
DESCRIPTION 
Title 
AUTONOMOUS VEHICLE AND METHOD OF ESTIMATING SELF 
POSITION OF AUTONOMOUS VEHICLE 

5 
Field 

The present invention relates to an autonomous vehicle which 
autonomously moves to a destination, and also relates to a method 
of estimating seif positions of an autonomous vehicle. 

10 
Background 

A conventional autonomous vehicle includes an environmental 
information obtainment sensor and a control unit. The 
environmental information obtainment sensor obtains Information on 

15 surrounding environment of the autonomous vehicle. The control 
unit controis a drive unit which allows the autonomous vehicle to 
travel. The control unit includes a self position estimation unit. 
The seif position estimation unit calculates an error of an estimated 
self position and corrects the estimated self position by comparison 

20 of map information stored in a memory unit and environmental 
information obtained by the environmental information obtainment 
sensor. The conventional self position estimation unit expands a 
range of an estimable seif position when the self conventional 
position estimation unit cannot obtain environmental information for 

23 use in correction of an error of an estimated self position. The error 
of an estimated self position Is a discrepancy between an actual self 
position and an estimated self position (see Patent Literature 1, for 
example). 

30 Citation List 
Patent Literature 

[Patent Literature 1] Japanese Unexamined Patent 
Application Publication No. 2004-5593 

35 Summary 
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Technical Problem 
The conventional autonomous vehicle changes the range of an 

estimable self position regardless of the error of an estimated a self 
position. For example, the conventional autonomous vehicle may 

5 expand the range of an estimable self position even when the error of 
an estimated self position is small. This may decrease reliability of 
a result of self position estimation by the autonomous vehicle. 
Conceived to address the problem, embodiments of the present 
invention provide an autonomous vehicle capable of estimating of 

10 self positions with high reliability. 

Solution to Problem 

According to a first aspect of the present invention, there is 
15 provided an autonomous vehicle comprising: a first sensor which 

obtains environmental information on surrounding environment of 
the autonomous vehicle; and a controller configured to control a 
driver based on a self position, wherein the controller includes: a 
first estimater configured to calculate a first estimate value 

20 indicating an estimated self position, by estimation using a 
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probabilistic method based on the environmental information; anda 
second estimater configured to calculate a second estimate value 
indicating an estimated self position, by estimation using a matching 
method based on the environmental information, and the controller 

5 is configured to: change, according to the first estimate value, a 
second estimate range for the calculating of the second estimate 
value by the second estimater; control the driver using the second 
estimate value as the self position; reduce the second estimate range 
when a first estimate range included in the first estimate value is 

10 smaller than a first threshold value; and expand the second estimate 
range when the first estimate range is larger than a second threshold 
value. 

According to a second aspect of the present invention, there is 
provided an autonomous vehicle comprising: a first sensor which 

15 obtains environmental information on surrounding environment of 
the autonomous vehicle; and a controller configured to control a 
driver based on a self position, wherein the controller includes: a 
first estimater configured to calculate a first estimate value 
indicating an estimated self position, by estimation using a 

20 probabilistic method based on the environmental information; and a 
second estimater configured to calculate a second estimate value 
indicating an estimated self position, by estimation using a matching 
method based on the environmental information, and the controller 
is configured to: change, according to the first estimate value, a 

25 second estimate range for the calculating of the second estimate 
value by the second estimater; and control the driver using the 
second estimate value as the self position, wherein when a difference 
between the first estimate value and the second estimate value is 
larger than a third threshold value, the controller is configured to 

30 control the driver using the self position that is based on the first 
estimate value. 

According to a third aspect of the present invention, there is 
provided an autonomous vehicle comprising: a first sensor which 
obtains environmental information on surrounding environment of 

35 the autonomous vehicle; and a controller configured to control a 
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driver based on a self position, wherein the controller includes: a 
first estimater configured to calculate a first estimate value 
indicating an estimated self position, by estimation using a 
probabilistic method based on the environmental information; and a 

5 second estimater configured to calculate a second estimate value 
indicating an estimated self position, by estimation using a matching 
method based on the environmental information, and the controller 
is configured to: change, according to the first estimate value, a 
second estimate range for the calculating of the second estimate 

10 value by the second estimater; and control the driver using the 
second estimate value as the self position, a notificator configured to 
give a notification of an error when a difference between the first 
estimate value and the second estimate value is larger than a fourth 
threshold value. 

15 
Advantageous Effects 

The autonomous vehicle according to embodiments of the 
present invention is capable of estimation of self positions with high 
reliability. 

20 
Brief Description of Drawings 

These and other aspects, advantages and features of the 

- 2b -



invention will become apparent from the following description 
thereof taken in conjunction with the accompanying drawings that 
illustrate a specific embodiment of the present invention. 
[FIG, 1] FIG. 1 is a block diagram generally Illustrating an 

5 autonomous vehicle according to Embodiment 1 of the present 
invention. 
[FIG. 2] FIG. 2 is a flowchart illustrating a method of estimating a seif 
position according to Embodiment 1 of the present invention. 
[FIG. 3] FIG, 3 illustrates a feature of the autonomous vehicle 

10 according to Embodiment 1 of the present invention. 
[FIG. 4] FIG. 4 Illustrates a feature of the autonomous vehicle 
according to Embodiment 1 of the present invention, 
[FIG. 5] FIG. 5 is a flowchart illustrating a method of line matching 
according to Embodiment 1 of the present invention. 

15 [FIG, 6] FIG, 6 is a flowchart illustrating an exemplary 
implementation of the method of line matching according to Variation 
1 of Embodiment 1 of the present invention, 
[FIG- 7] FIG. 7 Illustrates a method of estimating a seif position 
according to Variation 2 of Embodiment 1 of the present invention. 

20 [FIG. 8] FIG, 8 illustrates a method of estimating a seif position 
according to Variation 3 of Embodiment 1 of the present invention. 
[FIG. 9] FIG. 9 is a block diagram generally Illustrating an 
autonomous vehicie according to another embodiment of the present 
invention. 

25 
Description of Embodiments 
Embodiment 1 

The following describes an autonomous vehicle 1 according to 
embodiments of the present invention using a general block diagram 

30 in FIG. 1. The general block diagram in FIG. 1 is common to ad 
embodiments of the present invention, and therefore is referred to as 
necessary in the description of each of the embodiments. 

(Embodiment 1) 
FIG. 1 to FIG. 5 illustrate Embodiment 1. 

35 The autonomous vehicie 1 autonomously travels while 
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obtaining environmental information which indicates positions of 
environmental objects around the autonomous vehicle I. Examples 
of the environmental objects around the autonomous vehscle 1 
include walls present around the autonomous vehicle 1. The 

5 autonomous vehicle 1 includes a first sensor 2, a control unit 4, and 
a memory unit 7 as shown in FIG. 1, 

The control unit 4 controls a drive unit 3 based on 
environmental information obtained by the first sensor 2 to allow the 
autonomous vehicle 1 to travel. The control unit 4 further includes 

10 a first estimation unit 5 and a second estimation unit 6 for estimation 
of self positrons. The control unit 4 is implemented by, for example, 
software executed on a computer. Then, the control unit 4 corrects 
self position information using, as its self position, a second estimate 
value obtained as a result of estimation by the second estimation unit 

15 6. 
The first estimation unit 5 estimates a self position based on a 

probabilistic method using environmental information. Examples of 
the probabilistic method Include a method based on a Bayesian 
theory. In Embodiment 1, the first estimation unit 5 uses a particle 

20 filter as the probabilistic method. In estimation of a self position 
using a particle filter, the self position is represented by distribution 
of a set of samples referred to as particles. A seif position is 
estimated through estimation, update, resampling of the particles, 
and so on, 

25 The second estimation unit 6 estimates a self position based 
on a method different from that of the first estimation unit 5, while 
using environmental information. The second estimation unit 6 in 
Embodiment 1 estimates a self position by performing line matching 
using a line segment extracted from environmental Information. 

30 The. second estimation unit 8 extracts a line segment from objects, 
such as a wall, in environmental information, and performs line 
matching by comparing the extracted line segment and a line 
segment included in map information to estimate a self position of 
the autonomous vehicle 1. The line matching in Embodiment 1 is an 

35 example of a matching method. Line matching compares a line 



based on environmental information obtained by the first sensor 2 
and a line Included in map information. The matching method 
applicable to Embodiment 1 is not limited to the line matching. For 
example, a method which involves use of a landmark for position 

5 recognition is also applicable. 
Self position information including a first estimate value and a 

second estimate value obtained by the first estimation unit 5 and the 
second estimation unit 6 is stored in the memory unit 7 and 
referenced as necessary by the control unit 4 and some other 

10 constituent elements. 
The memory unit 7 stores data including environmental 

information obtained by the first sensor 2. The data stored In the 
memory unit 7 includes seif position information, map information, 
and control parameters as well as the environmentai information. 

15 The self position information includes the first estimate value 
estimated by the first estimation unit 5 and the second estimate 
value estimated by the second estimation unit 6. The memory unit 
7 may be a medium or a device which magnetically, electrically, or 
optically stores information. Examples of the medium and device 

20 include a hard disk drive and a flash memory. 
The first sensor 2 obtains environmental information which 

indicates, for example, the position and direction of an 
environmental object around the autonomous vehicle 1. The first 
sensor 2 Is an environmental Information obtainment sensor, for 

25 example. The'first sensor 2 is implemented using a iidar which 
horizontally scans a traveling surface ahead of the autonomous 
vehicle 1, for example. The first sensor 2 is provided at the lower 
center of the front of the body of the autonomous vehicle 1, for 
example. The Iidar is a sensor which scans a surface using a laser 

30 beam swinging back and forth at a certain angle in the surface to be 
scanned, and thereby measures the distance and angle (direction) of 
environmental objects. For example, the first sensor 2 performs 
such scanning intermittently at a controlled regular interval, and 
stores, in the memory unit 7, a collection of data including distances 

35 and angles measured in a stroke of scanning as environmental 
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information (sensor information) at the time of the scanning. 
The first sensor 2 is not limited to a device including a iidar. 

An ultrasound sensor or an infrared sensor provided to measure the 
distance and angle of environmentai objects may also be used as the 

5 first sensor 2. A photogrammetric sensor which processes a 
captured image to measure the distance to environmentai objects 
may also he used as the first sensor 2. The first sensor 2 may aiso 
be composed of two or more types of sensors. 

The drive unit 3 is a drive device which allows the autonomous 
10 vehicie 1 to travel. The drive unit 3 includes a motor driven by a 

battery 8 and a driving wheel, for example. The drive unit 3 
includes a second sensor 9 for calculation of travel information. The 
travel information includes items such as travel distance and travel 
direction of the autonomous vehicie 1. The second sensor 9 is a 

15 rotary encoder which measures the number of revolutions and 
revolution speed of the motor, for example. 

In Embodiment lf first, the control unit 4 obtains a travel 
distance and a travel direction of the autonomous vehicle 1 
calculated by the second sensor 9 to calculate relative seif position 

20 information. The relative seif position information includes 
information on relative position of the autonomous vehicle 1 in a 
coordinate system based on a reference position. The reference 
position is a position where the autonomous vehicie 1 is turned on, 
for example. The relative position is a self position relative to the 

25 reference position. The autonomous vehicle 1 in Embodiment 1 
autonomously travels using dead reckoning based on the reference 
position with the self position information. 

The control unit 4 In Embodiment 1 has a feature that limits an 
estimate range (second estimate range 11) for calculation of a 

30 second estimate value by the second estimation unit 6, according to 
a first estimate value estimated by the first estimation unit 5. The 
estimate range is, for example, a range for line matching by the 
second estimation unit 6, and is described later as a second estimate 
range 11. To limit an estimate range is to limit the second estimate 

35 range 11. It should be noted that the limiting of an estimate range 
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is an example of changing of an estimate range. The second 
estimate range 11 is an estimate range for calculation of a second 
estimate value by the second estimation unit 6, and also is a 
matching range. 

5 As described above,- the autonomous vehicie 1 according to 
Embodiment 1 has a feature that the control unit 4 Includes the first 
estimation unit 5 which estimates a self position using a probabilistic 
method and a second estimation unit 6 which estimates a self 
position using a matching method. The autonomous vehicle 1 

10 according to Embodiment 1 further has a feature that the second 
estimate range 11 is limited according to a first estimate value 
estimated by the first estimation unit 5. 

By limiting the second estimate range 11 according to a first 
estimate value, the autonomous vehicle 1 according to Embodiment 

15 1 appropriately limits the estimate range for the calculation of a 
second estimate value by the second estimation unit 6. For example, 
when an error of an estimated self position is large, the second 
estimate range 11 is expanded to Increase the probability of correct 
matching, so that reliability of matching is increased. When an 

20 error of an estimated seif position is small, the second estimate 
range 11 is reduced to decrease the probability of incorrect matching, 
so that correction of an estimated self position can be performed with 
higher accuracy. Here, an error of an estimated self position is a 
difference between an actual position and orientation of the 

25 autonomous vehicle 1 and the position and orientation of the 
autonomous vehicle 1 estimated by the control unit 4 (discrepancy in 
position and orientation). In this manner, the autonomous vehicle 1 
according to Embodiment 1 quickly estimates a self position with 
high reliability, and thereby travels adequately. 

30 The following describes a method of estimating a seif position 
of the autonomous vehicle 1 according Embodiment 1 using FIG. 2, 

First, the control unit 4 determines whether or not estimation 
of a seif position by the first estimation unit 5 is necessary (Step 
S21). 

35 When the control unit 4 determines that estimation of a self 



position by the first estimation unit 5 is necessary (S21, necessary), 
the control unit 4 causes the first estimation unit 5 to estimate a self 
position and calculate a first estimate value within a first estimate 
range 10 (Step S22), The first estimate range 10 will be described 

5 later. In Embodiment 1, the first estimate value is calculated using 
a probabilistic method which involves a particle filter. Next, the 
control unit 4 limits a second estimate range 11 (a range of 
estimation by the second estimation unit 6) according to the first 
estimate value (Step 23). More specifically, the control unit 4 limits 

10 the second estimate range 11 based on the first estimate value 
indicating the estimate range of the particle filter. The estimate 
range of the particle filter is the spread (spatial spread) of particles. 
More specifically, in Embodiment 1, when the first estimate value 
(the estimate range of the particle filter) is smaller than a first 

15 threshold value, the second estimate range 11 (matching range) is 
reduced, and when the first estimate value is larger than a second 
threshold value, the second estimate range 11 (matching range) is 
expanded. 

Next, the second estimation unit 6 estimates a self position 
20 using a matching method within the limited second estimate range 

11 (Step S24), 
When the control unit 4 determines in the conditional 

branching in Step S21 that estimation of a self position by the first 
estimation unit 5 is not necessary (S21, unnecessary), Step S22 and 

25 Step S23 are skipped, and the process directly proceeds to Step S24, 
in which the second estimation unit 6 estimates a self position. 

Subsequently, the control unit 4 determines whether or not 
estimation of a self position is completed (Step S25). Step S21 to 
Step S24 are repeated until the control unit 4 determines that the 

30 autonomous vehicie 1 reaches the target position (Step S25, Yes), 
As described above, a method of estimating a self position 

according to Embodiment 1 has a feature that when the second 
estimation unit 6 calculates a second estimate value using a 
matching method after the first estimation unit 5 calculates a first 

35 estimate value using a probabilistic method, the control unit 4 limits 



the second estimate range 11 according to the first estimate value. 
A seif position is thus estimated, and then the estimated self 

position is corrected. This enables the autonomous vehicie 1 to 
travei using a self position highly accurate, 

5 The first estimate value Includes information on coordinates 
and orientation (angle) estimated as a self position of the 
autonomous vehicie 1 and a value indicating spread (variance and 
covariance). The second estimate value includes information on 
coordinates and orientation (angle) estimated as a seif position of 

10 the autonomous vehicie 1. The line segment in Embodiment 1 
means a line segment extracted from environmental information 
obtained by the first sensor 2 and having a certain length or longer or 
a line segment included in map information and having a certain 
length or longer. Examples of the line segment in two-dimensional 

15 map information include a line segment representing a wail. In 
environmental information obtained by a iidar performing horizontal 
scan, information indicating an existing wall based on a result of the 
scanning is represented by a line segment. 

It should be noted that In Embodiment 1, the term "line 
20 segment" means not onfy a straight line but also a curve. 

In Step S21, at least one of the following six criteria, Criteria 
1 to 6, may be selected and used as a criterion for the determination 
as to the necessity. 

Criterion 1; It is always determined "Necessary" in Step S21. 
25 When Criterion 1 is selected and used, computation load is heavy, but 

the autonomous vehicle l travels using highly accurate self positions 
throughout its travelling. 

Criterion 2: It is determined "Necessary" in Step S21 after 
every predetermined number of cycles of steps in the cyclic process 

30 performed by the autonomous vehicie 1. For example, it may be 
determined "Necessary" in Step S21 after Step S24 is performed 
every three times. In other words, under this criterion, estimation 
of a first estimate value is performed after every predetermined 
times of calculation of a second estimate value. When Criterion 2 is 

35 selected and used, the autonomous vehicle 1 travels with a balance 



between processing speed and accuracy in seif position estimation. 
For example, probabilistic methods such as the particle filter used in 
Embodiment 1 generally require heavy computation. Thus, 
Criterion 2 is used to purposefully reduce the number of processing, 

5 so that control performed by the control unit 4 is less likely to take a 
time longer than the period of the process cycle. 
[0022] 

Criterion 3: It is determined "Necessary" in Step S2X only 
when a match rate resulting from a matching method performed by 

10 the second estimation unit in the previous cycle is evaluated as being 
lower than or equal to a predetermined value. Criterion 3 is used 
effectively especially when a path of the autonomous vehicle 1 is 
simple in shape. For example, when the path is straight and the 
match rate in the previous cycle of matching is adequately high, the 

15 match rate is iess likely to drop. When Criterion 3 is used for such a 
simple path, the autonomous vehicle 1 travels with a balance 
between processing speed and accuracy in seif position estimation. 

Criterion 4: It is determined "Necessary" in Step S21 while the 
autonomous vehicle 1 is travelling in a first region, and determined 

20 "Unnecessary" in Step S21 while the autonomous vehicie 1 is 
travelling in a second region (the first region and the second region 
are previously determined in map information). The first region 
may be a region where the path is simple In shape, such as a straight 
path. The second region may be a region where the path is 

25 complicated in shape, such as an area near a front desk of a building 
or an intersection of paths. 

Criterion 5: It is determined "Necessary" in Step S21 only in 
predetermined time of day. The predetermined time of day is, for 
example, late night hours. 

30 Criterion 6; It is determined "Necessary" in Step S21 
according to a type of a package being carried by the autonomous 
vehicle 1. Under Criterion 6, for example, it is determined 
"Necessary" in Step S21 oniy when the autonomous vehicle 1 is 
carrying a fragile package. Criterion 6 is used effectively especially 

35 when a fragile package is being carried, because an error in 
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estimation of a self position may increase the probability of 
contacting with objects such as a wail. 

The following describes a method of estimating a self position 
according Embodiment 1 using FIG. 3 and FIG. 4. In FIG. 3 and FIG. 

5 4t the solid lines represent where walls are present, and the dotted 
lines represent line segments extracted from environmental 
information usinQ an estimated seif position as a reference. One 
diagram of the autonomous vehicie 1 in each of FIG, 3 and FIG. 4 
represents a first self position la of the autonomous vehicle 1, and 

10 the other represents a second self position lb of the autonomous 
vehicle 1 as a result of correction based on environmental 
information. The first seif position la is a self position which the 
autonomous vehicle 1 traveling in a traveling direction has estimated 
using dead reckoning. The second self position lb is a seff position 

15 as a result of correction based on environmental information using a 
method of estimating a self position according Embodiment 1, The 
dots present around the diagrams of the autonomous vehicie 1 in FIG. 
3 and FIG. 4 represent particles distributed in a first estimate range 
10 and each represent an estimated self position. The first estimate 

20 range 10 represents an estimate range of a particle filter, and is an 
exarnpfe of the first estimate value. 

A comparison of FIG. 3 and FIG. 4 clearly shows that both the 
first estimate range 10 and the discrepancy of the line segments 
between the environmental information and the map information in 

25 FIG. 3 are smaller. It also shows that both the first estimate range 
10 and the matching discrepancy in FIG. 4 are larger. It is therefore 
understood that changing a range of estimable matching discrepancy 
(the second estimate range 11 of the second estimation unit 6) 
according to the size of the first estimate range as in Embodiment 1 

30 produces an advantageous effect. 
The method of estimating the first estimate value is performed 

using a particle filter In this example, and thus the first estimate 
value indicates spread of the distribution of coordinates of multiple 
estimated particles. 

35 The following describes the matching method (Step 24 in FIG, 



2) using which the second estimation unit 6 estimates a self position 
according to Embodiment 1, using a flowchart in FIG, S, FIG. I, and 
FIG. 2, 

First, line segments in environmental information are 
5 extracted from environmentai information stored In the memory unit 

7 (Step S41), Next, line segments in map information are extracted 
as targets of matching from self position information and map 
information stored in the memory unit 7 (Step S42). Next, within a 
predetermined range, a line segment in the environmental 

10 information and a iine segment in the map information are selected 
as a pair on which matching is to be performed (Step S43). Next, 
matching is, performed on the selected pair, and a second estimate 
value is determined as a result of estimation a self position of the 
autonomous vehicle 1 (Step S44). 

15 The predetermined range in Step S43 is a range limited 
according to a first estimate value as described above, when it is 
determined "Necessary" in Step S21 shown in FIG. 2. 

The probabilistic method for use in Embodiment 1 includes but 
not limited-to the above-mentioned particle filter. Examples of the 

20 probabilistic method applicable to Embodiment 1 include position 
estimation using probabilistic occupancy grid and the Kalman filter. 

Optionally, when the difference between the first estimate 
value estimated by the first estimation unit 5 and the second 
estimate value estimated by the second estimation unit 6 in the 

25 above-described method of estimating a self position is larger than a 
third threshold value, an estimated self position may be corrected 
based on the first estimate value so that a second self position lb is 
used as the current self position. 

Optionally, the autonomous vehicle 1 may further include a 
30 notification unit which gives a notification of an error in estimation of 

a self position when the difference between the first estimate value 
estimated by the first estimation unit 5 and the second estimate 
value estimated by the second estimation unit 6 In the 
above-described method of estimating a self position is greater than 

35 a fourth threshold value. 
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Optionally, when the difference between the first estimate 
value estimated by the first estimation unit 5 and the second 
estimate vaiue estimated by the second estimation unit 6 in the 
above-described method of estimating a self positron is greater than 

5 a fifth threshold value, and the matching rate evaluated by the 
second estimation unit 6 Is lower than a sixth threshold vaiue, the 
control unit 4 may correct an estimated self position based on the 
first estimate value so that a second seif position lb is used as the 
current seif position. In this configuration, a large error In 

10 estimation of a seif position by the second estimation unit 8 may be 
resoived. 

Optionally, in the above-described method of estimating a self 
position, a first estimate value may be initialized to the second seif 
position lb after every predetermined number of cycles. This 

15 initialization allows handling of problems such as accumulation of 
errors. 

The length of a line segment for use in estimation of a self 
position by the second estimation unit 6 need not be a fixed length. 
For example, the length of the line segment may be variable 

20 depending on at least one of (a) regions previousiy determined in 
map information and (b) a predetermined branched instruction. 

In an exemplary branching, the length of a line segment may 
be increased when a first estimate vaiue is larger than an eighth 
threshold vaiue, and the length of a line segment may be decreased 

25 when a first estimate value is smaller than an eighth threshold value. 
Optionally, for example, the line segment may have a first 

length while the autonomous vehicie 1 is traveling in a first region, 
and have a second length, which is longer than the first length, while 
the autonomous vehicle 1 is traveling in a second region. The first 

30 region and the second region are determined previously in map 
information. 

Optionally, in another exemplary branching, the line segment 
may have a first length in predetermined time of day (for example, 
late night hours), and have a second length in other time of day. 

35 Optionally, in another exemplary branching, the line segment may be 
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a first segment when information indicating that the package the 
autonomous vehicle 1 is carrying is fragile is input, 

Optionally, the first sensor 2 of an autonomous vehicle 20 may 
include a third sensor 21 and a fourth sensor 22 as shown in FIG, 9, 

5 The third sensor 21 obtains environmental information which is used 
by the first estimation unit 5, and the fourth sensor 22 obtains 
environmental information which Is used by the second estimation 
unit 6. In this configuration, for example, the third sensor 21 
obtains environmental information appropriate for a probabilistic 

10 method, and the fourth sensor 22 obtains environmental information 
appropriate for extraction of fine segments. This enabies the 
autonomous vehicle 20 to travel with higher accuracy, 

(Variation 1 of Embodiment 1} 
The following describes a method of estimating a self position 

15 according to Variation 1 of Embodiment 1 of the present invention 
using FIG. 6. 

A feature of Variation 1 of Embodiment 1 is that the Kalrnan 
filter is used in the method of estimating a self position by the second 
estimation unit 6, 

20 The diagram in (a) in FIG. 6 shows a case where five line 
segments (solid lines) stored as map Information in the memory unit 
7 and five line segments (dotted lines) extracted from environmental 
information are present. In the graph in (b) in FIG, 6, the horizontal 
axis indicates angle (0) indicating the direction of position of line 

25 segments with respect to the autonomous vehicle 1, where X and Y 
coordinates are provided as shown in the diagram in (a), and the 
vertical axis indicates distance (R) from the autonomous vehicle 1 to 
line segments. The Kalrnan filter is executed to estimate a seif 
position using the direction, distance, and probability. 

30 (Variation 2 of Embodiment 1) 
The following describes a method of estimating a seif position 

according to Variation 2 of Embodiment 1 of the present invention 
using FIG. 7. 

In FIG. 7, the diagram in (a) and the diagram (b) each show a 
35 first estimate range 10 of the first estimation unit 5 and a second 
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estimate range 11 of the second estimation unit 6. In the diagram 
(b), a self position indicated by a second estimate vaiue is included in 
the first estimate range 10, and thus the control unit 4 uses the 
second estimate value as a seif position. In the diagram (a), a self 

5 position indicated by a second estimate vaiue is not included in the 
first estimate range 10. In this case, the second estimate vaiue may 
be incorrect. Thus, the control unit 4 in (a) corrects an estimated 
seif position so that the corrected estimated seif position of the 
autonomous vehicie 1 falis within the first estimate range 10. This 

10 method increases stability in move of the autonomous vehicle 1. 
(Variation 3 of Embodiment 1) 
The following describes a method of estimating a self position 

according to Variation 3 of Embodiment 1 of the present invention 
using FIG. 8. 

15 In FIG. 8, a line segment is present only in one direction, that 
is, on the left side of the autonomous vehicie 1 in the diagram, and 
accuracy of self position estimation by the autonomous vehicle 1 is 
high only in the direction perpendicular (lateral in the diagram) to the 
moving direction (upward in the diagram) of the autonomous vehicle 

20 1. The distribution indicated by second estimate values estimated 
by the second estimation unit 6 (second estimate range 11) stretches 
along the moving direction of the autonomous vehicie 1. In this 
case, error of an estimated self position is highly likely to occur even 
after an estimated seif position is corrected using the second 

25 estimate values. To address the problem, a self position is 
estimated only within a first estimate range 10 and the second 
estimate range 11. This correction of an estimate vaiue increases 
stability in move of the autonomous vehicle 1. 

It Is to be noted that present Invention is not limited to the 
30 present embodiment. For example, in another embodiment of the 

present invention, the components described in the present 
description may be optionally combined or omitted. The present 
invention also inciudes variations of the embodiments conceived by 
those skilled In the art unless they depart from the spirit and scope of 

35 the present invention, that is, the wording in the claims. 
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Industrial Applicability 
As described above, the autonomous vehicle according to the 

present invention is capable of traveiing with high reliability In 
5 estimation of self positions, and is therefore appiicabie to vehicles for 

use in buildings, such as a hospital. 

- 16 -



CLAIMS: 

1. An autonomous vehicie comprising: 

a first sensor which obtains environmental information on surrounding 

environment of the autonomous vehicle; and 

a controller configured to control a driver based on a self position, 
wherein the controller includes: 

a first estimater configured to calculate a first estimate vaiue 

indicating an estimated self position, by estimation using a probabilistic 
method based on the environmental information; and 

a second estimater configured to calculate a second estimate 
value indicating an estimated self position, by estimation using a matching 

method based on the environmental information, and 

the controller is configured to: change, according to the first 

estimate value, a second estimate range for the calculating of the second 
estimate value by the second estimater; 

control the driver using the second estimate value as the self position; 

reduce the second estimate range when a first estimate range included 

in the first estimate vaiue is smaller than a first threshold value; and 

expand the second estimate range when the first estimate range is 
larger than a second threshold vaiue. 

2. The autonomous vehicle according to Claim 1, 

wherein the first estimater is configured to estimate a self position 
using the probabilistic method which involves a particle filter, and 

the second estimater is configured to estimate a self position using the 

matching method which involves line matching. 

3. An autonomous vehicie comprising: 

a first sensor which obtains environmental information on surrounding 
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environment of the autonomous vehicle; and 

a controller configured to control a driver based on a self position, 
wherein the controller includes: 

a first estimater configured to calculate a first estimate value 

indicating an estimated self position, by estimation using a probabilistic 
method based on the environmental information; and 

a second estimater configured to calculate a second estimate 

value indicating an estimated seif position, by estimation using a matching 

method based on the environmental information, and 

the controller is configured to; change, according to the first 

estimate value, a second estimate range for the calculating of the second 

estimate vaiue by the second estimater; and control the driver using the 

second estimate vaiue as the self position, 

wherein when a difference between the first estimate value and the 
second estimate value is larger than a third threshold value, the controller is 

configured to control the driver using the self position that is based on the 
first estimate vaiue. 

4. An autonomous vehicle comprising: 

a first sensor which obtains environmental information on surrounding 

environment of the autonomous vehicle; and 

a controller configured to control a driver based on a self position, 
wherein the controller includes: 

a first estimater configured to calculate a first estimate vaiue 

indicating an estimated self position, by estimation using a probabilistic 
method based on the environmental information; and 

a second estimater configured to calculate a second estimate 

vaiue indicating an estimated seif position, by estimation using a matching 

method based on the environmental information, and 



the controller is configured to; change, according to the first 

estimate vaiue, a second estimate range for the calculating of the second 
estimate vaiue by the second estimater; and control the driver using the 

second estimate vaiue as the self position, 

a notificator configured to give a notification of an error when a 
difference between the first estimate value and the second estimate value is 

larger than a fourth threshold value. 

5. The autonomous vehicle according to Claim 1, wherein when a difference 

between the first estimate value and the second estimate value is larger than 

a fifth threshold vaiue, and a matching rate of the second estimater is lower 

than a sixth threshold value, the controller is configured to control the driver 

using the self position that is based on the first estimate value. 

6. The autonomous vehicie according to Claim 1, wherein the controller is 

configured to correct the estimated seif position that is based on the second 

estimate value so that the corrected estimated self position falls within a first 

estimate range obtained as a result of the estimation of a self position by the 
first estimater. 

7. The autonomous vehicle according to Claim 1, wherein the controller is 

configured to set the first estimate value as the self position at a 

predetermined interval. 

8. The autonomous vehicle according to Claim 1, wherein the first estimater 
is configured to calculate the first estimate value after every predetermined 

number of times of the calculating of a second estimate value. 



9. The autonomous vehicie according to Claim 1, wherein the controller is 
configured to determine, for each region in map information, whether or not 

the calculating of a first estimate value is necessary. 

10. The autonomous vehicie according to Ciaim 1, wherein the controller is 

configured to determine whether or not the calculating of a first estimate 

value is necessary according to time of day, 

11. The autonomous vehicle according to Ciaim 1, wherein the controller is 

configured to determine whether or not the calculating of a first estimate 

vaiue is necessary according to a type of a package being carried by the 

autonomous vehicle. 

12. The autonomous vehicle according to Ciaim 1, wherein the second 

estimater is configured to change, for each region in map information, a 

length of a line segment for use in the calculating of a second estimate 

value. 

13. The autonomous vehicie according to Ciaim 1, wherein the second 

estimater is configured to change, depending on a result of the estimation by 

the first estimater, a length of a line segment for use in the calculating of a 

second estimate vaiue. 

14. The autonomous vehicle according to Claim 1, wherein the first sensor 
includes: a third sensor which obtains the environmental information to be 

used by the first estimater; and a fourth sensor which obtains the 

environmental information to be used by the second estimater. 
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AUTONOMOUS VEHICLE AND METHOD OF ESTIMATING SELF 
POSITION OF AUTONOMOUS VEHICLE 

5 ABSTRACT 

An autonomous vehicle includes: a first sensor which obtains 
environmental information on surrounding environment of the 
autonomous vehicle; and a control unit which controls a drive unit 

10 based on a seif position. The control unit includes: a first estimation 
unit which calculates a first estimate value indicating an estimated 
self position, by estimation using a probabilistic method based on the 
environmental information; and a second estimation unit which 
calculates a second estimate vaiue indicating an estimated self 

15 position, by estimation using a matching method based on the 
environmental information, and the control unit changes, according 
to the first estimate vaiue, a second estimate range for the 
calculating of the second estimate vaiue by the second estimation 
unit, and controls the drive unit using the second estimate value as 

20 the self position. 

Figure 1 
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