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method

(57) An angular velocity estimation apparatus of the
invention is provided to estimate the angular velocity of
a moving object with good accuracy. A peripheral object
observation device (radar) 811 repeatedly observes a
relative position of an object relative to the moving object,
located in the vicinity of the moving object. A relative po-
sition acquisition unit 211 obtains a result of the obser-
vation by the peripheral object observation device 811.
A stationary object determination unit (stationary object
identification unit) 220 determines whether or not the ob-

ject the relative position of which have been observed by
the peripheral object observation device 811 is still. An
object correlation unit (stationary object tracking unit) 230
determines a plurality of the relative positions of an iden-
tical object observed by the peripheral object observation
device 811, from among the relative positions observed
by the peripheral object observation device 811. An an-
gular velocity estimation unit (state estimation unit 240,
trajectory estimation unit) estimates the angular velocity
of the moving object.
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Description

Technical Field

[0001] The present invention relates to an angular velocity estimation apparatus that estimates an angular velocity of
a moving object.

Background Art

[0002] An angular velocity observation device such as a gyro sensor, which observes an angular velocity of a moving
object, has an error including a bias error or the like. There is a method in which, using a position observation device
such as a global positioning system (GPS), the position of a moving object is observed and the angular velocity of the
moving object is estimated, based on a result of observation. There is also a method in which, by using the angular
velocity estimated from the result of observation by the position observation device, the angular velocity observed by
the angular velocity observation device is corrected.

Related Art Documents

[0003]

[Patent Document 1] JP Patent Application Publication JP-6-148319-A
[Patent Document 2] JP Patent Application Publication JP-9-049875-A
[Patent Document 3] JP Patent Application Publication JP-2007-333385-A

Summary of Invention

[0004] The position observation device that observes the position of a moving object by depending on an external
system such as the GPS, may not be used due to the state of an electric wave or the like.
The present invention has been made to solve the problem as described above, and is provided to estimate the angular
velocity of a moving object with good accuracy without depending on a position observation device such as a GPS.
[0005] An angular velocity estimation apparatus according the present invention including a relative position acquisition
unit, a stationary object determination unit, an object correlation unit, and an angular velocity estimation unit; wherein
the relative position acquisition unit obtains a result of an observation by a peripheral object observation device that
repeatedly observes a relative position of a object relative to a moving object, the object being located in the vicinity of
the moving object;
the stationary object determination unit determines whether or not the object the relative positions of which have been
observed by the peripheral object observation device is still, based on the result of the observation obtained by the
relative position acquisition unit;
the object correlation unit determines a plurality of the relative positions of an identical object observed by the peripheral
object observation device from among the relative positions observed by the peripheral object observation device, based
on the result of the observation obtained by the relative position acquisition unit; and
the angular velocity estimation unit estimates an angular velocity of the moving object, based on the result of the
observation obtained by the relative position acquisition unit, a result of the determination by the stationary object
determination unit, and a result of the determination by the object correlation unit.

Advantageous Effect of Invention

[0006] According to the angular velocity estimation apparatus of the present invention, the angular velocity of the
moving object may be accurately estimated without use of a position observation device such as a GPS.

Brief Description of Drawings

[0007]

Fig. 1 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in a first embodiment;
Fig. 2 is a diagram showing states of stationary objects continuously correlated in a temporal direction from times
t1 to tN;
Fig. 3 is a process flow diagram showing a process by a correlated stationary object selection unit 141 in the first
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embodiment;
Fig. 4 is a diagram showing coordinate conversion to a stationary-object-referenced coordinate system;
Fig. 5 is a diagram showing the trajectory of a vehicle in the stationary-object-referenced coordinate system;
Fig. 6 is a process flow diagram showing a process by a bias correction unit 840 in the first embodiment;
Fig. 7 is a diagram showing timing adjustment;
Fig. 8 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in a second embodiment;
Fig. 9 is a diagram showing an example of relative positions of a plurality of stationary objects;
Fig. 10 is an explanatory diagram of a time sequence;
Fig. 11 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in a third embodiment;
Fig. 12 is a process flow diagram showing an operation of a trajectory integration unit 150 in the third embodiment;
Fig. 13 is a block diagram showing a configuration of a stationary object tracking unit 120 in a fourth embodiment;
Fig. 14 is a hardware configuration diagram showing an example of a hardware configuration of an angular velocity
estimation apparatus 200 in a fifth embodiment;
Fig. 15 is a block diagram showing an example of functional blocks of the angular velocity estimation apparatus 200
in the fifth embodiment;
Fig. 16 is a diagram for explaining a relationship between a moving speed of a moving object 801 and respective
relative speeds of objects 701 and 702 relative to the moving object 801;
Fig. 17 is a diagram for explaining a relationship between times 781 to 783 at which the relative speed of an object
relative to a moving object has been observed and times 791 to 799 at which the moving speed of the moving object
has been observed;
Fig. 18 is a diagram for explaining a relationship between a moving trajectory 751 of the moving object 801 and
trajectories 761 to 766 of relative positions of objects 703 to 708 relative to the moving object 801;
Fig. 19 is a diagram for explaining an operation of an object correlation unit 230 in the fifth embodiment;
Fig. 20 is a diagram for explaining a relationship between a relative coordinate system using the moving object 801
as a reference and an absolute coordinate system using a still point as a reference;
Fig. 21 is a flowchart showing an example of a flow of an angular velocity estimation process S500 in the fifth
embodiment;
Fig. 22 is a flowchart diagram showing an example of a flow of an observation result acquisition step S510 in the
fifth embodiment;
Fig. 23 is a flowchart diagram showing an example of a flow of a still determination step S520 in the fifth embodiment;
Fig. 24 is a flowchart diagram showing an example of a flow of an object correlation step S530 in the fifth embodiment;
Fig. 25 is a flowchart diagram showing an example of a flow of a state estimation step S550 in the fifth embodiment;
Fig. 26 is a diagram for explaining a relationship between a parallel translation amount and a rotation angle used
for a correlation process by an object correlation unit 230 and the moving amount of the moving object 801;
Fig. 27 is a block configuration diagram showing an example of configurations of functional blocks of an angular
velocity estimation apparatus 200 in a seventh embodiment; and
Fig. 28 is a block configuration diagram showing an example of configurations of functional blocks of an angular
velocity estimation apparatus 200 in an eighth embodiment.

Description of Embodiments

[0008] A description will be directed to a device that monitors the front of a vehicle using a radar device mounted on
the vehicle, thereby detecting an object ahead of the vehicle.
[0009] There is a vehicle front monitoring device that is mounted on a vehicle. The vehicle front monitoring device
radiates a transmitted wave such as an optical wave or a milliwave ahead of the vehicle at a predetermined angle, and
receives a reflected wave of the transmitted wave, thereby identifying another vehicle running ahead of the vehicle or
an obstacle ahead of the vehicle. The vehicle front monitoring device needs to identify the another vehicle that is present
in a running direction of the vehicle as a preceding vehicle from among detected objects, irrespective of whether the
vehicle is running on a straight road or a curved road. As a method of identifying the preceding vehicle that is present
in the running direction of the vehicle in this case, the curvature of the road is computed by using the speed of the vehicle
and a yaw rate (angular velocity) sensor.
However, a zero-point bias error corresponding to a voltage offset is produced in the yaw rate sensor used for computing
the curvature of the road, and the zero-point bias error drifts due to a change in temperature or time. Thus, erroneous
determination of the preceding vehicle may probably occur when the yaw rate is used without alteration. For that reason,
it is necessary to correct the zero-point bias of the sensor.
[0010] There is a method of taking correlation between angles of a plurality of stationary objects detected by radar of
a vehicle at an immediately preceding time and angles of the stationary objects at a current time, in order to compute
the yaw rate (hereinafter referred to as a yaw angular velocity) of the vehicle. As the method of taking correlation, each
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of the angles of the stationary objects detected at the immediately preceding time is shifted just by ∆θ, and the angle ∆θ
that can be most correlated with the angle of a corresponding one of the stationary objects is regarded as an angular
change amount. The yaw angular velocity is thereby computed. However, the stationary objects cannot be necessarily
detected continuously in a temporal direction in an actual road running environment. A failure of detection of an object,
reappearance of the object, or mixing of an unwanted signal due to a multipath wave or the like, for example, may occur.
Accordingly, the yaw angular velocity cannot be accurately estimated by the above-mentioned method.
[0011] There is provided a method in which, using a condition where the relative speed of a detected object relative
to a vehicle assumes zero so as to detect a stop state of the vehicle (when the speed of the vehicle is zero), a yaw
angular velocity at a low speed of the vehicle is regarded as a yaw angular velocity zero-point bias value to make bias
correction. In this method, however, the bias correction cannot be made unless the vehicle is running at the low speed.
[0012] There is also a method in which movement of a vehicle including its yaw angular velocity is computed using
the relative position of a stationary object relative to the vehicle detected by radar and the absolute position of the vehicle
obtained by a GPS. In this method, the trajectory of the vehicle is computed including a stationary object unrelated to
the movement of the vehicle. Thus, the yaw angular velocity cannot be accurately computed without the absolute position
obtained by the GPS.
[0013] As described above, the zero-point bias error corresponding to the voltage offset is produced in the yaw rate
sensor, and further the zero-point bias error drifts due to a change in temperature or time. Thus, erroneous determination
of the preceding vehicle may probably occur when the yaw rate is used without alteration.
For this reason, a stationary object correlated in the temporal direction is extracted by a tracking filter from among a
plurality of stationary objects, and an estimation value of the yaw angular velocity based on the position and movement
(herein referred to as a trajectory) of the vehicle is computed according to time-series data on relative positions of the
stationary object relative to the vehicle. Further, a bias error is computed according to a difference between the observation
value and the estimation value of the yaw angular velocity to correct the yaw angular velocity.

First Embodiment.

[0014] A first embodiment will be described using Figs. 1 to 7.
[0015] Fig. 1 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in this embodiment.
The yaw rate bias correction apparatus 800 includes radar 810, a vehicle speed sensor 820, a yaw rate sensor 830, a
stationary object identification unit 110, a stationary object tracking unit 120, a stationary object storage unit 130, a
vehicle trajectory computation unit 140, and a bias correction unit 840.
The radar (peripheral object observation device) 810 emits a radar wave within a predetermined angle range ahead of
a vehicle, and receives a radar wave reflected from an object, thereby detecting the position and the relative speed of
the object.
The vehicle speed sensor (moving speed observation device) 820 detects the speed of the vehicle.
The yaw rate sensor (angular velocity observation device) 830 detects the yaw angular velocity of the vehicle.
The stationary object identification unit (relative position acquisition unit, speed observation value acquisition unit, and
stationary object determination unit) 110 identifies whether or not the object is a stationary object, based on the relative
speed of the object detected by the radar 810 and the speed of the vehicle detected by the vehicle speed sensor 820.
The stationary object tracking unit (object correlation unit) 120 extracts stationary objects correlated in a temporal direction
by a tracking filter from among a plurality of stationary objects identified as the stationary objects by the stationary object
identification unit 110. The stationary object tracking unit 120 includes a correlation unit 121, a smoothing unit 122, a
prediction unit 123, and a delay unit 124, for example.
The stationary object storage unit 130 stores a stationary object correlated by the stationary object tracking unit 120.
The vehicle trajectory computation unit (angular velocity estimation unit) 140 receives the position of the stationary object
obtained from the stationary object storage unit 130 and converts the position of the stationary object to a stationary-
object-referenced coordinate system to obtain the position of the vehicle, thereby estimating the trajectory of the vehicle
including its yaw angular velocity from the position of the vehicle. The vehicle trajectory computation unit 140 includes
a correlated stationary object selection unit 141, a stationary-object-referenced coordinate conversion unit 142, and a
trajectory estimation unit 143.
The bias correction unit 840 computes the bias error of the yaw angular velocity, using the yaw angular velocity detected
by the yaw rate sensor 830 and the estimation value of the yaw angular velocity obtained by the vehicle trajectory
computation unit 140, and corrects the yaw angular velocity.
[0016] Fig. 2 is a diagram showing states of stationary objects continuously correlated in a temporal direction from
times t1 to tN.
Tracking of the stationary objects shows that the stationary objects move in response to movement of the vehicle.
[0017] The stationary object tracking unit 120 extracts proper stationary objects that may be correlated in the temporal
direction from among a plurality of stationary objects using the tracking filter (known filter such as a Kalman or an α-β(-
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γ) filter) as shown in Fig. 2. A white circle in Fig. 2 denotes an identical stationary object correlated in the temporal
direction, a circle with a slant line denotes the position of the stationary object (white circle) at a most recent time, and
a black circle denotes a stationary object that is not continuous in the temporal direction and cannot be correlated by
the stationary object tracking unit 120. The stationary object tracking unit 120 outputs the position of the correlated
stationary object (including a Doppler velocity, if there is the Doppler velocity) and a number for the correlated stationary
object (number indicating the identical stationary object).
The stationary object storage unit 130 records the number for the correlated stationary object and time-series data on
the correlated stationary object, and outputs the recorded time-series data on the correlated stationary object and the
number for the correlated stationary object to the correlated stationary object selection unit 141.
The correlated stationary object selection unit 141 receives the correlated stationary object time-series data for each
identical object, and extracts only the correlated stationary object that has fallen within a preset distance Rmin (such as
30m) from among the correlated stationary object time-series data, and counts the number of times of correlation Ncor.
Further, when the number of times of correlation Ncor is equal to or more than a threshold value for the number of times
of correlation Nmin, the correlated stationary object selection unit 141 outputs the position of the correlated stationary
object.
[0018] Fig. 3 is a process flow diagram showing a process by the correlated stationary object selection unit 141 in this
embodiment.
In step 1, the correlated stationary object selection unit 141 extracts the correlated stationary object that falls within the
threshold value for the distance.
In step 2, the correlated stationary object selection unit 141 determines whether or not the number of times of correlation
of the correlated stationary object is equal to or more than the threshold value.
When it is determined that the number of times of correlation of the correlated stationary object is equal to or more than
the threshold value, the correlated stationary object selection unit 141 outputs the correlated stationary object.
[0019] Herein, the upper limit of the threshold value for the number of times of correlation Nmin is given by the following
relational expression, using a vehicle speed VM, a radar observation rate T, and the distance Rmin: 

When Rmin = 30 [m], VM = 16 [m/s], and T = 0.2 [s], observation by the radar on the order of nine times is possible.
However, observation exceeding the nine times is not performed. For that reason, by setting the threshold value Nmin
that satisfies the condition defined by Expression 11, subsequent processes are executed with reliability.
[0020] The stationary-object-referenced coordinate conversion unit 142 converts a coordinate system using the po-
sition of the radar as its origin to a stationary-object-referenced coordinate system using a stationary object at a certain
time as its origin. The position of the stationary object is basically obtained from the relative position relative to the radar
in the coordinate system using the position of the radar as its origin. Then, by performing coordinate conversion of the
position of the vehicle using the position of the stationary object at the certain time as the origin of the stationary-object-
referenced coordinate system, the trajectory of the vehicle is computed using the position of the vehicle seen from the
stationary object. A description will be given below, using an example.
[0021] Fig. 4 is a diagram showing coordinate conversion to the stationary-object-referenced coordinate system.
Assume that a position of a stationary object is defined by a vehicle-referenced XY coordinate system where the running
direction of the vehicle is plotted on a Y axis and a vehicle axle direction is plotted on an X axis as in Fig. 4. Then,
positions of a certain stationary object observed at times t1 and t2 are respectively set to (x1, y1) and (x2, y2) (when the
radar is used, the position of a stationary object is basically obtained based on a distance from the radar and an angle
of the stationary object with respect to the radar, but when the coordinate conversion is performed, conversion to the
position in the xy coordinate system is readily performed. Thus, the procedure of the coordinate conversion will be
omitted). Next, a vehicle position vector Z01, at the time t1 and a vehicle position vector Z02 at the time t2 in the coordinate
system using the position of the stationary object at the time t1 as its origin are given by the following equations: 
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As described above, the stationary-object-referenced coordinate conversion unit 142 outputs the position of the vehicle
to the trajectory estimation unit 143.
[0022] Fig. 5 is a diagram showing the trajectory of the vehicle in the stationary-object-referenced coordinate system.
The trajectory estimation unit 143 receives time-series data of the position of the vehicle, and computes the estimation
value of the trajectory of the vehicle, using an extended Kalman filter based on a turn model such as a coordinated turn
model. A trajectory estimation value X hat is composed of a position (x, y), a speed (x dot, y dot), and a yaw angular
velocity ω as in the following expression: 

The trajectory estimation unit 143 outputs the trajectory estimation value and the covariance matrix of an estimation
error to the bias correction unit 840.
[0023] The bias correction unit 840 computes the bias error of the observation value of the yaw angular velocity, using
the yaw angular velocity supplied from the vehicle trajectory computation unit 140, and outputs a bias-corrected yaw
angular velocity.
[0024] Fig. 6 is a process flow diagram showing a process by the bias correction unit 840 in this embodiment.
First, in step 1, the bias correction unit 840 receives the trajectory estimation value and the covariance matrix of the
estimation error from the vehicle trajectory computation unit 140. The bias correction unit 840 further receives the
observation value of the yaw angular velocity from the yaw rate sensor 830. In this case, the observation value of the
yaw angular velocity may be smoothed by the tracking filter, and the smoothed observation value of the yaw angular
velocity may be supplied to the bias correction unit 840. However, the estimation value of the yaw angular velocity is
not constantly output from the vehicle trajectory computation unit 140. Thus, at a sampling time when the estimation
value of the yaw angular velocity cannot be obtained, the observation value of the yaw angular velocity is corrected
using a bias correction value stored in a bias correction value memory that will be described later as shown in this
process flow (in step 2). The initial value of the bias correction value is herein set to zero.
Next, in step 3, using the trajectory estimation value and the covariance matrix of the estimation error output from the
vehicle trajectory computation unit 140, the bias correction unit 840 computes a prediction value and the covariance of
a prediction error based on a turn model using the observation value of the yaw angular velocity and a prediction value
and the covariance of a prediction error based on a turn model using the estimation value of the yaw angular velocity.
Normally, the sampling rate of detections of a stationary object by the radar 810 differs from the frequency of detections
of a yaw angular velocity by the yaw rate sensor 830. The sampling rate of the yaw rate sensor 830 is higher than the
sampling rate of the radar 810. Thus, when an observation time t of the yaw angular velocity and an updating time t’ for
the estimation value of the yaw angular velocity are different, it is necessary to perform timing adjustment.
[0025] Fig. 7 is a diagram showing the timing adjustment.
In order to perform the time adjustment, the estimation value of the yaw angular velocity and the covariance matrix of
the estimation error of the yaw angular velocity at the time t are computed by a time extrapolation process up to the time t. 
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where F(ωest(t’), t - t’) denotes the state transition matrix of the turn model from the time t’ to the time t assuming the
yaw angular velocity to be a yaw angular velocity estimation value ωest at the time t’. Q(t - t’) denotes the covariance
matrix of system noise.
[0026] Using the estimation value and the covariance matrix of the estimation error of the yaw angular velocity described
above, the bias correction unit 840 computes a prediction value X hat OBS, t + ∆T and a covariance P OBS, t + ∆T of
a prediction error at ∆T seconds after the time t, based on the turn model using the observation value of the yaw angular
velocity. Further, the bias correction unit 840 computes a prediction value X hat EST, t + ∆T and a covariance P EST, t + ∆T
of a prediction error at ∆T seconds after the time t, based on the turn model using the estimation value of the yaw angular
velocity.
[0027] Then, when the following determination expression using a chi-square test is not satisfied in step 4, the prediction
value based on the observation value of the yaw angular velocity and the prediction value based on the estimation value
of the yaw angular velocity are different. Thus, it means that a bias error is included in the observation value of the yaw
angular velocity. 

Herein, εth is obtained from a chi-square distribution table.
[0028] Since the observation rate of the observation value of the yaw angular velocity is higher than the output rate
(or the detection rate of the radar) of the estimation value of the yaw angular velocity, determination using the determination
expression is made at each time when the observation value of the yaw angular velocity is obtained. When the deter-
mination expression is not satisfied M times in N times of determinations, the following bias error estimation process is
executed. When the determination expression is satisfied, it is regarded that no bias error is included. Then, using a
bias error stored in the bias correction value memory, the bias correction unit 840 corrects the observation value of the
yaw angular velocity (in step 2).
Next, in step 5, the bias correction unit 840 estimates the bias error of the observation value of the yaw angular velocity,
using the estimation value of the yaw angular velocity and the observation value of the yaw angular velocity. Herein, the
bias correction unit 840 estimates the bias error using the Kalman filter or the like, for example.
The bias correction unit 840 stores the estimation value of the bias error in the bias correction value memory as a bias
correction value (in step 6). Finally, a yaw angular velocity obtained by correction using the bias correction value is
output (in step 7).
[0029] In the yaw rate bias correction apparatus 800 described above, the vehicle trajectory computation unit 140
converts the position of a stationary object obtained by the radar 810 mounted on the vehicle to the stationary-object-
referenced coordinate system, thereby computing the position of the vehicle in the stationary-object-referenced coordi-
nate system. Then, using the position of the vehicle, the vehicle trajectory computation unit 140 estimates the trajectory
of the vehicle.
[0030] The vehicle trajectory computation unit 140 extracts only one or more stationary objects that are present within
a predetermined distance from the radar 810 and estimates the trajectory of the vehicle when a predetermined number
or more of the stationary objects is obtained.
[0031] The vehicle trajectory computation unit 140 estimates the trajectory of the vehicle, using the extended Kalman
filter based on the turn model, based on the position of the vehicle in the stationary-object-referenced coordinate system.
[0032] The bias correction unit 840 performs a chi-square-test for a difference between prediction values computed
by performing time extrapolation respectively based on the observation value of the yaw angular velocity obtained by
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the yaw rate sensor 830 and the estimation value of the yaw angular velocity computed by the vehicle trajectory com-
putation unit 140, using the prediction error covariance matrices. When they are not regarded to be the same by the chi-
square test, the bias correction unit 840 estimates a bias error included in the observation value of the yaw angular velocity.
[0033] When the observation time of the observation value of the yaw angular velocity and the estimation time of the
estimation value of the yaw angular velocity computed by the vehicle trajectory computation unit 140 are different, the
bias correction unit 840 performs time extrapolation for a difference between the observation time and the estimation
time. The bias correction unit 840 thereby causes the estimation time of the estimation value of the yaw angular velocity
to coincide with the observation time of the observation time of the yaw angular velocity.
[0034] By extracting proper stationary objects that are continuous in the temporal direction from among stationary
objects including an unwanted signal and estimating the trajectory of the vehicle including its yaw angular velocity using
positions between the respective stationary objects and the vehicle as described above, the yaw angular velocity may
be accurately computed. Further, by making correction of the bias error of the observation value of the yaw angular
velocity detected by the yaw rate sensor using the estimation value of the yaw angular velocity, accurate determination
of a preceding vehicle may be performed, using the observation value of the yaw angular velocity obtained at a high
sampling rate.

Second Embodiment.

[0035] A second embodiment will be described using Figs. 8 to 10.
Same reference numerals are assigned to components that are common to those in the first embodiment, thereby
omitting description of the components.
[0036] Fig. 8 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in this embodiment.
In the first embodiment, yaw angular velocity correction is made using a certain stationary object. However, a plurality
of stationary objects are actually observed (in the case of a delineator a plurality of delineators are observed). Thus, the
yaw rate bias correction apparatus 800 that uses a plurality of stationary objects will be shown in this embodiment.
[0037] The vehicle trajectory computation unit 140 receives the plurality of stationary objects to estimate the trajectory
of a vehicle. A time when a correlated stationary object is supplied from the stationary object tracking unit 120 to the
vehicle trajectory computation unit 140 differs for each stationary object.
[0038] Fig. 9 is a diagram showing an example of relative positions of a plurality of stationary objects.
Fig. 10 is an explanatory diagram of a time sequence.
[0039] When positions of two stationary objects of a stationary object 1 and a stationary object 2 are obtained as in
Fig. 9, for example, processes of tracking of the stationary object 1 (corresponding to stationary object tracking 1 in Fig.
10) and tracking of the stationary object 2 (corresponding to stationary object tracking 2 in Fig. 10) are performed,
according to the time sequence as shown in Fig. 10.
First, according to the flow in Fig. 3, the correlated stationary object is output to the vehicle trajectory computation unit
140 at a time t4 based on the stationary object tracking 1 as shown in Fig. 10. The correlated stationary object is output
at a time t5, based on stationary object tracking 2. Thus, a process by the vehicle trajectory computation unit 140 is
performed, using a stationary-object-referenced coordinate system using the stationary object 1 output to the vehicle
trajectory computation unit 140 earlier as a reference. Since the process by the vehicle trajectory computation unit 140
is the same as that in the first embodiment, description of the process will be omitted.
The correlated stationary object is output from the time t5 based on the stationary object tracking 2. Thus, coordinates
of the correlated stationary object are converted to the coordinate system using the stationary object 1 as the reference.
At this time of coordinate conversion, a relative position vector of the stationary object 2 relative to the stationary object
1 at the time t5 may be used to perform the coordinate conversion (refer to Fig. 9). This relative position vector may be
set to indicate a relative position between estimated positions of the stationary objects 1 and 2 output from the stationary
object tracking unit 120.
Even when the stationary object 1 has missed at a time6, updating is performed using the stationary object 2. Thus
improvement of accuracy may be expected.
When the stationary object 1 gets out of a radar coverage region at a time t9, the process by the vehicle trajectory
computation unit 140 is thereafter continued using a coordinate system with a different stationary object used as a
reference. After the time t9, conversion is made from the coordinate system using the stationary object 1 as the reference
to a coordinate system using the stationary object 2 as a reference to obtain the position of the vehicle by the vehicle
trajectory computation unit 140.
The similar process is repeated also when a different stationary object is detected. When the number of times of obser-
vation of one object is small, accuracy of estimating the trajectory of the vehicle based on the observation of the one
object is not satisfactory. With this arrangement, a plurality of stationary objects are used to continue estimation. Accuracy
of estimation of the trajectory of the vehicle may be thereby improved.
Since the other processes are the same as those in the first embodiment, description of the other processes will be omitted.
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[0040] An input/output of the yaw rate bias correction apparatus 800 will be described using Fig. 8.
The position of a correlated stationary object (including a Doppler velocity when the Doppler velocity is observed), the
number for the stationary object, and estimation values (of the position and the speed) of the stationary object are output
from the stationary object tracking unit 120. In conversion to the stationary-object-referenced coordinate system, the
coordinates of time-series data on each stationary object position (and the Doppler velocity) is converted into the coor-
dinate system using the reference stationary object (corresponding to the stationary object 1 in the above-mentioned
example) as its origin, using estimated positions of each stationary object. The trajectory estimation unit uses the positions
of each stationary object supplied thereto one after another to estimate the trajectory including the estimation value of
the yaw angular velocity, and outputs the estimated trajectory to the bias correction unit 840.
[0041] In the yaw rate bias correction apparatus 800 described above, the stationary object tracking unit 120 outputs
the estimated positions of each stationary object to the stationary object storage unit 130. The vehicle trajectory com-
putation unit 140 computes the positions of the vehicle from the plurality of stationary objects in a coordinate system
with a certain stationary object as a reference, using the time-series data on the positions of the plurality of stationary
objects, thereby estimating the trajectory of the vehicle using the positions of the vehicle.

Third Embodiment.

[0042] A third embodiment will be described using Figs. 11 to 12.
The same reference numerals are assigned to components that are common to those in the first and second embodiments,
thereby omitting description of the components.
[0043] Fig. 11 is a block diagram showing a configuration of a yaw rate bias correction apparatus 800 in this embodiment.
In each of vehicle trajectory computation unit 140a to 140c, the trajectory estimation value and the estimation error
variance matrix of each stationary object are computed and output to a trajectory integration unit 150, together with
estimation values of each stationary object (estimation values computed by stationary object tracking). The trajectory
integration unit 150 performs coordinate matching using the estimation values of each stationary object and performs
weighted integration of the trajectory estimation values, using the estimation error covariance matrices.
[0044] Fig. 12 is a process flow diagram showing an operation of the trajectory integration unit 150 in this embodiment.
[0045] When the number of trajectories NTRK supplied to the trajectory integration unit 150 is equal to or more than
two in step P1, the procedure proceeds to step P2 in which a stationary object used as the reference of the coordinate
system is selected. The trajectory having a large number of times of correlation Ncor is selected as the reference stationary
object used as the reference. In step P3, positions of the other trajectories are converted to those in the coordinate
system using the reference stationary object.
As a method of integrating the trajectories in step P4, an known track integration method may be employed. Integration
may be performed using a covariance intersection method in view of colored noise, for example. Alternatively, a least
square integration method may be used, not in view of the colored noise.
[0046] Weighted integration may be performed using a predetermined parameter a (0 ≤ a ≤ 1) and the following
equation, in order to reduce an operation load: 

[0047] Alternatively, weighted integration may be performed according to the updating condition of a trajectory, using
the following equation: 
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It is assumed herein that trajectories XTRK1 and XTRK2 are respectively obtained from the stationary objects 1 and 2.
Further, XSYS indicates a trajectory after integration, nTRK1 corresponds to the number of times of correlation Ncor of the
stationary object 1, while nTRK2 corresponds to the number of times of correlation Ncor of the stationary object 2.
[0048] Since the other processes are similar to those in the first and second embodiments, description of the other
processes will be omitted.
[0049] The yaw rate bias correction apparatus 800 described above includes the radar 810, the vehicle speed sensor
820, the yaw rate sensor 830, the stationary object identification unit 110, the stationary object tracking unit 120, the
stationary object storage unit 130, the vehicle trajectory computation unit 140, the trajectory integration unit 150, and
the bias correction unit 840.
The radar 810 emits a radar wave within a predetermined angle range ahead of a vehicle, and receives a radar wave
reflected from an object, thereby detecting the position and the relative speed of the object.
The vehicle speed sensor 820 detects the speed of the vehicle.
The yaw rate sensor 830 detects the yaw angular velocity of the vehicle.
The stationary object identification unit 110 identifies whether or not the object detected by the radar 810 is a stationary
object, based on the relative speed of the object detected by the radar 810 and the speed of the vehicle detected by the
vehicle speed sensor 820.
The stationary object tracking unit 120 extracts a stationary object that is correlated in a temporal direction by the tracking
filter from among a plurality of stationary objects identified to be the stationary objects by the stationary object identification
unit 110, and computes the estimated position of the correlated stationary object.
The stationary object storage unit 130 stores the estimated position of the stationary object and the correlated stationary
object obtained from the stationary object tracking unit 120.
The vehicle trajectory computation unit 140a to 140c receives time-series data on the position of the correlated stationary
object obtained from the stationary object storage unit 130 and converts the position of the correlated stationary object
to that in a stationary-object-referenced coordinate system, thereby obtaining time-series data on the position of the
vehicle, and estimating the trajectory of the vehicle including its yaw angular velocity based on the position of the vehicle.
The trajectory integration unit 150 performs weighted integration of estimation values of the trajectories respectively
output from the vehicle trajectory computation units 140a to 140c to compute the trajectory of the vehicle.
The bias correction unit 840 computes the bias error of the yaw angular velocity and corrects the yaw angular velocity,
using the yaw angular velocity detected by the yaw rate sensor 830 and the estimation value of the yaw angular velocity
obtained from each of the vehicle trajectory computation units 140a to 140c.
[0050] The trajectory integration unit 150 integrates the estimation values of the trajectories of a plurality of stationary
objects in the coordinate system using the stationary object having a largest number of times of correlation as a reference.

Fourth Embodiment.

[0051] A fourth embodiment will be described using Fig. 13.
The same reference numerals are assigned to components that are common to those in the first to third embodiments,
thereby omitting description of the components.
[0052] Fig. 13 is a block diagram showing a configuration of a stationary object tracking unit 120 in this embodiment.
The stationary object tracking unit 120 further includes a stationary object clustering unit that clusters stationary objects.
The tracking filter constituted from a correlation unit, a smoothing unit, a prediction unit, and a delay unit tracks a cluster
obtained by clustering by the stationary object clustering unit.
[0053] Under an actual road running environment, there is reflection from a stationary object such as a delineator, a
guardrail or a wall. A plurality of reflection points are obtained from the stationary object having a large surface area
such as the guard rail or the wall in particular. Thus, it may be difficult to track one reflection point. For that reason, by
performing clustering of stationary objects in a preceding stage of the tracking filter of the stationary object tracking unit
120, the plurality of reflection points obtained from the stationary object having the large surface area are clustered.
Then, by tracking the cluster, correlation performance of the stationary object tracking unit is enhanced.
[0054] Since the other processes are the same as those in the first to third embodiments, description of the other
processes will be omitted.
[0055] In the yaw rate bias correction apparatus 800, the stationary object tracking unit 120 clusters stationary objects
and tracks the cluster.

Fifth Embodiment.

[0056] A fifth embodiment will be described using Figs. 14 to 25.
The same reference numerals are assigned to components that are common to those in the first to fourth embodiments,
thereby omitting description of the components.
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[0057] Fig. 14 is a hardware configuration diagram showing an example of a hardware configuration of an angular
velocity estimation apparatus 200 in this embodiment.
The angular velocity estimation apparatus 200 is a computer including a processing device 911, a storage device 914,
an input device 902, and an output device 901, for example.
The processing device 911 processes data by executing a computer program, thereby controlling an entirety of the
angular velocity estimation apparatus 200.
The storage device 914 stores the computer program that is executed by the processing device 911 and data that is
processed by the processing device 911. The storage device 914 may be a volatile memory, a non-volatile memory, a
flash memory, a magnetic disk device, an optical disk device, or the like, for example.
The input device 902 receives a signal or information from outside the angular velocity estimation apparatus 200 and
converts the signal or information to data of a format capable of being processed by the processing device 911. The
data obtained by the conversion by the input device 902 may be directly processed by the processing device 911, or
may be temporarily stored by the storage device 914. The input device 902 may be an operation input device such as
a keyboard or a mouse that receives an operation of a user, a conversion device such as an analog-to-digital conversion
device that converts an analog signal to digital data, or an interface device such as a receiving device that receives the
signal transmitted by a different device.
The output device 901 converts the data processed by the processing device 911 and/or the data stored by the storage
device 914 to a form capable of being output to an outside of the angular velocity estimation apparatus 200, for output.
The output device 901 may be a device that converts data to a perceptible form to human senses and outputs it, such
as a loudspeaker or a display device which displays an image. The output device 901 may be a device that converts
data to an acceptable form to other devices and output it, such as a digital-to-analog conversion device that converts
digital data to an analog signal, another conversion device, or an interface device such as a transmitting device that
transmits a signal to another device.
[0058] Each functional block of the angular velocity estimation apparatus 200 is implemented by executing the computer
program stored by the storage device 914 by the processing device 911. The functional block of the angular velocity
estimation apparatus 200 may not be necessarily configured to be implemented by the computer, but may be configured
to be implemented by an electronic circuit such as a digital circuit or an analog circuit. The functional block may be
configured to be implemented by a configuration such as a mechanical configuration other than the electrical configuration.
Similarly, each functional block of the yaw rate bias correction apparatus 800 described in the first to fourth embodiments
may be configured to be implemented by the computer, or another configuration.
[0059] Fig. 15 is a block diagram showing an example of the functional blocks of the angular velocity estimation
apparatus 200.
The angular velocity estimation apparatus 200 is mounted on a moving object such as a motor vehicle. In addition to
the angular velocity estimation apparatus 200, a peripheral object observation device 811, a moving speed observation
device 821, and an angular velocity observation device 831 are mounted on the moving object.
[0060] The peripheral object observation device 811 observes the position, the speed, and the like of an object that
is present in the vicinity of the moving object. The peripheral object observation device 811 may be radar, for example.
The peripheral object observation device 811 emits a radiation wave such as an electric wave or laser light, and detects
a reflected wave that has impinged on and has been reflected from an object. The peripheral object observation device
811 thereby measures a propagation time and computes the distance to the object. The peripheral object observation
device 811 scans a direction of emitting the radiation wave or a direction of receiving the reflected wave, thereby
determining a direction in which the object is present. The period of time taken for scanning the radiation wave once by
the peripheral object observation device 811 is 0.2 seconds, for example. Accordingly, when a relative positional rela-
tionship between the moving object and the object is not changed, the peripheral object observation device 811 repeatedly
observes the identical object for each 0.2 seconds, for example. The peripheral object observation device 811 computes
the relative position of the object relative to the moving object, based on the computed distance and the determined
direction. Further, the peripheral object observation device 811 detects a wavelength deviation between the radiation
wave and the reflected wave due to the Doppler effect, for example, thereby detecting the relative speed of the object
relative to the moving object. The peripheral object observation device 811 outputs a signal indicating a result of the
observation such as the relative position or the relative speed of the object.
[0061] The moving speed observation device 821 observes the moving speed of the moving object. The moving speed
observation device 821 measures the number of rotations of a vehicle axle by a tachometer mounted on the vehicle
axle, thereby computing the moving speed, for example. The moving speed observation device 821 counts the number
of rotations of the axle for 0.1 seconds, for example. The moving speed observation device 821 multiplies the counted
number of rotations by the circumferential length of a tire, thereby computing a distance in which the moving object has
traveled in 0.1 seconds. The moving speed observation device 821 multiplies the computed distance by 10, thereby
computing the speed of the moving object per second. In the case of this example, the moving speed observation device
821 repeatedly observes the moving speed of the moving object once for every 0.1 seconds. The moving speed obser-
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vation device 821 outputs a signal indicating a result of the observation obtained by observation of the moving speed
of the moving object.
The moving speed observation device 821 may be configured not to compute the moving speed of the moving object
but to output a signal indicating the measured number of rotations of the vehicle axle without alteration. In that case, the
speed observation value acquisition unit 212, which will be described later, executes the above-mentioned computation
to compute the moving speed of the moving object, in place of the moving speed observation device 821.
[0062] The angular velocity observation device 831 observes the angular velocity of the moving object. The angular
velocity observation device 831 may be a yaw rate sensor or a gyro sensor, for example. The angular velocity observation
device 831 may be configured to observe the angular velocities of the moving object in three-dimensional directions
(including a horizontal direction, a cross direction, and a twist direction), or may be configured to observe only the angular
velocity in the horizontal direction. The angular velocity observation device 831 also repeatedly observes the angular
velocity of the moving object. An observation interval is 10 milliseconds, for example. The angular velocity observation
device 831 outputs a signal indicating a result of the observation in which the angular velocity of the moving object has
been observed.
[0063] The angular velocity estimation apparatus 200 estimates the angular velocity of the moving object, based on
results of the observations by the peripheral object observation device 811, the moving speed observation device 821,
the angular velocity observation device 831, and the like. The angular velocity observed by the angular velocity obser-
vation device 831 includes a bias error and the like, thus the angular velocity estimation apparatus estimates the angular
velocity of the moving object, based on the results of the observations by the peripheral object observation device 811,
the moving speed observation device 821, the angular velocity observation device 831, and the like. The angular velocity
estimation apparatus 200 synthesizes the results of the observations by the peripheral object observation device 811,
the moving speed observation device 821, and the angular velocity observation device 831, thereby estimating the
angular velocity that is more accurate. The angular velocity estimation apparatus 200 may be configured to estimate
the speed, the moving direction, and the position of the moving object as well as the angular velocity of the moving object.
The angular velocity estimation apparatus 200 may also be configured to compute an error of the angular velocity
observed by the angular velocity observation device 831, based on the estimated angular velocity and the angular
velocity observed by the angular velocity observation device 831. The angular velocity estimation apparatus 200 may
be configured to store the computed error of the angular velocity and correct the angular velocity observed by the angular
velocity observation device 831 using the stored error of the angular velocity when the result of the observation by the
peripheral object observation device 811 and the like cannot be obtained or reliability of the obtained observation result
is low.
[0064]  The angular velocity estimation apparatus 200 includes a relative position acquisition unit 211, a speed ob-
servation value acquisition unit 212, an angular velocity observation value acquisition unit 213, a stationary object
determination unit 220, an object correlation unit 230, and a state estimation unit 240.
[0065] The relative position acquisition unit 211 receives the signal output by the peripheral object observation device
811 to obtain the result of the observation by the peripheral object observation device 811, using the input device 902.
Using the processing device 911, the relative position acquisition unit 211 determines a time at which the relative position
acquisition unit 211 has received the signal output by the peripheral object observation device 811, thereby computing
an observation time at which the peripheral object observation device 811 has observed the object. The relative position
acquisition unit 211 may be configured to regard the time at which the relative position acquisition unit 211 has received
the signal as the observation time. Alternatively, the relative position acquisition unit 211 may be configured to consider
a delay time of the peripheral object observation device 811 and regard a time earlier than the time of reception of the
signal just by the delay time as the observation time. The signal output by the peripheral object observation device 811
may include information indicating the observation time at which the peripheral object observation device 811 has
observed the object. In that case, the relative position acquisition unit 211 obtains the observation time from the received
signal, using the processing device 911.
The relative position acquisition unit 211 stores data indicating the observation time at which the peripheral object
observation device 811 has observed the object and data indicating the relative position and the relative speed of the
observed object. The data stored by the relative position acquisition unit 211 is referred to as "peripheral object observation
data". Among the "peripheral object observation data", the data indicating the observation time is referred to as "object
observation time data", data indicating the relative position of the object is referred to as "relative position observation
value data", and data indicating the relative speed of the object is referred to as "relative speed observation value data".
[0066] The speed observation value acquisition unit 212 receives the signal output by the moving speed observation
device 821, and obtains the result of the observation by the moving speed observation device 821, using the input device
902. The moving speed acquisition unit 212 performs a process similar to that by the relative position acquisition unit
211 to obtain an observation time at which the moving speed observation device 821 has observed the moving speed
of the moving object, using the processing device 911. The moving speed acquisition unit 212 stores data indicating the
observation time at which the moving speed observation device 821 has observed the moving speed of the moving
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object and the observed moving speed of the moving object, using the storage device 914. The data stored by the
moving speed acquisition unit 212 is referred to as "moving speed data". In the "moving speed data", data indicating
the observation time is referred to as "moving speed observation time data", while data indicating the moving speed of
the moving object is referred to as "moving speed observation value data".
[0067] The angular velocity observation value acquisition unit 213 receives the signal output by the angular velocity
observation device 831, and obtains the result of the observation by the angular velocity observation device 831, using
the input device 902. The angular velocity observation value acquisition unit 213 performs a process similar to that by
the relative position acquisition unit 211 or the speed observation value acquisition unit 212 to obtain an observation
time at which the angular velocity observation device 831 has observed the angular velocity of the moving object, using
the processing device 911. The angular velocity observation value acquisition unit 213 stores data indicating the obser-
vation time at which the angular velocity observation device 831 has observed the angular velocity of the moving object
and the observed angular velocity of the moving object, using the storage device 914. The data stored by the angular
velocity observation value acquisition unit 213 is referred to as "moving object angular velocity data". In the "moving
object angular velocity data", data indicating the observation time is referred to as "angular velocity observation time
data", while data indicating the angular velocity of the moving object is referred to as "angular velocity observation value
data".
[0068] The stationary object determination unit 220 determines whether or not the object observed by the peripheral
object observation device 811 is still, using the processing device 911. The stationary object determination unit 220
stores data indicating a result of the determination, using the storage device 914. The data stored by the stationary
object determination unit 220 is referred to as "still determination result data".
The stationary object determination unit 220 receives the peripheral object observation data stored by the relative position
acquisition unit 211 and the moving speed data stored by the moving speed acquisition unit 212, using the processing
device 911, for example. The stationary object determination unit 220 obtains the relative speed observation value data
indicating the relative speed of the object relative to the moving object observed by the peripheral object observation
device 811 from the received peripheral object observation data, using the processing device 911. The stationary object
determination unit 220 obtains the moving speed observation value data indicating the moving speed of the moving
object from the received moving speed data, using the processing device 911. The stationary object determination unit
220 determines whether or not the object observed by the peripheral object observation device 811 is still, based on the
relative speed indicated by the relative speed observation value data and the moving speed indicated by the moving
speed observation value data, using the processing device 911.
[0069] Fig. 16 is a diagram for explaining a relationship between a moving speed of a moving object 801 and respective
relative speeds of objects 701 and 702 relative to the moving object 801.
Arrows 711 and 713 respectively indicate the moving speed of the moving object 801 and the moving speed of the object
702. It is assumed that the object 701 is still. Arrows 721 and 722 respectively indicate the relative speeds of the objects
701 and 702 relative to the moving object 801.
Since the object 701 is still, the object 701 is seen to be moving in a direction just opposite to that of the moving speed
of the moving object 801 at the same speed as the moving speed of the moving object 801, relative to the moving object
801. On contrast therewith, the object 702 is moving. Accordingly, the object 702 is seen to be moving at a speed
obtained by combining an apparent speed (indicated by an arrow 723) caused by movement of the moving object 801
and the actual speed (indicated by the arrow 713) caused by movement of the object 702, relative to the moving object
801. Accordingly, the relative speed (apparent speed) of the object relative to the moving object can be expressed by
the following equation. 

where Vr denotes a vector indicating the relative speed of the object relative to the moving object, vt denotes a vector
indicating the moving speed of the object, and vs denotes a vector indicating the moving speed of the moving object.
[0070] The stationary object determination unit 220 adds the vector vr indicating the relative speed of the object relative
to the moving object and the vector vs indicating the moving speed of the moving object, thereby computing the vector
vt indicating the moving speed of the object, using the processing device 911. The stationary object determination unit
220 computes the absolute value of the computed vector vt, using the processing device 911. The stationary object
determination unit 220 compares the computed absolute value with a predetermined threshold value, using the processing
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device 911. The threshold value is set in advance in view of observation errors of the relative speed of the object relative
to the moving object and of the moving speed of the moving object. When the absolute value of the vector vt is smaller
than the threshold value, the stationary object determination unit 220 determines that the object is still, using the process-
ing device 911.
[0071] When the relative speeds of the objects relative to the moving object are observed using the Doppler effect,
the observed relative speeds are only components (indicated by arrows 725 and 726) of the apparent speeds (indicated
by the arrows 721 and 722) of the objects in distance directions between the moving object and the objects. Components
(indicated by arrows 727 and 728) in a direction of rotation around the moving object 801 are not observed. The observed
relative speed can be expressed by the following equation. 

where vd denotes a real number indicating a component of the relative speed of the object relative to the moving object
in the distance direction, and α denotes a real number indicating the angle between the direction of the relative speed
of the object relative to the moving object and the direction of the moving object seen from the object.
Since the components (indicated by the arrows 727 and 728) of the relative speeds of the objects relative to the moving
object in the direction of rotation around the moving object 801 are not observed, the angle α is unknown. However, the
object 701 is still. Thus, the angle α (indicated by reference numeral 733) of the object 701 matches an angle 731
between the moving direction of the moving object 801 and a direction in which the object 701 is seen from the moving
object 801. On contrast therewith, the object 702 is moving. Thus, the angle α (indicated by reference numeral 734) of
the object 702 does not necessarily matches an angle 732 between the moving direction of the moving object 801 and
a direction in which the object 702 is seen from the moving object 801.
[0072] The stationary object determination unit 220 computes the cosine of the angle between the moving direction
of the moving object and a direction in which the object is seen from the moving object, using the processing device
911, for example. The stationary object determination unit 220 computes the product between the absolute value of the
vector vs indicating the moving speed of the moving object and the computed cosine, using the processing device 911.
The stationary object determination unit 220 computes a difference by subtracting the real number vd indicating the
component of the relative speed of the object relative to the moving object in the distance direction from the computed
product, using the processing device 911. The stationary object determination unit 220 compares the computed difference
with a predetermined threshold value, using the processing device 911. The threshold value is set in advance in view
of observation errors of the relative speed of the object relative to the moving object and of the moving speed of the
moving object. When the difference is smaller than the threshold value, the stationary object determination unit 220
determines that the object is still, using the processing device 911.
[0073] Fig. 17 is a diagram for explaining a relationship between times 781 to 783 at which the relative speed of the
object relative to the moving object has been observed and times 791 to 799 at which the moving speed of the moving
object has been observed.
As described above, an observation cycle 771 in which the peripheral object observation device 811 observes the relative
position and relative speed of the object relative to the moving object and an observation cycle 772 in which the moving
speed observation device 821 observes the moving speed of the moving object are different. The observation times 781
to 783 at which the peripheral object observation device 811 observes the relative position and the relative speed of the
object relative to the moving object are the times of scanning a direction of presence of the object. Thus, when the
direction of presence of the object is changed, a timing in one observation cycle is changed. Accordingly, the observation
times 781 to 783 are irregular. On contrast therewith, intervals between the observation times 791 to 799 at which the
moving speed observation device 821 observes the moving speed of the moving object are constant, and each interval
is equal to the observation cycle 772.
Accordingly, the observation times 781 to 783 at which the relative speed of the object relative to the moving object is
observed are hardly likely to coincide with the observation times 791 to 799 at which the moving speed of the moving
object is observed. However, the relative speed of the object relative to the moving object and the moving speed of the
moving object, which are used for determination by the stationary object determination unit 220 as to whether the object
is still or not, need to be observed at a same time.
[0074] When the moving speed of the moving object is observed by counting the number of rotations of the vehicle
axle, the observed moving speed is the average value of the moving speeds at times from start to finish of the counting.
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The moving speed observed at the time 793 is the average value of the moving speeds from the time 792 to the time
793, for example. Accordingly, the stationary object determination unit 220 should compare the relative speed of the
object relative to the moving object observed at the time 781 with the moving speed of the moving object observed at
the time 793.
[0075] The stationary object determination unit 220 executes the process whenever the speed observation value
acquisition unit 212 obtains a result of the observation by the moving speed observation device 821, using the processing
device 911, for example. The stationary object determination unit 220 receives current moving speed data and imme-
diately preceding moving speed data which have been stored by the speed observation value acquisition unit 212, using
the processing device 911. The stationary object determination unit 220 obtains two moving speed observation time
data respectively indicating a current observation time and an immediately preceding observation time at which the
moving speed observation device 821 has observed the moving speeds of the moving object, from the received two
moving speed data, using the processing device.
Next, the stationary object determination unit 220 receives one unprocessed peripheral object observation data from
among the peripheral object observation data stored by the relative position acquisition unit 211, using the processing
device 911. The stationary object determination unit 220 obtains the object observation time data indicating the obser-
vation time at which the peripheral object observation device 811 has observed the object, from the received peripheral
object observation data, using the processing device 911. The stationary object determination unit 220 compares the
observation time indicated by the obtained object observation time data with the observation times indicated by the
obtained two moving speed observation time data, using the processing device 911.
When the observation time at which the peripheral object observation device 811 has observed the object is before the
immediately preceding observation time at which the moving speed observation device 821 has observed the moving
speed of the moving object, the stationary object determination unit 220 determines whether or not the object observed
by the peripheral object observation device 811 is still, using the moving speed of the moving object observed by the
moving speed observation device 821 at the immediately preceding observation time. Using the processing device 911,
the stationary object determination unit 220 obtains the moving speed observation value data indicating the moving
speed observed by the moving speed observation device 821 from the received immediately preceding moving speed
data.
When the observation time at which the peripheral object observation device 811 has observed the object is after the
immediately preceding observation time at which the moving speed observation device 821 has observed the moving
speed of the moving object and before the current observation time, the stationary object determination unit determines
whether or not the object observed by the peripheral object observation device 811 is still, using the moving speed of
the moving object observed by the moving speed observation device 821 at the current observation time. Using the
processing device 911, the stationary object determination unit 220 obtains the moving speed observation value data
indicating the moving speed observed by the moving speed observation device 821 from the received current moving
speed data.
When the observation time at which the peripheral object observation device 811 has observed the object is after the
current observation time at which the moving speed observation device 821 has observed the moving speed of the
moving object, the stationary object determination unit 220 determines whether or not the object observed by the pe-
ripheral object observation device 811 is still, using the moving speed of the moving object that will be observed by the
moving speed observation device 821 at a subsequent observation time. Since the observation value of the moving
speed of the moving object at the subsequent observation time is not obtained yet, the stationary object determination
unit 220 does not execute the process on the peripheral object observation data.
[0076] As described above, the stationary object determination unit 220 selects the moving speed of the moving object
used for determining whether or not the object observed by the peripheral object observation device 811 is still from the
result of the observation by the moving speed observation device 821, for example. Alternatively, the stationary object
determination unit 220 may be configured to compute the moving speed of the moving object used for determining
whether or not the object observed by the peripheral object observation device 811 is still, based on the results of the
observation by the moving speed observation device 821.
[0077] Using the processing device 911, the stationary object determination unit 220 performs a smoothing process,
based on the observation times and the moving speeds indicated by the moving speed data stored by the moving speed
acquisition unit 212, for example. When the observation time at which the peripheral object observation device 811 has
observed the object is before a most recent one of the observation times at which the moving speed observation device
821 has observed the moving speed of the moving object, the stationary object determination unit 220 estimates the
moving speed of the moving object at the observation time at which the peripheral object observation device 811 has
observed the object, based on a result of the smoothing process, using the processing device 911. Alternatively, when
the observation time at which the peripheral object observation device 811 has observed the object is before the most
recent observation time at which the moving speed observation device 821 has observed the moving speed of the
moving object, the stationary object determination unit 220 predicts the moving speed of the moving object at the
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observation time at which the peripheral object observation device 811 has observed the object, based on the result of
the smoothing process, using the processing device 911. The stationary object determination unit 220 determines
whether or not the object observed by the peripheral object observation device 811 is still, using the processing device
911 and the estimated or predicted moving speed of the moving object.
[0078] The object correlation unit 230 performs a correlation process about an object observed by the peripheral object
observation device 811 and determined to be still by the stationary object determination unit 220, using the processing
device 911. That is, the object correlation unit 230 determines results of observations of the identical stationary object
a plurality of times from among the results of the observations of the objects by the peripheral object observation device
811. The object correlation unit 230 stores data indicating a result of the determination, using the storage device 914.
The data stored by the object correlation unit 230 is referred to as "correlation result data".
The object correlation unit 230 receives the still determination result data stored by the stationary object determination
unit 220, using the processing device 911, for example. The object correlation unit 230 receives one unprocessed
peripheral object observation data on the object determined to be still by the stationary object determination unit 220
from among the peripheral object observation data stored by the relative position acquisition unit 211, based on the
result of the determination indicated by the received still determination result data, using the processing device 911. The
object correlation unit 230 obtains the object observation time data indicating the observation time at which the peripheral
object observation device 811 has observed the object and the relative position observation value data indicating the
relative position of the object relative to the moving object observed by the peripheral object observation device 811,
from the received peripheral object observation data, using the processing device 911.
When the trajectory of the relative position of the object relative to the moving object estimated from processed peripheral
object observation data is present, the object correlation unit 230 determines whether or not the observation time and
the relative position indicated by the obtained data fit the trajectory, using the processing device 911. When the observation
time and the relative position fit a plurality of trajectories, the object correlation unit 230 determines one of the trajectories
which the observation time and the relative position indicated by the obtained data best fit, using the processing device
911. The object correlation unit 230 incorporates the observation time and the relative position indicated by the obtained
data into the best fit trajectory, and thereby updates the trajectory, using the processing device 911.
When the observation time and the relative position indicated by the obtained data fit no trajectory, the object correlation
unit 230 determines whether or not there is one of other peripheral object observation data fitting no trajectory that may
form a new trajectory, using the processing device 911. When there is the peripheral object observation data that may
form the new trajectory, the object correlation unit 230 generates the new trajectory, using the processing device 911.
The object correlation unit 230 stores data indicating the generated or updated trajectory, using the storage device 914.
[0079] The absolute position and the orientation of the moving object are not known yet in this stage of the correlation
process. Thus, the correlation process by the object correlation unit 230 is performed, based on the relative position
(apparent position) of the object relative to the moving object.
[0080] Fig. 18 is a diagram for explaining a relationship between a moving trajectory 751 of the moving object 801
and trajectories 761 to 766 of relative positions of objects 703 to 708 relative to the moving object 801.
It is assumed, for example, that the moving object 801 has meandered, as indicated by the moving trajectory 751.
Further, it is assumed that the objects 703 to 708 are still.
[0081] At a time 785, the peripheral object observation device 811 observes relative positions 741a to 741f of the
objects 703 to 708 relative to the moving object 801.
At a time 786, the peripheral object observation device 811 observes relative positions 742a to 742f of the objects 703
to 708 relative to the moving object 801.
At a time 787, the peripheral object observation device 811 observes relative positions 743a to 743f of the objects 703
to 708 relative to the moving object 801.
The object correlation unit 230 performs the correlation process based on these results of the observations, thereby
generating the trajectories 761 to 766.
[0082] As described above, the relative positions of the stationary objects 703 to 708 relative to the moving object
801 change with movement of the moving object 801. Particularly when the moving object 801 turns around, directions
in which the objects 703 to 708 are seen greatly change. Thus, the relative positions of the objects 703 to 708 relative
to the moving object 801 also greatly change.
For this reason, the trajectories 761 to 766 of the relative positions of the stationary objects 703 to 708 relative to the
moving object 801 may form a complex shape as shown in Fig. 18.
[0083] When the peripheral object observation device 811 observes the stationary objects 703 to 708, the respective
relative positions of the objects 703 to 708 relative to the moving object 801 greatly change with movement or turn of
the moving object 801. However, a positional relationship among the objects 703 to 708 remains unchanged. Not only
directions of the relative positions of the objects 703 to 708 relative to the moving object 801 change with turn of the
moving object 801, but also directions and distances of the relative positions of the objects 703 to 708 relative to the
moving object 801 change with movement of the moving object 801. On contrast therewith, since the objects 703 to 708
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are still, distances between the respective objects 703 to 708 remain unchanged, even if the moving object 801 has
moved or turned. Only directions among the objects 703 to 708 change with turn of the moving object 801.
[0084] Taking advantage of this phenomenon, the object correlation unit 230 predicts relative positions of the objects
relative to the moving object 801 observed by the peripheral object observation device 811, using the processing device
911. The object correlation unit 230 performs the correlation process using the processing device 911 and a result of
prediction.
[0085] The object correlation unit 230 selects one stationary object from among a plurality of objects observed by the
peripheral object observation device 811 in one scanning cycle, using the processing device 911, for example. The
object correlation unit 230 translates coordinates of relative positions of a plurality of stationary objects relative to the
moving object 801 observed in the current scanning cycle in parallel so that coordinates of the selected object coincide
with the origin, using the processing device 911. Similarly, the object correlation unit 230 selects one stationary object
from among a plurality of objects observed by the peripheral object observation device 811 in an immediately preceding
scanning cycle, using the processing device 911. The object correlation unit 230 translates coordinates of relative
positions of a plurality of stationary objects relative to the moving object 801 observed in the immediately preceding
scanning cycle in parallel so that coordinates of the selected object coincide with the origin, using the processing device
911.
The object correlation unit 230 rotates coordinates obtained by the parallel translation of the coordinates of the relative
positions of the stationary objects observed by the peripheral object observation device 811 in the current scanning
cycle with respect to the origin, using the processing device 911. The object correlation unit 230 computes a distance
between each of coordinates resulting from the rotation and each of coordinates obtained by the parallel translation of
the relative positions of the stationary objects observed by the peripheral object observation device 811 in the immediately
preceding scanning cycle, using the processing device 911. When the computed distance is smaller than a predetermined
threshold value, the object correlation unit 230 regards the objects corresponding to the two coordinates as the identical
object and counts the number of pairs of the coordinates, each pair of which may be regarded as the coordinates of the
identical object, using the processing device 911.
Using the processing device 911, the object correlation unit 230 repeats this operation by changing an angle of rotation,
and obtains the angle having the largest number of the pairs of the coordinates; each pair of which may be regarded as
the coordinates of the identical object.
Using the processing device 911, the object correlation unit 230 repeats this operation by changing a combination of
the object selected from the plurality of objects observed in the current scanning cycle and the object selected from the
plurality of objects observed in the immediately preceding scanning cycle, thereby obtaining the combination and the
angle of rotation having the largest number of the pairs of the coordinates, each pair of which may be regarded as the
coordinates of the identical object.
[0086] Fig. 19 is a diagram for explaining the operation of the object correlation unit 230 in this embodiment.
Using the processing device 911, the object correlation unit 230 selects the relative position 741c, for example, from
among relative positions 741a to 741f of stationary objects relative to the moving object 801 observed by the peripheral
object observation device 811 in an immediately preceding scanning cycle. Using the processing device 911, the object
correlation unit 230 translates coordinates of the relative positions 741a to 741f in parallel so that the coordinates of the
relative position 741c coincide with the origin.
Next, using the processing device 911, from among relative positions 742a to 742f of stationary objects relative to the
moving object 801 observed by the peripheral object observation device 811 in a current scanning cycle, the object
correlation unit 230 selects the relative position 742c, for example. The object correlation unit 230 moves coordinates
of the relative positions 742a to 742f in parallel so that the coordinates of the relative position 742c coincide with the origin.
The object correlation unit 230 rotates coordinates of the relative positions 742a to 742f obtained by the parallel translation
with respect to the origin, using the processing device 911. The object correlation unit 230 compares coordinates of the
relation positions 742a to 742f resulting from the rotation with coordinates of the relative positions 741a to 741f obtained
by the parallel translation to count the number of pairs of the coordinates, each pair of which may be regarded as the
coordinates of the identical object.
[0087] When a combination of the relative positions selected by the object correlation unit 230 is the pair of the relative
positions of the identical object actually observed by the peripheral object observation device 811 and the angle of
rotation of the coordinates matches the turn angle of the moving object 801, the number of pairs of the coordinates,
each pair of which may be regarded as the coordinates of the identical object, is the largest.
The object correlation unit 230 determines the combination of the relative positions having the largest number of pairs
of the coordinates, each pair of which may be regarded as the coordinates of the identical object, as relative positions
obtained by observation of the identical object by the peripheral object observation device 811. The object correlation
unit 230 determines the combination of the relative positions corresponding to the pair of the coordinates which was
regarded as the coordinates of the identical object, as the relative positions obtained by observation of the identical
object by the peripheral object observation device 811.
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[0088] As described above, the object correlation unit 230 performs the correlation process only about the object
determined to be still by the stationary object determination unit 220. Thus, even if the moving trajectory 751 of the
moving object 801 is not unknown, the object observed by the peripheral object observation device 811 may be correlated
and tracked.
[0089] The object correlation unit 230 may be configured to correlate and track all combinations of relative positions.
Alternatively, the object correlation unit 230 may be configured to narrow down the combinations of relative positions
for correlation and tracking, using information such as the moving speed of the moving object 801 observed by the
moving speed observation device 821.
Further, the object correlation unit 230 may be configured not to limit the range of the angle by which the coordinates
translated in parallel is rotated. Alternatively, the object correlation unit 230 may be configured to narrow down the angle,
using information such as the angular velocity of the moving object 801 observed by an angular velocity observation
device 831.
[0090] When the above-mentioned pairs of coordinates are concentrated into a narrow range, the narrow range may
be details of one object. Accordingly, the object correlation unit 230 may be configured not to compare the number of
pairs of coordinates, each pair of which may be regarded the coordinates of the identical object, but to compare the area
of a convex polygon with vertices thereof being the pairs of coordinates each pair of which may be regarded as the
coordinates of the identical object. A combination of the relative positions or the rotation angle having the largest area
of the convex polygon should be thereby determined.
[0091] The state estimation unit (angular velocity estimation unit) 240 estimates state quantities such as the position,
speed, moving direction and angular velocity of the moving object, a gain error of the moving speed observed by the
moving speed observation device 821, and a bias error of the angular velocity observed by the angular velocity observation
device 831, using the processing device 911. The state estimation unit 240 stores data indicating a result of estimation,
using the storage device 914. The state estimation unit 240 outputs the result of estimation to the outside, using the
output device 901.
When estimating the state quantities, the state estimation unit 240 use the relative positions of an object relative to the
moving object 801, which have been determined to be results of observations of the identical stationary object by the
object correlation unit 230.
Assume that one object has been observed over a plurality of scanning cycles. The larger the number of the scanning
cycles in which the object has been observed is, more valuable the use of the relative positions of the object relative to
the moving object 801 observed by the peripheral object observation device 811 is. For this reason, only when the
number of the scanning cycles in which the object has been observed is larger than a predetermined threshold value,
the relative positions of the object relative to the moving object 801 observed by the peripheral object observation device
811 may be used. Alternatively, only when the number of the scanning cycles in which the object has been continuously
observed is larger than a predetermined threshold value, the relative positions of the object relative to the moving object
801 observed by the peripheral object observation device 811 may be used. To take an example, using the processing
device 911, the state estimation unit 240 computes the number of the scanning cycles in which the object has been
continuously observed, based on a result of the determination by the object correlation unit 230. Then, the state estimation
unit 240 compares the computed number of the scanning cycles with the threshold value. Only when the number of the
scanning cycles in which the object has been continuously observed is larger than the threshold value, the state estimation
unit 240 uses the relative positions of the object relative to the moving object 801 observed by the peripheral object
observation device 811.
[0092] The relative position of the object relative of the moving object observed by the peripheral object observation
device 811 may be considered as coordinates of a relative coordinate system in which the absolute position of the
moving object is set to the origin, and the moving direction of the moving object is used as a reference.
[0093] Fig. 20 is a diagram for explaining a relationship between the relative coordinate system using the moving
object 801 as the reference and an absolute coordinate system using a still point as a reference.
While X and Y axes are coordinate axes in the relative coordinate system using the moving object 801 as the reference,
x and y axes are coordinate axes of the absolute coordinate system. The origin of the absolute coordinate system may
be set to any still point.
The position of the moving object 801 in the absolute coordinate system is denoted as (xs, ys), and an angle formed
between the moving direction of the moving object 801 and the y axis of the absolute coordinate system is denoted as
θ. There is the following relationship between coordinates (X, Y) of the relative coordinate system and coordinates (x,
y) of the absolute coordinate system. 
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where Rθ denotes a matrix indicating rotation conversion of the angle θ.
[0094] Coordinates of a stationary object in the absolute coordinate system is denoted as (xt, yt), and coordinates of
the relative position of the object relative to the moving object observed by the peripheral object observation device 811
is denoted as (xr, yr). Then, when an observation error is not considered, the coordinate conversion indicated by Ex-
pression 20 can be applied. Thus, the following equation holds: 

[0095] The state estimation unit 240 uses a model indicated by the following expressions to perform estimation, using
an extended Kalman filter, for example:

where x1 denotes a vector representing state quantities. xt denotes the x coordinate of the stationary object observed
by the peripheral object observation device 811 in the absolute coordinate system. yt denotes the y coordinate of the
stationary object observed by the peripheral object observation device 811 in the absolute coordinate system. xs denotes
the x coordinate of the moving object in the absolute coordinate system. ys denotes the y coordinate of the moving object
in the absolute coordinate system. v denotes a moving speed of the moving object. θ denotes the moving direction of
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the moving object. ω denotes an angular velocity of the moving object. f1 denotes a function indicating a state transition
model. ∆t denotes an elapse of time. z1 denotes a vector indicating an amount of observation. xr denotes the X coordinate
of the relative position of the stationary object relative to the moving object observed by the peripheral object observation
device 811. yr denotes the Y coordinate of the stationary object relative to the moving object observed by the peripheral
object observation device 811. h1 denotes a function indicating an observation model.
[0096] The state estimation unit 240 may be configured to use the moving speed of the moving object observed by
the moving speed observation device 821 and the angular velocity of the moving object observed by the angular velocity
observation device 831 as well as the coordinates (xr, yr) of the relative position of the object relative to the moving
object observed by the peripheral object observation device 811, as observation values for the extended Kalman filter.
In that case, the state estimation unit 240 performs estimation using a model indicated by the following equations, for
example: 

where x denotes a vector indicating state quantities. εv denotes a gain error of the moving speed of the moving object
observed by the moving speed observation device 821. εω denotes a bias error of the angular velocity of the moving
object observed by the angular velocity observation device 831. f denotes a function indicating a state transition model.
z denotes a vector indicating an amount of observation. vo denotes the moving speed of the moving object observed
by the moving speed observation device 821. ωo denotes the angular velocity of the moving object observed by the
angular velocity observation device 831. x1, f1, z1, and h1 follow the definitions in Expression 22.
[0097] The time when the peripheral object observation device 811 observes the object, the time when the moving
speed observation device 821 observes the moving speed of the moving object, and the time when the angular velocity
observation device 831 observes the angular velocity of the moving object are respectively different. However, there is
no correlation among errors of observation values observed by the respective observation devices. For this reason,
observation functions are spareted for each observation value observed by each of the observation devices, for example.
The state estimation unit 240 performs an updating process whenever one of the observation devices performs obser-
vation.
[0098] When relative positions of a plurality of objects relative to the moving object are used for estimation of state
quantities, the state estimation unit 240 may be configured to use the state quantity vector (x or x1) extended to include
coordinates of the plurality of objects in the absolute coordinate system.
However, when the order of a matrix computed by the extended Kalman filter is increased, a computation amount is
increased. Accordingly, when processing capability of the processing device 911 is low, computation in real time may
become difficult.
Then, the state estimation unit 240 may be configured to use execution of the extended Kalman filters in parallel for the
respective objects. In that case, the state quantities such as the abso lute coordinates and angular velocity of the moving
object are estimated by each of the extended Kalman filters. Thus, a plurality of estimation values are obtained. Using
the processing device 911, the state estimation unit 240 averages the plurality of estimation values estimated by the
plurality of extended Kalman filters to set estimation values of the state quantities such as the absolute coordinates and
angular velocity of the moving object. When averaging the plurality of estimation values, the state estimation unit 240
may be configured to perform weighting according to accuracy of estimation, using a plurality of error covariance matrices
computed by the plurality of extended Kalman filters.
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[0099] Fig. 21 is a flowchart showing an example of a flow of an angular velocity estimation process S500 in this
embodiment.
In the angular velocity estimation process S500, the angular velocity estimation apparatus 200 estimates the angular
velocity of the moving object or the like. The angular velocity estimation process S500 includes an observation result
acquisition step S510, a still determination step S520, an object correlation step S530, and a state estimation step S550,
for example.
[0100] In the observation result acquisition step S510, the relative position acquisition unit 211, the speed observation
value acquisition unit 212, and the angular velocity observation value acquisition unit 213 respectively obtain results of
the observations by the peripheral object observation device 811, the moving speed observation device 821, and the
angular velocity observation device 831.
In the still determination step S520, the stationary object determination unit 220 determines whether or not an object
observed by the peripheral object observation device 811 is still, based on the observation results obtained in the
observation result acquisition step S510.
In the object correlation step S530, the object correlation unit 230 performs the correlation process about the object
determined to be still by the stationary object determination unit 220 in the still determination step S520.
In the state estimation step S550, the state estimation unit 240 estimates the angular velocity of a moving object or the
like, based on the observation results obtained in the observation result acquisition step S510 and a result obtained by
the correlation process by the object correlation unit 230.
The angular velocity estimation apparatus 200 returns the procedure to the observation result acquisition step S510 to
repeat the process.
[0101] Fig. 22 is a flowchart diagram showing an example of a flow of the observation result acquisition step S510 in
this embodiment.
The observation result acquisition step S510 includes a relative position acquisition step S511, a moving speed acquisition
step S512, and an angular velocity acquisition step S513, for example.
[0102] In the relative position acquisition step S511, the relative position acquisition unit 211 determines whether or
not the peripheral object observation device 811 outputs the signal indicating the observation result, using the processing
device 911. When the relative position acquisition unit 211 determines that the peripheral object observation device 811
outputs the signal, the relative position acquisition unit 211 receives the signal output by the peripheral object observation
device 811, using the input device 902. The relative position acquisition unit 211 obtains the observation result indicated
by the input signal, using the processing device 911. The relative position acquisition unit 211 generates peripheral
object observation data indicating the obtained observation result, using the processing device 911. The peripheral
object observation data generated by the relative position acquisition unit 211 includes object observation time data,
relative position observation value data, and relative speed observation value data, for example.
The object observation time data indicates a time at which the peripheral object observation device 811 has observed
the object. The object observation time data is integer value data in which an elapse of time from a predetermined time
is expressed in millisecond, for example. Alternatively, the object observation time data is a set of integer value data
indicating the number for a frame and integer value data expressing an elapse of time from the start time of the frame
in millisecond. One frame is one cycle of scanning by the peripheral object observation device 811. The length of one
frame is 0.2 seconds, for example.
The relative position observation value data indicates the relative position of the object relative to the moving object
observed by the peripheral object observation device 811. The relative position observation value data is a set of two
real value data expressing coordinates of the object observed by the peripheral object observation device 811 in meter
in a moving-object-referenced relative coordinate system in which the moving object is set to the origin, a running direction
of the moving object is set to a Y axis, and a right direction perpendicular to the running direction of the moving object
is set to an X axis, for example. Alternatively, the relative position observation value data is a set of real value data
expressing a distance between the object and the moving object observed by the peripheral object observation device
811 in meter and real value data expressing an angle between the running direction of the moving object and a direction,
in which the object is seen from the moving object, observed by the peripheral object observation device 811 in radian.
The relative speed observation value data indicates the relative speed of the object relative to the moving object observed
by the peripheral object observation device 811. The relative speed observation value data is a set of two real value
data expressing components of a relative speed vector of the object relative to the moving object observed by the
peripheral object observation device 811 in meter per second in the moving-object-referenced relative coordinate system,
for example. Alternatively, the relative speed observation value data is real number value data expressing a component
of the relative speed of the object relative to the moving object observed by the peripheral object observation device
811 in the direction of a distance between the object and the moving object in meter per second.
The relative position acquisition unit 211 stores the generated peripheral object observation data, using the storage
device 914.
[0103] In the moving speed acquisition step S512, the speed observation value acquisition unit 212 determines whether
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or not the moving speed observation device 821 outputs the signal indicating the observation result, using the processing
device 911. When it is determined that the moving speed observation device 821 outputs the signal, the speed observation
value acquisition unit 212 receives the signal output by the moving speed observation device 821, using the input device
902. The speed observation value acquisition unit 212 obtains the observation result indicated by the received signal,
using the processing device 911. The speed observation value acquisition unit 212 generates moving speed data
indicating the obtained observation result, using the processing device 911. The moving speed data generated by the
speed observation value acquisition unit 212 includes moving speed observation time data and moving speed observation
value data, for example.
The moving speed observation time data indicates a time at which the moving speed observation device 821 has
observed the moving speed of the moving object. The moving speed observation time data is integer value data expressing
an elapse of time from a predetermined time in millisecond, for example.
The moving speed observation value data indicates the moving speed of the moving object observed by the moving
speed observation device 821. The moving speed observation value data is real value data expressing the moving speed
of the moving object observed by the moving speed observation device 821 in meter per second, for example.
The speed observation value acquisition unit 212 stores the generated moving speed data, using the storage device 914.
[0104] In the angular velocity acquisition step S513, the angular velocity observation value acquisition unit 213 deter-
mines whether or not the angular velocity observation device 831 outputs the signal indicating the observation result,
using the processing device 911. When it is determined that the angular velocity observation device 831 outputs the
signal, the angular velocity observation value acquisition unit 213 receives the signal output by the angular velocity
observation device 831, using the input device 902. The angular velocity observation value acquisition unit 213 obtains
the observation result indicated by the received signal, using the processing device 911. The angular velocity observation
value acquisition unit 213 generates angular velocity data indicating the obtained observation result, using the processing
device 911. The angular velocity data generated by the angular velocity observation value acquisition unit 213 includes
angular velocity observation time data and angular velocity observation value data, for example.
The angular velocity observation time data indicates a time at which the angular velocity observation value acquisition
unit 213 has observed the angular velocity of the moving object. The angular velocity observation time data is integer
value data expressing an elapse of time from a predetermined time in millisecond, for example.
The angular velocity observation value data indicates the angular velocity of the moving object observed by the angular
velocity observation value acquisition unit 213. The angular velocity observation value data is real value data expressing
the angular velocity of the moving object observed by the angular velocity observation device 831 in radian per second,
for example.
The angular velocity observation value acquisition unit 213 stores the generated angular velocity data, using the storage
device 914.
[0105] Expression formats of the observation times of the object observation time data, the moving speed observation
time data, and the angular velocity observation time data may be different if mutual conversion of the expression formats
is possible.
[0106] Fig. 23 is a flowchart diagram showing an example of a flow of the still determination step S520 in this embod-
iment.
The still determination step S520 includes a moving speed observation time acquisition step S521, an object selection
step S522, an observation time comparison step S523, and a speed comparison step S524, for example.
[0107] In the moving speed observation time acquisition step S521, the stationary object determination unit 220 obtains
one of the moving speed data having a most recent observation time stored in the moving speed acquisition step S512
by the speed observation value acquisition unit 212, using the processing device 911. The stationary object determination
unit 220 obtains the most recent observation time at which the moving speed observation device 821 has observed the
moving speed of the moving object from moving speed observation time data included in the obtained moving speed
data, using the processing device 911. The stationary object determination unit 220 obtains the moving speed of the
moving object observed by the moving speed observation device 821 from moving speed observation value data included
in the obtained moving speed data, using the processing device 911.
When the moving speed observation device 821 does not observe a new moving speed after the still determination step
S520 has been executed at an immediately preceding time, the stationary object determination unit 220 may finish the
still determination step S520 without performing subsequent processes. The stationary object determination unit 220
compares a most recent observation time obtained when the moving speed observation time acquisition step S521 has
been executed at the immediately preceding time with the most recent observation time obtained at a current time, using
the processing device 911, for example. When the observation times are the same, the stationary object determination
unit 220 finishes the still determination step S520.
[0108] In the object selection step S522, using the processing device 911, the stationary object determination unit
220 selects one of the peripheral object observation data stored by the relative position acquisition unit 211 in the relative
position acquisition step S511, on which determination as to whether the object is still or not has not been done yet.
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When the stationary object determination unit 220 determines about certain peripheral object observation data whether
or not the object in the peripheral object observation data is still in the speed comparison step S524 that will be described
later, for example, the stationary object determination unit 220 associates and stores still determination result data
indicating a result of the determination with the peripheral object observation data, using the storage device 914.
By determining whether or not still determination result data associated with certain peripheral object observation data
is stored, using the processing device 911, the stationary object determination unit 220 determines determination about
the peripheral object observation data whether or not the object is still has been finished.
When the peripheral object observation data to be selected is not present, the stationary object determination unit 220
finishes the still determination step S520, using the processing device 911.
When one or more peripheral object observation data to be selected are present, the stationary object determination
unit 220 selects one of the peripheral object observation data, using the processing device 911. The stationary object
determination unit 220 proceeds to the observation time comparison step S523, using the processing device 911.
[0109] In the observation time comparison step S523, the stationary object determination unit 220 obtains the obser-
vation time at which the peripheral object observation device 811 has observed the object from object observation time
data included in the peripheral object observation data selected in the object selection step S522, using the processing
device 911. The stationary object determination unit 220 compares the obtained observation time with the observation
time obtained in the moving speed observation time acquisition step S521, using the processing device 911.
When the observation time at which the peripheral object observation device 811 has observed the object is after the
most recent observation time at which the moving speed observation device 821 has observed the moving speed of the
moving object, the stationary object determination unit 220 does not determine whether or not the object in the peripheral
object observation data is still. The stationary object determination unit 220 returns the procedure to the object selection
step S522, using the processing device 911, and selects a subsequent one of the peripheral observation data.
When the observation time at which the peripheral object observation device 811 has observed the object is before the
most recent observation time at which the moving speed observation device 821 has observed the moving speed of the
moving object, the stationary object determination unit 220 determines whether or not the object in the peripheral object
observation data is still. Using the processing device 911, the stationary object determination unit 220 proceeds to the
speed comparison step S524.
[0110] In the speed comparison step S524, the stationary object determination unit 220 obtains the relative speed of
the object relative to the moving object observed by the peripheral object observation device 811 from relative speed
observation value data included in the peripheral object observation data selected in the object selection step S522,
using the processing device 911. Using the processing device 911, the stationary object determination unit 220 determines
whether or not the object is still, based on the obtained relative speed and the moving speed of the moving object
obtained in the moving speed observation time acquisition step S521. The stationary object determination unit 220
generates still determination data indicating a result of the determination, using the processing device 911. The stationary
object determination unit 220 associates and stores the generated still determination data with the peripheral object
observation data selected in the object selection step S522, using the storage unit 914.
Using the processing device 911, the stationary object determination unit 220 returns the procedure to the object selection
step S522 to select the subsequent one of the peripheral object observation data.
[0111] Fig. 24 is a flowchart diagram showing an example of a flow of the object correlation step S530 in this embod-
iment.
The object correlation step S530 includes an immediately preceding frame stationary object acquisition step S531, a
current frame stationary object acquisition step S532, an immediately preceding frame object selection step S533, an
immediately preceding frame object parallel translation step S534, a current frame object selection step S535, a current
frame object parallel translation step S536, a rotation angle selection step S537, a current frame object rotation step
S538, a distance computation step S539, an identical object determination step S540, a threshold value determination
step S541, and an identical object storage step S542.
[0112] In the immediately preceding frame stationary object acquisition step S531, the object correlation unit 230
obtains all peripheral object observation data on objects observed by the peripheral object observation device 811 in
an immediately preceding frame and determined to be still by the stationary object determination unit 220 in the still
determination step S520 from among the peripheral object observation data stored by the relative position acquisition
unit 211, using the processing device 911.
Using the processing device 911, for each of the obtained peripheral object observation data, the object correlation unit
230 obtains the number of frames having the peripheral object observation data determined by the object correlation
unit 230 that the peripheral object observation device 811 has observed identical objects in the obtained peripheral
object observation data and peripheral object observation data in one or more frames before the immediately preceding
frame.
Assume that in the identical object storage step S542 which will be described later, for example, the object correlation
unit 230 has determined that peripheral object observation data on an object observed by the peripheral object observation
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device 811 in a certain frame indicates the identical object in the peripheral object observation data observed by the
peripheral object observation device 811 in a frame preceding the certain frame, using the processing device 911. Then,
the object correlation unit 230 generates correlation count data indicating the number of times of correlation. The number
of times of correlation indicates the number of frames in which it has been determined that the identical object has been
observed. The object correlation unit 230 associates and stores the correlation count data with the peripheral object
observation data, using the storage device 914. When the peripheral object observation data determined to be obtained
by observation of the identical object in a frame preceding the certain frame has no associated correlation count data,
the object correlation unit 230 generates the correlation count data in which the number of times of correlation is set to
"one". When the correlation count data associated with the peripheral object observation data determined to be obtained
by observation of the identical object is present, the object correlation unit 230 generates new correlation count data
having the number of times of correlation obtained by incrementing the number of times of correlation indicated by the
correlation count data by one.
Using the processing device 911, the object correlation unit 230 obtains the number of times of correlation indicated by
the correlation count data stored associated with the obtained peripheral object observation data. The object correlation
unit 230 thereby obtains the number of frames in which it has been determined that the identical object was observed.
The object correlation unit 230 ranks all the obtained peripheral object observation data in the descending order of the
obtained number of the frames, using the processing device 911. The larger the number of correlated frames is, the
lower the possibility that the peripheral object observation data is obtained by erroneous detection due to noise or the
like, and the lower the possibility of the erroneous recognition of a moving object to be still. For this reason, the peripheral
object observation data having a large number of correlated frames is highly likely to be correlated with peripheral object
observation data in a current frame as well. By ranking the peripheral object observation data in the descending order
of the possibility of being correlated with the peripheral object observation data in the current frame in advance, the
amount of computation in the object correlation step S530 may be reduced.
[0113] In the current frame stationary object acquisition step S532, the object correlation unit 230 obtains all peripheral
object observation data on objects observed by the peripheral object observation device 811 in a most recent frame and
determined to be still by the stationary object determination unit 220 in the still determination step S520 from among the
peripheral object observation data stored by the relative position acquisition unit 211, using the processing device 911.
[0114] In the immediately preceding frame object selection step S533, the object correlation unit 230 selects one of
the peripheral object observation data in the order of the ranking in the immediately preceding frame stationary object
acquisition step S531 from among the peripheral object observation data obtained in the immediately preceding frame
stationary object acquisition step S531, using the processing device 911.
When all the peripheral object observation data obtained in the immediately preceding frame stationary object acquisition
step S531 have been already selected and no peripheral object observation data to be selected is present, the object
correlation unit 230 proceeds to the identical object storage step S542, using the processing device 911.
[0115] When there are the peripheral object observation data that have not been selected yet, the object correlation
unit 230 selects one of the peripheral object observation data that have not been selected yet, using the processing
device 911. The object correlation unit 230 predicts the relative position of an object that is identical to the object in the
selected peripheral object observation data and that will be observed by the peripheral object observation device 811
in the current frame. Using the processing device 911, the object correlation unit 230 makes prediction, based on a state
quantity such as the trajectory of the relative position of the correlated object relative to the moving object in the frames
up to the immediately preceding frame or the angular velocity of the moving object estimated by the state estimation
unit 240, for example.
[0116] In the immediately preceding frame object parallel translation step S534, using the processing device 911, the
object correlation unit 230 subtracts coordinates of relative positions of the objects relative to the moving object indicated
by relative position observation value data included in the peripheral object observation data selected in the current
frame stationary object acquisition step S532 from coordinates of relative positions of the objects relative to the moving
object observed by the peripheral object observation device 811 indicated by relative position observation value data
included in all of the peripheral object observation data obtained in the immediately preceding frame stationary object
acquisition step S531, thereby translating the coordinates of the objects in parallel. The object correlation unit 230 stores
data indicating coordinates obtained by parallel translation for each of the peripheral object observation data obtained
in the immediately preceding frame stationary object acquisition step S531, using the storage device 914.
[0117] In the current frame object selection step S535, using the processing device 911, the object correlation unit
230 ranks the peripheral object observation data obtained in the current frame stationary object acquisition step S532
in the order of closeness of the relative position of each object relative to the moving object observed by the peripheral
object observation device 811 indicated by the relative position observation value data included in the peripheral object
observation data to the relative position predicted in the immediately preceding frame object selection step S533. This
operation is performed because the shorter the distance of the relative position of the object to the predicted relative
position is, the higher the possibility that the identical object has been observed is. The object correlation unit 230 may
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be configured to extract only the peripheral object observation data where distance between its relative position and the
predicted relative position shorter than a predetermined threshold value, and then ranks the extracted data in the order
of closeness of the relative positions.
Using the processing device 911, the object correlation unit 230 selects one of the peripheral object observation data
obtained in the current frame stationary object acquisition step S532 (or the extracted peripheral object observation data
each having the distance to the relative position predicted in the immediately preceding frame object selection step S533
shorter than the predetermined threshold value) in the order of closeness of the distance to the relative position predicted
in the immediately preceding frame object selection step S533.
When all of the peripheral object observation data obtained in the current frame stationary object acquisition step S532
(or the extracted peripheral object observation data each having the distance to the relative position predicted in the
immediately preceding frame object selection step S533 shorter than the predetermined threshold value) have been
already selected, and no peripheral object observation data to be selected is present, the object correlation unit 230
returns the procedure to the immediately preceding frame object selection step S533, using the processing device 911,
and selects a subsequent one of the peripheral object observation data selected in the immediately preceding frame
stationary object acquisition step S531.
When there are the peripheral object observation data that have not been selected yet, the object correlation unit 230
selects one of the peripheral object observation data that have not been selected yet, using the processing device 911,
and proceeds to the current frame object parallel translation step S536.
[0118] In the current frame object parallel translation step S536, using the processing device 911, the object correlation
unit 230 subtracts coordinates of the relative position of the object relative to the moving object indicated by the relative
position observation value data included in the peripheral object observation data selected in the current frame object
selection step S535 from coordinates of the relative positions of the objects observed by the peripheral object observation
device 811 indicated by the relative position observation value data included in all of the peripheral object observation
data obtained in the current frame stationary object acquisition step S532, thereby translating the coordinates of the
objects in parallel. The object correlation unit 230 stores data indicating coordinates obtained by translating in parallel
for each of the peripheral object observation data obtained in the current frame stationary object acquisition step S532,
using the storage device 914.
[0119] In the rotation angle selection step S537, the object correlation unit 230 assumes that the peripheral object
observation data selected in the immediately preceding frame object selection step S533 and the peripheral object
observation data selected in the current frame object selection step S535 are the peripheral object observation data
indicating observation results obtained by observation of the identical object, and estimates the turn angle of the moving
object, using the processing device 911. The object correlation unit 230 may be configured to use the state quantity
estimated by the state estimation unit 240 or the angular velocity of the moving object observed by the angular velocity
observation device 831 or the like for estimation of the turn angle. The object correlation unit 230 determines a plurality
of rotation angles for trial, based on the estimated turn angle, using the processing device 911.
The object correlation unit 230 selects one of the determined rotation angles in the order of closeness to the estimated
turn angle, using the processing device 911.
When all of the determined rotation angles have already been selected and no rotation angle to be selected is present,
the object correlation unit 230 returns the procedure to the current frame object selection step S535, using the processing
device 911, and selects a subsequent one of the peripheral object observation data obtained in the current frame
stationary object acquisition step S532.
When an unselected one of the rotation angles is present, the object correlation unit 230 selects the unselected one of
the rotation angles, using the processing device 911, and proceeds to the current frame object rotation step S538.
[0120] In the current frame object rotation step S538, the object correlation unit 230 rotates the coordinates of the
objects obtained by parallel translation in the current time object parallel translation step S536 for all the peripheral object
observation data obtained in the current frame stationary object acquisition step S532, with respect to the origin by the
rotation angle selected in the rotation angle selection step S537, using the processing device 911.
[0121] In the distance computation step S539, for all combinations of all the peripheral object observation data obtained
in the immediately preceding frame stationary object acquisition step S531 and all the peripheral object observation data
obtained in the current frame stationary object acquisition step S532, using the processing device 911, the object
correlation unit 230 computes distances between the respective coordinates about the peripheral object observation
data obtained in the immediately preceding frame stationary object acquisition step S531, obtained by parallel translation
in the immediately preceding frame object parallel translation step S534 and the respective coordinates about the
peripheral object observation data obtained in the current frame stationary object acquisition step S532, obtained by
rotation in the current time object rotation step S538. The object correlation unit 230 generates pairs of the peripheral
object observation data obtained in the immediately preceding frame stationary object acquisition step S5311 and the
peripheral object observation data obtained in the current frame stationary object acquisition step S532 in the ascending
order of the computed distances, using the processing device 911.
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[0122] In the identical object determination step S540, using the processing device 911, the object correlation unit
230 counts the number of the pairs of the peripheral object observation data generated in the distance computation step
S539 each having the computed distance shorter than a predetermined threshold value. The object correlation unit 230
compares the counted number of the pairs with the maximum value of the number of pairs having been counted so far
in the identical object determination step S540 during the current prosecution of the object correlation step S530, using
the processing device 911.
When it is found that the current counted number of the pairs is smaller than the maximum value of the number of pairs
counted so far, the object correlation unit 230 returns the procedure to the rotation angle selection step S537 to select
a subsequent one of the rotation angles.
When it is found that the current counted number of the pairs is larger than the maximum value of the number of pairs
counted so far, the object correlation unit 230 stores data indicating the pairs each having the computed distance shorter
than the predetermined threshold value from among the pairs generated in the distance computation step S539 and the
counter number of the pairs, using the storage device 914. The object correlation unit 230 proceeds to the threshold
determination step S541, using the processing device 911.
[0123] In the threshold determination step S541, the object correlation unit 230 compares the number of the pairs
counted in the distance computation step S539 with a predetermined threshold value, using the processing device 911.
When it is found that the counted number of the pairs is smaller than the threshold value, the object correlation unit 230
returns the procedure to the rotation angle selection step S537 to select the subsequent one of the rotation angles.
When it is found that the counted number of the pairs is larger than the threshold value, the object correlation unit 230
proceeds to the identical object storage step S542, using the processing device 911. The reason for this operation is as
follows. Since the process is tried in the descending order of the possibility that correlation may be taken, it is highly
likely that a correct combination and a correct rotation angle may be found in an early stage. Thus, the amount of
computation is reduced not by performing trial of the process after it has been found that the counted number of the
pairs is larger than the threshold value.
The threshold value used in the comparison may be a predefined constant. Alternatively, the object correlation unit 230
may compute the threshold, based on the number of the peripheral object observation data obtained in the immediately
preceding frame stationary object acquisition step S531 and the number of the peripheral object observation data obtained
in the current frame stationary object acquisition step S532. To take an example, the object correlation unit 230 compares
the number of the peripheral object observation data obtained in the immediately preceding frame stationary object
acquisition step S531 with the number of the peripheral object observation data obtained in the current frame stationary
object acquisition step S532 to obtain the smaller number of the peripheral object observation data, and multiplies the
obtained number by a predetermined constant (such as 0.6), thereby computing the threshold value.
[0124] In the identical object storage step S542, the object correlation unit 230 determines the pairs indicated by the
data stored in the identical object determination step S540 to be the peripheral object observation data indicating the
result of the observation of identical objects by the peripheral object observation device 811, using the processing device
911. The object correlation unit 230 generates the above-mentioned correlation count data as correlation result data
indicating the result of the determination, using the processing device 911. The object correlation unit 230 generates
data indicating which peripheral object observation data are the peripheral object observation data indicating the result
of the observation of an identical object by the peripheral object observation device 811 as the correlation result data,
using the processing device 911. The object correlation unit 230 assigns a number to an object observed by the peripheral
object observation device 811, for example, using the processing device 911. The object correlation unit 230 associates
and stores data indicating the assigned number with the peripheral object observation data, using the storage device
914. The object correlation unit 230 assigns the same number to the peripheral object observation data as that assigned
for a peripheral object observation data in the immediately preceding frame, when the peripheral object observation data
is determined to indicate the result of the observation of the object observed by the peripheral object observation device
811 identical to that indicated by the peripheral object observation data in the immediately preceding frame. The object
correlation unit 230 assigns a different number to the other peripheral object observation data from that assigned to any
of the peripheral object observation data.
[0125] Fig. 25 is a flowchart diagram showing an example of a flow of the state estimation step S550 in this embodiment.
The state estimation step S550 includes a correlated object selection step S551, a correlation count determination step
S552, a prediction step S553, an updating step S554, and an averaging step S555.
[0126] In the correlated object selection step S551, from among the peripheral object observation data stored by the
relative position acquisition unit 211, the state estimation unit 240 selects one of the peripheral object observation data
in the most recent frame on an object determined by the object correlation unit 230 in the object correlation step S530
to indicate a result of the observation of the object identical to that in the immediately preceding frame observed by the
peripheral object observation device 811, using the processing device 911. To take an example, using the processing
device 911, the state estimation unit 240 selects the peripheral object observation data having associated correlation
count data stored by the object correlation unit 230, from among the peripheral object observation data stored by the
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relative position acquisition unit 211.
When all the correlated peripheral object observation data has been already selected, and no peripheral object obser-
vation data to be selected is not present, the state estimation unit 240 proceeds to the averaging step S555, using the
processing device 911.
When there is unselected peripheral object observation data in the correlated peripheral object observation data, the
state estimation unit 240 selects one of the unselected peripheral object observation data and proceeds to the correlation
count determination step S552, using the processing device 911.
[0127] In the correlation count determination step S552, the state estimation unit 240 compares the number of times
of correlation of the peripheral object observation data selected in the correlated object selection step S551 with a
predetermined threshold value, using the processing device 911. For example, the state estimation unit 240 obtains the
correlation count data stored by the object correlation unit 230 corresponding to the peripheral object observation data
selected in the correlated object selection step S551, using the processing device 911. The state estimation unit 240
compares the number of times of correlation indicated by the obtained correlation count data with the threshold value,
using the processing device 911.
When the number of times of correlation is smaller than the threshold value, the state estimation unit 240 returns the
procedure to the correlated object selection step S551 using the processing device 911 to select a subsequent one of
the peripheral object observation data.
When the number of times of correlation is larger than the threshold value, the state estimation unit 240 proceeds to the
prediction step S553, using the processing device 911.
[0128] In the prediction step S553, using the processing device 911, the state estimation unit 240 puts the absolute
position of the object indicated by the peripheral object observation data selected in the correlated object selection step
S551 into state quantities, and predicts state quantities at the observation time indicated by the object observation time
data included in the peripheral object observation data selected in the correlated object selection step S551, using a
state transition function.
[0129] In the updating step S554, using the processing device 911, the state estimation unit 240 updates estimation
values of state quantities, using the extended Kalman filter, for example, with the relative position of the object relative
to the moving object included in the peripheral object observation data selected in the correlated object selection step
S551 as an observation amount. The state estimation unit 240 stores data indicating the updated estimation values and
error covariance matrix of the state quantities, using the storage device 914.
[0130] In the averaging step S555, using the processing device 911, the state estimation unit 240 averages estimation
values of state quantities estimated for each of the correlated peripheral object observation data in the updating step
S554, thereby computing estimation values of the state quantities as a whole.

Sixth Embodiment.

[0131] A sixth embodiment will be described, using Fig. 26.
The same reference numerals are assigned to components that are common to those in the fifth embodiment, thereby
omitting description of the components.
[0132] Since a hardware configuration and configurations of functional blocks of an angular velocity estimation appa-
ratus 200 in this embodiment are the same as those in the fifth embodiment, description of the hardware configuration
and the configurations of functional blocks will be herein omitted.
[0133] The state estimation unit 240 does not receive the relative position of an object relative to a moving object,
which is correlated in the correlation process of the object correlation unit 230,as an observation value, but receives a
parallel translation amount and a rotation angle, which are computed when the object correlation unit 230 performs the
correlation process, as observation values, thereby estimating state quantities such as the angular velocity of the moving
object.
[0134] Fig. 26 is a diagram for explaining a relationship between a parallel translation amount and a rotation angle
used for the correlation process by the object correlation unit 230 and the moving amount of the moving object 801.
It is assumed that the object correlation unit 230 takes correlation between relative positions 741a to 741f of stationary
objects relative to the moving object 801 observed by the peripheral object observation device 811 in a certain frame
and relative positions 742a to 742f of the stationary objects relative to the moving object 801 observed by the peripheral
object observation device 811 in another frame. The object correlation unit 230 translates coordinates of the relative
positions 741a to 741f in parallel using a vector 755 to cause the coordinates of the relative position 741c to coincide
with the origin. The object correlation unit 230 translates coordinates of the relative positions 742a to 742f in parallel
using a vector 756 to cause the coordinates of the relative position 742c to coincide with the origin, and then rotates the
coordinates of the translated relative position 742a to 742f just by a rotation angle 757. It is assumed that correlation is
thereby taken.
[0135] In this case, a difference vector 759 obtained by subtracting the vector 755 from a vector 758 indicates the
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moving amount of the moving object 801 in a moving-object-referenced relative coordinate system between those two
frames. The vector 758 is obtained by rotating the vector 756 just by the rotation angle 757.
The rotation angle 757 is the turn angle of the moving object 801 between the two frames.
[0136] When the number of the pairs counted at the current time is larger than the maximum value of the number of
the pairs counted so far in the identical object determination step S540 described with reference to Fig. 24, for example,
the object correlation unit 230 stores the peripheral object observation data selected in the immediately preceding frame
object selection step S533, the peripheral object observation data selected in the current frame object selection step
S535, and data indicating the rotation angle selected in the rotation angle selection step S537, using the storage device
914.
The state estimation unit 240 computes observation values of the moving amount and the turn angle of the moving
object, based on the two peripheral object observation data and the data indicating the rotation angle, which are stored
by the object correlation unit 230. To take an example, the state estimation unit 240 obtains the relative position of the
object relative to the moving object observed by the peripheral object observation device 811 in the most recent frame
from the peripheral object observation data selected by the object correlation unit 230 in the current frame object selection
step S535, using the processing device 911. The state estimation unit 240 rotates coordinates indicating the obtained
relative position with respect to the origin just by the rotation angle selected by the object correlation unit 230 in the
rotation angle selection step S537, using the processing device 911. Using the processing device 911, the state estimation
unit 240 obtains the relative position of the object relative to the moving object observed by the peripheral object obser-
vation device 811 in the immediately preceding frame from the peripheral object observation data selected by the object
correlation unit 230 in the immediately preceding frame object selection step S533. Using the processing device 911,
the state estimation unit 240 computes a difference obtained by subtracting coordinates obtained by the rotation from
coordinates indicating the obtained relative position, and sets the computed difference as the observation value of the
moving amount of the moving object. Using the processing device 911, the state estimation unit 240 sets the rotation
angle selected by the object correlation unit 230 in the rotation angle selection step S537 to the observation value of
the turn angle of the moving object.
[0137] Using the processing device 911, the state estimation unit 240 performs an estimation value updating process
with the observation values of the moving amount and the turn angle of the moving object computed as described above
used as inputs of an extended Kalman filter, for example. In that case, the state estimation unit 240 performs estimation
using a model given by the following equations, for example:

where x2 denotes a vector indicating state quantities, f2 denotes a function indicating a state transition model, and z2
denotes a vector indicating observation amounts. ∆x denotes a component in a lateral direction of the observation value
of the moving amount of the moving object computed by the state estimation unit 240, ∆y denotes a component in a
longitudinal direction of the observation value of the moving amount of the moving object computed by the state estimation
unit 240, and ∆θ denotes the observation value of the turn angle of the moving object computed by the state estimation
unit 240. h2 denotes a function indicating an observation model.
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[0138] The vector x2 indicating the state quantities does not include coordinates of a stationary object in the absolute
coordination system. Accordingly, the state estimation unit 240 does not need to perform estimation for each stationary
object, and should perform one estimation as a whole.
[0139] The state estimation unit 240 may be configured to perform estimation using a model in which x1, f1, z1, and
h1 in Expression 23 are respectively replaced by x2, f2, z2, and h2 in Expression 24.

Seventh Embodiment.

[0140] A seventh embodiment will be described using Fig. 27.
The same reference numerals are assigned to components that are common to those in the fifth to sixth embodiments,
thereby omitting description of the components.
[0141] Fig. 27 is a block configuration diagram showing an example of configurations of functional blocks of an angular
velocity estimation apparatus 200 in this embodiment.
[0142] The peripheral object observation device 811 does not observe the relative speed of an object relative to a
moving object, but observes only the relative position of the object relative to the moving object.
In the fifth embodiment, the stationary object determination unit 220 determines whether or not an object is still, based
on the relative speed of the object relative to a moving object observed by the peripheral object observation device 811
and the moving speed of the moving object observed by the moving speed observation device 821. On contrast therewith,
the peripheral object observation device 811 in this embodiment does not observe the relative speed of the object relative
to the moving object. Thus, using the processing device 911, the stationary object determination unit 220 computes the
relative speed of the object relative to the moving object, based on the trajectory of relative positions of the object relative
to the moving object obtained as a result of correlation taken by the object correlation unit 230. Using the processing
device 911, the stationary object determination unit 220 determines whether or not the object is still based on the
computed relative speed of the object relative to the moving object and the moving speed of the moving object observed
by the moving speed observation device 821.
[0143] Before the stationary object determination unit 220 determines whether or not the object is still, the object
correlation unit 230 needs to perform the correlation process. Thus, the object correlation unit 230 cannot use a result
of the determination by the stationary object determination unit 220 in at least an initial stage. For this reason, using the
processing device 911, the object correlation unit 230 performs the correlation process on all objects observed by the
peripheral object observation device 811. After the stationary object determination unit 220 has determined whether or
not the objects are still based on a result of the correlation process by the object correlation unit 230, the object correlation
unit 230 may discontinue the correlation process on one of the objects determined not to be still by the stationary object
determination unit 220.
The object correlation unit 230 performs the correlation process on the objects that are not known whether or not to be
still. Thus, the object correlation unit 230 uses the position and the orientation of the moving object estimated by the
state estimation unit 240. The object correlation unit 230 converts coordinates of the relative position of each of the
objects relative to the moving object observed by the peripheral object observation device 811 to coordinates in an
absolute coordinate system using a still point as a reference, based on the position and the orientation of the moving
object at an observation time when the peripheral object observation device 811 has observed the objects, using the
processing device 911, for example. The object correlation unit 230 performs the correlation process on the object,
based on coordinates obtained by conversion, using the processing device 911.
[0144] With this arrangement, even if the peripheral object observation device 811 is configured not to observe the
relative speed of the object relative to the moving object, the angular velocity of the moving object may be estimated.

Eighth Embodiment.

[0145] An eighth embodiment will be described using Fig. 28.
The same reference numerals are assigned to components that are common to those in the first to seventh embodiments,
thereby omitting description of the components.
[0146] Fig. 28 is a block configuration diagram showing an example of configurations of functional blocks of an angular
velocity estimation apparatus 200 in this embodiment.
In addition to the functional blocks described in the sixth embodiment, the angular velocity estimation apparatus 200
further includes an angular velocity error storage unit 251, an angular velocity correction unit 252, an angular velocity
test unit 253, and an angular velocity error computation unit 254.
[0147] The state estimation unit 240 estimates state quantities based on an observation value other than the angular
velocity of a moving object observed by the angular velocity observation device 831.
[0148] The angular velocity error storage unit 251 stores data indicating an error of the angular velocity observed by
the angular velocity observation device 831, such as a bias error, using the storage device 914. The data stored by the
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angular velocity error storage unit 251 is referred to as "angular velocity error data". In an initial stage, the error of the
angular velocity observed by the angular velocity observation device 831 is unknown. Thus, it may be assumed that
there is no error. Then, the angular velocity error estimation storage device 251 may store data indicating "0" as the
angular velocity error data, using the storage device 914.
[0149] Using the processing device 911, the angular velocity correction unit 252 corrects the error of the angular
velocity of the moving object observed by the angular velocity observation device 831. The angular velocity correction
unit 252 stores data indicating a computed angular velocity after correction, using the storage device 914. The data
stored by the angular velocity correction unit 252 is referred to as "corrected angular velocity data".
To take an example, the angular velocity correction unit 252 receives moving object angular velocity data stored by the
angular velocity observation value acquisition unit 213 and the angular velocity error data stored by the angular velocity
error storage unit 251, using the processing device 911. The angular velocity correction unit 252 obtains angular velocity
observation value data from the received moving object angular velocity data, using the processing device 911. The
angular velocity correction unit 252 computes a difference by subtracting an error indicated by the received angular
velocity error data from an angular velocity indicated by the obtained angular velocity observation value data using the
processing device 911 to compute the corrected angular velocity.
[0150] Using the processing device 911, the angular velocity test unit 253 tests whether or not the angular velocity
corrected by the angular velocity correction unit 252 is correct. The angular velocity test unit 253 stores data indicating
a result of test, using the storage device 914. The data stored by the angular velocity test unit 253 is referred to as
"angular velocity certification result data".
The angular velocity test unit 253 tests whether or not the angular velocity corrected by the angular velocity correction
unit 252 is correct, based on state quantities estimated by the state estimation unit 240, using the processing device
911, for example.
[0151]  The angular velocity error computation unit 254 computes the error of the angular velocity of the moving object
observed by the angular velocity observation device 831, using the processing device 911. The angular velocity error
computation unit 254 stores data indicating the computed error, using the storage device 914. The data stored by the
angular velocity error computation unit 254 is referred to as "angular velocity error estimation data".
Using the processing device 911, the angular velocity error computation unit 254 receives data indicating state quantities
estimated by the state estimation unit 240 and the moving object angular velocity data stored by the angular velocity
observation value acquisition unit 213, for example. The angular velocity error computation unit 254 obtains data indicating
the angular velocity of the moving object estimated by the state estimation unit 240 from the received data, using the
processing device 911. Using the processing device, the angular velocity error computation unit 254 obtains angular
velocity observation value data from the received moving object angular velocity data. The angular velocity error com-
putation unit 254 computes the error of the angular velocity by computing a difference obtained by subtracting the
observation value of the angular velocity indicated by the obtained angular velocity observation value data from the
estimation value of the angular velocity of the moving object indicated by the obtained data, using the processing device
911.
[0152] When the angular velocity test unit 253 determines that the angular velocity corrected by the angular velocity
correction unit 252 is not correct, the angular velocity error storage unit 251 updates the stored angular velocity error
data, and stores the angular velocity error estimation data stored by the angular velocity error computation unit 254 as
new angular velocity error data, using the storage device 914.
[0153] Next, a test process by the angular velocity test unit 253 will be described.
[0154] The angular velocity test unit 253 predicts the position of an object, using state quantities estimated by the
state estimation unit 240, for example. At this time of prediction, only for the angular velocity of the moving object, an
angular velocity corrected by the angular velocity correction unit 252 rather than the state quantity estimated by the state
estimation unit 240 is used. When the replacement of angular velocity reduces accuracy of prediction, the angular velocity
test unit 253 determines that the angular velocity corrected by the angular velocity correction unit 252 is not correct.
[0155] It is necessary that a time of the state quantities estimated by the state estimation unit 240 coincide with a time
when the angular velocity observation device 831 has observed the angular velocity of the moving object, in order to
replace the angular velocity estimated by the state estimation unit 240 by the angular velocity corrected by the angular
velocity correction unit 252. When the peripheral object observation device 811 observes an object or when the moving
speed observation device 821 observes the moving speed of a moving object, the state estimation unit 240 updates
estimation values of the state quantities. Accordingly, a time when the peripheral object observation device 811 has
observed the object or a time when the moving speed observation device 821 has observed the moving speed of the
moving object is the time if the state quantities estimated by the state estimation unit 240.
Now, a time when the angular velocity observation device 831 has observed the angular velocity of the moving object
is indicated by t1. A time when the peripheral object observation device 811 has observed the object or a time when the
moving speed observation device 821 has observed the moving speed of the moving object is indicated by t2. Then, it
is assumed that the time t1 is later than the time t2.
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[0156] The angular velocity test unit 253 performs an extrapolation process based on estimation values of state
quantities at the time t2, thereby computing estimation values of the state quantities at the time t1, for example.
The angular velocity test unit 253 computes the right side of the following equation, using the processing device 911,
thereby computing the estimation values of the state quantities at the time t1: 

where x with a hat symbol (that is an x hat and will be hereinafter written as "x^") denotes an estimation value vector.
The estimation value vector x^ is a k-order column vector. The estimation value vector x^ is a function at a time t.
Elements of the estimation value vector x^ are estimation values of state quantities at the time t. The order of k of the
estimation value vector x^ is the number of the estimation values.
F denotes a state transition matrix. The state transition matrix F is a k-order square matrix. The state transition matrix
F is a function of a time period ∆t. The state transition matrix F represents a mapping of a vector indicating the position
of the moving object at a certain time to a vector indicating the position of the moving object after an elapse of the time
period ∆t in a predetermined motion model.
That is, this equation means that a state transition matrix F(t1 - t2), which represents an elapse of a time period (t1 - t2),
is operated on an estimation value vector x^(t2) at the time t2, thereby computing an estimation value vector x^(t1) at the
time t1.
The motion model of the state transition matrix F is a turn motion model which assumes that the moving object is moving
at a certain angular velocity, for example.
[0157] Based on the computed estimation values of the state quantities at the time t1, the angular velocity test unit
253 predicts state quantities at a time t3 after an elapse of the predetermined time period ∆T from the time t1 (that is, t3
= t1 + ∆T) according to a motion model which assumes that the moving object is turning at the angular velocity at the
time t1 corrected by the angular velocity correction unit 252.
The angular velocity test unit 253 computes the right side of the following equation, thereby computing prediction values
of the state quantities at the time t3: 

where x^
J denotes an estimation value vector in which an angular velocity estimated by the state estimation unit 240

has been replaced by the angular velocity at the time t1 corrected by the angular velocity correction unit 252. FJ denotes
a state transition matrix based on the motion model which assumes that the moving object is turning at the angular
velocity at the time t1 corrected by the angular velocity correction unit 252.
That is, this equation means that the state transition matrix FJ, which represents the elapse of the time period ∆T based
on the motion model that assumes that the moving object is turning at the angular velocity at the time t1 corrected by
the angular velocity correction unit 252, is operated on an estimation value vector x^

J (t1) at the time t1, thereby computing
an estimation value vector x^

J(t3) at the time t3.
[0158] The angular velocity test unit 253 estimates error variances or error covariances of the predicted state quantities
based on error variances or error covariances computed by the state estimation unit 240.
[0159] In order to cause a time of the error variances and the like to coincide with a time of the corrected angular
velocity, as in the case of the estimation values of the state quantities, the angular velocity test unit 253 computes error
variances and the like at the time t1, based on error variances and the like at the time t2, for example.
Using the processing device 911, the angular velocity test unit 253 computes the right side of the following equation,
thereby computing the error variances and the like at the time t1: 
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where P denotes a variance-covariance matrix of an error of the estimation value vector x^. The variance-covariance
matrix P is a k-order square matrix. The variance-covariance matrix P is a function of the time t. Elements of the variance-
covariance matrix P are variances or covariances between errors of respective elements of the estimation value vector
at the time t.
A superscript T indicates transposition of a matrix.
Q denotes a variance-covariance matrix of system noise. The variance-covariance matrix Q is a k-order square matrix.
The variance-covariance matrix Q is a function of the time period ∆t. Elements of the variance-covariance matrix Q
indicate a variance or a covariance of the system noise produced during the elapse of the time period ∆t.
That is, this equation means that a transposed matrix of the state transition matrix F(t1 - t2), which represents the elapse
of the time period (t1 - t2), is operated on a variance-covariance matrix P(t2) of an estimation error at the time t2 from
the left, the state transition matrix F(t1 - t2), which represents the elapse of the time period (t1 - t2), is operated on the
result of the operation from the right, and then a variance-covariance matrix Q(t1 - t2) of system noise produced during
the elapse of the time period (t1 - t2) is added to the result of the operation, thereby computing a variance-covariance
matrix P(t1) of an estimation error at the time t1.
[0160] Based on the computed error variances and the like at the time t1, the angular velocity test unit 253 computes
error variances and the like at the time t3, according to the motion model which assumes that the moving object is turning
at the angular velocity at the time t1 corrected by the angular velocity correction unit 252.
Using the processing device 911, the angular velocity test unit 253 computes the error variances and the like at the time
t3 by computing the right side of the following equation, for example: 

where PJ denotes a variance-cowariance matrix of a prediction error based on the motion model which assumes that
the moving object is turning at the angular velocity at the time t1 corrected by the angular velocity correction unit 252.
This equation means that a transposed matrix of a state transition matrix FJ(∆T), which represents the elapse of the
time period ∆T based on the motion model which assumes that the moving object is turning at the angular velocity at
the time t1 corrected by the angular velocity correction unit 252, is operated on the variance-covariance matrix P(t1) of
the estimation error at the time t1 from the left, a state transition matrix FJ(∆T), which represents the elapse of the time
period ∆T based on the motion model which assumes that the moving object is turning at the angular velocity at the time
t1 corrected by the angular velocity correction unit 252, is operated from the right, and then a variance-covariance matrix
Q(∆T) of system noise produced during the elapse of the time period ∆T is added to the result of the operation, thereby
computing a variance-covariance matrix P(t3) of an estimation error at the time t3.
[0161] The angular velocity test unit 253 predicts state quantities, the error variances, and the like at the time t3 in a
manner as described above, for example.
The angular velocity test unit 253 may be configured to predict the state quantities, the error variances, and the like
based on an angular velocity before correction observed by the angular velocity observation device 831 and indicated
by the moving object angular velocity data stored by the angular velocity observation value acquisition unit 213, rather
than the angular velocity corrected by the angular velocity correction unit 252.
[0162] The angular velocity test unit 253 predicts the state quantities, the error variances, and the like using the angular
velocity of the moving object estimated by the state estimation unit 240 without replacement or alteration of the angular
velocity.
[0163] The angular velocity test unit 253 computes the right side of the following equations using the processing device
911, thereby computing the state quantities, the error variances, and the like at the time t3: 
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where X∧Tdenotes an estimation value vector at the time t2 using the angular velocity of the moving object estimated
by the state estimation unit 240 without alteration. FT denotes a state transition matrix based on a motion model which
assumes that the moving object is turning at the angular velocity at the time t2 estimated by the state estimation unit
240. PT denotes a variance-covariance matrix of a prediction error based on the motion model which assumes that the
moving object is turning at the angular velocity at the time t2 estimated by the state estimation unit 240.
[0164] The angular velocity test unit 253 predicts state quantities, the error variances, and the like, in the manner as
described above, for example.
[0165] The angular velocity test unit 253 determines whether or not the angular velocity corrected by the angular
velocity correction unit 252 is correct, based on predicted two types of the state quantities, the error variances, and the like.
[0166] The angular velocity test unit 253 determines whether a difference between the predicted two types of the state
quantity is within an expected range. When the difference exceeds the expected range, the angular velocity correction
unit 252 determines that the angular velocity corrected by the angular velocity correction unit 252 is not correct.
A statistical approach may be used for this determination. The angular velocity test unit 253 determines whether or not
the difference between the two types of the state quantities is within the expected range, using a chi-square test, for
example. The angular velocity test unit 253 computes the right side of the following equation, thereby computing a test
value: 

where ε denotes the test value.
The angular velocity test unit 253 compares the computed test value ε with a predetermined threshold value εth, using
the processing device 911. The threshold value εth is obtained from a chi-square distribution table, based on a prede-
termined significance level, for example. When the test value ε is equal to or less than the threshold value εth, the angular
velocity test unit 253 determines the difference between the two types of the state quantities is within the expected range.
When the test value ε is larger than the threshold value εth, the angular velocity test unit 253 determines that the difference
between the two types of the state quantities exceeds the expected range.
The angular velocity test unit 253 may be configured not to compare the two types of the state quantities, but to predict
an observation value based on the state quantities predicted based on the angular velocity corrected by the angular
velocity correction unit 252, and compare the predicted observation value with an actual observation value, thereby
determining whether or not the angular velocity corrected by the angular velocity correction unit 252 is correct.
[0167] The configuration in each of the embodiments described above is an example, and may be combined with the
configuration described in the different embodiment. The configuration may be so varied that a component that is not
essential is replaced by another configuration of an existent art or the like.
[0168] The angular velocity estimation apparatus (200; yaw rate bias correction apparatus 800) described above
includes a relative position acquisition unit (211, stationary object identification unit 110), a stationary object determination
unit (220; stationary object identification unit 110), an object correlation unit (230; stationary object tracking unit 120),
and an angular velocity estimation unit (state estimation unit 240; trajectory estimation unit 143; trajectory integration
unit 150).
The relative position acquisition unit (211; 110) obtains a result of an observation by a peripheral objet observation
device (811; radar 810), which repeatedly observes a relative position of an object relative to a moving object (801),
located in the vicinity of the moving object (801) .
The stationary object determination unit (220; 110) determines whether or not the object the relative position of which
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have been observed by the peripheral object observation device (811; 810) is still, based on the result of the observation
obtained by the relative position acquisition unit (211, 110).
The object correlation unit (230; 120) determines a plurality of the relative positions of an identical object observed by
the peripheral object observation device (811; 810) from among the relative positions observed by the peripheral object
observation device (811; 810), based on the result of the observation obtained by the relative position acquisition unit
(211).
The angular velocity estimation unit (240; 143; 150) estimates an angular velocity of the moving object (801) based on
the result of the observation obtained by the relative position acquisition unit (211), a result of the determination by the
stationary object determination unit (220; 110), and a result of the determination by the object correlation unit (230; 120).
[0169] With this arrangement, even if there is no observation device that observes the position of the moving object,
such as the GPS, the angular velocity of the moving object may be estimated. Further, by using the estimated angular
velocity, an error of an apparatus that observes the angular velocity of the moving object, such as the gyro sensor, may
be estimated.
[0170] The angular velocity estimation apparatus (200; 800) includes a relative position computation unit (stationary-
object-referenced coordinate conversion unit 142).
The relative position computation unit (142) computes a relative position of the moving object (801) relative to a stationary
object, based on the result of the observation obtained by the relative position acquisition unit (stationary object identi-
fication unit 110), the result of the determination by the stationary object determination unit (110), and the result of the
determination by the object correlation unit (stationary object tracking unit 120).
The angular velocity estimation unit (143; 150) estimates the angular velocity of the moving object (801), based on the
relative position computed by the relative position computation unit (142).
[0171] The angular velocity of the moving object is estimated by estimating movement of the moving object based on
a relative position relationship with the object determined to be still. Accordingly, even if there is no observation device
such as the GPS, the angular velocity of the moving object may be estimated.
[0172] The angular velocity estimation apparatus (200; 800) includes an angular velocity observation value acquisition
unit (213) and an angular velocity observation error computation unit (state estimation unit 240; bias correction unit 840).
The angular velocity observation value acquisition unit (213) obtains a result of an observation by an angular velocity
observation device (angular velocity observation device 831; 830) that observes the angular velocity of the moving object
(801).
The angular velocity observation error computation unit (240; 840) computes an error of the angular velocity observed
by the angular velocity observation device (831; 830), based on a result of estimation by the angular velocity estimation
unit (240; 143; 150) and the result of the observation obtained by the angular velocity observation value acquisition unit
(213).
[0173] By computing the observation error of the angular velocity observation device, the angular velocity of the moving
object observed by the angular velocity observation device may be corrected, even if there is no input from the peripheral
object observation device.
[0174] The angular velocity estimation apparatus (200; 800) includes a speed observation value acquisition unit (212;
stationary object identification unit 110).
The speed observation value acquisition unit (212; 110) obtains a result of an observation by a moving speed observation
device (821; vehicle speed sensor 820) that observes a moving speed of the moving object (801).
The stationary object determination unit (220; 110) determines whether or not the object is still, based on the result of
the observation obtained by the relative position acquisition unit (211, 110) and the result of the observation obtained
by the speed observation value acquisition unit (212; 110).
[0175] By determining whether or not the object is still, movement of the moving object relative to the stationary object
may be grasped.
[0176] The peripheral object observation device (811; 810) observes a relative speed of the object relative to the
moving object (801).
The stationary object determination unit (220; 110) determines whether or not the object is still, based on the moving
speed of the moving object (801) observed by the moving speed observation device (821; 820) and the relative speed
of the object observed by the peripheral object observation device (811; 810).
[0177] It is determined whether the object is still, based on the moving speed of the moving object and the relative
speed of the object relative to the moving object. Accordingly, it may be determined whether or not the object is still,
without using the turn angle of the moving object or the trajectory of the object.
[0178] The angular velocity estimation apparatus (200; 800) includes a relative speed estimation unit (stationary object
determination unit 220).
The relative speed estimation unit (220) estimates a relative speed of the object relative to the moving object based on
a result of the determination by the object correlation unit (230), the relative positions of the object being observed by
the peripheral object observation device (811) a plurality of times.
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The stationary object determination unit (220) determines whether or not the object is still, based on the moving speed
of the moving object (801) observed by the moving speed observation device (821) and the relative speed of the object
estimated by the relative speed estimation unit (220).
[0179] The relative speed of the object relative to the moving object is computed based on the result of the determination
by the object correlation unit. Accordingly, it may be determined whether or not the object is still even if there is no
observation device that observes the relative speed of the object relative to the moving object.
[0180] The angular velocity estimation apparatus (200; 800) may be implemented by execution of a computer program
by a computer. The computer program causes the computer to function as the angular velocity estimation apparatus.

Claims

1. An angular velocity estimation apparatus (800; 200) comprising:

a relative position acquisition unit (110; 211), for obtaining a result of an observation by a peripheral object
observation device that repeatedly observes an object located in the vicinity of a moving object to measure a
relative position of the object relative to the moving object;
a stationary object determination unit (110; 220), for determining whether or not the object observed by the
peripheral object observation device is still, based on the result of the observation obtained by the relative
position acquisition unit;
an object correlation unit (120; 230), for determining a set of relative positions measured by observing an
identical object by the peripheral object observation device, from among a plurality of the relative positions
measured by the peripheral object observation device, based on a plurality of the results of the observations
obtained by the relative position acquisition unit; and
an angular velocity estimation unit (143; 150; 240), for estimating an angular velocity of the moving object,
based on the result of the observation obtained by the relative position acquisition unit, a result of the determi-
nation by the stationary object determination unit, and a result of the determination by the object correlation unit.

2. The angular velocity estimation apparatus (800; 200) according to claim 1, further comprising:

a relative position computation unit (142), for computing a relative position of the moving object relative to a
stationary object, based on a plurality of the results of the observations obtained by the relative position acquisition
unit, the result of the determination by the stationary object determination unit, and the result of the determination
by the object correlation unit; and wherein
the angular velocity estimation unit (150; 143) estimates the angular velocity of the moving object, based on
the relative position computed by the relative position computation unit.

3. The angular velocity estimation apparatus (800; 200) according to claim 1 or claim 2, further comprising:

an angular velocity observation value acquisition unit (213) obtains a result of an observation by an angular
velocity observation device that observes the angular velocity of the moving object; and
an angular velocity observation error computation unit (840; 240), for computing an error of the angular velocity
observed by the angular velocity observation device, based on a result of estimation by the angular velocity
estimation unit and the result of the observation obtained by the angular velocity observation value acquisition
unit.

4. The angular velocity estimation apparatus (800; 200) according to any one of claims 1 to 3, further comprising:

a speed observation value acquisition unit (110; 212), for obtaining a result of an observation by a moving speed
observation device that observes a moving speed of the moving object; and wherein
the stationary object determination unit (I10; 220) determines whether or not the object is still, based on the
result of the observation obtained by the relative position acquisition unit and the result of the observation
obtained by the speed observation value acquisition unit.

5. The angular velocity estimation apparatus (800; 200) according to claim 4, wherein
the peripheral object observation device further measures a relative speed of the object relative to the moving object;
and
the stationary object determination unit (110; 220) determines whether or not the object is still, based on the moving
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speed of the moving object observed by the moving speed observation device and the relative speed of the object
measured by the peripheral object observation device.

6. The angular velocity estimation apparatus (800; 200) according to claim 4 or claim 5, further comprising:

a relative speed estimation unit (220), for estimating a relative speed of the object relative to the moving object,
the object being observed by the peripheral object observation device a plurality of times; and wherein
the stationary object determination unit (220) determines whether or not the object is still, based on the moving
speed of the moving object observed by the moving speed observation device and the relative speed of the
object estimated by the relative speed estimation unit.

7. A computer program, for causing a computer that executes the computer program to be functioned as the angular
velocity estimation apparatus according to any one of claims 1 to 6.

8. An angular velocity estimation method of estimating an angular velocity of a moving object, the method comprising:

obtaining a result of an observation by a peripheral object observation device that repeatedly observes a object
located in the vicinity of the moving object to measure a relative position of the object relative to the moving object;
determining whether or not the object observed by the peripheral object observation device is still, based on
the obtained result of the observation;
determining a set of relative positions measured by observing an identical object by the peripheral object ob-
servation device, from among a plurality of the relative positions measured by the peripheral object observation
device, based on a plurality of the obtained results of the observations; and
estimating an angular velocity of the moving object, based on the obtained result of the observation, , a result
of the determination of stillness of the object, and a result of the determination of the set of the relative positions.
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