width direction
is positioned at the center of the width of the vehicle body
701 along the width direction.
[0058] Further, the spare tire fixing part 782 is disposed
at the central portion of the back surface of the vehicle
body 701, and serves as a part to which a spare tire is
fixed. However, in the present embodiment, the fixing
plate 754 to be described later is fixed to the spare tire
fixing part 782, instead of a spare tire.
[0059] The spare tire fixing part 782 is a U-shaped
bracket having a U-shaped cross section, and a tap hole
for screwing the spare tire is provided on the back surface
of the U-shaped bracket. Further, the open side of the
U-shaped bracket is fixed to the back of the vehicle body
701.
[0060] The vertical column 751a is formed by connect-
ing a first aluminum frame to a second aluminum frame
shorter than the first aluminum frame so as to form an L-
shape. The vertical column 751a is disposed such that
the longitudinal direction of the first aluminum frame is
along the up-to-down direction, and the longitudinal di-
rection of the second aluminum frame is along the direc-
tion of movement of the vehicle body 701. The second
aluminum frame is attached to the left end face of the
tow pole fixing part 781 with the L-shaped bracket 755a
(see FIG. 7D) so that the vertical column 751a is attached
to the vehicle body 701. The vertical column 751b has
the same configuration as that of the vertical column
751a. That is, the vertical column 751b is attached to the
vehicle body 701 by attaching the second aluminum
frame to the right end face of the tow pole fixing part 781
with the L-shaped bracket 755b. The measuring device
100 is screwed to the vertical columns 751a and 751b.
[0061] The horizontal column 752a is formed of an alu-
minum frame. The longitudinal direction of the horizontal
column 752a is along the width direction. The horizontal
columns 752a is disposed so as to intersect with each of
the vertical columns 751a and 751b, and is coupled to
the vertical columns 751a and 751b at the respective
points of intersection.
[0062] The horizontal column 752b is disposed at a
lower position than the position of the horizontal column
752a, and the longitudinal direction of the horizontal col-
umn 752b is parallel to the horizontal column 752a. The
horizontal columns 752b is disposed so as to intersect
with each of the vertical columns 751a and 751b, and is
coupled to the vertical columns 751a and 751b at the
respective points of intersection.
[0063] The bottom connecting part 753 is made of an

aluminum frame, and is attached to the tow pole fixing
part 781 through the through-hole 781a. The back end
surface of the bottom connecting part 753 is provided
with a tapped hole for screwing.
[0064] The fixing plate 754 is a flat metal plate. The
fixing plate 754 is disposed so that the flat portion inter-
sects with the direction of movement of the vehicle body
701. Further, the flat portion on the front side of the fixing
plate 754 is in contact with the back surface of the U-
shaped spare tire fixing part 782 so as to be screwed to
the spare tire fixing part 782. Further, the flat portion on
the front side of the fixing plate 754 abuts against the end
face of the bottom connecting part 753 so as to be
screwed to the bottom connecting part 753. Another flat
portion on the back side of the fixing plate 754 is in contact
with the horizontal column 752b so as to be screwed to
the horizontal column 752b.
[0065] A spare tire cover 790 in FIGs. 7A, 7B, and 7C
serves as a cover to protect a spare tire mounted on the
vehicle body 701. However, in the present embodiment,
since a spare tire is not mounted on the vehicle body
701, the spare tire cover 790 serves to cover, instead of
a spare tire, a part of the fixing plate 754 attached to the
spare tire fixing part 782. The spare tire cover 790 can
be opened and closed by pivoting with, for example, an
axis in the up-to-down direction including the left end por-
tion as a pivot axis.
[0066] In the above-described embodiment, the fixed
frame 750 is fixed to the center portion of the back surface
of the vehicle body 701 via the spare tire fixing part 782,
and also to the bottom of the vehicle body 701 via the
tow pole fixing part 781, so that the fixed frame 750 is
attached to the vehicle body 701. More specifically, the
fixed frame 750 is fixed at two positions, that is, the right
end face and the left end face of the tow pole fixing part
781. In other words, the fixed frame 750 is fixed at two
positions symmetrical with respect to the center of the
vehicle 700 in the width direction, so as to be attached
to the bottom of the vehicle body 701. As described
above, the measuring device 100 is attached to the ve-
hicle 700 via the fixed frame 750.
[0067] In some cases, the measuring device 100 ro-
tates around the pitch axis (axis along the width direc-
tion), the yaw axis (axis along the direction of gravity),
and/or the roll axis (axis along the direction of movement)
with the movement of the vehicle 700.
[0068] Specifically, when the fixed frame 750 is fixed
by one position, i.e., the central portion of the back sur-
face of the vehicle body 701, for example, the fixed frame
750 might rotate around the fixed position as a rotation
center due to a force, such as wind pressure, applied to
a position at which the measuring device 100 is attached
to the fixed frame 750.
[0069] With the rotation of the fixed frame 750, the po-
sition and angle of the measuring device 100 is shifted,
which might cause an erroneous measurement of the
distance between the measuring device 100 and the road
surface 900. Further, the shaking of the stereo camera
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130 cause a blur on images captured by the stereo cam-
era 130, which might cause a distance measurement er-
ror.
[0070] Furthermore, when the rotation around the pitch
axis (pitching) and around the yaw axis (yawing) occurs,
a trapezoidal distortion might be generated in the images
acquired by the stereo camera 130. If the rotation angles
of pitching and yawing are unknown, such a trapezoidal
distortion cannot be corrected by, for example, image
processing, and the trapezoidal distortion of the image
acquired by the stereo camera 130 causes a distance
measurement error.
[0071] In particular, while the vehicle 700 is moving
(traveling) during the measurement, the wind direction
and the wind speed constantly change, and the rotation
angle is likely to be unknown. Further, when a vehicle
travelling from the opposite direction passes by the ve-
hicle 700, or when the vehicle 700 passes through the
entrance or exits of the tunnel during the measurement,
the wind pressure suddenly changes so that the rotation
angle is more likely to be unknown.
[0072] In the present embodiment, the fixed frame 750
is fixed to the vehicle body 701 at two positions: the cen-
tral portion of the back surface of the vehicle body 701
and the bottom of the vehicle body 701. With this config-
uration, the rotation such as pitching, yawing, and/or ro-
tation (rolling) around the roll axis is substantially pre-
vented, and thus an erroneous measurement of the dis-
tance between the measuring device 100 and the road
surface 900 can also be substantially prevented.
[0073] Further, in the present embodiment, the fixed
frame 750 is fixed at two positions symmetrical with re-
spect to the center of the vehicle body 701 in the width
direction, so as to be attached to the bottom of the vehicle
body 701. With this configuration, for example, the rolling
is substantially prevented so as to be increase the sta-
bility of the fixed frame 750 attached to the vehicle body
701. Accordingly, the erroneous measurement of the dis-
tance between the measuring device 100 and the road
surface 900 is further prevented.
[0074] FIG. 8 is an illustration of an example of the
advantageous effects of a fixing method performed by
the fixed frame 750. In the example of FIG. 8 for example,
the fixed frame 750 is fixed at one position of the central
portion of the back surface of the vehicle 700, so as to
be attached to the vehicle body 701. In this case, the
fixed frame 750 might rotate around the central portion
81 as the rotation center in a direction indicated by arrow
83 due to the wind pressure that acts on the position 82
at which the measuring device 100 is attached to the
fixed frame 750. In the present embodiment, since the
fixed frame 750 is fixed to the center portion of the back
surface of the vehicle body 701 and to the bottom of the
vehicle body 701, a force for reducing the rotation is ap-
plied to the fixed position 84 of the bottom of the vehicle
body 701, which substantially prevents the rotation such
as pitching.
[0075] Note that the fixed frame 750 in FIG. 8 is pref-

erably fixed to the vehicle body 701 with a force applied
to the back side of the fixed frame 750, so as to prevent
the fixed frame 750 from falling to the vehicle 700 side
in the backward direction.
[0076] In this example, the fixed frame 750 is fixed to
the vehicle body 701 using the tow pole fixing part 781
and the spare tire fixing part 782 of the vehicle body 701.
However, this is just one example. The fixed frame 750
may be fixed to another part of the vehicle body 701.
[0077] In the present embodiment, by using the com-
ponents and mechanism, such as the tow pole fixing part
781 and the spare tire fixing part 782, disposed on the
vehicle 700, the fixed frame 750 is attached (fixed) to the
vehicle body 701. With this configuration, the fixed frame
750 and the measuring device 100 are attached to the
vehicle 700 without any particular modification made to
the vehicle 700. If any particular modification is made to
the vehicle 700, the vehicle 700 is treated as a dedicated
car, and the vehicle license plate has to be changed to
one for the dedicated car. However, there is no need to
do such a work in the present embodiment.
[0078] Next, a mobile measuring apparatus according
to another embodiment is described below. Like refer-
ence signs are given to elements similar to those of the
as described above, and overlapping be omitted.
[0079] In the mobile measuring device according to the
above-described embodiment, it is assumed that the
measuring device 100 is mounted on the vehicle 700 that
travels (moves) on land as a mobile object. This is just
one example. As illustrated in FIG. 9 for example, the
mobile measuring apparatus 800b may include a meas-
uring device 100b attached to a flying object (drone) 700b
that moves in the air.
[0080] FIG. 9 is an illustration of measurement state
of the mobile measuring apparatus 800b according to
another embodiment. The mobile measuring apparatus
800b includes the flying object 700b and the measuring
device 100b attached to the flying object 700b.
[0081] With the configuration provided with the flying
body 700b, it is possible to measure (inspect) a target in
a place (for example, a bridge) where people can not
easily approach. Moreover, a rail car is also applicable
as a mobile object. In this case, instead of the condition
of the road, the condition of the rail on which the rail car
travels, the tunnel wall of the subway, and the station’s
home can be measured with the mobile measuring ap-
paratus.
[0082] The present disclosure is not limited to the
above-described embodiments of the mobile measuring
apparatus, and various other embodiments may be used
without departing from the spirit and scope of the present
disclosure as set forth in the appended claims.
[0083] Although the foregoing description is given as-
suming that the measuring devices 100, 100b according
to the above-described embodiments are provided with
the stereo camera 130, this is only one example. For
example, in some embodiments, the measuring device
100 may include a distance measuring device incorpo-
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rating a laser so as to measure the distance between the
measuring device and the measurement target. Further,
the measuring device is not limited to the above-de-
scribed device for distance measurement, and may be
devices for measuring other information.
[0084] The embodiments also include a mobile meas-
urement method. For example, the mobile measurement
method includes attaching, to a mobile object, a meas-
uring device 100, so as to constitute a mobile measuring
apparatus 800; and measuring a distance between the
measuring device 100 and a measurement target. The
measuring device 100 is disposed within a plane in a
space 300 in the back of the mobile object in a direction
of movement of the mobile object, and the space 300 is
defined by an upper plane 301, a lower plane 302, a first
side plane 303, and a second side plane 304. The upper
plane 301 is a plane that includes an upper end of the
mobile object and intersects with a direction of gravity.
The lower plane 302 is a plane that includes a lower end
of the mobile object and intersects with the direction of
gravity. The first side plane 303 is a plane that intersects
with a width direction intersecting with each of the direc-
tion of movement and the direction of gravity, and in-
cludes one end of the mobile object in the width direction,
and the second side plane 304 is a plane that intersects
with the width direction, and includes the other end of the
mobile object in the width direction. Such a mobile meas-
urement method exhibits the same advantageous effects
as those of the above-described mobile measuring ap-
paratus.
[0085] Numerous additional modifications and varia-
tions are possible in light of the above teachings. It is
therefore to be understood that within the scope of the
appended claims, the embodiments may be practiced
otherwise than as specifically described herein. For ex-
ample, elements and/or features of different illustrative
embodiments may be combined with each other and/or
substituted for each other within the scope of this disclo-
sure and appended claims.

Claims

1. A mobile measuring apparatus (800) comprising:

a mobile object (700); and
a measuring device (100) mountable on the mo-
bile object (700), configured to measure a meas-
urement target,
wherein the measuring device (100) is disposed
within a plane in a space (300) in the back of the
mobile object (700) in a direction of movement
of the mobile object (700), and the space (300)
is defined by an upper plane (301), a lower plane
(302), a first side plane (303), and a second side
plane (304),
the upper plane (301) is a plane that includes
an upper end of the mobile object (700) and in-

tersects with a direction of gravity,
the lower plane (302) is a plane that includes a
lower end of the mobile object (700) and inter-
sects with the direction of gravity,
the first side plane (303) is a plane that intersects
with a width direction intersecting with each of
the direction of movement and the direction of
gravity, and includes one end of the mobile ob-
ject (700) in the width direction, and
the second side plane (304) is a plane that in-
tersects with the width direction, and includes
the other end of the mobile object (700) in the
width direction.

2. The mobile measuring apparatus (800) according to
claim 1, further comprising a fixed frame (750) at-
tached to a center portion of a back surface of the
mobile object (700) and to the bottom of the mobile
object (700) so as to be attached to the mobile object
(700),
wherein the measuring device (100) is attached to
the mobile object (700) via the fixed frame (750).

3. The mobile measuring apparatus (800) according to
claim 2,
wherein the fixed frame (750) is fixed at at least two
positions of the bottom of the mobile object (700),
the at least two position being symmetrical with re-
spect to the center of the mobile object (700) along
the width direction.

4. The mobile measuring apparatus (800) according to
any one of claims 1 to 3,
wherein the measuring device (100) includes a ster-
eo camera (130).

5. The mobile measuring apparatus (800) according to
any one of claims 1 to 4,
wherein the mobile object (700) is a vehicle that in-
cludes a vehicle body (701) and tires (702) mounted
on the vehicle body (701),
the upper end of the mobile object (700) is an upper
end of the vehicle, the lower end of the mobile object
(700) is a lower end of the vehicle, the one end of
the mobile object (700) in the width direction is one
end of the vehicle in the width direction, and the other
end of the mobile object (700) in the width direction
is the other end of the vehicle in the width direction.

6. A mobile measurement method comprising:

attaching, to a mobile object (700), a measuring
device (100) within a plane in a space (300) in
the back of the mobile object (700) in a direction
of movement of the mobile object (700), so as
to constitute a mobile measuring apparatus
(800); and
measuring a distance between the measuring
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device (100) and a measurement target,
wherein the space (300) is defined by an upper
plane (301), a lower plane (302), a first side
plane (303), and a second side plane (304),
the upper plane (301) is a plane that includes
an upper end of the mobile object (700) and in-
tersects with a direction of gravity,
the lower plane (302) is a plane that includes a
lower end of the mobile object (700) and inter-
sects with the direction of gravity,
the first side plane (303) is a plane that intersects
with a width direction intersecting with each of
the direction of movement and the direction of
gravity, and includes one end of the mobile ob-
ject (700) in the width direction, and
the second side plane (304) is a plane that in-
tersects with the width direction, and includes
the other end of the mobile object (700) in the
width direction.
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