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PROGRAM

(57) The present disclosure relates to an information
processing device, an information processing method,
and a program capable of performing continuous estima-
tion of a self-position.

An information processing device according to an
aspect of the present disclosure includes: a main imaging
unit that includes a stereo camera mounted on a moving
body, and captures moving images at a predetermined
frame rate to output a pair of stereo main images as
time-series images; a plurality of sub imaging units each

of which is so mounted on the moving body as to have
an imaging direction different from an imaging direction
of the main imaging unit, and captures moving images
at a predetermined frame rate; and a final pose determi-
nation unit that estimates a pose of the moving body on
the basis of the pair of stereo main images captured by
the main imaging unit, and sub images captured by the
sub imaging units. For example, the present disclosure
is applicable to a self-position sensor for in-vehicle use.
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Description

[Technical Field]

[0001] The present disclosure relates to an information
processing device, an information processing method,
and a program, and more particularly to an information
processing device, an information processing method,
and a program suitable for estimating a self-position,
mounted on a moving body such as an automobile.

[Background Art]

[0002] SLAM (Simultaneous localization and map-
ping) is known as a technology mounted on a moving
body such as an automobile to estimate a self-position
of the moving body.
[0003] A self-position estimation technology based on
SLAM by using a stereo camera or the like is constituted
by following processes. Specifically, initially performed
is a process for performing depth estimation, namely, a
process for estimating 3D coordinates of feature points,
on the basis of feature points detected from a texture
region having a feature and detected from a pair of stereo
images captured by a stereo camera as images produc-
ing a parallax difference. Subsequently performed is a
process for tracking the obtained feature points in a plu-
rality of frames, that is, a 2D coordinate tracking process
for feature points. Finally performed is a process for es-
timating a pose (self-position and direction) which most
appropriately expresses a combination of estimated 3D
coordinates of feature points and tracked 2D coordinates
of feature points, namely, a 6 DOF (degree-of-freedom
6) self-position (for example, see PTL 1).

[Citation List]

[Patent Literature]

[0004] [PTL 1] JP 2008-304268A

[Summary]

[Technical Problem]

[0005] The self-position estimation technology based
on SLAM is constituted by the above-described process-
es, accordingly, self-position estimation is generally dif-
ficult to perform in a case where a major part of images
captured by a stereo camera is occupied by a wall or a
floor including no textures, in a case where a surrounding
environment (e.g., other automobiles and pedestrians)
moves, or in a case where spatial distribution of 3D co-
ordinates of feature points are biased.
[0006] Particularly, in a case where the self-position
estimation technology based on SLAM is applied to a
moving body such as an automobile for outdoor use, fol-
lowing problems may occur to be produced difficult situ-

ations for performing self-position estimation.
[0007] More specifically, in a case where a far building
is detected as a texture in the absence of a near object
having a feature, for example, the detected texture does
not change with time. In a case where a surrounding en-
vironment moves in an image, a distinction is difficult to
make between a self-moving state and a surrounding
environment moving state. In a self (automobile) high-
speed moving state, feature points having disappeared
from images are difficult to track.
[0008] The present disclosure developed in consider-
ation of the aforementioned situations is capable of per-
forming continuous estimation of a self-position.

[Solution to Problem]

[0009] An information processing device according to
an aspect of the present disclosure includes: a main im-
aging unit that includes a stereo camera mounted on a
moving body, and captures moving images at a prede-
termined frame rate to output a pair of stereo main images
as time-series images; one or a plurality of sub imaging
units each of which is so mounted on the moving body
as to have an imaging direction different from an imaging
direction of the main imaging unit, and captures moving
images at a predetermined frame rate; and a final pose
determination unit that estimates a pose of the moving
body on the basis of the pair of stereo main images cap-
tured by the main imaging unit, and sub images captured
by each of the sub imaging units.
[0010] Each of the sub imaging units may include a
stereo camera, and capture moving images at a prede-
termined frame rate to output a pair of stereo sub images
as time-series images. The final pose determination unit
may include a main estimation unit that estimates a pose
of the moving body on the basis of the pair of stereo main
images as time-series images captured by the main im-
aging unit, a sub estimation unit that estimates a pose of
the moving body on the basis of the pair of stereo sub
images as time-series images captured by each of the
sub imaging units, and an integration unit that integrates
the pose estimated by the main estimation unit and the
pose estimated by the sub estimation unit to determine
a final pose.
[0011] The main estimation unit may estimate 3D co-
ordinates of feature points detected from the pair of ster-
eo main images, estimate a pose of the moving body by
tracking the feature points in a plurality of frames of one
of the pair of stereo main images, and output the esti-
mated pose and reliability of the pose to the integration
unit. The sub estimation unit may estimate 3D coordi-
nates of feature points detected from the pair of stereo
sub images, estimate a pose of the moving body by track-
ing the feature points in a plurality of frames of one of the
pair of stereo sub images, and output the estimated pose
and reliability of the pose to the integration unit. The in-
tegration unit may integrate, on the basis of the reliability,
the pose estimated by the main estimation unit, and the
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pose estimated by the sub estimation unit to determine
a final pose.
[0012] The reliability may include at least any one of
the number of the feature points effective for estimating
the pose, 3D spatial distribution of the feature points, a
difference between the estimated pose and a final pose
obtained immediately before, and a residual of an opti-
mization operation performed in estimation.
[0013] Each of the sub imaging units may include a
wide-angle camera, a fish-eye camera, or an omni-direc-
tional camera, and capture moving images at a prede-
termined frame rate to output sub images as time-series
images. The final pose determination unit may include a
3D estimation unit that estimates 3D coordinates of fea-
ture points detected from the pair of stereo main images
captured by the main imaging unit, a 2D tracking unit that
tracks the feature points in a plurality of frames of the
sub images, and converts a tracking result into 2D coor-
dinates in the pair of stereo main images, and a pose
estimation unit that estimates a final pose on the basis
of the 3D coordinates of the feature points estimated by
the 3D estimation unit, and the 2D coordinates of the
feature points converted by the 2D tracking unit in the
pair of stereo main images.
[0014] The 3D estimation unit may estimate 3D coor-
dinates of the feature points detected from the pair of
stereo main images captured by the main imaging unit,
and estimate 2D coordinates of the feature points in the
sub images. The 2D tracking unit may track the feature
points in a plurality of frames of the sub images on the
basis of the 2D coordinates of the feature points estimat-
ed by the 3D estimation unit in the sub images, and con-
vert a tracking result into 2D coordinates in the pair of
stereo main images.
[0015] The plurality of sub imaging units may be se-
lectively switched on the basis of an estimation result of
the 2D coordinates of the feature points estimated by the
3D estimation unit in the sub images to perform imaging.
[0016] An information processing method according to
an aspect of the present disclosure is a method per-
formed by an information processing device. The method
performed by the information processing device in-
cludes: a final pose determination step of estimating a
pose of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that in-
cludes a stereo camera mounted on the moving body,
and captures moving images at a predetermined frame
rate to output a pair of stereo main images as time-series
images, and on the basis of sub images captured by one
or a plurality of sub imaging units each of which is so
mounted on the moving body as to have an imaging di-
rection different from an imaging direction of the main
imaging unit, and captures moving images at a predeter-
mined frame rate.
[0017] A program according to an aspect of the present
disclosure is a program for controlling an information
processing device. Under the program a computer of the
information processing device executes a process in-

cluding: a final pose determination step of estimating a
pose of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that in-
cludes a stereo camera mounted on the moving body,
and captures moving images at a predetermined frame
rate to output a pair of stereo main images as time-series
images, and on the basis of sub images captured by one
or a plurality of sub imaging units each of which is so
mounted on the moving body as to have an imaging di-
rection different from an imaging direction of the main
imaging unit, and captures moving images at a predeter-
mined frame rate.
[0018] According to an aspect of the present disclo-
sure, a pose of a moving body is estimated on the basis
of a pair of stereo main images captured by a main im-
aging unit that includes a stereo camera mounted on the
moving body, and captures moving images at a prede-
termined frame rate to output a pair of stereo main images
as time-series images, and on the basis of sub images
captured by one or a plurality of sub imaging units each
of which is so mounted on the moving body as to have
an imaging direction different from an imaging direction
of the main imaging unit, and captures moving images
at a predetermined frame rate.

[Advantageous Effect of Invention]

[0019] According to an aspect of the present disclo-
sure, continuous estimation of a self-position is achiev-
able.

[Brief Description of Drawings]

[0020]

[FIG. 1]
FIG. 1 is a block diagram illustrating a first configu-
ration example of an information processing device
applying the present disclosure.
[FIG. 2]
FIG. 2 is a diagram illustrating an arrangement ex-
ample of first through fourth imaging units illustrated
in FIG. 1 in an automobile.
[FIG. 3]
FIG. 3 is a flowchart illustrating a final pose determi-
nation process performed by the first configuration
example of the information processing device.
[FIG. 4]
FIG. 4 is a block diagram illustrating a second con-
figuration example of the information processing de-
vice applying the present disclosure.
[FIG. 5]
FIG. 5 is a diagram illustrating an arrangement ex-
ample of first through third imaging units illustrated
in FIG. 4 in the automobile.
[FIG. 6]
FIG. 6 is a diagram illustrating an example including
an arranged omni-directional camera in place of the
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first through third imaging units.
[FIG. 7]
FIG. 7 is a diagram illustrating an example including
an arranged downward camera in place of the first
through third imaging units.
[FIG. 8]
FIG. 8 is a flowchart illustrating a final pose determi-
nation process performed by the second configura-
tion example of the information processing device.
[FIG. 9]
FIG. 9 is a conceptual diagram illustrating the infor-
mation processing device applying the present dis-
closure and mounted on a head mounted display.
[FIG. 10]
FIG. 10 is a conceptual diagram illustrating the in-
formation processing device applying the present
disclosure and mounted on an autonomous cleaning
robot.
[FIG. 11]
FIG. 11 is a conceptual diagram illustrating the in-
formation processing device applying the present
disclosure and mounted on a drone (autonomous
unmanned aerial vehicle).
[FIG. 12]
FIG. 12 is a conceptual diagram illustrating the in-
formation processing device applying the present
disclosure and applied to creation of a 3D model, an
arbitrary viewpoint video or the like.
[FIG. 13]
FIG. 13 is a block diagram illustrating a configuration
example of a general-purpose computer.

[Description of Embodiments]

[0021] Best modes for carrying out the present disclo-
sure (hereinafter referred to as embodiments) are here-
inafter described in detail with reference to the drawings.
It is assumed in the following description that an infor-
mation processing device according to the embodiments
of the present disclosure is used while mounted on an
automobile for outdoor use.

<First Configuration Example of Information Processing 
Device Applying Present Disclosure>

[0022] FIG. 1 illustrates a first configuration example
of an information processing device applying the present
disclosure.
[0023] The first configuration example is constituted
by first through fourth imaging units 11-1 through 11-4,
SLAM processing units 12-1 through 12-4, and an inte-
gration unit 13.
[0024] The first imaging unit 11-1 is constituted by a
high-resolution stereo camera which captures moving
images at a predetermined frame rate, and supplies a
pair of stereo images thus captured as images producing
a parallax difference to the SLAM processing unit 12-1.
Each of the second through fourth imaging units 11-2

through 11-4 has a configuration similar to the configu-
ration of the first imaging unit 11-1. Note that a polariza-
tion sensor or an active system sensor (e.g., ToF sensor
and SL sensor) capable of measuring a distance (3D
coordinates) between a single camera and an object may
be used in place of the stereo camera.
[0025] FIG. 2 illustrates an arrangement example of
the first through fourth imaging units 11-1 through 11-4
in an automobile. A part A in the figure is a side view,
while a part B in the figure is a top view.
[0026] The first through fourth imaging units 11-1
through 11-4 are so arranged as to have imaging ranges
in directions different from each other. According to the
example illustrated in the figure, the first imaging unit
11-1 is arranged on the front side of the automobile to
obtain a front imaging range. The second imaging unit
11-2 is arranged on the right side of the automobile to
obtain a right imaging range. The third imaging unit 11-3
is arranged on the left side of the automobile to obtain a
left imaging range. The fourth imaging unit 11-4 is ar-
ranged on the rear side of the automobile to obtain a rear
imaging range.
[0027] Note that the arrangements of the first through
fourth imaging units 11-1 through 11-4 are not limited to
the positions defined in the arrangement example in FIG.
2, but may be other positions as long as images around
the automobile can be captured by a plurality of high-
resolution stereo cameras. In addition, while not depict-
ed, any one of the second through fourth imaging units
11-2 through 11-4 may be arranged on the lower part of
the automobile to obtain an imaging range corresponding
to a road surface.
[0028] Now return to FIG. 1. The SLAM processing unit
12-1 performs SLAM processing for a target of a pair of
stereo images producing a parallax difference and se-
quentially supplied from the first imaging unit 11-1 at a
predetermined frame rate, and outputs a pose and reli-
ability of the pose thus obtained to the integration unit
13. The pose in this context is a 6 DOF self-position. It
is assumed that the reliability includes at least one of the
number of effective feature points, three-dimensional
spatial parts of feature points, a difference from a final
pose obtained immediately before, and a residual of an
optimization operation performed in estimation.
[0029] Similarly to the SLAM processing unit 12-1,
each of the SLAM processing units 12-2 through 12-4
performs SLAM processing for a target of a pair of stereo
images producing a parallax difference and sequentially
supplied from the preceding stage at a predetermined
frame rate, and outputs a pose and reliability of the pose
thus obtained to the integration unit 13.
[0030] Note that a part or the whole of SLAM process-
ing performed by the SLAM processing units 12-1
through 12-4 may be executed by, i.e., a server in a cloud.
[0031] The integration unit 13 integrates poses input
from the SLAM processing units 12-1 through 12-4 on
the basis of reliability of each pose to determine a final
pose. More specifically, the integration unit 13 calculates
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a weighted average of poses input from the SLAM
processing units 12-1 through 12-4 on the basis of reli-
ability of each pose, selects a pose having the highest
reliability, or integrates poses input from the SLAM
processing units 12-1 through 12-4 using Kalman filter
based on reliability of each pose to determine a final pose.

<Final Pose Determination Process by First Configura-
tion Example of Information Processing Device>

[0032] Next, FIG. 3 illustrates a flowchart of a final pose
determination process performed by the first configura-
tion example of the information processing device.
[0033] Each of combinations of the first through fourth
imaging units 11-1 through 11-4 and the corresponding
SLAM processing units 12-1 through 12-4 is hereinafter
referred to as a stereo camera system. In addition, each
of the first through fourth imaging units 11-1 through 11-4
is referred to as an imaging unit 11 in a case where no
distinction between the first through fourth imaging units
11-1 through 11-4 is needed. Similarly, each of the SLAM
processing units 12-1 through 12-4 is referred to as a
SLAM processing unit 12 in a case where no distinction
between the first through fourth SLAM processing units
12-1 through 12-4 is needed.
[0034] In step S1, the imaging unit 11 of each stereo
camera system starts capturing of moving images at a
predetermined frame rate, and supplies a pair of stereo
images thus captured as images producing a parallax
difference to the SLAM processing unit 12 as a process-
ing target.
[0035] In step S2, the SLAM processing unit 12 of each
stereo camera system performs SLAM processing for a
target of a pair of stereo images producing a parallax
difference and sequentially supplied from the preceding
stage of the imaging unit 11 at a predetermined frame
rate. In step S3, the SLAM processing unit 12 outputs a
pose and reliability of the pose thus obtained to the inte-
gration unit 13.
[0036] In step S4, the integration unit 13 integrates the
poses input from the SLAM processing units 12 of the
respective stereo camera systems on the basis of relia-
bility of each pose to determine a final pose. More spe-
cifically, any one of the three types of integration methods
described above may be adopted.
[0037] According to the final pose determination proc-
ess described herein, all the stereo camera systems es-
timate a self-position, and integrate estimation results
thus obtained. Accordingly, continuous estimation of a
final pose is achievable even in a case where one of the
stereo camera systems is unable to perform self-position
estimation or produces errors.
[0038] Note that the number of the provided stereo
camera systems is not limited to four, but may be any
number equal to or larger than two. Needless to say,
accuracy of a final pose increases as the number of the
provided stereo camera systems increases.

<Second Configuration Example of Information Process-
ing Device Applying Present Disclosure>

[0039] FIG. 4 illustrates a second configuration exam-
ple of the information processing device applying the
present disclosure.
[0040] The second configuration example is roughly
constituted by a 3D estimation unit 21, a 2D tracking unit
27, and a pose estimation unit 31.
[0041] The 3D estimation unit 21 includes a stereo im-
aging unit 22, a feature point detection unit 23, a depth
estimation unit 24, a coordinate conversion unit 25, and
a retention unit 26.
[0042] The stereo imaging unit 22 is constituted by a
high-resolution stereo camera which captures an image
of the front of the automobile. The stereo imaging unit 22
captures moving images at a predetermined frame rate,
and supplies a pair of stereo images thus captured as
images producing a parallax difference to the feature
point detection unit 23.
[0043] The feature point detection unit 23 detects a
texture region having a feature from each of the pair of
stereo images supplied from the stereo imaging unit 22,
detects one or more feature points from the texture re-
gion, and outputs a 2D feature point group @cam0 indi-
cating a detection result to the depth estimation unit 24.
[0044] The depth estimation unit 24 performs a proc-
ess for depth estimation of the feature points in the pair
of stereo images, namely, a process for estimating 3D
coordinates of the feature points, and outputs a 3D fea-
ture point group @cam0 indicating a processing result
to the coordinate conversion unit 25 and the retention
unit 26.
[0045] The coordinate conversion unit 25 estimates 2D
coordinates of the feature points, which have been de-
tected from the pair of stereo images, in a first image
captured by a first imaging unit 28-1 (described below)
on the basis of the 3D feature point group @cam0 ob-
tained from the depth estimation unit 24, and outputs an
estimated 2D feature point group @cam[1] thus obtained
to the retention unit 26. Moreover, the coordinate con-
version unit 25 estimates 2D coordinates of the feature
points, which have been detected from the pair of stereo
images, in a second image captured by a second imaging
unit 28-2 (described below) on the basis of the 3D feature
point group @cam0 obtained from the depth estimation
unit 24, and outputs an estimated 2D feature point group
@cam[2] thus obtained to the retention unit 26. Further-
more, the coordinate conversion unit 25 estimates 2D
coordinates of the feature points, which have been de-
tected from the pair of stereo images, in a third image
captured by a third imaging unit 28-3 (described below)
on the basis of the 3D feature point group @cam0 ob-
tained from the depth estimation unit 24, and outputs an
estimated 2D feature point group @cam[3] thus obtained
to the retention unit 26.
[0046] The retention unit 26 retains the 3D feature point
group @cam0 input from the depth estimation unit 24,
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and the estimated 2D feature point group @cam[i] (i = 1,
2, 3) input from the coordinate conversion unit 25.
[0047] The 2D tracking unit 27 includes the first through
third imaging units 28-1 through 28-3, tracking units 29-1
through 29-3, and coordinate conversion units 30-1
through 30-3.
[0048] The first imaging unit 28-1 is constituted by a
camera having a wide imaging range, such as a wide-
angle camera and a fish-eye camera. The first imaging
unit 28-1 captures moving images at a predetermined
frame rate, and supplies a first image thus obtained to a
tracking feature point detection unit 23-1. Similarly, the
second imaging unit 28-2 supplies a second image to a
tracking feature point detection unit 23-2, while the third
imaging unit 28-3 supplies a third image to a tracking
feature point detection unit 23-3. As described above,
each of the first through third imaging units 28-1 through
28-3 is constituted not by a stereo camera which requires
calibration based on parallax, but by a single wide-angle
camera or the like. In this case, more reduction of costs,
and reduction of labor and time for calibration are achiev-
able than a structure including a stereo camera.
[0049] Note that the direction and zooming rate of the
high-resolution stereo camera constituting the stereo im-
aging unit 22 may be controlled within an effective texture
range selected from the first through third images cap-
tured by the first through third imaging units 28-1 through
28-3.
[0050] FIG. 5 illustrates an arrangement example of
the first through third imaging units 28-1 through 28-3 in
the automobile.
[0051] As illustrated in the figure, the first imaging unit
28-1 is attached to a position to obtain an imaging range
corresponding to the left side of the automobile, for ex-
ample. The second imaging unit 28-2 is attached to a
position to obtain an imaging range corresponding to the
right side of the automobile, for example. The third im-
aging unit 28-3 is attached to a position to obtain an im-
aging range corresponding to the rear side of the auto-
mobile, for example.
[0052] Note that imaging may be performed while se-
lectively switching the first through third imaging units
28-1 through 28-3, rather than simultaneous imaging per-
formed by all the first through third imaging units 28-1
through 28-3 at a time. More specifically, selection may
be so made as to produce no bias of spatial distribution
of feature points detected from the pair of stereo images
(particularly distribution in depth direction), capture im-
ages including no moving surrounding environment, or
capture images including effective textures as feature
points. Selection in these manners can achieve power
saving.
[0053] In addition, as illustrated in FIG. 6, an omni-
directional camera 28 having an imaging range around
the automobile through 360 degrees may be arranged
on the roof or the like of the automobile, in place of the
first through third imaging units 28-1 through 28-3. Alter-
natively, as illustrated in FIG. 7, a downward camera 28

having an imaging range corresponding to a road surface
may be arranged on the bottom or the like of the auto-
mobile, in place of the first through third imaging units
28-1 through 28-3.
[0054] Now return to FIG. 4. The tracking unit 29-1 ob-
tains the estimated 2D feature point group @cam[1] from
the retention unit 26, tracks the feature points detected
from the pair of stereo images in the first image obtained
from the first imaging unit 28-1 on the basis of the ob-
tained estimated 2D feature point group @cam[1], and
outputs the 2D feature point group @cam[1] thus ob-
tained to the coordinate conversion unit 30-1. Note that
feature points included in the feature points detected from
the pair of stereo images and not present in the first image
are deleted from the 2D feature point group @cam[1].
Similarly, the tracking unit 29-2 outputs the 2D feature
point group @cam[2] to the coordinate conversion unit
30-2, while the tracking unit 29-3 outputs the 2D feature
point group @cam[3] to the coordinate conversion unit
30-3.
[0055] The coordinate conversion unit 30-1 converts
2D coordinates of the feature points tracked in the first
image into 2D coordinates in the pair of stereo images
on the basis of the 2D feature point group @cam[1] input
from the tracking unit 29-1, and outputs a 2D feature point
group @cam0-1 thus obtained to the pose estimation
unit 31. Similarly, the coordinate conversion unit 30-2
outputs a D feature point group @cam0-2 to the pose
estimation unit 31, while the coordinate conversion unit
30-3 outputs a D feature point group @cam0-3 to the
pose estimation unit 31.
[0056] The pose estimation unit 31 obtains the 3D fea-
ture point group @cam0 from the retention unit 26, and
estimates a final pose (6 DOF) which most appropriately
expresses a combination of 3D coordinates and 2D co-
ordinates on the basis of the obtained 3D feature point
group @cam0, and 2D feature point group @cam0-1
through 2D feature point group @cam0-3.

<Final Pose Determination Process by Second Config-
uration Example of Information Processing Device>

[0057] Next, FIG. 8 illustrates a flowchart of a final pose
determination process performed by the second config-
uration example of the information processing device.
[0058] It is assumed that the stereo imaging unit 22
has already started capturing of moving images at a pre-
determined frame rate, and output a pair of stereo images
thus obtained to the subsequent stage.
[0059] In step S11, the feature point detection unit 23
of the 3D estimation unit 21 detects a texture region hav-
ing a feature from each of the pair of stereo images, de-
tects one or more feature points from the texture region,
and outputs the 2D feature point group @cam0 indicating
a detection result to the depth estimation unit 24. In step
S12, the depth estimation unit 24 estimates 3D coordi-
nates of the feature points in the pair of stereo images,
and outputs the 3D feature point group @cam0 indicating
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a result of estimation to the coordinate conversion unit
25 and the retention unit 26.
[0060] In step S13, the coordinate conversion unit 25
estimates 2D coordinates of the feature points, which
have been detected from the pair of stereo images, in
each of the first through third images on the basis of the
3D feature point group @cam0, and outputs the estimat-
ed 2D feature point group @cam[i] (i = 1, 2, 3) thus ob-
tained to the retention unit 26.
[0061] Thereafter, the first through third imaging units
28-1 through 28-3 of the 2D tracking unit 27 are selec-
tively switched to start capturing of moving images by
the selected imaging unit.
[0062] In step S14, the tracking unit 29-i (i = 1, 2, 3)
obtains the estimated 2D feature point group @cam[i]
from the retention unit 26, and tracks the feature points
detected from the pair of stereo images in the ith image
obtained from the preceding stage on the basis of the
obtained estimated 2D feature point group @cam[i] to
obtain the 2D feature point group @cam[i]. In subsequent
step S15, the tracking unit 29-i deletes recording of the
feature points not tracked in the ith image from the 2D
feature point group @cam[i], and outputs the resultant
2D feature point group @cam[i] to the coordinate con-
version unit 30-i.
[0063] In step S16, the coordinate conversion unit 30-
i (i = 1, 2, 3) converts 2D coordinates of the feature points
tracked in the ith image into 2D coordinates in the pair
of stereo images on the basis of the 2D feature point
group @cam[i] input from the tracking unit 29-i, and out-
puts the 2D feature point group @cam0-i thus obtained
to the pose estimation unit 31.
[0064] In step S17, the pose estimation unit 31 obtains
the 3D feature point group @cam0 from the retention unit
26, and estimates a final pose (6 DOF) which most ap-
propriately expresses a combination of 3D coordinates
and 2D coordinates on the basis of the obtained 3D fea-
ture point group @cam0, and 2D feature point group
@cam0-1 through 2D feature point group @cam0-3.
[0065] According to the final pose determination proc-
ess performed by the second configuration example of
the information processing device described herein, the
first through third imaging units 28-1 through 28-3 are
selectively switched, more specifically, one of the imag-
ing units 28-1 through 28-3 is selected such that contin-
uous tracking of feature points detected from a pair of
stereo images can be achieved, that no bias of spatial
distribution of feature points is produced, and that feature
points not affected by a surrounding environment can be
detected. Accordingly, continuous estimation of a final
pose is achievable.

<Application Examples of Information Processing Device 
Applying Present Disclosure>

[0066] While application to in-vehicle devices has been
presented in the embodiment described herein, the first
and second configuration examples of the information

processing device may be applied to purposes other than
in-vehicle devices.
[0067] FIG. 9 is a conceptual diagram illustrating the
second configuration example of the information
processing device mounted on a head mounted display
(HMD).
[0068] The HMD illustrated in the figure achieves con-
tinuous estimation of position and posture of the head of
a user, thereby presenting a video corresponding to a
state of the user for video reproduction and AR or VR
application.
[0069] FIG. 10 is a conceptual diagram illustrating the
second configuration example of the information
processing device mounted on an autonomous cleaning
robot. FIG. 11 is a conceptual diagram illustrating the
second configuration example of the information
processing device mounted on a drone (autonomous un-
manned aerial vehicle).
[0070] The autonomous cleaning robot illustrated in
FIG. 10 and the drone illustrated in FIG. 11 achieve con-
tinuous and stable estimation of a self-pose, thereby in-
creasing stability of movement or flight.
[0071] While not depicted, the information processing
device may be miniaturized and attached to a wild animal
or the like requiring protection to continuously estimate
a position of the animal or the like. Accordingly, the in-
formation processing device thus configured contributes
to behavior analysis of the animal or the like.
[0072] FIG. 12 is a conceptual diagram illustrating the
second configuration example of the information
processing device applied to creation of a 3D model or
an arbitrary viewpoint video. As illustrated in the figure,
the respective imaging units may be arranged around an
immovable object (building in the example of the figure)
to estimate positions and postures of the respective im-
aging units. Accordingly, creation of a 3D model or an
arbitrary viewpoint video is achievable by using images
captured by the respective imaging units.
[0073] While the first and second configuration exam-
ples of the information processing device have been de-
scribed as above, a series of processes performed by
the first and second configuration examples may be ex-
ecuted by either hardware or hardware. In a case where
the series of processes are executed by software, pro-
grams constituting the software are installed in a com-
puter. Examples of the computer in this context include
a computer incorporated in dedicated hardware, and a
general-purpose personal computer in which various
programs are installed to execute various functions.
[0074] FIG. 13 is a block diagram illustrating a config-
uration example of hardware of a computer which exe-
cutes the series of processes described above under pro-
grams.
[0075] A CPU (Central Processing Unit) 101, a ROM
(Read Only Memory) 102, and a RAM (Random Access
Memory) 103 included in a computer 100 illustrated in
the figure are connected to one another via a bus 104.
[0076] An input/output interface 105 is further connect-
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ed to the bus 104. An input unit 106, an output unit 107,
a storage unit 108, a communication unit 109, and a drive
110 are connected to the input/output interface 105.
[0077] The input unit 106 is constituted by a keyboard,
a mouse, a microphone or the like. The output unit 107
is constituted by a display, a speaker or the like. The
storage unit 108 is constituted by a hard disk, a nonvol-
atile memory or the like. The communication unit 109 is
constituted by a network interface or the like. The drive
110 drives a removable medium 111 such as a magnetic
disk, an optical disk, a magneto-optical disk, and a sem-
iconductor memory.
[0078] According to the computer 100 configured as
above, programs stored in the storage unit 108 are load-
ed to the RAM 103 via the input/output interface 105 and
the bus 104 and executed by the CPU 101 to perform
the series of processes described above, for example.
[0079] Note that the programs executed by the com-
puter 100 may be programs under which time-series
processes are performed in the order described in the
present specification, or may be programs under which
processes are performed in parallel or at necessary tim-
ing such as an occasion of a call.
[0080] Note that embodiments according to the
present disclosure is not limited to the specific embodi-
ments described herein, but may be modified in various
ways without departing from the scope of the subject mat-
ters of the present disclosure.
[0081] The present disclosure may also have following
configurations.

(1) An information processing device including:

a main imaging unit that includes a stereo cam-
era mounted on a moving body, and captures
moving images at a predetermined frame rate
to output a pair of stereo main images as time-
series images;
one or a plurality of sub imaging units each of
which is so mounted on the moving body as to
have an imaging direction different from an im-
aging direction of the main imaging unit, and
captures moving images at a predetermined
frame rate; and
a final pose determination unit that estimates a
pose of the moving body on the basis of the pair
of stereo main images captured by the main im-
aging unit, and sub images captured by each of
the sub imaging units.

(2) The information processing device according to
(1) described above, in which
each of the sub imaging units includes a stereo cam-
era, and captures moving images at a predetermined
frame rate to output a pair of stereo sub images as
time-series images, and
the final pose determination unit includes

a main estimation unit that estimates a pose of
the moving body on the basis of the pair of stereo
main images as time-series images captured by
the main imaging unit,
a sub estimation unit that estimates a pose of
the moving body on the basis of the pair of stereo
sub images as time-series images captured by
each of the sub imaging units, and
an integration unit that integrates the pose esti-
mated by the main estimation unit and the pose
estimated by the sub estimation unit to deter-
mine a final pose.

(3) The information processing device according to
(2) described above, in which the main estimation
unit estimates 3D coordinates of feature points de-
tected from the pair of stereo main images, estimates
a pose of the moving body by tracking the feature
points in a plurality of frames of one of the pair of
stereo main images, and outputs the estimated pose
and reliability of the pose to the integration unit,
the sub estimation unit estimates 3D coordinates of
feature points detected from the pair of stereo sub
images, estimates a pose of the moving body by
tracking the feature points in a plurality of frames of
one of the pair of stereo sub images, and outputs
the estimated pose and reliability of the pose to the
integration unit, and
the integration unit integrates, on the basis of the
reliability, the pose estimated by the main estimation
unit, and the pose estimated by the sub estimation
unit to determine a final pose.
(4) The information processing device according to
(3) described above, in which the reliability includes
at least any one of the number of the feature points
effective for estimating the pose, 3D spatial distribu-
tion of the feature points, a difference between the
estimated pose and a final pose obtained immedi-
ately before, and a residual of an optimization oper-
ation performed in estimation.
(5) The information processing device according to
(1) described above, in which each of the sub imag-
ing units includes a wide-angle camera, a fish-eye
camera, or an omni-directional camera, and cap-
tures moving images at a predetermined frame rate
to output sub images as time-series images, and
the final pose determination unit includes

a 3D estimation unit that estimates 3D coordi-
nates of feature points detected from the pair of
stereo main images captured by the main imag-
ing unit,
a 2D tracking unit that tracks the feature points
in a plurality of frames of the sub images, and
converts a tracking result into 2D coordinates in
the pair of stereo main images, and
a pose estimation unit that estimates a final pose
on the basis of the 3D coordinates of the feature
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points estimated by the 3D estimation unit, and
the 2D coordinates of the feature points convert-
ed by the 2D tracking unit in the pair of stereo
main images.

(6) The information processing device according to
(5) described above, in which the 3D estimation unit
estimates 3D coordinates of the feature points de-
tected from the pair of stereo main images captured
by the main imaging unit, and estimates 2D coordi-
nates of the feature points in the sub images, and
the 2D tracking unit tracks the feature points in a
plurality of frames of the sub images on the basis of
the 2D coordinates of the feature points estimated
by the 3D estimation unit in the sub images, and
converts a tracking result into 2D coordinates in the
pair of stereo main images.
(7) The information processing device according to
(5) or (6) described above, in which the plurality of
sub imaging units are selectively switched on the
basis of an estimation result of the 2D coordinates
of the feature points estimated by the 3D estimation
unit in the sub images to perform imaging.
(8) An information processing method for an infor-
mation processing device, the method performed by
the information processing device and including:
a final pose determination step of estimating a pose
of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that
includes a stereo camera mounted on the moving
body, and captures moving images at a predeter-
mined frame rate to output a pair of stereo main im-
ages as time-series images, and on the basis of sub
images captured by one or a plurality of sub imaging
units each of which is so mounted on the moving
body as to have an imaging direction different from
an imaging direction of the main imaging unit, and
captures moving images at a predetermined frame
rate.
(9) A program for controlling an information process-
ing device, under the program a computer of the in-
formation processing device executes a process in-
cluding:
a final pose determination step of estimating a pose
of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that
includes a stereo camera mounted on the moving
body, and captures moving images at a predeter-
mined frame rate to output a pair of stereo main im-
ages as time-series images, and on the basis of sub
images captured by one or a plurality of sub imaging
units each of which is so mounted on the moving
body as to have an imaging direction different from
an imaging direction of the main imaging unit, and
captures moving images at a predetermined frame
rate.

[Reference Signs List]

[0082]

11-1 First imaging unit
11-2 Second imaging unit
11-3 Third imaging unit
11-4 Fourth imaging unit
12-1 through 12-4 SLAM processing unit
13 Integration unit
21 3D estimation unit
22 Stereo imaging unit
23 Feature point detection unit
24 Depth estimation unit
25 Coordinate conversion unit
26 Retention unit
27 2D tracking unit
28-1 First imaging unit
28-2 Second imaging unit
28-3 Third imaging unit
29-1 through 29-3 Tracking unit
30-1 through 30-3 Coordinate conversion unit
31 Pose estimation unit
100 Computer
101 CPU

Claims

1. An information processing device comprising:

a main imaging unit that includes a stereo cam-
era mounted on a moving body, and captures
moving images at a predetermined frame rate
to output a pair of stereo main images as time-
series images;
one or a plurality of sub imaging units each of
which is so mounted on the moving body as to
have an imaging direction different from an im-
aging direction of the main imaging unit, and
captures moving images at a predetermined
frame rate; and
a final pose determination unit that estimates a
pose of the moving body on the basis of the pair
of stereo main images captured by the main im-
aging unit, and sub images captured by each of
the sub imaging units.

2. The information processing device according to
claim 1, wherein
each of the sub imaging units includes a stereo cam-
era, and captures moving images at a predetermined
frame rate to output a pair of stereo sub images as
time-series images, and
the final pose determination unit includes

a main estimation unit that estimates a pose of
the moving body on the basis of the pair of stereo
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main images as time-series images captured by
the main imaging unit,
a sub estimation unit that estimates a pose of
the moving body on the basis of the pair of stereo
sub images as time-series images captured by
each of the sub imaging units, and
an integration unit that integrates the pose esti-
mated by the main estimation unit and the pose
estimated by the sub estimation unit to deter-
mine a final pose.

3. The information processing device according to
claim 2, wherein
the main estimation unit estimates 3D coordinates
of feature points detected from the pair of stereo main
images, estimates a pose of the moving body by
tracking the feature points in a plurality of frames of
one of the pair of stereo main images, and outputs
the estimated pose and reliability of the pose to the
integration unit,
the sub estimation unit estimates 3D coordinates of
feature points detected from the pair of stereo sub
images, estimates a pose of the moving body by
tracking the feature points in a plurality of frames of
one of the pair of stereo sub images, and outputs
the estimated pose and reliability of the pose to the
integration unit, and
the integration unit integrates, on the basis of the
reliability, the pose estimated by the main estimation
unit, and the pose estimated by the sub estimation
unit to determine a final pose.

4. The information processing device according to
claim 3, wherein the reliability includes at least any
one of the number of the feature points effective for
estimating the pose, 3D spatial distribution of the fea-
ture points, a difference between the estimated pose
and a final pose obtained immediately before, and a
residual of an optimization operation performed in
estimation.

5. The information processing device according to
claim 1, wherein
each of the sub imaging units includes a wide-angle
camera, a fish-eye camera, or an omni-directional
camera, and captures moving images at a predeter-
mined frame rate to output sub images as time-series
images, and
the final pose determination unit includes

a 3D estimation unit that estimates 3D coordi-
nates of feature points detected from the pair of
stereo main images captured by the main imag-
ing unit,
a 2D tracking unit that tracks the feature points
in a plurality of frames of the sub images, and
converts a tracking result into 2D coordinates in
the pair of stereo main images, and

a pose estimation unit that estimates a final pose
on the basis of the 3D coordinates of the feature
points estimated by the 3D estimation unit, and
the 2D coordinates of the feature points convert-
ed by the 2D tracking unit in the pair of stereo
main images.

6. The information processing device according to
claim 5, wherein
the 3D estimation unit estimates 3D coordinates of
the feature points detected from the pair of stereo
main images captured by the main imaging unit, and
estimates 2D coordinates of the feature points in the
sub images, and
the 2D tracking unit tracks the feature points in a
plurality of frames of the sub images on the basis of
the 2D coordinates of the feature points estimated
by the 3D estimation unit in the sub images, and
converts a tracking result into 2D coordinates in the
pair of stereo main images.

7.  The information processing device according to
claim 6, wherein the plurality of sub imaging units
are selectively switched on the basis of an estimation
result of the 2D coordinates of the feature points es-
timated by the 3D estimation unit in the sub images
to perform imaging.

8. An information processing method for an information
processing device, the method performed by the in-
formation processing device and comprising:
a final pose determination step of estimating a pose
of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that
includes a stereo camera mounted on the moving
body, and captures moving images at a predeter-
mined frame rate to output a pair of stereo main im-
ages as time-series images, and on the basis of sub
images captured by one or a plurality of sub imaging
units each of which is so mounted on the moving
body as to have an imaging direction different from
an imaging direction of the main imaging unit, and
captures moving images at a predetermined frame
rate.

9. A program for controlling an information processing
device, under the program a computer of the infor-
mation processing device executes a process com-
prising:
a final pose determination step of estimating a pose
of a moving body on the basis of a pair of stereo
main images captured by a main imaging unit that
includes a stereo camera mounted on the moving
body, and captures moving images at a predeter-
mined frame rate to output a pair of stereo main im-
ages as time-series images, and on the basis of sub
images captured by one or a plurality of sub imaging
units each of which is so mounted on the moving
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body as to have an imaging direction different from
an imaging direction of the main imaging unit, and
captures moving images at a predetermined frame
rate.
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