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(54) MEASUREMENT DEVICE AND METHOD, AND PROGRAM

(57) The present technique relates to an apparatus
and a method for measurement, and a program each of
which enables distance estimation to be more simply car-
ried out with higher accuracy.

A three-dimensional measurement apparatus has a
rotation control portion controlling rotation of a photo-
graphing portion by a rotation mechanism in such a way
that the photographing portion is rotated with a center of
rotation as an axis in a state in which a distance from the
center of rotation of the rotation mechanism portion to a
focal point position of the photographing portion is a con-
stant distance; and a distance calculating portion calcu-
lating a distance to an object on a space on the basis of
a plurality of photographed images obtained through pho-
tographing in positions different from one another by the
photographing portion in a state in which the photograph-
ing portion is rotated.
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Description

[Technical Field]

[0001] The present technique relates to an apparatus and a method for measurement, and a program, and more
particularly to an apparatus and a method for measurement, and a program each of which enables distance estimation
to be carried out more simply and with high accuracy.

[Background Art]

[0002] Heretofore, a three-dimensional measurement technique for measuring a distance to an object has been known.
A technique for photographing images in rotational positions while a camera is rotated with a predetermined axis as a
center, extracting corresponding feature points from the images photographed in these positions, and measuring a
distance on a space from these feature points, for example, has been proposed as such a technique (for example, refer
to patent literature 1).

[Citation List]

[Patent Literature]

[0003] [PTL 1]
JP 2000-283719A

[Summary]

[Technical Problem]

[0004] However, with the technique described above, it was difficult to measure a distance to an object simply and
with high accuracy.
[0005] For example, with the technique for measuring the distance from each of the images while the camera is rotated,
the feature points must be detected from the photographed images, the coordinates of the directions of rotation of the
camera must be retrieved with respect to the feature points, and a matrix arithmetic operation must be carried out. Thus,
many arithmetic operations for the distance measurement were required.
[0006] The present technique has been made in the light of such a situation, and aims at enabling distance estimation
to be carried out more simply and with high accuracy.

[Solution to Problem]

[0007] A measurement apparatus of an aspect of the present technique is provided with a rotation control portion, and
a distance calculating portion. The rotation control portion controls rotation of a photographing portion by a rotation
mechanism in such a way that the photographing portion is rotated with a rotation center as an axis in a state in which
a distance from the rotation center of the rotation mechanism to a focal point position of the photographing portion is a
constant distance. The distance calculating portion calculates a distance to an object on a space on the basis of a
plurality of photographed images obtained through the photographing in positions different from one another by the
photographing portion in a state in which the photographing portion is rotated.
[0008] The distance calculating portion can be made to calculate the distance to the object on the basis of a geometric
relationship among corresponding points in the plurality of photographed images.
[0009] The distance calculating portion can be made to extract line images constituted by pixel line containing the
corresponding points from the photographed images. In addition, the distance calculating portion can be made to calculate
the distance to the object on the basis of a synthetic image obtained by arranging side by side the plurality of line images
obtained from the plurality of photographed images, and synthesizing the plurality of line images.
[0010] The distance calculating portion can be made to calculate the distance to the object on the basis of amplitude
of a locus of the corresponding points in the synthetic image.
[0011] The measurement apparatus is further provided with a rectification portion for rectifying the photographed
images, and the distance calculating portion can be made to calculate the distance to the object on the basis of the
rectified image obtained through the rectification.
[0012] The rotation control portion can be made to control the rotation of the photographing portion provided in an
upper portion of a vehicle.
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[0013] The photographing portion can be constituted by a two-dimensional image sensor.
[0014] The photographing portion can be constituted by a line sensor.
[0015] The rotation control portion can be made to control the rotation of the photographing portion in such a way that
the photographing portion makes one rotation at a constant speed.
[0016] A measurement method or a program of an aspect of the present technique includes the steps of: controlling
rotation of a photographing portion by a rotation mechanism in such a way that the photographing portion is rotated with
a rotation center as an axis in a state in which a distance from the rotation center of the rotation mechanism to a focal
point position of the photographing portion is a constant distance; and calculating a distance to an object on a space on
the basis of a plurality of photographed images obtained through photographing in positions different from one another
by the photographing portion in a state in which the photographing portion is rotated.
[0017] In the aspect of the present technique, the rotation of the photographing portion by the rotation mechanism is
controlled in such a way that the photographing portion is rotated with the rotation center as the axis in the state in which
the distance from the rotation center of the rotation mechanism to the focal point position of the photographing portion
is the constant distance. In addition, the distance to the object on the space is calculated on the basis of the plurality of
photographed images obtained through the photographing in the positions different from one another by the photograph-
ing portion in the state in which the photographing portion is rotated.

[Advantageous Effect of Invention]

[0018] According to the aspect of the present technique, the distance estimation can be carried out more simply and
with high accuracy.
[0019] It should be noted that the effect described here is by no means necessarily limited, and any of the effects
described in the present disclosure may also be offered.

[Brief Description of Drawings]

[0020]

[FIG. 1]
FIG. 1 is a view depicting an example of application of the present technique.
[FIG. 2]
FIG. 2 is a view explaining rotation drive of a photographing portion.
[FIG. 3]
FIG. 3 is a view explaining rotary drive of the photographing portion.
[FIG. 4]
FIG. 4 is a view explaining a rotary drive of a mirror.
[FIG. 5]
FIG. 5 is a view explaining distance estimation.
[FIG. 6]
FIG. 6 is a view explaining the distance estimation.
[FIG. 7]
FIG. 7 is a diagram explaining a synthetic image.
[FIG. 8]
FIG. 8 is a view explaining the distance estimation.
[FIG. 9]
FIG. 9 is a block diagram depicting an example of a configuration of a three-dimensional measurement apparatus.
[FIG. 10]
FIG. 10 is a flow chart explaining measurement processing.
[FIG. 11]
FIG. 11 is a view explaining drive for the photographing portion.
[FIG. 12]
FIG. 12 is a block diagram depicting an example of a schematic configuration of a vehicle control system.
[FIG. 13]
FIG. 13 is an explanatory view depicting an example of installation positions of an extra-information detecting portion
and a photographing portion.
[FIG. 14]
FIG. 14 is a block diagram depicting an example of a configuration of a computer.
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[Description of Embodiments]

[0021] Hereinafter, an embodiment to which the present technique is applied will be described with reference to the
drawings.

<First Embodiment>

<With regard to outline of the present technique>

[0022] The present technique relates to a system for photographing images in respective positions while a photo-
graphing portion is moved along a predetermined locus, and estimating a three-dimensional distance to an object on a
space on the basis of a synthetic image produced by accumulating line images containing corresponding portions of the
resulting images.
[0023] The present technique can be applied to a vehicle itself such as a passenger car, a measurement system with
which a vehicle is equipped, various kinds of electric apparatuses such as a wearable device which a user wears, a
manned or unmanned flying object, or the like. In the following, a description will be continuously given with respect to
a case where a vehicle is equipped with a three-dimensional measurement apparatus to which the present technique
is applied as an example.
[0024] In the case where the vehicle is equipped with the three-dimensional measurement apparatus to which the
present technique is applied, for example, as depicted in FIG. 1, a photographing portion 12 is mounted to a vehicle 11
which is equipped with the three-dimensional measurement apparatus, thereby carrying out omnidirectional photograph-
ing.
[0025] Specifically, the photographing portion 12 constituted by a camera or the like including an image sensor or the
like is mounted to a shaft 13 fixed to an upper portion of the vehicle 11. In addition, a plurality of images to be photographed
are continuously photographed in different directions, in a state in which the photographing portion 12 is rotated with
the shaft 13 as an axis of rotation. Then, distances to respective subjects (objects) existing in the circumstances of the
vehicle 11 are obtained by calculation from the photographing portion 12 in the real space, that is, the vehicle 11 on the
basis of a plurality of photographed images.
[0026] With the three-dimensional measurement apparatus, a plurality of images to be photographed having a fine
parallax are thus continuously photographed while the photographing portion 12 provided in an upper portion of the
vehicle 11 is rotated. As a result, the distances to the objects in the circumstances can be measured with high accuracy.
[0027] For example, in the three-dimensional measurement apparatus, a depth map exhibiting the distances (depths)
to the objects when viewed from the vehicle 11 is produced with respect to every direction on the basis of a result of the
measurement of the distances to the objects. If such a depth map is used, then, the environment of the circumstances
of the vehicle 11, such as a situation of arrangement of the objects in every direction can be accurately grasped. As a
result, for example, the safety at the time of traveling of the vehicle 11 can be improved.
[0028] It should be noted that the production of the depth map, in a word, the measurement of the distances to the
objects in the circumstances may be not only carried out at the time of the traveling of the vehicle 11, but also carried
out at the time of stop of the traveling of the vehicle 11.
[0029] Here, any of methods such as the methods, for example, depicted in FIG. 2 and FIG. 3 may be adopted as the
method of rotating the photographing portion 12. By the way, portions in FIG. 2 and FIG. 3 corresponding to those in
FIG. 1 are assigned the same reference numerals, and a description thereof is suitably omitted here.
[0030] In an example depicted in FIG. 2, the photographing portion 12 is rotated so as to move on a circle having a
predetermined radius with a shaft 13 as an axis of rotation (rotation center), and photographs a direction to the outside
when viewed from a center of the circle. In a word, the photographing portion 12 is fixed to the shaft 13 so as to be
directed in the direction to the outside of the circle as a locus thereof at the time of the rotation.
[0031] In particular, the photographing portion 12 is mounted to the shaft 13 in such a way that the focal point position
of the photographing portion 12 and the position of the shaft 13 becomes different positions with each other, in a word,
the focal point position of the photographing portion 12 becomes a position which is at a given distance away from the
position of the shaft 13 so that the photographing portion 12 is able to obtain the photographed images mutually having
the parallaxes at the time of the photographing. The focal point position of the photographing portion 12 is offset at the
given distance from the position of the shaft 13, whereby the photographed images obtained through the photographing
in the respective rotational positions of the photographing portion 12 become the images mutually having the parallaxes.
[0032] In addition, for example, in an example depicted in FIG. 3, the shaft 13 is rotated so as to move on a circle
having a predetermined radius with the shaft 13 as the axis of the rotation, and photographs the central direction of the
circle. In a word, the photographing portion 12 is fixed to the shaft 13 so as to be directed to the internal direction of the
circle as the locus thereof at the time of the rotation.
[0033] In the example as well, the photographing portion 12 is mounted to the shaft 13 in such a way that the focal
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point position of the photographing portion 12 is located in the position which is at the given distance away from the
position of the shaft 13. Thus, the photographing portion 12 can photograph every direction of the vehicle 11.
[0034] Moreover, for example, as depicted in FIG. 4, a mirror 41 as a reflecting member for guiding the light from the
circumstances of the vehicle 11 to the photographing portion 12 may be provided, and the mirror 41 may be rotated.
Note that, portions in FIG. 4 corresponding to those in FIG. 1 are assigned the same reference numerals, and a description
thereof is suitably omitted.
[0035] In the example, the mirror 41 is disposed in such a way that a reflecting surface (front surface) of the mirror 41
makes an angle of 45 degrees with an optical axis 42 of the photographing portion 12. Thus, the mirror 41 is rotated
with the optical axis 42 as the rotational axis. When the mirror 41 is rotated in such a way, a virtual image of the
photographing portion 12 is rotated with respect to the rotational axis with a position of an intersection point between
the optical axis 42 and the mirror 41 as a center. Thus, if the photographing portion 12 carries out the photographing
while the mirror 41 is rotated, then, the similar photographed image group as that in the case depicted in FIG. 3 can be
obtained.
[0036] By the way, in this case, the example in which a plurality of photographed images mutually having the parallaxes
are photographed by the photographing portion 12, in a word, the example in which a plurality of photographed images
obtained through the photographing in the mutually different directions are obtained has been described. Alternatively,
however, a plurality of photographing portions 12 may be mounted to the shaft 13, thereby obtaining a plurality of
photographed images. In this case, a plurality of photographing portions 12 may be rotated, or when there are a sufficient
number of photographing portions 12, the images to be photographed may be photographed without rotating a plurality
of photographing portions 12. In addition, for the purpose of reducing an influence by the weather resulting in the exposure
of the photographing portion 12 to the rain, a protection against the rain may be mounted to the shaft 13.
[0037] Next, a concrete example of producing the depth map from a plurality of photographed images will be described.
In the following, a description is continuously given by giving, as an example, the case where as depicted in FIG. 2, the
photographing is carried out in a state in which the photographing portion 12 is directed to the outside of the shaft 13.
[0038] For example, as depicted in FIG. 5, it is assumed that an object OB11 is present in the circumstance of the
vehicle 11, and the photographed image containing the object OB11 as a subject is obtained through the photographing
by the photographing portion 12.
[0039] Here, it is assumed that, for example, as indicated by an arrow A11, a distance from the vehicle 11, in a word,
the photographing portion 12 to the object OB11 is relatively long, in a word, the object OB11 lies in a long distance.
[0040] In such a case, it is assumed that the photographing is carried out while the photographing portion 12 is rotated,
and as a result, for example, a photographed image P11-1 to a photographed image P11-3 are obtained at respective
times from a time t to a time t+2, and photographed images are also obtained at other times. It should be noted that
hereinafter, when the photographed image P11-1 to the photographed image P11-3 do not need to be especially dis-
tinguished from one another, they will also be referred to as simply the photographed images P11.
[0041] In this example, the object OB11 is contained as the subject in each of the photographed image P11-1 to the
photographed image P11-3, and a position of the object OB11 on each of these photographed images P11 is changed
in response to the position of the photographing portion 12 at the time of the photographing. In particular, in this case,
since the distance from the photographing portion 12 to the object OB11 is far in some measure, an amount of movement
of the object OB11 on each of the photographed images P11 with respect to the rotational movement of the photographing
portion 12 is relatively less.
[0042] When the photographing is carried out in each of the rotational positions while the photographing portion 12 is
rotationally moved, and a plurality of photographed images containing the photographed images P11 are obtained, the
three-dimensional measurement apparatus extracts line images containing the object OB11 from these photographed
images. The line images are images constituted by pixel lines including a plurality of pixels arranged in one direction
side by side, the pixels including pixels corresponding to the object OB11, in a word, the pixels on which the object OB11
is caught as the subject.
[0043] In this example, for example, each of the line images LP11-1 to LP11-3 is extracted from each of the photo-
graphed images P11-1 to P11-3, and the pixels of the corresponding object OB11, in a word, the corresponding points
are contained in these line images.
[0044] Hereinafter, when the line image LP11-1 to the line image LP11-3 do not need to be distinguished from one
another, those will be referred to as simply the line images LP11. In addition, in the following description, other photo-
graphed images different from the photographed images P11-1 to P11-3 will also be referred to as simply the photo-
graphed images P11. Likewise, other line images different from the line images LP11-1 to LP11-3 will also be referred
to as simply the line images LP11.
[0045] In addition, in this case, for brief of the description, a description will be given with respect to the case where
the object OB11 is located on the plane of rotation of the photographing portion 12, that is, the case where the pixels of
a light receiving surface of the photographing portion 12, the pixels corresponding to the object OB11, are located on
the plane containing the circle as the locus of the photographing portion 12 on the space when the photographing portion
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12 is rotated. In addition, in this case, it is assumed that the pixel line (line) in the horizontal direction of the light receiving
surface of the photographing portion 12 lies on the plane of rotation of the photographing portion 12.
[0046] In this case, it is only necessary to extract the pixel line constituted by the pixels arranged side by side in the
horizontal direction, the pixel line containing the object OB11, in the photographed images P11 in the form of the line
pixels LP11. The reason for this is because an epipolar line on the photographed images P11 about the object OB11
becomes parallel to the pixel line in the horizontal direction of the photographed images P11.
[0047] The three-dimensional measurement apparatus arranges in the vertical direction the line images LP11 obtained
from the photographed images P11 side by side in order of the photographing of them, and synthesizes them, thereby
producing one synthetic image CP11. In this case, the line image LP11-1 at a time t is disposed on the uppermost side
in the figure, and the line images LP11 at times at and after the time t are accumulated downward in order of the old
photographing time, thereby obtaining one synthetic image CP11.
[0048] By the way, in this case, a description will be given with respect to an example in which each of the line images
LP11 constituting the synthetic image CP11 is the image including the pixel line for one line. However, the line image
LP11 may be the images including two or more pixel lines which are arranged adjacent to one another in the vertical
direction. This also applies to the line images constituting a synthetic image CP12 which will be described later.
[0049] Since the synthetic image CP11 thus obtained contains the object OB11, at each of the times, contained as
the subject, the synthetic image CP11 can be said as an image depicting the locus of the object OB11. In this example,
on the synthetic image CP11, one curve line L11 is formed by areas of the object OB11 of the line images LP11.
[0050] At the time of the photographing of the photographed images P11 with the object OB11 as the subject, the
photographing portion 12 makes a rotational movement, in a word, a circular motion. For this reason, the locus of the
object OB11 including the areas of the object OB11 at the times on the synthetic image CP11, that is, the curve line L11
becomes a part of a tangent curve. In a word, a part of the tangent curve including the areas of the object OB11 is
observed in the synthetic image CP11.
[0051] The position of the object OB11 on the photographed image P11 is determined depending on a positional
relationship between the photographing portion 12 and the object OB11 on the real space. Therefore, the locus of the
object OB11 on the synthetic image CP11 is changed in response to the positional relationship between the photographing
portion 12 and the object OB11 at each of the times.
[0052] In particular, an amount of movement, in the horizontal direction, of the object OB11 on the photographed
images P11 with respect to an amount of rotational movement of the photographing portion 12 is changed in response
to the distance from the photographing portion 12 to the object OB11. In other words, the amplitude of the tangent curve
including the area of the object OB11 on the synthetic image CP11 is changed in response to the distance from the
photographing portion 12 to the object OB11.
[0053] For example, it is assumed that as compared with the example indicated by an arrow A11, as indicated by an
arrow A12, a distance from the vehicle 11, in a word, the photographing portion 12 to the object OB11 is relatively short,
in a word, the object OB11 lies in a near distance.
[0054] It is assumed that in such a case, the photographing is carried out while the photographing portion 12 is rotated,
and as a result, for example, a photographed image P12-1 to the photographed image P12-3 are obtained at the
respective times from the time t to the time t+2 and the photographed images are obtained at other times. By the way,
in the following description, when the photographed image P12-1 to the photographed image P12-3 or the photographed
images at other times do not need to be especially distinguished from one another, they will be referred to as simply the
photographed images P12 as well.
[0055] In this example, the object OB11 is contained as the subject in each of the photographed images P12. It is
assumed that the three-dimensional measurement apparatus extracts the line image containing the object OB11 from
each of the photographed images P12 to obtain a plurality of line images containing the line image LP12-1 to the line
image LP12-3, and synthesizes these line images, thereby producing a synthetic image CP12.
[0056] By the way, in the following description, when the line images containing the line image LP12-1 to the line
image LP12-3 do not need to be especially distinguished from one another, they will be referred to as simply the line
images LP12.
[0057] The synthetic image CP12 obtained in such a way, similarly to the case of the synthetic image CP11, becomes
the image depicting a locus of the object OB11. Thus, one curve line L12 is formed by the areas of the object OB11 of
the line images LP12. In the synthetic image CP12, the curved line L12 including the areas of the object OB11 becomes
a part of the tangent curve.
[0058] In this example, the distance from the photographing portion 12 to the object OB11 is shorter than that in the
case of the synthetic image CP11. Therefore, an amount of movement, in the horizontal direction, of the object OB11
on the photographed images P12 with respect to an amount of rotational movement of the photographing portion 12 is
also large. For this reason, the amplitude of the tangent curve including the areas of the object OB11 in the synthetic
image CP12 becomes smaller than that in the case of the synthetic image CP11.
[0059] In such a way, the amplitude of the tangent curve exhibiting the locus of the object OB11 is changed in response
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to the distance from the photographing portion 12 to the object OB11. Therefore, the three-dimensional measurement
apparatus calculates the distance from the photographing portion 12 (vehicle 11) to the object OB11 on the basis of the
amplitude of the tangent curve on the synthetic image. Calculating the distance based on the amplitude of the tangent
curve can be said as calculating the distance from the geometrical relationship about the same object on each of the
photographed images, in a word, the geometrical relationship among the corresponding points which are common to
one another.
[0060] Here, a description will be given with respect to an example of a concrete method of calculating the distance
from the geometrical relationship among the corresponding points which are common to one another on each of the
photographed images with reference to FIG. 6. By the way, in FIG. 6, portions corresponding to those in the case of
FIG. 2 are assigned the same reference numerals, and a description thereof is suitably omitted here.
[0061] For example, it is assumed that the object OB11 which has been described with reference to FIG. 5 is located
in a position P depicted in FIG. 6, and under this condition, let us consider that a distance z from the shaft 13 to the
position P is obtained.
[0062] It is now assumed that in the XYZ coordinate system as the three-dimensional orthogonal coordinate system,
the shaft 13 is set as the origin, a direction from the shaft 13 toward the position P, in a word, a direction of an optical
axis of the photographing portion 12 is set as the Z-direction, a direction vertical to the Z-direction on the plane of rotation
of the photographing portion 12 is set as an X-direction, and a direction vertical to each of the X-direction and the Z-
direction is set as a Y-direction. Under this condition, the coordinates of the position P in the XYZ coordinate system
shall be expressed in the form of (0, 0, z).
[0063] In addition, the distance from the shaft 13 to the photographing portion 12 is assigned r, the focal length of the
photographing portion 12 is assigned f, and the angle of rotation of the photographing portion 12 is assigned θ. Here,
with regard to the angle θ of rotation, in FIG. 6, a clockwise direction is set as a posture direction. Moreover, the coordinates
exhibiting the position, in the horizontal direction, of the object OB11 on the synthetic image is assigned u. In this case,
in the synthetic image CP11 depicted in FIG. 5, and the synthetic image CP12 depicted in FIG. 5, the transverse direction
is assigned the horizontal direction, especially, in FIG. 5, the right direction is assigned the positive direction of the
coordinate u.
[0064] In such a case, with regard to the Z-coordinate of the position P, that is, the distance z to the position P, a
relationship of following Expression (1) is established.
[Expression 1] 

[0065] Therefore, a relationship of following Expression (2) is obtained from Expression (1).
[Expression 2] 

[0066] Here, the distance r and the focal length f in Expression (2) are known, the angle θ of rotation can be obtained
at the time of the photographing of the photographed images, and the coordinate u can be obtained from the synthetic
image. In addition, since for producing the synthetic image, a plurality of images to be photographed are photographed,
a pair of coordinate u and angle θ of rotation at each of the times is obtained. That is to say, a plurality of pairs of
coordinates u and angles θ of rotation are obtained.
[0067] For this reason, if the plurality of pairs of coordinates u and angles θ of rotation are used, then, the distance z
meeting following Expression (3) can be obtained from a least-square method.
[Expression 3]

[0068] As described above, the distance z from the shaft 13 to the object OB11 can be obtained from the least-square
method on the basis of the synthetic image. It should be noted that since the distance r from the shaft 13 to the photo-
graphing portion 12 is known, the distance from the photographing portion 12 to the object OB11 can be obtained from
the distance r and the distance z thus obtained.
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[0069] Referring back to the description of FIG. 5, for example, the three-dimensional measurement apparatus sets
the distance to the object OB11 obtained from the calculation as the depth exhibiting the pixel values of the pixels of the
depth map depicting the same positional relationship as that of the pixels of the object OB11 in the photographed images
P11, in a word, the distance to the object.
[0070] With regard to all the pixels on the photographed images P11, the three-dimensional measurement apparatus
successively calculates the distance to the object caught on these pixels to produce the depth map in such a way. In
addition, the three-dimensional measurement apparatus produces the depth map every photographed image obtained
by photographing in each of the directions, thereby obtaining the omnidirectional depth map.
[0071] Therefore, more specifically, for example, as depicted in FIG. 7, not only a curved line L11 including the areas
of the object OB11, but also a plurality of curved lines, including the areas of the subjects (objects) on the line images
LP11, such as a curved line L21 and the curved line L22 are contained in the synthetic image CP11. By the way, in FIG.
7, portions corresponding to those in the case of FIG. 5 are assigned the same reference numerals, and a description
thereof is suitably omitted here.
[0072] The curved line L21 and the curved line L22 which are observed on the synthetic image CP11 are parts of the
tangent curves similarly to those of the curved line L11. However, the amplitude of these tangent curves is of various
amplitude in response to the distance to the object.
[0073] In addition, in the foregoing, the description has been given with respect to the example in which the pixel line
corresponding to the plane of rotation of the photographing portion 12 in the photographed images is processed. However,
in the case where the pixel line other than that pixel line is processed, it is only necessary that the pixel line including
the pixels on the epipolar line in the photographed images at the respective times is extracted to be made the line image.
In detecting the epipolar line on each of the photographed images, it is only necessary that, for example, the corresponding
points among the photographed images are detected by using a plurality of photographed images to estimate the position
and the posture of the photographing portion 12, and so forth, and thus the position and the posture are estimated in
accordance with an arbitrary algorithm, the position and the posture on the space of the photographing portion 12 are
acquired from the outside, and so forth.
[0074] However, since the processing becomes complicated if the epipolar line is obtained with respect to the photo-
graphed images at the respective times, rectification of the photographed images may be carried out. In addition, if the
depth map corresponding to all the photographed images photographed is produced, then, an amount of processing
becomes larger. Therefore, some directions each becoming a reference may be made the reference directions, and the
depth map may be produced only with respect to these reference directions.
[0075] In such a case, for example, as depicted in FIG. 8, it is only necessary that the depth maps are produced only
with respect to these respective reference directions with a direction D11 to a direction D16 which are set at regular
intervals when viewed from a center O of rotation of the photographing portion 12 as the reference directions. In this
case as well, by suitably selecting the reference directions, the depth map group covering every direction of the photo-
graphing portion 12 (vehicle 11) can be obtained.
[0076] In the example depicted in FIG. 8, in the figure, a direction D11 indicated by an upward arrow is set as 0 degree
direction. In addition, total six directions of angular directions D12 to D16 making angles of 60, 120, 180, 240, and 300
degrees with the direction D11 are set as the reference directions.
[0077] At the time of measurement of the distances to the respective objects, in a word, at the time of the production
of the depth maps, as described above, the images to be photographed in the respective directions are photographed
in a state in which the photographing portion 12 is being rotated.
[0078] Then, the respective photographed images obtained through the photographing are rectified. For example,
paying attention to one photographed image, for one or a plurality of photographed images, in all the reference directions,
in which the same object as that in the one photographed image is contained, the photographed images to which attention
is paid are rectified. By the way, in the following description, the image which is obtained by rectifying the photographed
images will be especially referred to as the rectified image as well.
[0079] Specifically, for example, attention shall be paid to the direction D21 that is different from any of the reference
directions and that is the direction of the optical axis (photographing direction) of the photographing portion 12 at the
time T. Then, the photographed image which is obtained by photographing the direction D21 will be referred to as the
photographed image PT.
[0080] The three-dimensional measurement apparatus calculates the direction of the optical axis of the photographing
portion 12 at the time T, in a word, the direction D21 by using a rotary encoder or the like which is mounted to the shaft
13 for rotating the photographing portion 12. Then, the three-dimensional measurement apparatus rectifies the photo-
graphed image PT for N reference directions closest to the direction D21. The number N of reference directions, for
example, is determined for a field angle of the photographing portion 12 in advance.
[0081] For example, it is assumed that the reference directions are decided at the intervals of 60 degrees like this
example, and a horizontal field angle of the photographing portion 12 is 90 degrees. In such a case, the photographed
image PT overlaps in field angle the photographed images in the three reference directions: the direction D11 to the



EP 3 358 297 A1

9

5

10

15

20

25

30

35

40

45

50

55

direction D13. In a word, since the same object is contained in these photographed images, the photographed images
of the three reference directions: the direction D11 to the direction D13 are rectified.
[0082] Specifically, there are carried out the rectification of the photographed image PT for the photographed image(s)
in the direction D11, the rectification of the photographed image PT for the photographed image(s) in the direction D12,
and the rectification of the photographed image PT for the photographed image(s) in the direction D13. As a result, for
example, by the rectification for the photographed image(s) in the direction D11, the rotational displacement or the like
with the optical axis at the time of the photographing of the photographed image PT as the axis of rotation is corrected.
Thus, the subjects which are arranged side by side in the horizontal direction on the photographed images in the direction
D11 can be obtained as the rectified images which are similarly arranged side by side in the horizontal direction. In a
word, for the subjects in the photographed image PT, the images for which the correction is carried out in such a way
that the images are arranged side by side in the same direction as the direction in which these subjects on the photo-
graphed image(s) in the direction D11 are arranged side by side are obtained in the form of the rectified images.
[0083] When the rectified images are produced with respect to the respective photographed images obtained through
the photographing, the three-dimensional measurement apparatus executes the processing described with reference
to FIG. 5 and FIG. 6 every reference direction by using these rectified images and the photographed images in the
respective reference directions, and produces the depth map corresponding to these photographed images in the ref-
erence directions. It should be noted that at the time of the production of the synthetic image every reference direction
for obtaining the depth map, there are used the photographed images in the reference directions, and the rectified images
obtained by rectifying the photographed images in the reference directions.
[0084] The depth map in the reference directions thus obtained is the information exhibiting the distances on the real
space to the respective objects when viewed in the reference directions from the photographing portion 12 (vehicle 11),
in a word, to the respective subjects on the photographed images.
[0085] By the way, in the example described with reference to FIG. 8, the description has been given with respect to
the case where the depth map is produced with respect to the respective reference directions from the direction D11 to
the direction D16. In this case, although the distance to the same object is calculated every reference direction, in a
word, every depth map, an average value or the like of these distances may be obtained as a presentative distance to
the object concerned. As a result, one presentative distance is obtained for one object.
[0086] Moreover, in obtaining the presentative distance of the object, of the reference directions from the direction
D11 to the direction D16, the distance to the object exhibited by the depth map of the reference direction closest to the
direction directly confronting the object may be set as the representative distance of the object concerned. The reason
for this is because in the depth map of the reference direction closer to the direction directly confronting the object, the
reliability of the distance to the object is high.

<Example of configuration of three-dimensional measurement apparatus>

[0087] Next, a description will now be given with respect to an example of a configuration of a three-dimensional
measurement apparatus described above. FIG. 9 is a block diagram depicting an example of a configuration of an
embodiment of a three-dimensional measurement apparatus to which the present technique is applied.
[0088] The photographing portion 12 described above is connected to the three-dimensional measurement apparatus
71 depicted in FIG. 9, and the photographed image obtained through the photographing by the photographing portion
12 is supplied to the three-dimensional measurement apparatus 71.
[0089] It should be noted that the photographing portion 12 may be provided in the three-dimensional measurement
apparatus 71. In addition, the photographing portion 12 may be a camera or the like which can photograph the two-
dimensional image having a plurality of pixels which are arranged side by side in the horizontal direction and in the
vertical direction on the light receiving surface like the example described above. Alternatively, the photographing portion
12 may also be one-dimensional line sensor which has the light receiving surface constituted by only the pixels arranged
side by side in the horizontal direction, and photographs one-dimensional image. In the following, the description is
continuously given on the assumption that the photographing portion 12 is the camera or the like which can photograph
the two-dimensional image, in a word, is the one which has the two-dimensional image sensor.
[0090] The three-dimensional measurement apparatus 71 has an image acquiring portion 81, an image storing portion
82, an image processing portion 83, a rotation control portion 84, and a rotation mechanism portion 85.
[0091] The image acquiring portion 81 acquires the photographed image from the photographing portion 12, and
executes various kinds of processing such as development processing as may be necessary for the photographed image
acquired, thereby supplying the resulting photographed image to the image storing portion 82. The image storing portion
82 stores therein the various kinds of images such as the photographed image supplied thereto from the image acquiring
portion 81, and the rectified image supplied thereto from the image processing portion 83, and the information.
[0092] The image processing portion 83 executes various kinds of processing such as the measurement processing
for producing the depth stop by using the photographed images and the like stored in the image storing portion 82 as
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may be necessary. The image processing portion 83 has a position posture specifying portion 91, a rectification portion
92, and a distance calculating portion 93.
[0093] The position posture specifying portion 91 calculates the position and the posture on the three-dimensional
space of the photographing portion 12 when the images to be photographed are photographed by, for example, Simul-
taneous Localization And Mapping (SLAM) or the like on the basis of the photographed images stored in the image
storing portion 82, thereby specifying the position and the posture of the photographing portion 12 at each of the times.
Here, the posture of the photographing portion 12 means the photographing direction of the photographing portion 12,
in a word, the direction of the optical axis.
[0094] For example, when the position and the posture of the photographing portion 12 are calculated by the SLAM,
the position posture specifying portion 91 holds therein a three-dimensional map constituted by a position of an arbitrary
object called a landmark on the three-dimensional space, and a feature amount(s) extracted from an image(s) of the
landmark. The position posture specifying portion 91 calculates the position and the posture of the photographing portion
12 at each of the times on the basis of the three-dimensional map and the photographed image(s) while the three-
dimensional map is updated as may be necessary.
[0095] By the way, although in the following, a description will be given with respect to an example in which the position
posture specifying portion 91 specifies the position and the posture of the photographing portion 12 by the SLAM, the
method of specifying the position and the posture of the photographing portion 12 may be any other method.
[0096] For example, the position posture specifying portion 91 may continuously acquire an angle of rotation, and a
steering angle of a wheel of the vehicle 11 from the vehicle 11. In this case, the position posture specifying portion 91
may obtain the movement distance of the vehicle 11 from the angle of rotation, and obtain the direction of the vehicle
11 from the steering angle, thereby specifying the position and the posture of the vehicle 11, in a word, the photographing
portion 12. In addition thereto, for example, the position posture specifying portion 91 may specify the position and the
posture of the photographing portion 12 by utilizing a Global Positioning System (GPS), a gyro sensor or the like.
[0097] When the position posture specifying portion 91 has an Inertial Measurement Unit (IMU) such as an acceleration
sensor or a gyro sensor, for example, the position posture specifying portion 91 integrates the values measured with
the IMU, thereby measuring the relative motion of the position and the posture of the photographing portion 12 with
respect to a predetermined object (object) .
[0098] The rectification portion 92 rectifies the photographed images stored in the image storing portion 82 on the
basis of the information regarding the angle of rotation of the photographing portion 12 supplied thereto from the rotation
mechanism portion 85, and the position and the posture of the photographing portion 12 specified by the position posture
specifying portion 91. For example, the rectification portion 92 can execute the rectification processing as the processing
for rectifying the photographed images. As a result, the processing followed by the enlargement or the reduction is
executed in such a way that the same object appears on the mutually corresponding lines (pixel lines) in a plurality of
photographed images, in a word, on the pixel lines depicting the same positional relationship.
[0099] The distance calculating portion 93 calculates the distances to the objects in the respective azimuth directions
on the basis of the information regarding the angle of the rotation supplied thereto from the rotation mechanism portion
85, the position and the posture of the photographing portion 12 specified by the position posture specifying portion 91,
the rectified images obtained in the rectification portion 92, and the photographed images in the reference directions
stored in the image storing portion 82. That is to say, the depth maps in the reference directions are produced. Specifically,
for example, the distance calculating portion 93 obtains the distance meeting the relationship of Expression (3) described
above by the least-square method, thereby producing the depth map(s).
[0100] The rotation control portion 84 controls the drive for the rotation mechanism portion 85 in accordance with an
instruction issued from the image processing portion 83. The rotation mechanism portion 85, for example, is constituted
by the shaft 13, the rotary encoder, and the like, and rotates the photographing portion 12 with the shaft 13 as the center
of rotation (rotational axis) in accordance with the control made by the rotation control portion 84. In addition, the rotation
mechanism portion 85 supplies the information regarding the angle of the rotation exhibiting the angle of the rotation,
or the like of the photographing portion 12 at each of the times to the image processing portion 83.
[0101] It should be noted that although a description is given here with respect to an example in which the rotation
mechanism portion 85 rotates the photographing portion 12, for example, when there is adopted the constitution described
with reference to FIG. 4, the rotation mechanism portion 85 does not rotate the photographing portion 12, but rotates
the mirror 41.

<Description of measurement processing>

[0102] Subsequently, a concrete operation of the three-dimensional measurement apparatus 71 will now be described.
That is to say, hereinafter, measurement processing by the three-dimensional measurement apparatus 71 will be de-
scribed with reference to a flow chart of FIG. 10. It should be noted that although this measurement processing may be
executed during the traveling of the vehicle 11 equipped with the three-dimensional measurement apparatus 71, or may
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be executed during stop of the traveling of the vehicle 11, in the following, the description will be continuously given on
the assumption that the vehicle 11 is in traveling.
[0103] In Step S11, the image acquiring portion 81 instructs the photographing portion 12 to start the photographing
of the image(s) to be photographed. The photographing portion 12, for example, continuously photographs the images
to be photographed at predetermined time intervals in accordance with the instruction issued from the image acquiring
portion 81, and supplies the photographed images to the image acquiring portion 81. It should be noted that the photo-
graphed image may be a moving image or may be a still image.
[0104] The image acquiring portion 81 executes the various kinds of processing such as the development processing
as may be necessary for the photographed images supplied thereto from the photographing portion 12, and supplies
the resulting photographed images to the image storing portion 82 which in turn stores therein the resulting photographed
images.
[0105] In Step S12, the rotation control portion 84 controls the drive for the rotation mechanism portion 85 in accordance
with an instruction issued from the image processing portion 83. Then, the rotation mechanism portion 85 starts the
rotary drive for the photographing portion 12 in accordance with the control made by the rotation control portion 84.
[0106] At this time, for example, the rotation control portion 84 controls the rotary drive in such a way that the photo-
graphing portion 12 is rotated at a constant rotational speed (angular velocity).
[0107] It should be noted that the rotational speed of the photographing portion 12 is not necessarily the constant
speed. Thus, the rotational speed may be set at the constant speed while the photographing portion 12 makes one
rotation, and may be changed whenever the photographing portion 12 makes one rotation. Moreover, when the traveling
speed or the traveling direction of the vehicle 11 relating to the angle of rotation, and the like of the wheel can be acquired
in one way or another, the rotation control portion 84 may change the rotational speed of the photographing portion 12
in response to the traveling speed or the traveling direction. As a result, the distortion or the like, of the locus of the
object in the synthetic image, which is caused by the traveling of the vehicle 11 can be reduced, and thus the distance
estimation can be carried out with the higher accuracy.
[0108] When the photographing of the image(s) to be photographed is started in such a way, and the rotary drive for
the photographing portion 12 is started, the photographed images obtained through the photographing in the positions
at the time of the rotational movement of the photographing portion 12 are successively stored in the image storing
portion 82. In addition, at this time, the rotation mechanism portion 85 supplies the information regarding the angle of
rotation of the photographing portion 12 at the each of the times to the image processing portion 83. It should be noted
that the image processing portion 83 may supply the information exhibiting the rotational position of the photographing
portion 12, which is obtained from the information regarding the angle of rotation supplied from the rotation mechanism
portion 85, to the image storing portion 82, and may instruct the image storing portion 82 to store the information exhibiting
the rotational position and the photographed image at the same time so as for them to correspond to each other.
[0109] In Step S13, the position posture specifying portion 91 specifies the position and the posture of the photographing
portion 12 when each of the images to be photographed is photographed on the basis of the photographed images
stored in the image storing portion 82, and the three-dimensional maps held herein. That is to say, the position and the
posture of the photographing portion 12 are calculated by the SLAM.
[0110] In Step S14, the rectification portion 92 rectifies the photographed images stored in the image storing portion
82 on the basis of the information regarding the angle of rotation of the photographing portion 12 supplied thereto from
the rotation mechanism portion 85, and the positions and the postures of the photographing portion 12, which are
specified by the position posture specifying portion 91.
[0111] Specifically, for example, the rectification portion 92 executes the processing described with reference to FIG.
8 to produce the rectified image from the photographed images at the respective times. That is to say, the rectification
portion 92 specifies the direction of the optical axis of the photographing portion 12 at the time of the photographing of
the photographed image as the processing object on the basis of the information regarding the angle of rotation, and
the position and the posture of the photographing portion 12, and specifies the reference direction in which the rectified
image is produced from the specification result. Then, the rectification portion 92 produces the rectified image through
the rectification from the photographed image as the processing object, and the photographed image in the reference
direction, and supplies the resulting rectified image to the image storing portion 82, thereby causing the image storing
portion 82 to store the resulting rectified image. As a result, there is obtained a state in which at least the photographed
images and the rectified image are stored in the image storing portion 82.
[0112] In Step S15, the distance calculating portion 93 produces the synthetic image in the respective reference
directions on the basis of the information regarding the angle of rotation supplied thereto from the rotation mechanism
portion 85, the position and the posture of the photographing portion 12, and the rectified image and the photographed
images in the reference directions which are stored in the image storing portion 82.
[0113] That is to say, with regard to the respective lines of the photographed images in the reference directions, in a
word, the respective pixel lines in the horizontal direction, the distance calculating portion 93 sets the line as the line
image. In addition, the distance calculating portion 93 specifies the line of the respective rectified images in which the
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corresponding point(s) common to the line image concerned is (are) contained, and extracts the line image from the
respective rectified images. Here, the information regarding the angle of rotation, and the position and the posture of
the photographing portion 12, for example, are used for the specification of the line in which the corresponding point(s)
in the rectified image is (are) contained.
[0114] Then, the distance calculating portion 93 arranges the line images in which the corresponding points common
to one another are contained, side by side in order of the time, synthesizes them, and produces the synthetic image. As
a result, every horizontal line of the photographed images in the reference directions, the synthetic image corresponding
to these lines is obtained.
[0115] By the way, the positions in the horizontal direction of the respective line images at the time of the synthesis
of the line images may be adjusted in response to the information regarding the angle of rotation, and the position and
the posture of the photographing portion 12, for example. Such adjustment of the synthesis position in the horizontal
direction is effective when the rotational speed of the photographing portion 12 is not constant, when the vehicle 11
travels, or the like.
[0116] In Step S16, the distance calculating portion 93, every pixel of the photographed images in the reference
directions, calculates the distance to the object (subject) corresponding to these pixels on the basis of synthetic image,
and produces the depth map from the calculation result.
[0117] Specifically, for example, the distance calculating portion 93, with respect to the respective pixels of the line
images in the reference directions constituting the synthetic image, detects the pixels, and the area on the synthetic
image constituted by the pixels having the same luminance value(s) (pixel value(s)) as that (those) of these pixels, and
sets the detected area as the area of the locus of the object. At this time, the pixels adjacent to one another on the
synthetic mage, more specifically, the pixel area that is constituted by the pixels approximately continuously arranged
side by side and that has the same luminance value ought to become the area exhibiting the locus of the object.
[0118] Moreover, the distance calculating portion 93 calculates the distance to the object on the basis of the amplitude
of the tangent curve as the locus of the object on the synthetic image. That is to say, with respect to the pixels corresponding
to the object on the synthetic image, the distance meeting the relationship of Expression (3) described above is obtained
from the pixel positions, and the information regarding the angles of rotation by the least-square method, and the depth
map is produced.
[0119] The depth map in the reference direction at the respective times is produced in such a way while the photo-
graphing portion 12 is rotated, so that the distance to the object in every direction can be continuously measured. In
addition, if the depth map as the result of the measurement of the distance, in a word, the result of the distance estimation,
the environment in the circumstances of the vehicle 11, such as the situation of the arrangement of the object in every
direction, can be accurately grasped.
[0120] For example, the distance from the vehicle 11 (photographing portion 12) to the object in each of the respective
azimuths at the predetermined time can be obtained from the result of specification of the position and the posture of
the photographing portion 12 that are specified by the position posture specifying portion 91, and from the three-dimen-
sional map held by the position posture specifying portion 91. Likewise, also from the depth map, the distance from the
vehicle 11 to the object in each of the azimuths at the predetermined time can be obtained, and the resulting distance
ought to be equal to the distance obtained from the three-dimensional map as long as the object stands still.
[0121] For example, the image processing portion 83 calculates a difference between the distance obtained from the
three-dimensional map by utilizing this fact, and the distance exhibited by the depth map, thereby detecting a moving
object existing in the circumstances of the vehicle 11 from the magnitude of the difference, and carries out the tracking
of the moving object from the detection results at the times. In a word, the tracking of the position of the moving object
is carried out. Here, the possibility that the detected moving object, for example, is a walker, a vehicle such as an
oncoming vehicle, a bicycle, a motorcycle, or an obstacle such as a tool of road construction is high.
[0122] Then, for example, the image processing portion 83 executes the processing for displaying an image, or issuing
an alarm by a voice or the like to a driver of the vehicle 11 in such a way that the vehicle 11 can more safely travel in
response to the result of detection of the moving object, in a word, the danger due to the obstacle or the like can be
readily avoided. As a result, the safety at the time of the traveling of the vehicle 11 can be improved.
[0123] In Step S17, the three-dimensional measurement apparatus 71 determines whether or not the processing is
ended. When it is determined in Step S17 that the processing is not yet ended, the processing returns back to Step S13,
and the pieces of processing described above are repetitively executed.
[0124] On the other hand, when it is determined in Step S17 that the processing is ended, the three-dimensional
measurement apparatus 71 stops the pieces of processing in the respective portions, and the measurement processing
is ended.
[0125] In the manner as described above, the three-dimensional measurement apparatus 71 causes the photographing
portion 12 to photograph the images to be photographed while the photographing portion 12 is rotated, and produces
the synthetic image on the basis of the photographed images in the reference directions, and the rectified image obtained
from the photographed images in the directions different from the reference directions. Then, the three-dimensional
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measurement apparatus 71 detects the area of the same luminance value on the synthetic image as the locus of the
object, thereby producing the depth map.
[0126] In such a way, a plurality of photographed images, especially, three or more photographed images obtained
through the photographing during the rotation of the photographing portion 12 are used, thereby enabling the distance
estimation to be carried out with higher accuracy. In addition thereto, the area having the same luminance value is set
as the area exhibiting the locus of the object, and the amplitude of the tangent curve as the locus of the object is used,
thereby enabling the distance estimation to be simply carried out with the less arithmetic operation amount.

<Modified example 1 of first embodiment>

[0127] In addition, although in the foregoing, the description has been given with respect to the example in which the
photographing portion 12 is rotated, alternatively, for example, as depicted in FIG. 11, the photographing portion 12 may
be caused to make a reciprocating motion by a linear motion mechanism. By the way, in FIG. 11, portions corresponding
to those in FIG. 1 are assigned the same reference numerals, and a description thereof is suitably omitted here.
[0128] In an example depicted in FIG. 11, a linear motion mechanism 121 constituted by two arms linked to each other
is connected to the photographing portion 12. One end of the linear motion mechanism 121 is fixed to a central position
021, and the other end of the linear motion mechanism 121 is fixed to the photographing portion 12.
[0129] At the time of the photographing of the image to be photographed, the rotation control portion 87 rotates the
arm one end of which is fixed to the central position 021, with the central position 021 as a center, thereby causing the
photographing portion 12 to make the reciprocating motion in a direction indicated by an arrow D41. In a word, the driving
of the linear motion mechanism 121 is controlled in such a way that the photographing portion 12 makes the reciprocating
motion on a straight line.
[0130] By adopting such a mechanism as well, the three-dimensional measurement apparatus 71, although not every
direction, can obtain the depth map in the front of the photographing portion 12. In this case, since the locus of the object
on the synthetic image becomes a straight line, the distance to the object is calculated on the basis of an inclination of
the straight line.

<Application example>

[0131] By the way, the technique according to the present disclosure can be applied to various products. For example,
the technique according to the present disclosure may also be realized in the form of an apparatus with which any kind
of vehicle of an automobile, an electric vehicle, a hybrid electric vehicle, a motorcycle or the like is equipped. In addition,
the technique according to the present disclosure may also be realized in the form of an apparatus with which a heavy
machine for construction such as a bulldozer or a crane track, a drone, a robot, a planetary probe, or the like is equipped.
[0132] FIG. 12 is a block diagram depicting an example of a schematic configuration of a vehicle control system 2000
to which the technique according to the present disclosure can be applied. The vehicle control system 2000 is provided
with a plurality of electronic control units connected to one another through a communication network 2010. In the
example depicted in FIG. 12, the vehicle control system 2000 is provided with a drive system control unit 2100, a body
system control unit 2200, a battery control unit 2300, an extra-vehicle information detecting unit 2400, an intra- vehicle
detecting unit 2500, and an integrated control unit 2600. The communication network 2010 through which a plurality of
control units are connected to one another, for example, may be an on-board communication network, complying with
arbitrary standards, such as a Controller Area network (CAN), a Local Interconnect Network (LIN), a Local Area Network
(LAN) or a FlexRay (registered trademark).
[0133] Each of the control units is provided with a microcomputer for executing arithmetic operation processing in
accordance with various kinds of programs, a storage portion for storing therein a program to be executed by the
microcomputer, or parameters and the like used in various kinds of arithmetic operations, and a drive circuit for driving
devices or apparatuses as various kinds of control objects. Each of the control units is provided with a network I/F through
which a communication is carried out with other control units via a communication network 2010, and is also provided
with a communication I/F through which a communication is carried out in the form of a wired communication or a wireless
communication with an intra- vehicle device or apparatus or an extra-vehicle device or apparatus, a sensor or the like.
In FIG. 12, a microcomputer 2610, a general-purpose communication I/F 2620, a private communication I/F 2630, a
positioning portion 2640, a beacon receiving portion 2650, an intra-vehicle apparatus I/F 2660, an audio image outputting
portion 2670, an on-board network I/F 2680, and a storage portion 2690 are illustrated as a functional configuration of
the integrated control unit 2600. Likewise, any other control unit is provided with a microcomputer, a communication I/F,
a storage portion, and the like.
[0134] For example, the three-dimensional measurement apparatus 71 described above may also be constituted by
the microcomputer 2610, the positioning portion 2640, the storage portion 2690, and the like.
[0135] The drive system control unit 2100 controls the operation of the device or apparatus associated with the drive
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system of the vehicle in accordance with various kinds of programs. For example, the drive system control unit 2100
functions as a controller for a driving force generator, a driving force transferring mechanism, a steering mechanism, a
braking controller, and the like. In this case, the driving force generator such as an internal combustion engine or a
driving motor serves to generate a driving force for a vehicle. The driving force transferring mechanism serves to transfer
the driving force to wheels. The steering mechanism serves to adjust a steering angle of a vehicle. The braking controller
serves to generate a braking force for a vehicle. The drive system control unit 2100 may have a function as a controller
such as an Antilock Brake System (ABS) or Electronic Stability Control (ESC).
[0136] A vehicle state detecting portion 2110 is connected to the drive system control unit 2100. The vehicle state
detecting portion 2110, for example, includes at least one of those including a gyro sensor for detecting an angular
velocity of an axis rotary motion of a vehicle body, an acceleration sensor for detecting an acceleration of a vehicle, and
a sensor for detecting a manipulated variable of accelerator pedal, a manipulated variable of brake pedal, a steering
angle of a steering wheel, an engine speed, a rotational speed of a wheel, or the like. The drive system control unit 2100
executes arithmetic operation processing by using a signal inputted thereto from the vehicle state detecting portion 2110
to control the internal combustion engine, the driving motor, an electric driven power steering device, a brake device or
the like.
[0137] The body system control unit 2200 controls the operations of the various kinds of devices or apparatuses with
which the vehicle body is equipped in accordance with the various kinds of programs. For example, the body system
control unit 2200 functions as a controller for a keyless entry system, a smart key system, a power window device, or
various kinds of lamps such as a head lamp, a back lamp, a brake lamp, a winker, or a fog lamp. In this case, an electric
wave transmitted from a mobile phone substituted for a key, or signals for various kinds of switches can be inputted to
the body system control unit 2200. The body system control unit 2200 accepts the input of the electric wave or the signals
to control a door lock device, a power window device, the lamps or the like of the vehicle.
[0138] The battery control unit 2300 controls a secondary battery 2310 as an electric power supply source for the
driving motor in accordance with the various kinds of programs. For example, the information regarding a battery tem-
perature, a battery output voltage, a battery remaining power, or the like is inputted from a battery device provided with
the secondary battery 2310 to the battery control unit 2300. The battery control unit 2300 executes the arithmetic operation
processing by using these signals to carry out the temperature adjustment control for the secondary battery 2310, the
control for a cooling device with which the battery device is equipped, or the like.
[0139] The extra-vehicle information detecting unit 2400 detects information regarding the outside of the vehicle
equipped with the vehicle control system 2000. For example, at least either a photographing portion 2410 or an extra-
vehicle information detecting portion 2420 is connected to the extra-vehicle information detecting unit 2400. The pho-
tographing portion 2410 includes at least one of those including a Time-of-Flight (ToF) camera, a stereo camera, a
monocular camera, an infrared camera, and other cameras. For example, the photographing portion 2410 may be made
the photographing portion 12 described above. The extra-vehicle information detecting portion 2420, for example, in-
cludes an environment sensor for detecting the current weather or climate, or a circumstance information detecting
sensor for detecting other vehicles, an obstacle, a walker or the like in the circumstances of the vehicle equipped with
the vehicle control system 2000.
[0140] The environment sensor, for example, may be at least one of those including a raindrop sensor for detecting
rainy weather, a fog sensor for detecting fog, a sunlight sensor for detecting a sunlight degree, and a snow sensor for
detecting snowfall. The circumstance information detecting sensor may be at least one of those including an ultrasonic
wave sensor, a radar device, and Light Detection and Ranging, Laser Imaging Detection and Ranging (LIDAR) device.
These photographing portion 2410 and extra-vehicle information detecting portion 2420 may be provided in the form of
independent sensors or devices, respectively, or may be provided in the form of a device in which a plurality of sensors
or devices are integrated with one another.
[0141] Here, FIG. 13 depicts an example of installation positions of the photographing portion 2410 and the extra-
vehicle information detecting portion 2420. Photographing portions 2910, 2912, 2914, 2916, and 2918, for example, are
provided in at least a position of those including a front nose, side mirrors, a rear bumper, a back door, and an upper
portion of a front glass within a vehicle interior. The photographing portion 2910 with which the front nose is provided,
and the photographing portion 2918 with which the upper portion of the front glass within the vehicle interior is provided
mainly acquire images in the front of the vehicle 2900. The photographing portions 2912 and 2914 with which the side
mirrors are provided mainly acquire images on the sides of the vehicle 2900. The photographing portion 2916 with which
the rear bumper or the back door is provided mainly acquires an image in the rear of the vehicle 2900. The photographing
portion 2918 with which the upper portion of the front glass within the vehicle interior is provided is mainly used for
detection of a preceding vehicle or a walker, an obstacle, a traffic signal, a traffic sign, a traffic lane or the like.
[0142] By the way, FIG. 13 depicts an example of photographing ranges of the respective photographing portions
2910, 2912, 2914, and 2916. The photographing range a depicts a photographing range of the photographing portion
2910 provided in the front nose, the photographing ranges b and c depict photographing ranges of the photographing
portions 2912 and 2914 which are provided in the side mirrors, respectively. The photographing range d depicts a
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photographing range of the photographing portion 2916 provided either in the rear bumper or in the back door. For
example, the pieces of data on the images photographed by the photographing portions 2910, 2912, 2914, and 2916
are accumulated, thereby obtaining a bird’s-eye-view image in which the vehicle 2900 is viewed from the upper side.
[0143] The extra-vehicle information detecting portions 2920, 2922, 2924, 2926, 2928, and 2930 which are provided
in the front, rear, sides, corners of the vehicle 2900, and in the upper portion of the front glass within the vehicle interior,
for example, may be an ultrasonic wave sensor(s) or a radar device(s). The extra-vehicle information detecting portions
2920, 2926, and 2930 which are provided in the front nose, the rear bumper, the backdoor of the vehicle, and the upper
portion of the front glass within the vehicle interior, for example, may be an LIDAR device(s). These extra-vehicle
information detecting portions 2920 to 2930 are mainly used for detection of the preceding vehicle, the walker, the
obstacle or the like.
[0144] Referring back to FIG. 12, the description will now be continuously given. The extra-vehicle information detecting
unit 2400 instructs the photographing portion 2410 to photograph the vehicle image of the vehicle exterior, and receives
the data on the image thus photographed. In addition, the extra-vehicle information detecting unit 2400 receives detection
information from the extra-vehicle information detecting portion 2420 connected thereto. When the extra-vehicle infor-
mation detecting portion 2420 is the ultrasonic wave sensor, the radar device or the LIDAR device, the extra-vehicle
information detecting unit 2400 transmits the ultrasonic wave, the electromagnetic wave or the like, and receives the
information regarding the reflected wave received. The extra-vehicle information detecting unit 2400 may execute object
detecting processing or distance detecting processing for the human being, the vehicle, the obstacle, the traffic sign,
the characters on the road surface, or the like on the basis of the received information. The extra-vehicle information
detecting unit 2400 may execute environment recognizing processing for recognizing the rainfall, the fog, the surface
situation or the like on the basis of the received information. The extra-vehicle information detecting unit 2400 may
calculate the distance to the object of the vehicle exterior on the basis of the received information.
[0145] In addition, the extra-vehicle information detecting unit 2400 may execute image recognizing processing for
recognizing the human being, the vehicle, the obstacle, the traffic sign, the characters on the road surface, or the like
or may execute distance detecting processing on the basis of the received image data. The extra-vehicle information
detecting unit 2400 may execute processing for distortion correction, alignment or the like for the received image data,
and may synthesize the data on the image photographed by the different photographing portion 2410, thereby producing
the bird’s-eye-view image or the panorama image. The extra-vehicle information detecting unit 2400 may execute point-
of-view converting processing by using the data on the image(s) obtained through the photographing by the different
photographing portion 2410.
[0146] The intra-vehicle information detecting unit 2500 detects the information regarding the vehicle interior. For
example, a driver state detecting portion 2510 for detecting a state of a driver is connected to the intra-vehicle information
detecting unit 2500. The driver state detecting portion 2510 may include a camera for photographing a driver, a biological
sensor for detecting biological information of a driver, a microphone for sound-collecting a sound in a vehicle interior,
or the like. The biological sensor, for example, is provided in a seating surface, the steering wheel or the like, and detects
the biological information regarding a passenger who sits in the seat, or a driver who gets behind the steering wheel.
The intra-vehicle information detecting unit 2500 may calculate the degree of fatigue or the degree of concentration of
a driver, or determine whether or not a driver dozes on the basis of the detection information inputted thereto from the
driver state detecting portion 2510. The intra-vehicle information detecting unit 2500 may execute processing such as
noise canceling processing for the voice signal of the collected sounds.
[0147] The integrated control unit 2600 controls the entire operation within the vehicle control system 2000 in accord-
ance with the various kinds of programs. An input portion 2800 is connected to the integrated control unit 2600. The
input portion 2800 is realized in the form of a device or unit, with which an input manipulation can be carried out by a
passenger, such as a touch panel, a button, a microphone, a lever, a switch or the like. The input portion 2800, for
example, may be a remote control device utilizing inferred rays or other electric waves, or may be an external connection
apparatus such as a mobile phone or a Personal Digital Assistant (PDA) corresponding to a manipulation for the vehicle
control system 2000. The input portion 2800, for example, may be a camera. In this case, a passenger can input
information through his/her gesture. Moreover, the input portion 2800, for example, may include an input control circuit
for producing an input signal based on information which is inputted by a passenger or the like using the input portion
2800 described above, and outputting the resulting input signal to the integrated control unit 2600, or the like. The
passenger or the like inputs various kinds of data to the vehicle control system 2000, or instructs the vehicle control
system 2000 to carry out processing operation by manipulating the input portion 2800.
[0148] The storage portion 2690 may include a Random Access Memory (RAM) for storing therein various kinds of
programs which are to be executed by the microcomputer, and a Read Only Memory (ROM) for storing therein various
kinds of parameters, the arithmetic operation result, the sensor values or the like. In addition, the storage portion 2690
may be realized in the form of a magnetic storage device such as a Hard Disc Drive (HDD), a semiconductor storage
device, an optical storage device, a magneto-optical storage device or the like.
[0149] The general-purpose communication I/F 2620 is a general-purpose communication I/F which mediates com-
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munications with various apparatuses existing in an external environment 2750. The general-purpose communication
I/F 2620 may be mounted with a cellular communication protocol such as Global System of Mobile Communications
(GSM) (registered trademark), WiMAX, a Long Term Evolution (LTM) or LTE-Advanced (LTE-A), or other wireless
communication protocol such as a Wireless LAN (Wi-Fi (registered trademark)). The general-purpose communication
I/F 2620, for example, may be connected to an apparatus (for example, an application server or a control server) existing
on an external network (for example, the Internet, a cloud network or a business’s specific network) through a base
station or an access point. In addition, the general-purpose communication I/F 2620, for example, may be connected to
a terminal (for example, a walker’s or shop’s terminal, or a Machine Type Communication (MTC) terminal which exists
in the vicinity of the vehicle by using a Peer To Peer (P2P) technique.
[0150] The private communication I/F 2630 is a communication I/F for supporting a communication protocol which is
formulated for the purpose of being used in the vehicle. The private communication I/F 2630, for example, may be
mounted with a standard protocol such as a Wireless Access in Vehicle Environment (WAVE) as a combination of
IEEE802.11p of a lower layer and IEEE1609 of an upper layer, or a Dedicated Short Range Communication (DSRC).
The private communication I/F 2630, typically, carries out a V2X communication as a concept including one or more of
those including a Vehicle-to-Vehicle communication, a Vehicle-to-Infrastructure communication and a Vehicle-to-Pe-
destrian communication.
[0151] The positioning portion 2640, for example, receives a Global Navigation Satellite System (GNSS) signal (for
example, a GPS signal from a GPS satellite) sent thereto from a GNSS satellite and carries out the positioning, thereby
producing the position information containing therein latitude, longitude and altitude of the vehicle. It should be noted
that the positioning portion 2640 may specify the current position by the exchange of the signal with the wireless access
point, or may acquire the position information from a terminal such as a mobile phone, a PHS or a smart phone having
the positioning function.
[0152] The beacon receiving portion 2650, for example, receives an electric wave or an electromagnetic wave which
is transmitted from a wireless station or the like installed on the road, and acquires information regarding a current
position, congestion, closure to vehicular traffic, a time required or the like. It should be noted that the function of the
beacon receiving portion 2650 may be included in the private communication I/F 2630 described above.
[0153] The intra-vehicle apparatus I/F 2660 is a communication interface which mediates the connection between the
microcomputer 2610 and the various apparatuses existing inside the vehicle. The intra-vehicle apparatus I/F 2660 may
establish wireless connection by using a wireless communication protocol such as the wireless LAN, Bluetooth (registered
trademark), a Near Field Communication (NFC) or a wireless USB (WUSB). In addition, the intra-vehicle apparatus I/F
2660 may establish wired connection through a connection terminal not depicted (and a cable if necessary). The intra-
vehicle apparatus I/F 2660, for example, exchanges the control signal(s) or the data signal(s) with a mobile phone or a
wearable apparatus which a passenger has, or an information apparatus which is brought into or mounted to the vehicle.
[0154] The on-board network I/F 2680 is an interface which mediates the communication between the microcomputer
2610 and the communication network 2010. The on-board network I/F 2680 transmits/receives the signal or the like in
accordance with a predetermined protocol supported by the communication network 2010.
[0155] The microcomputer 2610 of the integrated control unit 2600 controls the vehicle control system 2000 in ac-
cordance with the various kinds of programs on the basis of the information which is acquired through at least one of
those including the general-purpose communication I/F 2620, the private communication I/F 2630, the positioning portion
2640, the beacon receiving portion 2650, the intra-vehicle apparatus I/F 2660, and the on-board network I/F 2680. For
example, the microcomputer 2610 may calculate a control target value for the driving force generating device, the steering
mechanism or the braking device on the basis of the information acquired regarding the interior and exterior of the
vehicle, and may output a control instruction to the driving system control unit 2100. For example, the microcomputer
2610 may carry out cooperative control for the collision avoidance or shock mitigation of the vehicle, the follow-up
traveling based on the vehicle-to-vehicle distance, the vehicle speed maintenance traveling, the automatic driving or the
like.
[0156] The microcomputer 2610 may create local map information containing information regarding the circumstances
of the current position of the vehicle on the basis of the information which is acquired through at least one of those
including the general-purpose communication I/F 2620, the private communication I/F 2360, the positioning portion 2640,
the beacon receiving portion 2650, the intra-vehicle apparatus I/F 2660, and the on-board network I/F 2680. In addition,
the microcomputer 2610 may anticipate the danger of the collision of the vehicle, the proximity of the walker or the like,
the access to the road closed to vehicle traffic, or the like on the basis of the information acquired, thereby creating a
signal for alarm. The signal for alarm, for example, may be a signal with which an alarm sound is generated or the alarm
lamp is lighted.
[0157] The voice image outputting portion 2670 transmits an output signal of at least either the voice or the image to
an output device which can visually or aurally inform a passenger of a vehicle or a vehicle exterior of the information. In
the example of FIG. 12, an audio speaker 2710, a display portion 2720, and an instrument panel 2730 are exemplified
as the output device. The display portion 2720, for example, may include at least either an on-board display or a head-
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up display. The display portion 2720 may have an Augmented Reality (AR) display function. The output device may be
other device other than these devices, such as a headphone, a projector or a lamp. When the output device is the display
device, the display device visually displays the results obtained through the various kinds of processing executed by the
microcomputer 2610, or the information received from other control unit, in the various forms such as a text, an image,
a table, or a graph. In addition, when the output device is the voice outputting device, the voice outputting device converts
an audio signal constituted by the reproduced voice data or acoustic data, or the like into an analog signal to aurally
output the resulting analog signal.
[0158] By the way, in the example depicted in FIG. 12, at least two control units which are connected to each other
through the communication network 2010 may be integrated with each other in the form of one control unit. Alternatively,
each of the control units may be constituted by a plurality of control units. Moreover, the vehicle control system 2000
may be provided with another control unit not depicted. In addition, in the above description, another control unit may
be made to have a part or all of the functions a role of which any of the control units plays. In a word, if the information
is transmitted/received through the communication network 2010, then, predetermined arithmetic operation processing
may be executed by any of the control units. Likewise, the sensor, or the device or apparatus which is connected to any
of the control units may be connected to other control unit(s), and a plurality of control units may transmit/receive the
detection information to/from one another through the communication network 2010.
[0159] It should be noted that a computer program for realizing the respective functions of the three-dimensional
measurement apparatus 71 described with reference to FIG. 9 can be mounted to any of the control units, or the like.
In addition, it is possible to provide a computer readable storage medium in which such a computer program is stored.
The storage medium, for example, is a magnetic disc, an optical disc, a magneto-optical disc, a flash memory or the
like. In addition, the computer program described above, for example, may be transmitted through the network without
using the storage medium.

<Example of configuration of computer>

[0160] Moreover, the series of pieces of processing described above can be executed by the hardware, or by the
software. When the series of pieces of processing are executed by the software, the program constituting that software
is installed in the computer. Here, the computer includes a computer incorporated in the dedicated hardware, a computer,
for example, a general-purpose personal computer which can execute the various kinds of functions by installing various
kinds of programs, and the like.
[0161] FIG. 14 is a block diagram depicting an example of a configuration of hardware of a computer which executes
the series of pieces of processing in accordance with a program.
[0162] In the computer, a Central Processing Unit (CPU) 5001, a ROM 5002, and a RAM 5003 are connected to one
another through a bus 5004.
[0163] An I/O interface 5005 is further connected to the bus 5004. An input portion 5006, an output portion 5007, a
storage portion 5008, a communication portion 5009, and a drive 5010 are connected to the I/O interface 5005.
[0164] The input portion 5006 is constituted by a keyboard, a mouse, a microphone, an image pickup element, or the
like. The output portion 5007 is constituted by a display, a speaker, or the like. The storage portion 5008 includes a hard
disc, a nonvolatile memory, or the like. The communication portion 5009 is constituted by a network interface, or the
like. The drive 5010 drives a removable storage medium 5011 such as a magnetic disc, an optical disc, a magneto-
optical disc or a semiconductor memory.
[0165] In the computer configured in the manner as described above, the CPU 5001, for example, loads the program
stored in the storage portion 5008 into the RAM 5003 through the I/O interface 5005 and the bus 5004, and executes
the program, thereby executing the series of pieces of processing described above.
[0166] The program which is to be executed by the computer (CPU 5001), for example, can be stored in the removable
storage medium 5011 as a package media or the like to be provided. In addition, the program can be provided through
a wired or wireless transmission medium such as a local area network, the Internet, or a digital satellite broadcasting.
[0167] In the computer, by mounting the removable storage medium 5011 to the drive 5010, the program can be
installed in the storage portion 5008 through the I/O interface 5005. In addition, the program can be received in the
communication portion 5009 through a wired or wireless transmission medium, thereby being installed in the storage
portion 5008. In addition thereto, the program can be installed in the ROM 5002 or the storage portion 5008 in advance.
[0168] It should be noted that the program which is to be executed by the computer may be a program in accordance
with which the pieces of processing are executed in time series along the order described in this specification, or may
be a program in accordance with which the pieces of processing are executed in parallel or a necessary timing when a
call is made, or the like.
[0169] In addition, the embodiment of the present technique by no means limited to the embodiment described above,
and various changes can be made without departing from the subject matter of the present technique.
[0170] For example, the present technique can adopt a configuration of cloud computing in which a plurality of devices
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or apparatuses share one function through a network, and processes one function in collaboration with one another.
[0171] In addition, steps described in the flow chart described above can be executed by one device or apparatus,
and in addition thereto can be executed so as to be shared among a plurality of devices or apparatuses.
[0172] Moreover, when a plurality of processing are contained in one step, a plurality of processing contained in one
step can be executed by one device or apparatus, and in addition thereto can be executed so as to be shared among
a plurality of devices or apparatuses.
[0173] Furthermore, the present technique can adopt the following constitutions.

(1) A measurement apparatus, including:

a rotation control portion controlling rotation of a photographing portion by a rotation mechanism in such a way
that the photographing portion is rotated with a center of rotation as an axis in a state in which a distance from
the center of rotation of the rotation mechanism to a focal point position of the photographing portion is a constant
distance; and
a distance calculating portion calculating a distance to an object on a space on the basis of a plurality of
photographed images obtained through photographing in positions different from one another by the photo-
graphing portion in a state in which the photographing portion is rotated.

(2) The measurement apparatus according to (1), in which the distance calculating portion calculates the distance
to the object on the basis of a geometric relationship among corresponding points in the plurality of photographed
images.
(3) The measurement apparatus according to (2), in which the distance calculating portion extracts line images
constituted by pixel lines containing the corresponding points from the photographed images, and calculates the
distance to the object on the basis of a synthetic image which is obtained by arranging side by side and synthesizing
the plurality of line images obtained from the plurality of photographed images.
(4) The measurement apparatus according to (3), in which the distance calculating portion calculates the distance
to the object on the basis of amplitude of a locus of the corresponding points in the synthetic image.
(5) The measurement apparatus according to any one of (1) to (4), further including a rectification portion rectifying
the photographed images,
in which the distance calculating portion calculates the distance to the object on the basis of a rectified image(s)
obtained by the rectification.
(6) The measurement apparatus according to any one of (1) to (5), in which the rotation control portion controls the
rotation of the photographing portion provided in an upper portion of a vehicle.
(7) The measurement apparatus according to any one of (1) to (6), in which the photographing portion is constituted
by a two-dimensional image sensor.
(8) The measurement apparatus according to any one of (1) to (6), in which the photographing portion is constituted
by a line sensor.
(9) The measurement apparatus according to any one of (1) to (8), in which the rotation control portion controls the
rotation of the photographing portion in such a way that the photographing portion makes one rotation at a constant
speed.
(10) A measurement method, including the steps of:

controlling rotation of a photographing portion by a rotation mechanism in such a way that the photographing
portion is rotated with a center of rotation as an axis in a state in which a distance from the center of rotation of
the rotation mechanism to a focal point position of the photographing portion is a constant distance; and
calculating a distance to an object on a space on the basis of a plurality of photographed images obtained
through photographing in positions different from one another by the photographing portion in a state in which
the photographing portion is rotated.

(11) A program in accordance with which a computer executes processing including the steps of:

controlling rotation of a photographing portion by a rotation mechanism in such a way that the photographing
portion is rotated with a center of rotation as an axis in a state in which a distance from the center of rotation of
the rotation mechanism to a focal point position of the photographing portion is a constant distance; and
calculating a distance to an object on a space on the basis of a plurality of photographed images obtained
through photographing in positions different from one another by the photographing portion in a state in which
the photographing portion is rotated.
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[Reference Signs List]

[0174] 11 ... Vehicle, 12 ... Photographing portion, 71 ... Three-dimensional measurement apparatus, 82 ... Image
storing portion, 83 ... Image processing portion, 84 ... Rotation control portion, 85 ... Rotation mechanism portion, 91 ...
Position posture specifying portion, 92 ... Rectification portion, 93 ... Distance calculating portion

Claims

1. A measurement apparatus, comprising:

a rotation control portion controlling rotation of a photographing portion by a rotation mechanism in such a way
that the photographing portion is rotated with a center of rotation as an axis in a state in which a distance from
the center of rotation of the rotation mechanism to a focal point position of the photographing portion is a constant
distance; and
a distance calculating portion calculating a distance to an object on a space on the basis of a plurality of
photographed images obtained through photographing in positions different from one another by the photo-
graphing portion in a state in which the photographing portion is rotated.

2. The measurement apparatus according to claim 1,
wherein the distance calculating portion calculates the distance to the object on the basis of a geometric relationship
among corresponding points in the plurality of photographed images.

3. The measurement apparatus according to claim 2,
wherein the distance calculating portion extracts line images constituted by pixel lines containing the corresponding
points from the photographed images, and calculates the distance to the object on the basis of a synthetic image
which is obtained by arranging side by side and synthesizing the plurality of line images obtained from the plurality
of photographed images.

4. The measurement apparatus according to claim 3,
wherein the distance calculating portion calculates the distance to the object on the basis of amplitude of a locus of
the corresponding point in the synthetic image.

5. The measurement apparatus according to claim 1, further comprising a rectification portion rectifying the photo-
graphed images,
wherein the distance calculating portion calculates the distance to the object on the basis of a rectified image obtained
by the rectification.

6. The measurement apparatus according to claim 1,
wherein the rotation control portion controls the rotation of the photographing portion provided in an upper portion
of a vehicle.

7. The measurement apparatus according to claim 1,
wherein the photographing portion is constituted by a two-dimensional image sensor.

8. The measurement apparatus according to claim 1,
wherein the photographing portion is constituted by a line sensor.

9. The measurement apparatus according to claim 1,
wherein the rotation control portion controls the rotation of the photographing portion in such a way that the photo-
graphing portion makes one rotation at a constant speed.

10. A measurement method, comprising the steps of:

controlling rotation of a photographing portion by a rotation mechanism in such a way that the photographing
portion is rotated with a center of rotation as an axis in a state in which a distance from the center of rotation of
the rotation mechanism to a focal point position of the photographing portion is a constant distance; and
calculating a distance to an object on a space on the basis of a plurality of photographed images obtained
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through photographing in positions different from one another by the photographing portion in a state in which
the photographing portion is rotated.

11. A program in accordance with which a computer executes processing comprising the steps of:

controlling rotation of a photographing portion by a rotation mechanism in such a way that the photographing
portion is rotated with a center of rotation as an axis in a state in which a distance from the center of rotation of
the rotation mechanism to a focal point position of the photographing portion is a constant distance; and
calculating a distance to an object on a space on the basis of a plurality of photographed images obtained
through photographing in positions different from one another by the photographing portion in a state in which
the photographing portion is rotated.
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