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(57) The present technology relates to an information
processing apparatus, an information processing meth-
od and a program that make it possible to determine a
distance to an object with high accuracy.

A likelihood calculation unit calculates, from informa-
tion obtained by each of a plurality of distance measure-
ment methods, distance likelihoods with regard to which
the distance to an object is each of a plurality of distances.
An integration unit integrates the distance likelihoods ac-
cording to the plurality of distance measurement methods
to determine integration likelihoods each of the plurality
of distances. The present technology can be applied, for
example, to a case in which a distance to an obstacle is
determined and a driver who drives an automobile or the
like is supported using the distance or to a like case.
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Description

[Technical Field]

[0001] The present technology relates to an informa-
tion processing apparatus, an information processing
method and a program, and particularly to an information
processing apparatus, an information processing meth-
od and a program by which, for example, the distance to
an object can be determined with high accuracy.

[Background Art]

[0002] A technology of an ADAS (Advanced Driver As-
sistance System) or the like has been proposed which
determines, from sensor data outputted from a sensor
such as a camera or a millimeter wave radar incorporated
in a vehicle such as, for example, an automobile, a dis-
tance to an object outside the vehicle or an amount of
movement of the object and supports the driver who
drives the vehicle using the distance or the amount of
movement.
[0003] The distance or the amount of movement de-
termined from sensor data of a sensor such as a camera
or a millimeter wave radar varies in accuracy, for exam-
ple, depending upon an environment, an object of a sens-
ing target or the like. Therefore, a technology called fu-
sion has been proposed recently which determines a dis-
tance or an amount of movement comprehensively using
sensor data of a plurality of (kinds of) sensors such as a
camera and a millimeter wave radar incorporated in a
vehicle.
[0004] For example, PTL 1 proposes the following
technology. In particular, for each of a plurality of sensors,
the probability of existence of a three-dimensional object
is calculated on the basis of a normal distribution cen-
tered at a true value of the output value of the sensor,
and the probability of existence is corrected on the basis
of the recognition rate of the sensor. Then, the probabil-
ities of existence after corrected in regard the individual
sensors are fused to set a total existence probability.

[Citation List]

[Patent Literature]

[0005] [PTL 1] JP 2007-310741A

[Summary]

[Technical Problem]

[0006] Recently, it is demanded to propose a technol-
ogy that makes it possible to determine the distance to
an object with high accuracy.
[0007] The present technology has been made in such
a situation as described above and makes it possible to
determine the distance to an object with high accuracy.

[Solution to Problem]

[0008] The information processing apparatus or the
program of the present technology is an information
processing apparatus including a likelihood calculation
unit configured to calculate, from information obtained
by each of a plurality of distance measurement methods,
distance likelihoods with regard to which the distance to
an object is each of a plurality of distances, and an inte-
gration unit configured to integrate the distance likeli-
hoods according to the plurality of distance measurement
methods to determine integration likelihoods each of the
plurality of distances, or a program for causing a compu-
ter to function as the information process apparatus.
[0009] The information processing method of the
present technology is an information processing method
including calculating, from information obtained by each
of a plurality of distance measurement methods, distance
likelihoods with regard to which the distance to an object
is each of a plurality of distances, and integrating the
distance likelihoods according to the plurality of distance
measurement methods to determine integration likeli-
hoods each of the plurality of distances.
[0010] In the information processing apparatus, infor-
mation method and program of the present technology,
from information obtained by each of a plurality of dis-
tance measurement methods, distance likelihoods with
regard to which the distance to an object is each of a
plurality of distances are calculated. Then, the distance
likelihoods according to the plurality of distance meas-
urement methods are integrated to determine integration
likelihoods each of the plurality of distances.
[0011] It is to be noted that the information processing
apparatus may be an independent apparatus or may be
an internal block configuring one apparatus.
[0012] Further, the program can be provided by trans-
mitting the same through a transmission medium or by
recording the same on a recording medium.

[Advantageous Effect of Invention]

[0013] With the present technology, the distance to an
object can be determined with high accuracy.
[0014] It is to be noted that the effect described here
is not necessarily restrictive but may be any one of effects
described herein.

[Brief Description of Drawings]

[0015]

[FIG. 1]
FIG. 1 is a block diagram depicting an outline of an
example of a configuration of an embodiment of a
travel controlling apparatus to which the present
technology is applied.
[FIG. 2]
FIG. 2 is a view illustrating sampling points.
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[FIG. 3]
FIG. 3 is a flow chart illustrating an example of
processing of the travel controlling apparatus.
[FIG. 4]
FIG. 4 is a view illustrating an effect of an integration
method.
[FIG. 5]
FIG. 5 is a block diagram depicting a first detailed
configuration example of the travel controlling appa-
ratus to which the present technology is applied.
[FIG. 6]
FIG. 6 is a view illustrating synchronization by a syn-
chronization unit 24.
[FIG. 7]
FIG. 7 is a flow chart illustrating an example of
processing of the travel controlling apparatus.
[FIG. 8]
FIG. 8 is a flow chart illustrating an example of
processing for determining a distance likelihood ac-
cording to a stereo camera 21 from sensor data of
the stereo camera 21.
[FIG. 9]
FIG. 9 is a flow chart illustrating an example of
processing for determining a distance likelihood ac-
cording to a millimeter wave radar 22 from sensor
data of the millimeter wave radar 22.
[FIG. 10]
FIG. 10 is a view illustrating an outline of an integra-
tion method.
[FIG. 11]
FIG. 11 is a view illustrating an outline of a reduction
process for reducing the load of processing for inte-
gration.
[FIG. 12]
FIG. 12 is a block diagram depicting a second de-
tailed configuration example of the travel controlling
apparatus to which the present technology is ap-
plied.
[FIG. 13]
FIG. 13 is a view illustrating an example of a calcu-
lation method of a distance likelihood according to a
ToF sensor 51.
[FIG. 14]
FIG. 14 is a flow chart illustrating an example of
processing for determining a distance likelihood re-
garding the ToF sensor 51 from sensor data of the
ToF 51.
[FIG. 15]
FIG. 15 is a block diagram depicting a third detailed
configuration example of the travel controlling appa-
ratus to which the present technology is applied.
[FIG. 16]
FIG. 16 is a block diagram depicting a fourth detailed
configuration example of the travel controlling appa-
ratus to which the present technology is applied.
[FIG. 17]
FIG. 17 is a flow chart illustrating an example of
processing of the travel controlling apparatus.

[FIG. 18]
FIG. 18 is a flow chart illustrating an example of
processing for determining a movement amount like-
lihood according to a stereo camera 21 from sensor
data of the stereo camera 21.
[FIG. 19]
FIG. 19 is a flow chart illustrating an example of
processing for determining a movement amount like-
lihood according to a millimeter wave radar 22 from
sensor data of the millimeter wave radar 22.
[FIG. 20]
FIG. 20 is a block diagram depicting a fifth detailed
configuration example of the travel controlling appa-
ratus to which the present technology is applied.
[FIG. 21]
FIG. 21 is block diagram depicting an example of a
configuration of one embodiment of a computer to
which the present technology is applied.

[Description of Embodiment]

<Outline of Embodiment of Travel Controlling Apparatus 
to Which Present Technology Is Applied>

[0016] FIG. 1 is a block diagram depicting an outline
of an example of a configuration of an embodiment of a
travel controlling apparatus to which the present technol-
ogy is applied.
[0017] The travel controlling apparatus is incorporated
in a mobile body such as, for example, a vehicle such as
an automobile, a ship, a submarine, an air plane or a
drone and controls travel (movement) of the mobile body.
[0018] It is to be noted that it is assumed that, in the
present embodiment, the travel controlling apparatus is
incorporated, for example, in an automobile.
[0019] In FIG. 1, the travel controlling apparatus in-
cludes a plurality of, N, sensors 111, 112, ..., 11N, a like-
lihood calculation unit 12, a normalization unit 13, an in-
tegration unit 14, a distance/movement amount calcula-
tion unit 15, and a travel controlling unit 16.
[0020] The travel controlling apparatus performs vari-
ous kinds of travel control for supporting a driver who
drives the automobile in which the travel controlling ap-
paratus is incorporated.
[0021] The sensor 11n (n = 1, 2, ..., N) is a sensor used
for distance measurement of a predetermined distance
measurement method or detection of a movement
amount of a predetermine movement detection method,
and senses a predetermined physical quantity and sup-
plies sensor data that are a result of the sensing to the
likelihood calculation unit 12.
[0022] Here, for the sensor 11n, for example, a single-
lens camera, a multi-eye camera such as a stereo cam-
era, a radar such as a millimeter wave radar, a ToF (Time
of Flight) sensor, a LIDAR (Lidar) and other arbitrary sen-
sors that can perform light measurement or detection of
a movement amount can be adopted.
[0023] Further, the sensor 11n and another sensor 11n’
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(n ≠ n’) are sensors of different types. Accordingly, they
are used for distance measurement of different distance
measurement methods or detection of a movement
amount by different movement detection methods.
[0024] Since the travel controlling apparatus of FIG. 1
includes such a plurality of sensors 111 to 11N as de-
scribed above, namely, a plurality of (types of) sensors
111 to 11N used for distance measurement of different
distance measurement methods or for detection of a
movement amount by different movement detection
methods, distance measurement by a plurality of (types
of) distance measurement methods or detection of a
movement amount by a plurality of (types of) movement
detection methods is performed.
[0025] Accordingly, one distance measurement meth-
od or one movement detection method corresponds to
one sensor 11n.
[0026] It is to be noted that the sensors 111 to 11N are
arranged at a front portion of a ceiling in a room of an
automobile or at an end portion or the like of a windshield
of an automobile and output sensor data for determining
a distance to an object in front of the automobile or a
movement amount of the object.
[0027] The likelihood calculation unit 12 calculates, for
each of the plurality of, namely, N, sensors 111 to 11N,
distance likelihoods that the distance to an object indi-
vidually is a plurality of distances from sensor data of the
sensor 11n (sensor data outputted from the sensor 11n).
[0028] In particular, it is assumed now that, from sensor
data of the sensor 11n, a distance within a range from 0
to ΔZ 3 K in can be detected in accuracy of ΔZ. The
likelihood calculation unit 12 calculates distance likeli-
hoods that the distance to an object individually is a plu-
rality of, namely, K + 1, distances 0, ΔZ, ΔZ 3 2, ..., ΔZ
3 K.
[0029] It is to be noted that the different sensors 11n
and 11n’ sometimes are different in accuracy or range of
the distance that can be detected by them, and accord-
ingly, the plurality of distances for which the distance like-
lihood is calculated sometimes differ from each other.
[0030] The likelihood calculation unit 12 calculates, for
each of the plurality of sensors 111 to 11N, distance like-
lihoods that the distance to an object individually is a
plurality of distances and besides calculates movement
amount likelihoods that the movement amount of the ob-
ject individually is a plurality of movement amounts from
sensor data of the sensor 11n.
[0031] The likelihood calculation unit 12 supplies dis-
tance likelihoods each of a plurality of distances and
movement amount likelihoods each of a plurality of move-
ment amounts calculated for each of the plurality of sen-
sors 111 to 11N to the normalization unit 13.
[0032] The normalization unit 13 normalizes the dis-
tance likelihoods each of the plurality of distances for
each of the plurality of sensors 111 to 11N from the like-
lihood calculation unit 12.
[0033] Here, as described hereinabove, a plurality of
distances with regard to which a distance likelihood is

calculated sometimes differ between the different sensor
11n and sensor 11n’.
[0034] In particular, assuming now that K ≠ K’ and ΔZ
≠ ΔZ’, for the sensor 11n, distance likelihoods of K + 1
distances 0, ΔZ, ΔZ 3 2, ..., ΔZ 3 K are determined, and
for the sensor 11n’, distance likelihoods of K’ + 1 distances
0, ΔZ’, ΔZ’ 3 2, ..., ΔZ’ 3 K’ are sometimes determined.
[0035] As described above, between the different sen-
sor 11n and sensor 11n’, so to speak, the granularity of
a distance of which a distance likelihood is calculated or
of a plurality of distances of which a distance likelihood
is calculated differs.
[0036] Therefore, the normalization unit 13 performs
normalization for making a plurality of distances, with re-
gard to which a distance likelihood exists, for all of the N
sensors 111 to 11N.
[0037] The normalization can be performed by up sam-
pling for increasing the number of a plurality of distances
(corresponding to K or K’ described hereinabove) with
regard to which a distance likelihood exists, for example,
by interpolation.
[0038] The normalization 13 performs also normaliza-
tion of movement amount likelihoods each of a plurality
of movement amounts according to the N sensors 111 to
11N from the likelihood calculation unit 12 in a similar
manner as in the normalization of distance likelihoods.
[0039] Then, the normalization unit 13 supplies the dis-
tance likelihoods and the movement amount likelihoods
after the normalization according to the N sensors 111 to
11N to the integration unit 14.
[0040] The integration unit 14 integrates distance like-
lihoods each of the plurality of distances individually ac-
cording to the N sensors 111 to 11N for each of the plu-
rality of distances.
[0041] In particular, if a certain distance z from among
a plurality of distances with regard to which a distance
likelihood after normalization exists is determined as a
noticed distance z that is noticed, then after the normal-
ization by the normalization unit 13, a distance likelihood
of the noticed distance z exists in regard to all of the N
sensors 111 to 11N.
[0042] The integration unit 14 integrates the distance
likelihood of the noticed distance z regarding the N sen-
sors 111 to 11N, namely, N distance likelihoods, to de-
termine an integration likelihood of the noticed distance z.
[0043] Here, the integration of the N distance likeli-
hoods can be performed, for example, by the Bayesian
system, namely, by taking the product of the N distance
likelihoods (where the distance likelihoods are log-likeli-
hoods, by taking the sum).
[0044] Further, the integration of the N distance likeli-
hoods can be performed by performing learning of a
learning model in which, for example, N distance likeli-
hoods are inputted and one integration likelihood is out-
putted in advance and providing N distance likelihoods
as inputs to the learning model.
[0045] The integration unit 14 integrates distance like-
lihoods each of a plurality of distances according to the
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N sensors 111 to 11N for each of the plurality of distances
to determine integration likelihoods each of the plurality
of distances and supplies the determined integration like-
lihoods to the distance/movement amount calculation
unit 15.
[0046] Further, the integration unit 14 integrates move-
ment amount likelihoods each of a plurality of movement
amounts according to the N sensors 111 to 11N for each
of the plurality of movement amounts in a similar manner
as in the integration of distance likelihoods and supplies
the integration likelihoods each of the plurality of move-
ment amounts obtained by the integration to the dis-
tance/movement amount calculation unit 15.
[0047] The distance/movement amount calculation
unit 15 uses the integration likelihoods each of the plu-
rality of distances from the integration unit 14 to deter-
mine the distance to the object and supplies the distance
to the travel controlling unit 16. In particular, the dis-
tance/movement amount calculation unit 15 determines,
for example, the distance of the highest integration like-
lihood from among the integration likelihoods each of the
plurality of distances from the integration unit 14 as the
distance to the object and supplies the distance to the
travel controlling unit 16.
[0048] Further, the distance/movement amount calcu-
lation unit 15 uses the integration likelihoods each of the
plurality of movement amounts from the integration unit
14 to determine the movement amount the object and
supplies the movement amount to the travel controlling
unit 16. In particular, the distance/movement amount cal-
culation unit 15 determines, for example, the movement
amount of the highest integration likelihood from among
the integration likelihoods each of the plurality of move-
ment amounts from the integration unit 14 as the move-
ment amount of the object and supplies the movement
amount to the travel controlling unit 16.
[0049] The travel controlling unit 16 performs travel
control of the automobile using the distance to the object
or the movement amount of the object supplied from the
distance/movement amount calculation unit 15 as occa-
sion demands.
[0050] In particular, the travel controlling unit 16 uses
the distance to the object or the movement amount of
the object supplied from the distance/movement amount
calculation unit 15 as occasion demands to generate, for
example, an obstacle map as obstacle information re-
garding an obstacle existing in front of the automobile.
Then, the travel controlling unit 16 performs warning of
existence of an obstacle, control of a brake and so forth.
[0051] FIG. 2 is a view illustrating sampling points.
[0052] Here, the sampling point signifies a position
(point) for which a distance likelihood or a movement
amount likelihood is calculated by the likelihood calcula-
tion unit 12 of FIG. 1.
[0053] Further, it is assumed that, while the sensor 11n
has a reception unit (light reception unit) for receiving a
signal of light or the like (receiving light) as a physical
quantity that is a target of sensing, in the present embod-

iment, a three-dimensional position (x, y, z) and a two-
dimensional position (x, y) are represented depending
upon a three-dimensional (Cartesian) coordinate system
whose z direction is defined as a forward direction of the
automobile in which the travel controlling apparatus of
FIG. 1 is incorporated and whose x direction and y direc-
tion are defined as a horizontal direction (leftward and
rightward direction) and a vertical direction (upward and
downward direction) on a plane that is orthogonal to the
z direction and passes a reception portion of the reception
unit of the sensor 11n.
[0054] For example, where the sensor 11n is a stereo
camera, the position (x, y) represents the position of a
pixel of an image (for example, a standard image here-
inafter described) picked up by (one of two cameras con-
figuring) the stereo camera, and the position (x, y, z) rep-
resents that the distance to an object reflected on the
pixel at the position (x, y) is z.
[0055] The position (x, y, z) can be transformed into a
position in a real space, namely, a position in a real space
of an object reflected on the pixel at the position (x, y).
[0056] In the following, a sampling point is described
taking a distance likelihood as an example.
[0057] For example, if a certain sensor 11n is a stereo
camera, then two images having different visual points
from each other are obtained as sensor data of the sensor
11n that is a stereo camera.
[0058] If it is assumed that one of the two images is
referred to as standard image and the other one of the
two image is referred to as reference image, then for
each pixel of the standard image, where the parallax from
the reference image is parallax amounts D1, D2, ... of
different values, likelihoods of the parallax amounts D1,
D2, ... can be determined.
[0059] Now, if it is assumed that a certain pixel of the
standard image is a noticed pixel to be noticed, then the
distance likelihoods of the parallax amounts D1, D2, ...
when it is assumed that the parallax from the reference
image is the parallax amounts D1, D2, ... can be used
as distance likelihoods of distances z1, z2, ... when it is
assumed that the distance to an object reflected on the
noticed image is the distances z1, z2, ... corresponding
to the parallax amounts D1, D2, ..., respectively.
[0060] Accordingly, for the position (x, y) of the noticed
pixel, a distance likelihood when the distance z of the
position (x, y) (distance z to an object reflected on the
pixel at the position (x, y)) is the distances z1, z2, ... can
be obtained.
[0061] In this manner, a distance likelihood can be ob-
tained for the position (x, y, z), and the position (x, y, z)
for which a distance likelihood is obtained in this manner
is a sampling point.
[0062] For example, where a certain sensor 11n is a
radar, from sensor data (angle range map) of the sensor
11n that is a radar, a likelihood, when it is assumed that
the distance d to an object in the directions r is distances
d1, d2, ..., of each of the distances d1, d2, ... can be de-
termined as distance likelihood.
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[0063] In the radar, the direction r and the distance d
in and at which a distance likelihood can be obtained are
an argument angle and a distance in a polar coordinate
system, respectively, and the position at the distance d
in the direction r can be transformed into a position (x, y,
z) of a three-dimensional coordinate system by coordi-
nate transformation.
[0064] Accordingly, also in the radar, where a position
(x, y, z) in a three-dimensional coordinate system is a
sampling point, a distance likelihood can be obtained for
the sampling point similarly as in the case of the stereo
camera.
[0065] For example, if a certain sensor 11n is a ToF
sensor, then in the ToF sensor, for example, a large
number of transmission pulses irradiated at a high speed
are received by a plurality of reception units arranged in
a matrix. Then, from the reception signal that is a trans-
mission pulse received by each of the reception units, a
distance L of the position (x, y) of the reception unit (dis-
tance to an object by which a transmission pulse corre-
sponding to a reception signal received by the reception
unit at the position (x, y) is reflected) is determined.
[0066] In the ToF sensor, a plurality of distances L are
determined individually from a plurality of reception sig-
nals received by a reception unit from a plurality of trans-
mission pulses transmitted within a period of time frame
T as a predetermined period T of time. Then, an average
value or the like of the plurality of distances L obtained
within the period of the time frame T is determined as a
final distance z of the position (x, y) of the light reception
unit.
[0067] If the sensor 11n is a ToF sensor, then a plurality
of distances L determined, for example, within the period
of the time frame T can be obtained as sensor data of
the sensor 11n that is a ToF sensor.
[0068] Then, on the basis of a distribution of the plu-
rality of distances L in the time frame T, distance likeli-
hoods when the distance of the position (x, y) of the light
reception unit is the distances z1, z2, ... can be obtained.
[0069] Accordingly, also in the ToF sensor, where a
position (x, y, z) in a three-dimensional coordinate system
is a sampling point, a distance likelihood can be obtained
for the sampling point similarly as in the case of the stereo
camera.
[0070] It is to be noted that, between the different sen-
sors 11n and 11n’, namely, for example, between two
arbitrary sensors from among the stereo camera, radar
and ToF sensor, the position (x, y, z) (and the granularity)
of sampling points with regard to which a distance likeli-
hood is determined sometimes differs from a difference
or the distance measurement method or the like.
[0071] In the normalization unit 13 of FIG. 1, normali-
zation that makes sampling points for which a distance
likelihood exists coincide with each other in regard to all
of the N sensors 111 to 11N is performed, by up sampling
that increases the number of sampling points, for exam-
ple, by interpolation.
[0072] In FIG. 2, for a stereo camera, a radar and a

ToF sensor as the three sensors 111 to 113, normalization
for normalizing the granularities of sampling points in the
x, y and z directions is performed to become predeter-
mined Δx, Δy, and Δz.
[0073] By such normalization as described above,
sampling points for a distance likelihood that can be ob-
tained individually from the stereo camera, radar and ToF
sensor of different distance measurement methods are
made coincide with each other.
[0074] As a result, the integration unit 14 of FIG. 1 can
integrate distance likelihoods obtained from the stereo
camera, radar and ToF sensor of different distance
measurement methods in unit of a sampling point to de-
termine an integration likelihood for each sampling point.
[0075] The foregoing similarly applies also the move-
ment amount likelihood.
[0076] It is to be noted that, although, as regards the
distance likelihood, a likelihood of the distance z is de-
termined in regard to a position (x, y, z) as a position in
a three-dimensional coordinate system, as regards the
movement amount likelihood, if the movement amounts
in the x, y and z directions are represented by vx, vy and
vz, then a likelihood of the movement amount (vx, vy, vz)
is determined with regard to a sampling point (x, y, z, vx,
vy, vz) as a position in a six-dimensional (Cartesian) co-
ordinate system.
[0077] FIG. 3 is a flow chart illustrating an example of
processing of the travel controlling apparatus of FIG. 1.
[0078] At step S11, the N sensors 111 to 11N perform
sensing and supply sensor data obtained as a result of
the sensing to the likelihood calculation unit 12, where-
after the processing advances to step S12.
[0079] At step S12, the likelihood calculation unit 12
calculates, for each of the N sensors 111 to 11N, a dis-
tance likelihood of each of a plurality of distances z and
a movement amount likelihood of each of a plurality of
movement amounts (vx, vy, vz) from the sensor data of
the sensor 11n. Then, the likelihood calculation unit 12
supplies the distance likelihoods of the plurality of dis-
tances z and the movement amount likelihoods of the
plurality of movement amounts (vx, vy, vz) in regard to
the sensors 111 to 11N to the normalization unit 13. Then,
the processing advances from step S12 to step S13.
[0080] At step S13, the normalization unit 13 performs,
for the distance likelihoods according to the plurality of
sensors 111 to 11N from the likelihood calculation unit
12, normalization for adjusting the sampling points (x, y,
z) with regard to which a distance likelihood exists (for
making such sampling points (x, y, z) coincide with each
other).
[0081] Further, the normalization unit 13 performs, for
the movement amount likelihoods according to the plu-
rality of sensors 111 to 11N from the likelihood calculation
unit 12, normalization for arranging the sampling points
(x, y, z, vx, vy, vz) with regard to which a movement
amount likelihood exists.
[0082] Then, the normalization unit 13 supplies the dis-
tance likelihoods and the movement amount likelihoods
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after the normalization according to the plurality of sen-
sors 111 to 11N to the integration unit 14. Then, the
processing advances from step S13 to step S14.
[0083] It is to be noted that normalization for arranging
the sampling points (x, y, z) for a distance likelihood ac-
cording to the plurality of sensors 111 to 11N can be per-
formed such that the number of sampling points (x, y, z)
in each direction of the sampling points (x, y, z), namely,
in each of the x direction, y direction and z direction, is
adjusted to a maximum distance likelihood.
[0084] In particular, for example, if it is assumed now
that two sensors of a stereo camera and a radar are
adopted as the plurality of sensors 111 to 11N, then the
resolution of the distance z determined from (sensor data
of) the stereo camera is lower than the resolution of the
distance z determined from the radar.
[0085] Therefore, in the normalization of the distance
likelihood according to the stereo camera, the number
(of the sampling points (x, y, z)) for a distance likelihood
according to the stereo camera is increased by interpo-
lation such that the positions and the number in the z
direction of the sampling points (x, y, z) for a distance
likelihood according to the stereo camera are adjusted
to the positions and the number in the z direction of the
sampling points (x, y, z) for a distance likelihood accord-
ing to the radar.
[0086] Further, in regard to the radar, since the angular
resolution that is a resolution of a direction (orientation)
is low, on a three-dimensional coordinate system, the
resolutions in the x direction and the y direction of the
radar are lower than the resolutions in the x direction and
the y direction of the stereo camera.
[0087] Therefore, in the normalization of the distance
likelihood according to the radar, the number (of the sam-
pling points (x, y, z)) for a distance likelihood according
to the radar is increased by interpolation such that the
positions and the numbers in the x direction and the y
direction of the sampling points (x, y, z) for a distance
likelihood according to the radar are adjusted to the po-
sitions and the numbers in the x direction and the y di-
rection of the sampling points (x, y, z) for a distance like-
lihood according to the stereo camera.
[0088] Here, normalization of the distance likelihood
can be performed by a method other than interpolation.
[0089] For example, in regard to the stereo camera,
by performing detection of a parallax with accuracy finer
than the accuracy of pixels, it is possible to improve the
resolution of the distance z, namely, to increase the
number in the z direction of sampling points (x, y, z) for
a distance likelihood according to the stereo camera.
Consequently, the positions and the number in the z di-
rection of sampling points (x, y, z) according to the stereo
camera can be adjusted to the positions and the number
in the z direction of the sampling points (x, y, z) for a
distance likelihood according to the radar.
[0090] Further, for example, in regard to the radar, by
using a super resolution technology in the time direction,
it is possible to increase the angular resolution, namely,

to increase the number in the x direction (and the y di-
rection) of sampling points (x, y, z) for a distance likeli-
hood according to the radar, and consequently, the po-
sitions and the number in the x direction of sampling
points (x, y, z) for a distance likelihood according to the
radar can be adjusted to the positions and the number
in the x direction of sampling points (x, y, z) for a distance
likelihood according to the stereo camera.
[0091] It is to be noted that increase in number of sam-
pling points (x, y, z) for a distance likelihood of the radar
can be performed not on a three-dimensional coordinate
system but on a polar coordinate system before the trans-
formation into the three-dimensional coordinate system.
[0092] Further, increase in number of sampling points
(x, y, z) can be performed in combination with detection
of a parallax with accuracy finer than that of the pixels,
a super resolution technology in the time direction and
interpolation described hereinabove.
[0093] The foregoing similarly applies also to normal-
ization of the movement amount likelihood.
[0094] At step S14, the integration unit 14 integrates
the distance likelihoods according to the sensors 111 to
11N for each sampling point (x, y, z) to determine an
integration likelihood for each sampling point (x, y, z).
Further, the integration unit 14 integrates movement
amount likelihoods according to the sensors 111 to 11N
for each sampling point (x, y, z, vx, vy, vz) to determine
an integration likelihood of the movement amount for
each sampling point (x, y, z, vx, vy, vz).
[0095] Then, the integration unit 14 supplies the inte-
gration likelihoods of the distances and the movement
amounts to the distance/movement amount calculation
unit 15, and then the processing advances from step S14
to step S15.
[0096] At step S15, the distance/movement amount
calculation unit 15 determines the distance to the object
using the integration likelihood of the distance from the
integration unit 14 and supplies the determined distance
to the travel controlling unit 16. In particular, the dis-
tance/movement amount calculation unit 15 determines
a distance z whose integration likelihood is highest for
each position (x, y), for example, among the integration
likelihoods of the distances for each sampling point (x,
y, z) from the integration unit 14, and supplies the dis-
tance z to the travel controlling unit 16.
[0097] Further, the distance/movement amount calcu-
lation unit 15 determines the movement amount of the
object using the integration likelihood of the movement
amount from the integration unit 14 and supplies the
movement amount of the object to the travel controlling
unit 16. In particular, the distance/movement amount cal-
culation unit 15 determines, for example, among the in-
tegration likelihoods of the movement amounts for each
sampling amount (x, y, z, vx, vy, vz) from the integration
unit 14, a movement amount (vx, vy, vz) whose integra-
tion likelihood is highest for each position (x, y, z), or
determines a movement amount (vx, vy, vz) and a dis-
tance z whose integration likelihood of the movement
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amount is greatest, and supplies the movement amount
(vx, vy, vz) and the distance z to the travel controlling
unit 16.
[0098] Then, the processing advances from step S15
to step S16, at which the travel controlling unit 16 per-
forms travel control of the automobile using the distance
z or the movement amount (vx, vy, vz) supplied from the
distance/movement amount calculation unit 15 as occa-
sion demands, whereafter the processing is ended.
[0099] It is to be noted that the processing in accord-
ance with the flow chart of FIG. 3 is executed repetitively
in pipeline.
[0100] FIG. 4 is a view illustrating an effect of a method
(hereinafter referred to as integration method) that de-
termines a distance to an object or a movement amount
of an object using an integration likelihood obtained by
integrating distance likelihoods or movement amount
likelihoods for each of the sensors 111 to 11N.
[0101] As described hereinabove with reference to
FIG. 1, as the sensor 11n, for example, a stereo camera
or a millimeter wave radar can be adopted.
[0102] The stereo camera and the millimeter wave ra-
dar can measure the distance to an object (perform dis-
tance measurement).
[0103] Incidentally, since the stereo camera performs
distance measurement by detecting a parallax between
images, at a dark place, the accuracy in distance meas-
urement degrades. Further, in the stereo camera, as the
distance increases, the resolution (resolution) of the dis-
tance degrades, and the accuracy in distance measure-
ment varies depending upon the texture (design) of the
object. Further, in the stereo camera, the accuracy in
distance measurement degrades depending upon the
external environment such as rain, slow or backlight.
[0104] On the other hand, since the millimeter wave
radar performs distance measurement by transmitting a
millimeter wave and receiving reflection light of the mil-
limeter wave reflected by an object, it is vulnerable to
multiple reflection in a tunnel or the like, and a ghost
sometimes appears in an environment in which multiple
reflection (multipath) occurs. The ghost sometimes ap-
pears depending upon the position or the posture of an
object of a target of the distance measurement. Further,
in the millimeter wave radar, the resolution in distance
measurement of a position in a vertical direction (reso-
lution in the y direction) is low, and it is sometimes difficult
to perform distance measurement whose target is an ob-
stacle whose angle is shallow with respect to the millim-
eter wave to be transmitted like a road surface. Further,
in the millimeter wave radar, the angular resolution that
is a resolution in a direction (orientation) and the accuracy
in distance measurement varies depending upon the ma-
terial of the object that is a target of the distance meas-
urement.
[0105] Accordingly, when distance measurement is
performed only using the stereo camera or when distance
measurement is performed only using the millimeter
wave radar, the accuracy in distance measurement oc-

curs less frequently.
[0106] Incidentally, the case in which the accuracy in
distance measurement degrades is different between or
among a plurality of sensors of different distance meas-
urement methods like a stereo camera and a millimeter
wave radar.
[0107] Therefore, in the integration method, by inte-
grating distance likelihoods according to the sensors 111
to 11N and using an integration likelihood obtained as a
result of the integration, the distance to the object is de-
termined with high accuracy.
[0108] FIG. 4 depicts an example of distance likeli-
hoods of each distance z obtained from three sensors
111 to 113 and an integration likelihood obtained by in-
tegrating the distance likelihoods regarding the three
sensors 111 to 113.
[0109] In FIG. 4, reference characters P1, P2 and P3
represent distance likelihoods according to the individual
sensors 111 to 113.
[0110] The distance likelihood Pn (here, n = 1, 2, 3) is
low at a distance at which the reliability is low. Further,
in a case in which the accuracy in distance measurement
of the sensor 11n at which the distance likelihood Pn is
obtained degrades, distance likelihoods Pn spread in low
values within a wide range such as a range in which dis-
tance measurement is possible with the sensor 11n.
[0111] As a case in which the accuracy in distance
measurement of the sensor 11n degrades, for example,
where the sensor 11n is a stereo camera, a case in which
distance measurement of the distance to an object re-
flected as a flat image is performed or the like is available.
Meanwhile, where the sensor 11n is a ToF sensor, a case
in which distance measurement of the distance to a dark
object or a like case corresponds to the case in which
the accuracy in distance measurement of the sensor 11n
degrades. Furthermore, where the sensor 11n is a radar,
a case in which distance measurement is performed in
a situation in which a multipath phenomenon occurs cor-
responds to the case in which the accuracy in distance
measurement of the sensor 11n degrades.
[0112] In FIG. 4, distance measurement is performed
in a situation in which the accuracy in distance measure-
ment of the sensor 111 from among the sensors 111 to
113 degrades. Therefore, the distance likelihood accord-
ing to the sensor 111 spreads in low values over a wide
range of the distance z.
[0113] In the integration method, the distance likeli-
hoods P1 to P3 according to the sensors 111 to 11N are
integrated to determine an integration likelihood P. In par-
ticular, for example, the product of the distance likeli-
hoods P1 to P3 according to the sensors 111 to 11N is
determined as the integration likelihood P.
[0114] Where the integration likelihood P is determined
by taking the product of the distance likelihoods P1 to P3,
the distance likelihood P1 according to the sensor 111
that is low in distance measurement, namely, the dis-
tance likelihood P1 that spreads in low values, has little
influence on the integration likelihood P of any distance
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z (has influences by a substantially equal amount).
[0115] Therefore, since the distance likelihood P1 ac-
cording to the sensor 111 that is low in accuracy in dis-
tance measurement does not have an influence on su-
periority or inferiority of the integration likelihood P at
each distance z, by calculating the distance z at which
such integration likelihood P is highest as the distance
to the object, it is possible as a result to determine the
distance to the object without using (without relying upon)
the sensor 111, whose accuracy in distance measure-
ment is low, namely, to determine the distance to the
object with high accuracy.
[0116] Further, in the integration method, it is possible
to perform distance measurement that is robust against
the environment or the like or to perform distance meas-
urement with a resolution that cannot be achieved by
distance measurement in which only a single sensor is
used.
[0117] For example, where distance measurement is
performed only by a stereo camera, the long distance
resolution (resolution) decreases. However, where a
stereo camera and a radar are adopted as the two sen-
sors 11n and 11n’, as a resolution of the distance, a high
resolution can be implemented even where the distance
is great.
[0118] It is to be noted that the foregoing similarly ap-
plies also to a case in which movement amount likeli-
hoods are integrated to determine an integration likeli-
hood and a movement amount (vx, vy, vz) is determined
using the integration likelihood.

<First Detailed Configuration Example of Travel Control-
ling Apparatus to Which Present Technology Is Applied>

[0119] FIG. 5 is a block diagram depicting a first de-
tailed configuration example of the travel controlling ap-
paratus to which the present technology is applied.
[0120] In FIG. 5, the travel controlling apparatus in-
cludes a stereo camera 21, a millimeter wave radar 22,
a transmission unit 23, a synchronization unit 24, a like-
lihood calculation unit 25, a normalization unit 26, an in-
tegration unit 27, a distance calculation unit 28, an ob-
stacle map generation unit 29, a travel controlling unit 30
and a buffer 31.
[0121] The stereo camera 21 and the millimeter wave
radar 22 correspond to the N sensors 111 to 11N of FIG. 1.
[0122] The stereo camera 21 has two cameras 21L
and 21R. The cameras 21L and 21R pick up images from
different points of view and output image data obtained
by the image pickup as sensor data to the transmission
unit 23.
[0123] The millimeter wave radar 22 sends a millimeter
wave. If the millimeter wave sent from the millimeter wave
radar 22 is reflected by an object and returns to the mil-
limeter wave radar 22, then the millimeter wave radar 22
receives the returning millimeter wave. Then, the millim-
eter wave radar 22 outputs a reception signal that is the
received millimeter wave as sensor data to the transmis-

sion unit 23.
[0124] The transmission unit 23 performs necessary
processing for the sensor data outputted from (the cam-
eras 21L and 21R of) the stereo camera 21 and the mil-
limeter wave radar 22 and transmits (supplies) resulting
data to the synchronization unit 24.
[0125] The transmission unit 23 performs, for example,
a development process and so forth for the image data
outputted from the stereo camera 21.
[0126] The synchronization unit 24 synthesizes the
sensor data outputted form the stereo camera 21 and
the millimeter wave radar 22 as the two different sensors
and supplied from the transmission unit 23 with each oth-
er and outputs the synchronized sensor data to the like-
lihood calculation unit 25.
[0127] The likelihood calculation unit 25 corresponds
to the likelihood calculation unit 12 of FIG. 1.
[0128] The likelihood calculation unit 25 calculates,
from the sensor data of the stereo camera 21 from the
synchronization unit 24, distance likelihoods according
to the stereo camera 21 in regard to each sampling point
(x, y, z), namely, in regard to each position (x, y) of each
pixel of the image data as the sensor data of the stereo
camera 21 and each distance z within a range of the
distance that can be measured by the stereo camera 21,
and supplies the distance likelihoods to the normalization
unit 26.
[0129] Further, the likelihood calculation unit 25 calcu-
lates, from the sensor data of the millimeter wave radar
22 from the synchronization unit 24, distance likelihoods
according to the millimeter wave radar 22 in regard to
each sampling point (x, y) and supplies the distance like-
lihoods to the normalization unit 26.
[0130] In particular, the likelihood calculation unit 25
determines, from the sensor data of the millimeter wave
radar 22 from the synchronization unit 24, a distance like-
lihood of each distance when it is assumed that the dis-
tance d to an object in each direction (orientation) r is
each distance within a range of the distance that can be
measured by the millimeter wave radar 22.
[0131] Then, the likelihood calculation unit 25 trans-
forms each direction r and (the distance likelihood of)
each distance d in a polar coordinate system from which
a distance likelihood according to the millimeter wave
radar 22 is obtained into (a distance likelihood of) each
position (x, y, z) in the three-dimensional coordinate sys-
tem by coordinate transformation, and supplies the dis-
tance likelihood of each sampling point (x, y, z) that is
the position (x, y, z) in the three-dimensional coordinate
system to the normalization unit 26.
[0132] The normalization unit 26 corresponds to the
normalization unit 13 of FIG. 1.
[0133] The normalization unit 26 performs normaliza-
tion for making the sampling points (x, y, z) from the like-
lihood calculation unit 25, coincide between the distance
likelihoods of the sampling points (x, y, z) according to
the stereo camera 21 and the distance likelihoods of the
sampling points (x, y, z) according to the millimeter wave
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radar 22, and supplies the normalized sampling points
(x, y, z) to the integration unit 27.
[0134] The integration unit 27 corresponds to the inte-
gration unit 14 of FIG. 1.
[0135] The integration unit 27 integrates the distance
likelihoods according to the stereo camera 21 from the
normalization unit 26 and the distance likelihoods accord-
ing to the millimeter wave radar 22 for each sampling
point (x, y, z) and supplies the integrated distance likeli-
hoods to the distance calculation unit 28.
[0136] It is to be noted that the integration unit 27 can
perform integration of the distance likelihoods according
to the stereo camera 21 and the distance likelihoods ac-
cording to the millimeter wave radar 22 using information
stored in the buffer 31 as occasion demands.
[0137] The distance calculation unit 28 corresponds to
the distance/movement amount calculation unit 15 of
FIG. 1.
[0138] The distance calculation unit 28 determines the
distance to the object using the integration likelihoods of
the distances for each sampling point (x, y, z) from the
integration unit 27. In particular, the distance calculation
unit 28 determines, for each position (x, y), the distance
z in regard to which the integration likelihood of the dis-
tance is in the maximum as the distance to the object
reflected on the pixel at the position (x, y).
[0139] Then, the distance calculation unit 28 supplies
the distance z of each position (x, y) determined using
the integration likelihoods for a distance to the obstacle
map generation unit 29 and the buffer 31.
[0140] The obstacle map generation unit 29 uses the
distances z from the distance calculation unit 28 to gen-
erate an obstacle map as obstacle information regarding
obstacles existing in front of the automobile. Then, the
obstacle map generation unit 29 supplies the obstacle
map to the travel controlling unit 30 and the buffer 31.
[0141] The travel controlling unit 30 corresponds to the
travel controlling unit 16 of FIG. 1.
[0142] The travel controlling unit 30 uses the obstacle
map from the obstacle map generation unit 29 to perform
warning of the existence of an obstacle to the driver who
drives the automobile, control of self-driving and so forth.
[0143] The buffer 31 temporarily stores the distances
z of the individual positions (z, y) supplied from the dis-
tance calculation unit 28 and the obstacle map supplied
from the obstacle map generation unit 29.
[0144] The distances z and the obstacle map stored in
the buffer 31 are used by the integration unit 27 as oc-
casion demands when the integration unit 27 performs
next integration.
[0145] In particular, when the integration unit 27 per-
forms integration of the distance likelihoods according to
the stereo camera 21 and distance likelihoods according
to the millimeter wave radar 22, it uses the distances z
or the obstacle map determined in the preceding opera-
tion cycle and stored in the buffer 31 as occasion de-
mands.
[0146] Here, since the number of sampling points (x,

y, z) after the normalization of the distance likelihoods is
very great, the integration by the integration unit 27 is
processing of a high load.
[0147] The integration unit 27 reduces the load of the
integration processing by using, upon integration, the dis-
tances z or the obstacle map determined in the preceding
operation cycle.
[0148] For example, the integration unit 27 recognizes
the shape of an object existing in front of the automobile
from the obstacle map determined in the preceding op-
eration cycle and estimates the existence range of the
object upon integration in the current operation cycle from
the speed of the automobile in which the travel controlling
apparatus of FIG. 5 is incorporated.
[0149] Then, the integration unit 27 determines only
sampling points (x, y, z) corresponding to points within
the existence range of the object upon integration in the
current operation cycle as a target of the integration of
distance likelihoods and integrates the distance likeli-
hoods according to the stereo camera 21 and the dis-
tance likelihoods according to the millimeter wave radar
22 to determine an integration likelihood.
[0150] On the other hand, as regards the other sam-
pling pints, the integration unit 27 uses one of the distance
likelihood according to the stereo camera 21 and the dis-
tance likelihood according to the millimeter wave radar
22 as it is as an integration likelihood.
[0151] In this case, since the integration is performed
only for the sampling points (x, y, z) corresponding to the
points in the existence range of the object, the number
of sampling points (x, y, z) that become the target of in-
tegration decreases, and the load of the integration
processing can be reduced.
[0152] Further, for example, the integration unit 27 rec-
ognizes the road surface from the obstacle map deter-
mined in the preceding operation cycle, and can exclude,
in regard to the sampling points (x, y, z) corresponding
to points on the road surface, the distance likelihoods
according to a sensor, which is difficult to receive a signal
reflected from the road surface and is low in accuracy in
distance measurement targeted to a road surface like a
radar, from the target of the integration.
[0153] In this case, since the number of distance like-
lihoods that become a target of the integration decreases,
the load of the integration processing can be reduced.
[0154] FIG. 6 is a view illustrating synchronization by
the synchronization unit 24 of FIG. 5.
[0155] In the integration method, the distance likeli-
hoods, for example, according to the stereo camera 21
and the millimeter wave radar 22 as the sensors 111 to
11N are individually integrated, and the resulting integra-
tion likelihoods are used to determine the distance to the
object or the like. Therefore, it is necessary to synchro-
nize sensor data of the stereo camera 21 and the millim-
eter wave radar 22 to be used to determine the distance
likelihoods targeted to the integration with each other with
a high degree of accuracy.
[0156] FIG. 6 depicts an example of synchronization
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between image data as sensor data outputted from the
stereo camera 21 and sensor data outputted from the
millimeter wave radar 22.
[0157] In FIG. 6, (the cameras 21L and 21R configur-
ing) the stereo camera 21 includes, for example, a CMOS
(Complemental Metal Oxide Semiconductor) image sen-
sor not depicted and picks up an image having a 400
(horizontal) lines in one frame at a frame rate of 60 Hz.
[0158] Further, since the stereo camera 21 picks up
images, for example, by a rolling shutter method, the ex-
posure timing is gradually displaced (delayed) between
different lines of one frame.
[0159] On the other hand, in FIG. 6, the millimeter wave
radar 22 outputs sensor data, for example, at a cycle of
1200 Hz.
[0160] Accordingly, in FIG. 6, for one frame of image
data outputted from the stereo camera 21, the millimeter
wave radar 22 outputs 1200 sensor data.
[0161] Now, if it is assumed that the exposure time
period for each line when the stereo camera 21 picks up
an image of one frame is represented by TE, then the
stereo camera 21 receives light for the exposure time
period TE for each line of the image sensor, and results
of the photoelectric transformation of the light are output-
ted as image data of one frame.
[0162] The synchronization unit 24 integrates (adds)
sensor data outputted from the millimeter wave radar 22
within the exposure time period TE, for example, of the
first line (first line from above) of one frame and outputs
a result of the integration and frame image data, which
have the first line exposed within the exposure time pe-
riod TE within which the integration is performed, simul-
taneously with each other. Consequently, the image data
as the sensor data outputted from the stereo camera 21
and the sensor data outputted from the millimeter wave
radar 22 are synthesized with each other by the synchro-
nization unit 24.
[0163] FIG. 7 is a flow chart illustrating an example of
processing of the travel controlling apparatus of FIG. 5.
[0164] At step S21, the stereo camera 21 and the mil-
limeter wave radar 22 perform sensing.
[0165] In particular, at step S21, the stereo camera 21
picks up images from different points of view and outputs
resulting image data as sensor data to the transmission
unit 23.
[0166] Further, at step S21, the millimeter wave radar
22 transmits a millimeter wave, receives the millimeter
wave reflected by and returning from an object and out-
puts the received millimeter wave as sensor data to the
transmission unit 23.
[0167] The transmission unit 23 transmits the sensor
data outputted from the stereo camera 21 and the mil-
limeter wave radar 22 to the synchronization unit 24, and
the processing advances from step S21 to step S22.
[0168] At step S22, the synchronization unit 24 syn-
chronizes the sensor data of the stereo camera 21 and
the millimeter wave radar 22 from the transmission unit
23 with each other, and outputs image data of one frame

as the sensor data of the stereo camera 21 and the sensor
data of the millimeter wave radar 22 corresponding to
the image data of the one frame to the likelihood calcu-
lation unit 25. Thereafter, the processing advances to
step S23.
[0169] At step S23, the likelihood calculation unit 25
calculates, from the sensor data of the stereo camera 21
from the synchronization unit 24, distance likelihoods ac-
cording to the stereo camera 21 in regard to each sam-
pling points (x, y, z) and supplies the calculated distance
likelihoods to the normalization unit 26.
[0170] Further, the likelihood calculation unit 25 calcu-
lates, from the sensor data of the millimeter wave radar
22 from the synchronization unit 24, distance likelihoods
according to the millimeter wave radar 22 in regard to
each sampling point (x, y, z) and supplies the calculated
distance likelihoods to the normalization unit 26.
[0171] Then, the processing advances from step S23
to step S24, at which the normalization unit 26 performs
normalization for making the sampling pints (x, y, z) co-
incide with each other in regard to the distance likelihoods
of the sampling points (x, y, z) according to the stereo
camera 21 and the distance likelihoods of the sampling
points according to the millimeter wave radar 22 from the
likelihood calculation unit 25.
[0172] The normalization unit 26 supplies the distance
likelihoods of the sampling points (x, y, z) according to
the stereo camera 21 and the distance likelihoods of the
sampling points (x, y, z) according to the millimeter wave
radar 22 after the normalization to the integration unit 27,
and the processing advances from step S24 to step S25.
[0173] At step S25, the integration unit 27 integrates
the luminance likelihoods according to the stereo camera
21 and the distance likelihoods according to the millim-
eter wave radar 22 from the normalization unit 26 for the
individual sampling points (x, y, z).
[0174] Then, the integration unit 27 supplies the inte-
gration likelihoods for the individual sampling points (x,
y, z) obtained as a result of the integration to the distance
calculation unit 28, and the processing advances from
step S25 to step S26.
[0175] It is to be noted that, as described with reference
to FIG. 5, the integration unit 27 can perform integration
of the distance likelihoods according to the stereo camera
21 and the distance likelihoods according to the millim-
eter wave radar 22 using the distances z and the obstacle
map determined in the preceding operation cycle and
stored in the buffer 31 as occasion demands. Conse-
quently, the load of the integration processing can be
reduced.
[0176] At step S26, the distance calculation unit 28 us-
es the integration likelihood of distances for each sam-
pling point (x, y, z) from the integration unit 27 to deter-
mine, for each position (x, y), a distance z whose inte-
gration likelihood of distances is in the maximum as a
distance to an object reflected on a pixel at the position
(x, y).
[0177] Then, the distance calculation unit 28 supplies
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the distance z for each position (x, y) to the obstacle map
generation unit 29 and the buffer 31, and the processing
advances form step S26 to step S27.
[0178] At step S27, the buffer 31 buffers (temporarily
stores) the distances z for the individual positions (x, y)
supplied from the distance calculation unit 28, and the
processing advances to step S28.
[0179] Here, the distance z for each position (x, y)
stored in the buffer 31 is used when the integration unit
27 performs next integration as occasion demands.
[0180] At step S28, the obstacle map generation unit
29 uses the distances z from the distance calculation unit
28 to generate an obstacle map as obstacle information
regarding an obstacle existing in front of the automobile.
Then, the obstacle map generation unit 29 supplies the
obstacle map to the travel controlling unit 30 and the buff-
er 31, and the processing advances from step S28 to
step S29.
[0181] At step S29, the buffer 31 buffers the obstacle
map supplied from the obstacle map generation unit 29,
and the processing advances to step S30.
[0182] Here, the obstacle map stored in the buffer 31
is used as occasion demands when the integration unit
27 performs next integration.
[0183] At step S30, the travel controlling unit 30 per-
forms travel control of the automobile using the obstacle
map from the obstacle map generation unit 29, and then
the processing is ended.
[0184] It is to be noted that the processes according
to the flow chart of FIG. 7 are performed repetitively in
pipeline.
[0185] FIG. 8 is a flow chart illustrating an example of
processing for determining a distance likelihood accord-
ing to the stereo camera 21 from sensor data of the stereo
camera 21 at step S23 of FIG. 7.
[0186] At step S41, the likelihood calculation unit 25
receives (captures) image data as sensor data of the
stereo camera 21 from the synchronization unit 24, and
the processing advances to step S42.
[0187] At step S42, the likelihood calculation unit 25
performs correction of image data as sensor data of the
stereo camera 21, and the processing advances to step
S43.
[0188] Here, as the correction of image data at step
S42, for example, correction of an aberration, correction
of image data for matching the angle in the horizontal
direction between the stereo camera 21 and the millim-
eter wave radar 22, and so forth are available.
[0189] Such correction of image data as to make the
horizontal coincide between the stereo camera 21 and
the millimeter wave radar 22 is performed using calibra-
tion information for correcting displacement in mounting
position or posture between the stereo camera 21 and
the millimeter wave radar 22.
[0190] The calibration information is determined in ad-
vance by calibration performed for the stereo camera 21
and the millimeter wave radar 22.
[0191] At step S43, the likelihood calculation unit 25

determines one and the other of two images of different
points of view picked up by the camera 21L and the cam-
era 21R, which are sensor data of the stereo camera 21,
as a standard image and a reference image, and per-
forms matching for determining points that correspond
to pixels of the standard image and are pixels of the ref-
erence image corresponding to the pixels, for example,
by block matching or the like.
[0192] In particular, the likelihood calculation unit 25
successively selects the pixels of the standard image as
a noticed image and performs block matching between
blocks of reference images centered at positions dis-
placed individually by a plurality of parallaxes from the
noticed pixel and blocks of the standard image centered
at the noticed pixel.
[0193] Consequently, for each of a plurality of distanc-
es z individually corresponding to a plurality of parallaxes
with respect to the noticed pixel, a matching error in block
matching (for example, the difference absolute value sum
or the like of pixel values of the pixels of the blocks of the
standard image and the blocks of the reference image)
is determined.
[0194] Thereafter, the processing advances from step
S43 to step S44, at which the likelihood calculation unit
25 determines, from the positions (x, y) and the distances
z (parallaxes) of the pixels of image data (here, the pixels
of the standard image) as sensor data of the stereo cam-
era 21, a distance likelihood that the distance to an object
reflected at the position (x, y) is the distance z using the
matching errors, and then the processing is ended.
[0195] Here, the matching error in block matching for
the positions (x, y) and the distances z, namely, the
matching error in block matching when it is assumed that
the distance to an object reflected on a pixel at the posi-
tion (x, y) is the distance z, is represented by cost(x, y, z).
[0196] In this case, a distance likelihood PST(x, y, z)
that the distance to an object reflected at the position (x,
y) is the distance z can be determined, for example, in
accordance with an expression PST(x, y, z) = exp(-cost(x,
y, z)).
[0197] FIG. 9 is a flow chart illustrating an example of
processing for determining a distance likelihood accord-
ing to the millimeter wave radar 22 from sensor data of
the millimeter wave radar 22 at step S23 of FIG. 7.
[0198] At step S51, the likelihood calculation unit 25
receives (captures) sensor data of the millimeter wave
radar 22 from the synchronization unit 24, and the
processing advances to step S52.
[0199] At step S52, the likelihood calculation unit 25
performs FFT (Fast Fourier Transform) of the sensor data
of the millimeter wave radar 22, and the processing ad-
vances to step S53.
[0200] Here, in the present embodiment, it is assumed
that, in regard to the sensor data of the millimeter wave
radar 22, the intensity of the FFT result of the sensor data
represents the likelihood that an object will be at a dis-
tance corresponding to the frequency of the intensity.
[0201] At step S53, the likelihood calculation unit 25
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performs correction of the FFT result of the sensor data
of the millimeter wave radar 22, and the processing ad-
vances to step S54.
[0202] Here, the sensor data of the millimeter wave
radar 22, namely, a millimeter wave reflected by the ob-
ject, attenuates by an amount that increases as the dis-
tance to the object increases. Therefore, in order to can-
cel the influence of the attenuation, the likelihood calcu-
lation unit 25 performs correction for increasing a fre-
quency component in a high frequency region of the FFT
result of the sensor data of the millimeter wave radar 22.
[0203] Further, the likelihood calculation unit 25 per-
forms correction of the FFT result of the sensor data of
the millimeter wave radar 22 so as to cancel the displace-
ment in mounting position and posture of the stereo cam-
era 21 and the millimeter wave radar 22 using the cali-
bration information described hereinabove with refer-
ence to FIG. 8.
[0204] At step S54, the likelihood calculation unit 25
determines, for each direction (orientation) r and each
distance d of the sensing range of the millimeter wave
radar 22, a distance likelihood of the distance d when it
is assumed that the distance to an object located in the
direction r is the distance d from the FFT result of the
sensor data of the millimeter wave radar 22.
[0205] Here, if (the frequency component of) the FFT
result of the sensor data of the millimeter wave radar 22
corresponding to the orientation r and the distance d is
represented by fre(r, d), then the distance likelihood PR
that the distance to the object in the orientation r is the
distance d can be determined, for example, in accord-
ance with an expression PR = fre(r, d)/∑(d)fre(r, d).
[0206] ∑(d)fre(r, d) of the expression PR = fre(r,
d)/∑(d)fre(r, d) represents summation of fre(r, d) when
the distance d is changed to each distance for which a
distance likelihood is to be determined.
[0207] Thereafter, the processing advances from step
S54 to step S55, at which the likelihood calculation unit
25 transforms each direction r and each distance d of the
polar coordinate system (defined a direction and a dis-
tance) for which a distance likelihood according to the
millimeter wave radar 22 is obtained, into a position (x,
y, z) of the three-dimensional coordinate system by co-
ordinate transformation to determine a distance likeli-
hood for each sampling point (x, y, z) that is a position
(x, y, z) in the three-dimensional coordinate system.
Then, the processing is ended.
[0208] Here, the coordinate transformation at step S55
can be performed using the calibration information de-
scribed hereinabove with reference to FIG. 8 as occasion
demands.
[0209] It is to be noted that generation of a distance
likelihood from sensor data of the stereo camera 21, mil-
limeter wave radar 22 or like can be performed otherwise,
for example, in accordance with a transformation rule for
transforming sensor data into a distance likelihood, which
is designed in advance on the basis of an empirical rule.
[0210] Further, the generation of a distance likelihood

from sensor data can be performed by performing learn-
ing of a learning model for outputting a distance likelihood
in advance using sensor data as an input and providing
sensor data as an input to the learning model.
[0211] The foregoing similarly applies also to the
movement amount likelihood.
[0212] Further, after the distance likelihoods according
to the stereo camera 21 and the distance likelihoods ac-
cording to the millimeter wave radar 22 are integrated for
each sampling point (x, y, z) at step S25 of FIG. 7, opti-
mization of the integration likelihoods can be performed
before the distance to the object reflected on the pixel at
the position (x, y) using the integration likelihoods at step
S26.
[0213] In particular, although, at step S26, the distance
z whose integration likelihood of distances is in the max-
imum is determined, for each position (x, y), as the dis-
tance to the object reflected on the pixel at the position
(x, y), the integration likelihood of the position (x, y) is
sometimes low over all distances z, and in this case, any
distance z is not likely as the distance to the object.
[0214] Therefore, in the optimization of the integration
likelihoods, when the integration likelihood of the position
(x, y) is low over all distances z, the integration likelihood
of the position (x, y) is corrected in order that the distance,
determined from an integration likelihood of a position
(x’, y’) around the position (x, y), in the proximity of the
distance to the object reflected on the pixel at the position
(x’, y’) can be determined readily as a distance to the
object reflected on the pixel at the position (x, y).
[0215] In particular, the distance likelihood according
to the stereo camera 21 and the distance likelihood ac-
cording to the millimeter wave radar 22 at the sampling
point (x, y, z) are represented by p1(x, y, z) and p2(x, y,
z), respectively.
[0216] Further, the likelihood that the distance of the
position (x, y) is the distance z when the distance of a
position (x’, y’) around a certain position (x, y) (distance
to the object reflected on a pixel at the position (x’, y’)) is
a distance z’ is represented by p(x, y, z|z’).
[0217] The likelihood p(x, y, z|z’) is determined in ad-
vance, for example, on the basis of learning, an empirical
rule or the like.
[0218] The optimization of the integration likelihood is
performed, where the integration likelihood after the op-
timization is represented by pa(x, y, z), in accordance
with an expression pa(x, y, z) = P1(x, y, z) 3 P2(x, y, z)
3 Π(x’, y’)p(x, y, z|z’).
[0219] Here, P1(x, y, z) 3 P2(x, y, z) in the expression
pa(x, y, z) = P1(x, y, z) 3 P2(x, y, z) 3 Π(x’, y’)p(x, y, z|z’)
represents the integration likelihood of the sampling point
(x, y, z). Further, Π(x’, y’)p(x, y, z|z’) represents the product
of the likelihood p(x, y, z|z’) where the position (x’, y’) is
changed to a position around the position (x, y).
[0220] FIG. 10 is a view illustrating an outline of the
integration method.
[0221] In the integration method, the distance likeli-
hood that, for each position (x, y) and each distance z of
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each pixel of image data as sensor data of the stereo
camera 21, the distance to the object reflected at the
position (x, y) is the distance z, is determined as a dis-
tance likelihood according to the stereo camera 21.
[0222] Accordingly, a distance likelihood according to
the stereo camera 21 exists at each sampling point (x,
y, z) that is a position (x, y, z) of the three-dimensional
coordinate system. A set of distance likelihoods accord-
ing to the stereo camera 21 existing at each position (x,
y, z) of the three-dimensional coordinate system is here-
inafter referred to as stereo likelihood volume.
[0223] Further, in the integration method, for each di-
rection r and each distance d within the sensing range
of the millimeter wave radar 22, a distance likelihood that
the distance to an object existing in the direction r is the
distance d is determined.
[0224] The set of distance likelihoods determined for
each direction r and each distance d is a set of points on
the polar coordinate system defined by the direction r
and the distance d and is hereinafter referred to also as
radar likelihood volume.
[0225] In the integration method, a stereo likelihood
volume is normalized.
[0226] Further, in the integration method, a radar like-
lihood volume of a polar coordinate system is coordinate-
transformed into a set of points of the three-dimensional
coordinate defined by the positions (x, y, z) and is nor-
malized further.
[0227] In the stereo likelihood volume and the radar
likelihood volume after the coordinate transformation,
sampling points (x, y, z) at which a distance likelihood
exists after the normalization coincide with each other.
[0228] Now, a region in which, when sampling points
(x, y, z) at which a distance likelihood exists in the stereo
likelihood volume and the radar likelihood volume after
the coordinate transformation coincide with each other
in this manner, a region in which the sampling points (x,
y, z) exist is referred to as fusion domain.
[0229] Since, in the fusion domain, the sampling points
(x, y, z) at which a distance likelihood according to the
stereo camera 21 and a distance likelihood according to
the millimeter wave radar 22 exist coincide with each
other, the distance likelihood according to the stereo
camera 21 and the distance likelihood according to the
millimeter wave radar 22 can be integrated for each sam-
pling point (x, y, z).
[0230] Therefore, in the integration method, a distance
likelihood according to the stereo camera 21 and a dis-
tance likelihood according to the millimeter wave radar
22 are integrated for each sampling point (x, y, z), and
the distance to the object reflected on the pixel at each
position (x, y, z) is determined using the integration like-
lihood obtained for each sampling point (x, y, z).
[0231] Here, a set of integration likelihoods of each
sampling point (x, y, z) in the fusion domain is referred
to also as integration likelihood volume.
[0232] FIG. 11 is a view illustrating an outline of a re-
duction process for reducing the load of the integration

processing in integration by the integration unit 27 of FIG.
5.
[0233] As described hereinabove with reference to
FIG. 5 or 7, the integration unit 27 can perform, upon
integration, a reduction process for reducing the load of
the integration process by using the distance z for each
position (x, y) or an obstacle map determined in the pre-
ceding operation cycle.
[0234] For example, the integration unit 27 recognizes
a road surface in regard to which the detection accuracy
of the distance by the millimeter wave radar 22 is not high
from an obstacle map as obstacle information deter-
mined in the preceding operation cycle. Further, the in-
tegration unit 27 performs domain transformation for
transforming a point in a region of the road surface into
a sampling point (x, y, z) of the fusion domain.
[0235] Then, when distance likelihoods according to
the stereo camera 21 and distance likelihoods according
to the millimeter wave radar 22 are integrated for each
sampling point (x, y, z) as described hereinabove with
reference to FIG. 10, the integration unit 27 gates the
distance likelihoods according to the millimeter wave ra-
dar 22 in regard to the sampling points (x, y, z) in the
region of the road surface.
[0236] In particular, the integration unit 27 integrates,
in regard to the sampling points (x, y, z) other than the
sampling points (x, y, z) in the region of the road surface,
the distance likelihoods according to the stereo camera
21 and the distance likelihoods according to the millim-
eter wave radar 22 to determine an integration likelihood.
[0237] On the other hand, in regard to the sampling
points in the region of the road surface, the integration
unit 27 excludes the distance likelihoods according to the
millimeter wave radar 22 from the target of the integration.
As a result, in regard to the sampling points in the region
of the road surface, the distance likelihoods according to
the stereo camera 21 are used as they are as integration
likelihoods.
[0238] As regards the road surface, since the detection
accuracy of the distance according to the millimeter wave
radar 22 is not high, in a case where an integration like-
lihood is to be determined, even if the distance likelihoods
according to the millimeter wave radar 22 are excluded
(not excluded) from the target of integration, this does
not have (little has) an influence on the accuracy of the
distance determined from the integration likelihoods.
[0239] Accordingly, by performing a reduction process
for excluding the distance likelihoods according to the
millimeter wave radar 22 regarding the road surface from
the target of integration, it is possible to determine the
distance to the object with high accuracy and to reduce
the load of the integration processing.

<Second Detailed Configuration Example of Travel Con-
trolling Apparatus to Which Present Technology Is Ap-
plied>

[0240] FIG. 12 is a block diagram depicting a second
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detailed configuration example of the travel controlling
apparatus to which the present technology is applied.
[0241] It is to be noted that, in FIG. 12, corresponding
portions to those in the case of FIG. 5 are denoted by
like reference characters, and description of them is omit-
ted suitably in the following description.
[0242] In FIG. 12, the travel controlling apparatus in-
cludes a stereo camera 21, a transmission unit 23, a syn-
chronization unit 24, a likelihood calculation unit 25, a
normalization unit 26, an integration unit 27, a distance
calculation unit 28, an obstacle map generation unit 29,
a travel controlling unit 30, a buffer 31 and a ToF sensor
51.
[0243] Accordingly, the travel controlling apparatus of
FIG. 12 is common to that of FIG. 5 in that it includes the
stereo camera 21 and the components from the trans-
mission unit 23 to the buffer 31.
[0244] However, the travel controlling apparatus of
FIG. 12 is different from that of FIG. 5 in that it includes
the ToF sensor 51 in place of the millimeter wave radar
22.
[0245] Accordingly, in the travel controlling apparatus
of FIG. 12, processing similar to that described herein-
above with reference to FIG. 7 except that sensor data
of the ToF sensor 51 is used in place of sensor data of
the millimeter wave radar 22 is performed.
[0246] FIG. 13 is a view illustrating an example of a
calculation method of a distance likelihood according to
the ToF sensor 51 of FIG. 12.
[0247] The ToF sensor 51 has light reception units (not
depicted) arranged, for example, in a matrix of length 3
width of 80 3 60 or the like, and irradiates transmission
pulses at a high speed and receives reflected light of the
transmission pulses reflected by and returning from an
object as reception pulses to detect the distance to the
object.
[0248] In particular, in a case where a reception pulse
is received after lapse of a time period TD from transmis-
sion time t0 of a transmission pulse as depicted in FIG.
13, time at which a pulse width T0 of the reception pulse
elapses from time t0 is represented as t1 and time at which
the pulse width T0 elapses further from time t1 is repre-
sented as t2.
[0249] Further, a pulse that exhibits the H (High) level
for a period from time t0 to time t1 is referred to as phase
1 pulse, and a pulse that exhibits the H level for a period
from time t1 to time t2 is referred to as phase 2 pulse.
[0250] Furthermore, the light reception amount
(charge amount) within a period of the phase 1 pulse
(period from time t0 to time t1) when a reception pulse is
received by a light reception unit of the ToF sensor 51 is
represented as N1, and the light reception amount within
a period of the phase 2 pulse (period from time t1 to time
t2) is represented as N2.
[0251] In the ToF sensor 51, a large number of trans-
mission pulses are sent within a period of a time frame
T as a predetermined time period T, and reception pulses
corresponding to the transmission pulses are received

by the light reception unit.
[0252] Then, in the ToF sensor 51, the distance L is
determined from each reception pulse in accordance with
an expression L = cT0N2/(2(N1 + N2)). Here, c represents
the speed of light.
[0253] The ToF sensor 51 outputs a plurality of (a large
number of) distances L determined in such a manner as
described above from the reception pulses correspond-
ing to the large number of transmission pulses transmit-
ted with the period of the time frame T as sensor data.
[0254] Then, the likelihood calculation unit 25 of FIG.
12 determines, on the basis of the distribution of the plu-
rality of distances that are sensor data of the ToF sensor
51 in the time frame T, distance likelihoods with regard
to which the distance to the position (x, y) of each light
reception unit of the ToF sensor 51, namely, the distance
to the object by which a transmission pulse correspond-
ing to a reception pulse received by the light reception
unit at the position (x, y) is reflected, is each of the plurality
of distances z.
[0255] The likelihood calculation unit 25 determines,
from sensor data of the ToF sensor 51 in such a manner
as described above, distance likelihoods where each po-
sition (x, y, z) of the three-dimensional coordinate system
represented by a position (x, y) and a distance z of a light
reception unit of the ToF sensor 51 is a sampling point.
[0256] FIG. 14 is a flow chart illustrating an example
of processing for determining a distance likelihood ac-
cording to the ToF sensor 51 from sensor data of the ToF
sensor 51 of FIG. 12.
[0257] At step S61, the likelihood calculation unit 25 of
FIG. 12 receives (captures) a plurality of, M2, distances
L within a period of a time frame T obtained from a plurality
of, M1, light reception units of the ToF sensor 51 as sen-
sor data of the ToF sensor 51 supplied from the synchro-
nization unit 24, and the processing advances to step
S62.
[0258] At step S62, the likelihood calculation unit 25
corrects the M2 distances L as sensor data of the ToF
sensor 51 as occasion demands, and the processing ad-
vances to step S63.
[0259] Here, as the correction of the sensor data of the
ToF sensor 51 at step S62, for example, correction for
canceling displacement in mounting position or posture
of the stereo camera 21 and the ToF sensor 51 is avail-
able. This correction can be performed using calibration
information determined in advance by calibration per-
formed for the stereo camera 21 and the ToF sensor 51.
[0260] At step S63, the likelihood calculation unit 25
determines, in regard to each position (x, y) of each of
the M1 reception units and each distance z in the sensing
range of the ToF sensor 51, a distance likelihood with
regard to which the distance to an obstacle by which a
reception pulse received by the light reception unit at the
position (x, y) is the distance z using the M2 distances L
obtained within the period of the time frame T as sensor
data of the ToF sensor 51.
[0261] Here, the likelihood calculation unit 25 deter-
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mines a distance likelihood with regard to which the dis-
tance to an object is each of the plurality of distances z,
for example, on the basis of the distribution of the M2
distances L obtained within the period of the time frame T.
[0262] In particular, the likelihood calculation unit 25
determines, for example, an average value and a vari-
ance of the M2 distances L and determines a Gaussian
distribution defined by the average values and the vari-
ances. Then, the likelihood calculation unit 25 deter-
mines, for each of the distances z, a value according to
the Gaussian distribution defined by the average value
and the variance of the M2 distances L as a distance
likelihood.
[0263] Also, the likelihood calculation unit 25 deter-
mines, for example, a frequency distribution of the M2
distances L and determines, for each distance z, a value
corresponding to the frequency of the frequency distri-
bution as a distance likelihood.

<Third Detailed Configuration Example of Travel Con-
trolling Apparatus to Which Present Technology Is Ap-
plied>

[0264] FIG. 15 is a block diagram depicting a third de-
tailed configuration example of the travel controlling ap-
paratus to which the present technology is applied.
[0265] It is to be noted that, in FIG. 15, corresponding
portions to those of FIG. 5 or 12 are denoted by like ref-
erence characters, and description of them is omitted
suitably in the following description.
[0266] In FIG. 15, the travel controlling apparatus in-
cludes a stereo camera 21, a millimeter wave radar 22,
a transmission unit 23, a synchronization unit 24, a like-
lihood calculation unit 25, a normalization unit 26, an in-
tegration unit 27, a distance calculation unit 28, an ob-
stacle map generation unit 29, a travel controlling unit
30, a buffer 31 and a ToF sensor 51.
[0267] Accordingly, the travel controlling apparatus of
FIG. 15 is common to that of FIG. 5 in that it includes the
components from the stereo camera 21 to the buffer 31.
[0268] However, the travel controlling apparatus of
FIG. 15 is different from that of FIG. 5 in that the ToF
sensor 51 of FIG. 12 is provided newly.
[0269] In the travel controlling apparatus of FIG. 15,
processing similar to that described hereinabove with ref-
erence to FIG. 7 is performed except that sensor data of
the ToF sensor 51 is used in addition to sensor data of
the stereo camera 21 and sensor data of the millimeter
wave radar 22.
[0270] Accordingly, in the travel controlling apparatus
of FIG. 15, in addition to distance likelihoods according
to the stereo camera 21 and distance likelihoods accord-
ing to the millimeter wave radar 22, distance likelihoods
according to the ToF sensor 51 are integrated to deter-
mine an integration likelihood.

<Fourth Detailed Configuration Example of Travel Con-
trolling Apparatus to Which Present Technology Is Ap-
plied>

[0271] FIG. 16 is a block diagram depicting a fourth
detailed configuration example of the travel controlling
apparatus to which the present technology is applied.
[0272] It is to be noted that, in FIG. 16, corresponding
portions to those in the case of FIG. 5 are denoted by
like reference characters, and description of them is omit-
ted suitably in the following description.
[0273] In FIG. 16, the travel controlling apparatus in-
cludes a stereo camera 21, a millimeter wave radar 22,
a transmission unit 23, a synchronization unit 24, a travel
controlling unit 30, a buffer 31, a likelihood calculation
unit 61, a normalization unit 62, an integration unit 63, a
movement amount calculation unit 64 and an obstacle
map generation unit 65.
[0274] Accordingly, the travel controlling apparatus of
FIG. 16 is common to that of FIG. 5 in that it includes the
stereo camera 21, millimeter wave radar 22, transmission
unit 23, synchronization unit 24, travel controlling unit 30
and buffer 31.
[0275] However, the travel controlling apparatus of
FIG. 16 is different from that of FIG. 5 in that the likelihood
calculation unit 61, normalization unit 62, integration unit
63, movement amount calculation unit 64 and obstacle
map generation unit 65 are provided in place of the like-
lihood calculation unit 25, normalization unit 26, integra-
tion unit 27, distance calculation unit 28 and obstacle
map generation unit 29.
[0276] The likelihood calculation unit 61 corresponds
to the likelihood calculation unit 12 of FIG. 1.
[0277] The likelihood calculation unit 61 calculates
movement amount likelihoods according to the stereo
camera 21 from sensor data of the stereo camera 21
from the synchronization unit 24 for each of sampling
points (x, y, z, vx, vy, vz), namely, for each position (x,
y) of each pixel of image data as sensor data of the stereo
camera 21, a distance z to an object reflected at the po-
sition and each movement amount (vx, vy, vz) within a
range of a movement that can be detected by movement
detection performed using an image as the sensor data
of the stereo camera 21 (a relative movement amount
with reference to the automobile in which the travel con-
trolling apparatus is incorporated), and supplies the
movement amount likelihoods to the normalization unit
62.
[0278] Here, in regard to a movement amount likeli-
hood, a sampling point (x, y, z, vx, vy, vz) is a point on a
six-dimensional (orthogonal) coordinate system having
axes of x, y, z, vx, vy and vz as described hereinabove
with reference to FIG. 2.
[0279] The likelihood calculation unit 61 further calcu-
lates movement amount likelihoods according to the mil-
limeter wave radar 22 from sensor data of the millimeter
wave radar 22 from the synchronization unit 24 for each
sampling point (x, y, z, vx, vy, vz) and supplies the move-
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ment amount likelihoods to the normalization unit 62.
[0280] In particular, the likelihood calculation unit 61
determines, from the sensor data of the millimeter wave
radar 22 from the synchronization unit 24, a movement
amount likelihood of each distance when it is assumed
that the movement amount of the position (r, d) on a polar
coordinate system at each distance d in each direction
(orientation) r is a movement amount within a range of
the movement amount that can be detected by the mil-
limeter wave radar 22.
[0281] Then, the likelihood calculation unit 61 trans-
forms each position (r, d) and each movement amount
in the polar coordinate system from which a movement
amount likelihood according to the millimeter wave radar
22 is obtained into each position (x, y, z, vx, vy, vz) in the
six-dimensional coordinate system by coordinate trans-
formation, and supplies the movement amount likelihood
of each sampling point (x, y, z, vx, vy, vz) that is a position
(x, y, z, vx, vy, vz) in the six-dimensional coordinate sys-
tem to the normalization unit 62.
[0282] The normalization unit 62 corresponds to the
normalization unit 13 of FIG. 1.
[0283] The normalization unit 62 performs normaliza-
tion for making the sampling points (x, y, z, vx, vy, vz)
from the likelihood calculation unit 61, coincide between
the movement amount likelihoods of the sampling points
(x, y, z, vx, vy, vz) according to the stereo camera 21 and
the movement amount likelihoods of the sampling points
(x, y, z, vx, vy, vz) according to the millimeter wave radar
22 by interpolation or the like, and supplies the normal-
ized sampling points (x, y, z, vx, vy, vz) to the integration
unit 63.
[0284] The integration unit 63 corresponds to the inte-
gration unit 14 of FIG. 1.
[0285] The integration unit 63 integrates the movement
amount likelihoods according to the stereo camera 21
from the normalization unit 62 and the movement amount
likelihoods according to the millimeter wave radar 22 for
each sampling point (x, y, z, vx, vy, vz) and supplies the
integrated movement amount likelihoods to the move-
ment amount calculation unit 64.
[0286] It is to be noted that the integration unit 63 can
perform integration of the movement amount likelihoods
according to the stereo camera 21 and the movement
amount likelihoods according to the millimeter wave ra-
dar 22 using information stored in the buffer 31 as occa-
sion demands.
[0287] In particular, in FIG. 16, movement amounts cal-
culated by the movement amount calculation unit 64
hereinafter described and an obstacle map generated by
the obstacle map generation unit 65 hereinafter de-
scribed are stored into the buffer 31.
[0288] The integration unit 63 can reduce the load of
the integration processing by performing integration of
the movement amount likelihoods according to the stereo
camera 21 and the movement amount likelihoods ac-
cording to the millimeter wave radar 22 using the move-
ment amounts determined in the preceding operation cy-

cle or the obstacle map stored in the buffer 31.
[0289] In particular, for example, the integration unit
63 detects a moving object using the movement amount
and the obstacle map determined in the preceding oper-
ation cycle and stored in the buffer 31 and specifies the
position (x, y, z) within a range of the moving object (within
a range surrounding the moving object with a predeter-
mined margin). Then, the integration unit 63 performs
integration of movement amount likelihoods only in re-
gard to sampling points (x, y, z, vx, vy, vz) including po-
sitions (x, y, z) within the range of the moving object.
Further, in regard to the other sampling points (x, y, z,
vx, vy, vz), the integration unit 63 determines ones of the
movement amount likelihoods according to the stereo
camera 21 and the movement amount likelihoods ac-
cording to the millimeter wave radar 22 as they are as
integration likelihoods.
[0290] Here, the moving object not only can be detect-
ed from the movement amounts or using the obstacle
map stored in the buffer 31 but also can be detected from
sensor data of the millimeter wave radar 22.
[0291] For example, where sensor data of the millim-
eter wave radar 22 are sensor data from which a move-
ment amount of an object can be determined by perform-
ing FFT in twice, it is possible to determine a movement
amount of an object (for example, a movement amount
in the z direction) from results of FFT of sensor data of
the millimeter wave radar 22 performed twice and detect
the moving object on the basis of the movement mount.
[0292] It is to be noted that the integration unit 63 per-
forms, after it integrates movement amount likelihoods
according to the stereo camera 21 and movement
amount likelihoods according to the millimeter wave ra-
dar 22, optimization of the integration likelihoods similarly
to the integration unit 27 of FIG. 5.
[0293] The movement amount calculation unit 64 cor-
responds to the distance/movement amount calculation
unit 15 of FIG. 1.
[0294] The movement amount calculation unit 64 de-
termines a movement amount of an object using integra-
tion likelihoods of movement amounts for each sampling
point (x, y, z, vx, vy, vz) from the integration unit 63. In
other words, the movement amount calculation unit 64
determines, for each position (x, y, z), a movement
amount (vx, vy, vz) in regard to which the integration like-
lihood of the movement amount is in the maximum as a
movement amount of the position (x, y, z).
[0295] Then, the movement amount calculation unit 64
supplies the movement amount (vx, vy, vz) determined
using the integration likelihoods of movement amounts
to the buffer 31 and the obstacle map generation unit 65.
[0296] It is to be noted that the movement amount cal-
culation unit 64 can further determine, for example, for
each position (x, y), a movement amount (vx, vy, vz) and
a distance z in regard to which the integration likelihood
of the movement amount is in the maximum as a move-
ment amount of an object reflected on a pixel of the po-
sition (x, y) and a distance to the object.
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[0297] The obstacle map generation unit 65 generates
an obstacle map as obstacle information regarding an
obstacle existing in front of the automobile using the
movement amounts (vx, vy, vz) from the movement
amount calculation unit 64. Then, the obstacle map gen-
eration unit 65 supplies the obstacle map to the travel
controlling unit 30 and the buffer 31.
[0298] Here, where a movement amount is to be de-
termined, as one of the plurality of sensors 111 to 11N of
FIG. 1, a sensor for detecting the movement amount us-
ing an image, namely, an image sensor that picks up an
image, is essentially required.
[0299] As the image sensor, not only the stereo camera
21 depicted in FIG. 16 can be adopted, but also a so-
called single-eye camera like the camera 21L or 21R that
configures the stereo camera 21.
[0300] Where a single-eye camera is adopted as the
image sensor, in a case where the automobile in which
the travel controlling apparatus is incorporated is moving
(traveling), the position in the z direction (distance z) can
be determined similarly as in the case in which a distance
(parallax) is determined from images picked up by the
stereo camera 21 using images picked up at timings (po-
sitions) different from each other such as, for example,
images of two successive frames.
[0301] It is to be noted that, where a single-eye camera
is adopted as the image sensor, in a case where the
automobile in which the travel controlling apparatus is
incorporated is in a stopping state, the position in the z
direction (distance z) cannot be determined. In this case,
as regards the position in the z direction, for example, a
same movement amount likelihood (movement amount
likelihood with the position in the z direction is ignored)
can be adopted.
[0302] On the other hand, where a single-eye camera
is adopted as the image sensor, the movement amount
(vx, vy, vz) can be determined without using the integra-
tion method. In this case, the movement amounts vx and
vy in the x direction and the y direction can be determined
by performing movement detection using images picked
up by the single-eye camera, and the movement amount
vz in the z direction can be determined from sensor data
of the millimeter wave radar 22 or the like. As described
above, where the movement amount (vx, vy, vz) is de-
termined without using the integration method, since the
movement vz in the z direction is not determined from
images of the single-eye camera and the movement
amounts vx and vy in the x direction and the y direction
are not determined from sensor data of the millimeter
wave radar 22 or the like, the calculation amount can be
reduced in comparison with an alternative case in which
the integration method is used.
[0303] Further, for example, it is possible to determine
the movement amounts vx and vy by the integration
method in which a single-eye camera and a different sen-
sor are used and determine the movement amount vz by
the integration method in which the millimeter wave radar
22 and a different sensor are used.

[0304] FIG. 17 is a flow chart illustrating an example
of processing of the travel controlling apparatus of FIG.
16.
[0305] At step S121, the stereo camera 21 picks up
images from different points of view and outputs image
data obtained as a result of the image pickup as sensor
data to the transmission unit 23 similarly as at step S21
of FIG. 7.
[0306] Further, at step S121, the millimeter wave radar
22 sends a millimeter wave, receives the millimeter wave
reflected by and returning from an object and outputs the
received millimeter wave as sensor data to the transmis-
sion unit 23 similarly as at Step S21 of FIG. 7.
[0307] The transmission unit 23 transmits the sensor
data outputted from the stereo camera 21 and the mil-
limeter wave radar 22 to the synchronization unit 24, and
the processing advances from step S121 to step S122.
[0308] At step S122, the synchronization unit 24 syn-
chronizes the sensor data of the stereo camera 21 and
the millimeter wave radar 22 from the transmission unit
23 with each other and outputs the synchronized sensor
data to the likelihood calculation unit 61 similarly as at
step S22 of FIG. 7, and the processing advances to step
S123.
[0309] At step S123, the likelihood calculation unit 61
calculates, for each sampling point (x, y, z, vx, vy, vz), a
movement amount likelihood according to the stereo
camera 21 from sensor data of the stereo camera 21
from the synchronization unit 24, and supplies the move-
ment amount likelihood to the normalization unit 62.
[0310] Further, the likelihood calculation unit 61 calcu-
lates, for each sampling point (x, y, z, vx, vy, vz), a move-
ment amount likelihood according to the millimeter wave
radar 22 from sensor data of the millimeter wave radar
22 from the synchronization unit 24, and supplies the
movement amount likelihood to the normalization unit 62.
[0311] Then, the processing advances from step S123
to step S124, at which the normalization unit 62 performs
normalization for making the sampling points (x, y, z, vx,
vy, vz) from the likelihood calculation unit 61, coincide
between the movement amount likelihoods of the sam-
pling points (x, y, z, vx, vy, vz) according to the stereo
camera 21 and the movement amount likelihoods of the
sampling points (x, y, z, vx, vy, vz) according to the mil-
limeter wave radar 22.
[0312] The normalization unit 62 supplies the move-
ment amount likelihoods of the sampling points (x, y, z,
vx, vy, vz) according to the stereo camera 21 and the
movement amount likelihoods of the sampling points (x,
y, z, vx, vy, vz) according to the millimeter wave radar 22
after the normalization to the integration unit 63. Then,
the processing advances from step S124 to step S125.
[0313] At step S125, the integration unit 63 integrates,
for each sampling point (x, y, z, vx, vy, vz), the movement
amount likelihoods according to the stereo camera 21
and the movement amount likelihoods according to the
millimeter wave radar 22 from the normalization unit 62.
[0314] Then, the integration unit 63 supplies the inte-
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gration amounts of movement amounts for the sampling
points (x, y, z, vx, vy, vz) obtained as a result of the in-
tegration to the movement amount calculation unit 64,
and the processing advances from step S125 to step
S126.
[0315] It is to be noted that, as described in FIG. 16,
the integration unit 63 can perform integration of move-
ment amount likelihoods according to the stereo camera
21 and movement amount likelihoods according to the
millimeter wave radar 22 using the movement amounts
(vx, vy, vz) and the obstacle map determined in the pre-
ceding operation cycle and stored in the buffer 31 as
occasion demands. Consequently, the load of the inte-
gration processing can be reduced.
[0316] Further, the integration unit 63 can perform op-
timization of the integration likelihoods for the integration
likelihoods of the movement amounts obtained as a result
of the integration similarly to the integration unit 27 of
FIG. 5.
[0317] At step S126, the movement amount calculation
unit 64 determines, using the integration likelihoods of
the movement amounts of the individual sampling points
(x, y, z, vx, vy, vz) from the integration unit 63, a move-
ment amount (vx, vy, vz) (and a distance z) whose inte-
gration likelihood is highest as a movement amount of
the position (x, y, z) or the obstacle at the position (x, y).
[0318] The, the movement amount calculation unit 64
supplies the movement amount (vx, vy, vz) to the obsta-
cle map generation unit 65 and the buffer 31, and the
processing advances from step S126 to step S127.
[0319] At step S127, the buffer 31 buffers (temporarily
stores) the movement amount (vx, vy, vz) supplied from
the movement amount calculation unit 64, and the
processing advances to step S128.
[0320] Here, the movement amount (vx, vy, vz) sup-
plied to the buffer 31 is used as occasion demands when
the integration unit 63 performs next integration.
[0321] At step S128, the obstacle map generation unit
65 generates an obstacle map as obstacle information
regarding an obstacle existing in front of the automobile
using the movement amount (vx, vy, vz) from the move-
ment amount calculation unit 64. Then, the obstacle map
generation unit 65 supplies the obstacle map to the travel
controlling unit 30 and the buffer 31, and the processing
advances from step S128 to step S129.
[0322] At step S129, the buffer 31 buffers the obstacle
map supplied from the obstacle map generation unit 65,
and the processing advances to step S130.
[0323] Here, the obstacle map stored in the buffer 31
is used as occasion demands when the integration unit
63 performs next integration.
[0324] At step S130, the travel controlling unit 30 per-
forms travel control of the automobile using the obstacle
map from the obstacle map generation unit 65, and the
processing is ended.
[0325] It is to be noted that the processes according
to the flow chart of FIG. 17 are performed repetitively in
pipeline.

[0326] FIG. 18 is a flow chart illustrating an example
of processing for determining a movement amount like-
lihood according to the stereo camera 21 from sensor
data of the stereo camera 21 at step S123 of FIG. 17.
[0327] At steps S141 and S142, processes similar to
those at steps S41 and S42 of FIG. 8 are performed.
[0328] At step S143, similarly as at step S43 of FIG.
8, the likelihood calculation unit 61 determines one and
the other of two images of different points of view picked
up by the camera 21L and the camera 21R, which are
sensor data of the stereo camera 21, as a standard image
and a reference image, and performs, for each pixel of
the standard image, matching for determining a corre-
sponding point that is a pixel of the reference image cor-
responding to the pixel, for example, by block matching
or the like.
[0329] Further, the likelihood calculation unit 61 deter-
mines the distance to an object reflected on each pixel
of the standard image from the parallax between the pixel
of the standard image and a corresponding point of the
reference image obtained with respect to the pixel as the
distance z of the position (x, y) of the pixel of the standard
image, and the processing advances from step S143 to
step S144.
[0330] At step S144, the likelihood calculation unit 61
determines, for each position (x, y) and distance z and
each movement amount (vx, vy, vz) of each pixel of the
standard image as sensor data of the stereo camera 21,
a movement amount likelihood with regard to which the
movement amount of the object at the position (x, y) and
the distance z is the movement amount (vx, vy, vz), for
example, by performing movement detection of the pixel
at the position (x, y) of the standard image, and the
processing is ended.
[0331] In particular, the likelihood calculation unit 61
selects, for example, the latest frame of the standard im-
age as a noticed frame and successively selects the pix-
els of the noticed frame as a noticed pixel. Further, the
likelihood calculation unit 61 performs block matching
between blocks of a preceding frame preceding by one
frame to the noticed frame and centered at positions dis-
placed by a plurality of movement amounts (vx, vy) in the
x direction and the y direction from the noticed pixel and
a block of the noticed frame centered at the noticed pixel.
[0332] Consequently, a matching error of block match-
ing is determined for each of the plurality of movement
amounts (vx, vy) with respect to the noticed pixel.
[0333] Further, the likelihood calculation unit 61 deter-
mines the movement amount vz in the z direction from
the distance determined already using the preceding
frame as the noticed frame with respect to the pixel of
the preceding frame at each of the positions displaced
individually by the movement amounts (vx, vy) from the
noticed pixel and the distance z determined at immedi-
ately preceding step S143 with respect to the noticed
pixel.
[0334] From the foregoing, for each position (x, y) and
distance z of each pixel of the noticed pixel, a matching
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error when the movement amount of an object at the
position (x, y) and the distance z is the movement amount
(vx, vy, vz) is determined.
[0335] Then, for each position (x, y) and distance z of
each pixel of the noticed pixel, the likelihood calculation
unit 61 determines a movement amount likelihood in re-
gard to which the movement amount of the object at the
position (x, y) and the distance z is the movement amount
(vx, vy, vz) using the matching error
[0336] In particular, if the matching error in regard to
the position (x, y) and distance z and the movement
amount (vx, vy, vz) is represented as cost(x, y, z, vx, vy,
vz), then the likelihood calculation unit 61 determines the
movement amount likelihood PST(x, y, z, vx, vy, vz) in
regard to which the movement amount of the object at
the position (x, y) and the distance z is the movement
amount (vx, vy, vz), for example, in accordance with an
expression PST(x, y, z, vx, vy, vz) = exp(-cost(x, y, z, vx,
vy, vz).
[0337] FIG. 19 is a flow chart illustrating an example
of processing for determining a movement amount like-
lihood according to the millimeter wave radar 22 from
sensor data of the millimeter wave radar 22 at step S123
of FIG. 17.
[0338] At step S151, the likelihood calculation unit 61
receives (captures) sensor data of the millimeter wave
radar 22 from the synchronization unit 24, and the
processing advances to step S152.
[0339] At step S152, the likelihood calculation unit 61
performs FFT of the sensor data of the millimeter wave
radar 22 and further performs FFT of a result of the FFT,
and the processing advances to step S153.
[0340] Here, in the present embodiment, it is assumed
that, in the sensor data of the millimeter wave radar 22,
the FFT result of the FFT result, namely, the strength of
the FFT result for the second time, represents a likelihood
that an object is moving by a movement amount corre-
sponding to the point of time of the strength.
[0341] It is to be noted that, for the FFT result of the
sensor data of the millimeter wave radar 22, correction
similar to that in the case at step S53 of FIG. 9 can be
performed.
[0342] At step S153, the likelihood calculation unit 61
determines, from the FFT result for the second time of
the sensor data of the millimeter wave radar 22, the
movement amount likelihood of each movement amount
(vx, vy, vz) when it is assumed that, in regard to each
direction (orientation) r and each distance d in a sensing
range of the millimeter wave radar 22 and each move-
ment amount (vx, vy, vz), the movement amount of the
object in the direction r and at the distance d is the move-
ment amount (vx, vy, vz).
[0343] Here, if the FFT result for the second time of
the sensor data of the millimeter wave radar 22 corre-
sponding to the direction r, distance d and movement
amount (vx, vy, vz) is represented as fft2(r, d, vx, vy, vz),
then the movement amount likelihood PR in a case where
the movement amount of the object existing in the direc-

tion r at the distance d is the movement amount (vx, vy,
vz) can be determined, for example, in accordance with
an expression PR = fft2(r, d, vx, vy, vz)/∑(vx, vy, vz)fft2(r,
d, vx, vy, vz).
[0344] ∑(vx, vy, vz)fft2(r, d, vx, vy, vz) of the movement
amount likelihood PR = fft2(r, d, vx, vy,
vz)/∑(vx, vy, vz)fft2(r, d, vx, vy, vz) represents summation
of fft2(r, d, vx, vy, vz) when the movement amount (vx,
vy, vz) is replaced by each movement amount for deter-
mining a movement amount likelihood.
[0345] Thereafter, the processing advances from step
S154 to step S155, at which the likelihood calculation
unit 61 transforms the direction r and distance d with
which a movement amount likelihood according to the
millimeter wave radar 22 is obtained and the movement
amount (vx, vy, vz) into each position (x, y, z, vx, vy, vz)
that is each position (x, y, z) of a six-dimensional coor-
dinate system by coordinate transformation to determine
a movement amount likelihood of each sampling point
(x, y, z, vx, vy, vz) that is each position (x, y, z) of the six-
dimensional coordinate system. Then, the processing is
ended.
[0346] It is to be noted that, while, in FIG. 16, the mil-
limeter wave radar 22 is provided in addition to the stereo
camera 21 as an image sensor, as a sensor other than
the stereo camera 21 as the image sensor, for example,
a ToF sensor 51 can be used in place of the millimeter
wave radar 22 as depicted in FIG. 12.
[0347] Further, as a sensor other than the stereo cam-
era 21 as the image sensor, for example, a millimeter
wave radar 22 and a ToF sensor 51 can be used as de-
picted in FIG. 15.

<Fifth Detailed Configuration Example of Travel Control-
ling Apparatus to Which Present Technology Is Applied>

[0348] FIG. 20 is a block diagram depicting a fifth de-
tailed configuration example of the travel controlling ap-
paratus to which the present technology is applied.
[0349] It is to be noted that, in FIG. 20, corresponding
portions to those in FIG. 5 are denoted by like reference
characters, and description of them is omitted suitably in
the following description.
[0350] In FIG. 20, the travel controlling apparatus in-
cludes a stereo camera 21, a millimeter wave radar 22,
a transmission unit 23, a synchronization unit 24, a travel
controlling unit 30, a buffer 31, a ToF sensor 51, a LIDAR
71, a likelihood calculation unit 81, a normalization unit
82, an integration unit 83, a distance/movement amount
calculation unit 84 and an obstacle map generation unit
85.
[0351] Accordingly, the travel controlling apparatus of
FIG. 20 is common to that of FIG. 5 in that it includes the
stereo camera 21, millimeter wave radar 22, transmission
unit 23, synchronization unit 24, travel controlling unit 30
and buffer 31.
[0352] However, the travel controlling apparatus of
FIG. 20 is different from that of FIG. 5 in that it includes
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the likelihood calculation unit 81, normalization unit 82,
integration unit 83, distance/movement amount calcula-
tion unit 84 and obstacle map generation unit 85 in place
of the likelihood calculation unit 25, normalization unit
26, integration unit 27, distance calculation unit 28 and
obstacle map generation unit 29.
[0353] Further, the travel controlling apparatus of FIG.
20 is different from that of FIG. 5 in that it newly includes
the ToF sensor 51 of FIG. 12 and the LIDAR 71.
[0354] The likelihood calculation unit 81 has functions
similar to those of the likelihood calculation unit 25 of
FIG. 5 and the likelihood calculation unit 61 of FIG. 16.
The normalization unit 82 has functions similar to those
of the normalization unit 26 of FIG. 5 and the normaliza-
tion unit 62 of FIG. 16. The integration unit 83 has func-
tions similar to those of the integration unit 27 of FIG. 5
and the integration unit 63 of FIG. 16. The distance/move-
ment amount calculation unit 84 has functions similar to
those of the distance calculation unit 28 of FIG. 5 and
the movement amount calculation unit 64 of FIG. 16.
[0355] In the travel controlling apparatus of FIG. 20,
processing similar to that of the travel controlling appa-
ratus of FIGS. 5 and 16 is performed for sensor data of
the stereo camera 21, millimeter wave radar 22, ToF sen-
sor 51 and LIDAR 71, and the distance/movement
amount calculation unit 84 determines distances and
movement amounts thereby.
[0356] Then, the obstacle map generation unit 85 gen-
erates an obstacle map using the distances and the
movement amounts determined by the distance/move-
ment amount calculation unit 84.
[0357] It is to be noted that, while, in the travel control-
ling apparatus of FIG. 5, the distance z whose integration
likelihood is highest is determined, for each position (x,
y), as a distance to an object reflected on a pixel at the
position (x, y) using integration likelihoods of distances
for the individual sampling points (x, y, z) determined by
the integration unit 27, from the integration likelihoods of
distances, information other than the distance to the ob-
ject can be determined.
[0358] In particular, for example, it is possible to detect,
for each (x, z, y) whose integration likelihood (integration
likelihood volume in FIG. 10) is highest among integration
likelihoods of distances for each sampling point (x, y, z)
and determine a region configured from points (x, y, z)
at which the calculated y values are a substantially fixed
value as a region of the road surface.
[0359] Similarly, also from integration likelihoods of
movement amounts for each sampling point (x, y, z, vx,
vy, vz), information other than the movement amount can
be determined using the integration likelihoods of move-
ment amounts.

<Description of Computer to Which Present Technology 
Is Applied>

[0360] Now, while a series of processes performed by
each block such as, for example, the likelihood calcula-

tion unit 12, normalization unit 13 or integration unit 14
of FIG. 1 can be executed by hardware, it may otherwise
be executed by software. Where the series of processes
is executed by software, a program which constructs the
software is installed into a computer for exclusive use or
the like.
[0361] Thus, FIG. 21 depicts a configuration example
of an embodiment of a computer into which the program
for executing the series of processes described above is
installed.
[0362] The program can be recorded in advance in a
hard disk 105 or a ROM 103 as a recording medium built
in the computer.
[0363] Alternatively, the program can be stored (re-
corded) in a removable recording medium 111. Such a
removable recording medium 111 as just described can
be provided as so-called package software. Here, as the
removable recording medium 111, for example, a flexible
disk, a CD-ROM (Compact Disc Read Only Memory), an
MO (Magneto Optical) disk, a DVD (Digital Versatile
Disc), a magnetic disk, a semiconductor memory and so
forth are available.
[0364] It is to be noted that, in addition to installation
of the program into the computer from such a removable
recording medium 111 as described hereinabove, the
program can be downloaded into the computer through
a communication network or a broadcasting network and
installed into the hard disk 105 built in the computer. In
particular, the program can be transferred, for example,
from a download site to the computer by wireless com-
munication through an artificial satellite for digital satellite
broadcasting or can be transferred by wired communi-
cation to the computer through a network such as a LAN
(Local Area Network) or the Internet.
[0365] The computer has a CPU (Central Processing
Unit) 102 built therein, and an input/output interface 110
is connected to the CPU 102 through a bus 101.
[0366] If an inputting unit 107 is operated or the like by
a user to input an instruction through the input/output
interface 110, then the CPU 102 executes the program
stored in the ROM (Read Only Memory) 103 in accord-
ance with the instruction. Also, the CPU 102 loads a pro-
gram stored in the hard disk 105 into a RAM (Random
Access Memory) 104 and executes the program.
[0367] Consequently, the CPU 102 performs process-
ing in accordance with the flow charts described herein-
above or processing that is performed by the components
of the block diagrams described hereinabove. Then, the
CPU 102 causes a result of the processing to be output-
ted from an outputting unit 106, for example, through the
input/output interface 110, to be transmitted from a com-
munication unit 108, to be recorded into the hard disk
105 or the like through the input/output interface 110 as
occasion demands.
[0368] It is to be noted that the inputting unit 107 is
configured from a keyboard, a mouse, a microphone and
so forth. Meanwhile, the outputting unit 106 is configured
from an LCD (Liquid Crystal Display), a speaker and so
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forth.
[0369] Here, in the present specification, processes
the computer performs in accordance with the program
may not necessarily be performed in a time series in ac-
cordance with the order described in the flow charts. In
other words, the processes performed in accordance with
the program by the computer include also processes ex-
ecuted in parallel or separately (for example, parallel
processing or processing by an object).
[0370] Further, the program may be processed by a
single computer (processor) or may be processed in a
distributed manner by a plurality of computers. Further,
the program may be transferred to and executed by a
remote computer.
[0371] Further, in the present specification, the term
system is used to signify an aggregation composed of a
plurality of constituent elements (devices, modules
(parts) and so forth) and it does not matter whether or
not all of the constituent elements are accommodated in
the same housing. Accordingly, a plurality of apparatus
accommodated in separate housings and connected to
each other through a network configure a system, and
also one apparatus that includes a plurality of modules
accommodated in a single housing configures a system.
[0372] It is to be noted that the embodiment of the
present technology is not limited to the embodiment de-
scribed above and can be altered in various manners
without departing from the subject matter of the present
technology.
[0373] For example, the present technology can as-
sume a configuration of a crowd computer in which one
function is shared and cooperatively processed by a plu-
rality of apparatus through a network.
[0374] Further, the steps described with reference to
the flow charts described hereinabove not only can be
executed by one apparatus but also can be shared and
executed by a plurality of apparatus.
[0375] Furthermore, where a plurality of processes are
included in one step, the plurality of processes included
in the one step may be executed by a single apparatus
or may be shared and executed by a plurality of appara-
tus.
[0376] Further, the effects described herein are exem-
plary to the end and are not restrictive, and other effects
may be involved.
[0377] It is to be noted that the present technology can
take the following configuration.
[0378]

<1> An information processing apparatus, including:

a likelihood calculation unit configured to calcu-
late, from information obtained by each of a plu-
rality of distance measurement methods, dis-
tance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
an integration unit configured to integrate the

distance likelihoods according to the plurality of
distance measurement methods to determine
integration likelihoods each of the plurality of dis-
tances.

<2> The information processing apparatus accord-
ing to <1>, further including:
a distance calculation unit configured to determine
the distance to the object using the integration like-
lihoods.
<3> The information processing apparatus accord-
ing to <2>, further including:
a generation unit configured to generate obstacle
information regarding an obstacle using the distance
to the object.
<4> The information processing apparatus accord-
ing to <3>, in which
the integration unit integrates the distance likeli-
hoods according to the plurality of distance meas-
urement methods using the distances or the obstacle
information obtained in a preceding operation cycle.
<5> The information processing apparatus accord-
ing to any one of <1> to <4>, further including:
a synchronization unit configured to synchronize
sensor data outputted from the plurality of sensors
and to be used for distance measurement by the
plurality of distance measurement methods.
<6> The information processing apparatus accord-
ing to any one of <1> to <5>, in which
sensors used for distance measurement by the plu-
rality of distance measurement methods are two or
more sensors from among a stereo camera, a radar,
a ToF sensor and a LIDAR.
<7> An information processing method, including:

calculating, from information obtained by each
of a plurality of distance measurement methods,
distance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
integrating the distance likelihoods according to
the plurality of distance measurement methods
to determine integration likelihoods each of the
plurality of distances.

<8> A program for causing a computer to function as:

a likelihood calculation unit configured to calcu-
late, from information obtained by each of a plu-
rality of distance measurement methods, dis-
tance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
an integration unit configured to integrate the
distance likelihoods according to the plurality of
distance measurement methods to determine
integration likelihoods each of the plurality of dis-
tances.
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[Reference Signs List]

[0379] 111 to 11N Sensor, 12 Likelihood calculation
unit, 13 Normalization unit, 14 Integration unit, 15 Dis-
tance/measurement amount calculation unit, 16 Travel
controlling unit, 21 Stereo camera, 21L, 21R Camera, 22
Millimeter wave radar, 23 Transmission unit, 24 Synchro-
nization unit, 25 Likelihood calculation unit, 26 Normali-
zation unit, 27 Integration unit, 28 Distance calculation
unit, 29 Obstacle map generation unit, 30 Travel control-
ling unit, 31 Buffer, 51 ToF sensor, 61 Likelihood calcu-
lation unit, 62 Normalization unit, 63 Integration unit, 64
Movement amount calculation unit, 71 LIDAR, 81 Likeli-
hood calculation unit, 82 Normalization unit, 83 Integra-
tion unit, 84 Distance/movement amount calculation unit,
85 Obstacle map generation unit, 101 Bus, 102 CPU,
103 ROM, 104 RAM, 105 Hard disk, 106 Outputting unit,
107 Inputting unit, 108 Communication unit, 109 Drive,
110 Input/output interface, 111 Removable recording
medium

Claims

1. An information processing apparatus, comprising:

a likelihood calculation unit configured to calcu-
late, from information obtained by each of a plu-
rality of distance measurement methods, dis-
tance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
an integration unit configured to integrate the
distance likelihoods according to the plurality of
distance measurement methods to determine
integration likelihoods each of the plurality of dis-
tances.

2. The information processing apparatus according to
claim 1, further comprising:
a distance calculation unit configured to determine
the distance to the object using the integration like-
lihoods.

3. The information processing apparatus according to
claim 2, further comprising:
a generation unit configured to generate obstacle
information regarding an obstacle using the distance
to the object.

4.  The information processing apparatus according to
claim 3, wherein
the integration unit integrates the distance likeli-
hoods according to the plurality of distance meas-
urement methods using the distances or the obstacle
information obtained in a preceding operation cycle.

5. The information processing apparatus according to

claim 1, further comprising:
a synchronization unit configured to synchronize
sensor data outputted from the plurality of sensors
and to be used for distance measurement by the
plurality of distance measurement methods.

6. The information processing apparatus according to
claim 1, wherein
sensors used for distance measurement by the plu-
rality of distance measurement methods are two or
more sensors from among a stereo camera, a radar,
a ToF sensor and a LIDAR.

7. An information processing method, comprising:

calculating, from information obtained by each
of a plurality of distance measurement methods,
distance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
integrating the distance likelihoods according to
the plurality of distance measurement methods
to determine integration likelihoods each of the
plurality of distances.

8. A program for causing a computer to function as:

a likelihood calculation unit configured to calcu-
late, from information obtained by each of a plu-
rality of distance measurement methods, dis-
tance likelihoods with regard to which the dis-
tance to an object is each of a plurality of dis-
tances; and
an integration unit configured to integrate the
distance likelihoods according to the plurality of
distance measurement methods to determine
integration likelihoods each of the plurality of dis-
tances.
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