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(54) MOBILE BODY

(57)  The purpose of the present invention is to sup-
press travel of a mobile body, reflective of the intentions
of a passenger, in a mobile body for which travel is sup-
pressed on the basis of a detected object around the
mobile body, in order to reduce collisions between the
mobile body and a detected object around the mobile
body. In the presentinvention, a control device of an elec-
tric wheelchair is provided with: a standard suppression
region setting unit that sets a standard suppression re-
gion to serve as a standard, the standard suppression
region being a suppression region in which travel of the
electric wheelchair is suppressed when a detected object

detected by a detecting device is positioned within the
region; and a reduced suppression region setting unit
that sets, on the basis of an intention of the passenger
or the type of a detected object located in a peripheral
region, which is a region on both sides of a predicted
travel region of the electric wheelchair 1, a reduced sup-
pression region, which is a suppression region that has
been reduced in size, in respect to the standard suppres-
sion region set by the standard suppression region set-
ting unit.
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Description
[Technical Field]

[0001] This invention relates to a mobile body, partic-
ularly to a mobile body that travels by an operation of an
occupant thereof.

[Background Art]

[0002] As one form of a mobile body which travels by
an operation of an occupant thereof, a mobile body dis-
closed in Patent Literature 1 has been known. The mobile
body disclosed in the Patent Literature 1 (for example,
an electric wheel chair) is equipped with a surrounding
object detecting device which detects a surrounding ob-
ject (detected object) existing around the mobile body
and an upper limit speed setting device which sets the
upper limit speed of the mobile body. The upper limit
speed setting device sets the upper limit such that the
upper limit speed is suppressed when a detected object
exists in the area of the travelling course of the mobile
body and in an area which is the sideward (periphery) of
the travelling course of the mobile body. This can avoid
the collision between the detected object and the mobile
body. Further, the upper limit speed setting means sets
the upper limit speed in response to the area where the
detected object positions and the relative speed between
the mobile body and the detected object.

[Citation List]
[Patent Literature]

[0003] [Patent Literature 1] JP5338398

[Summary of Invention]
[Technical Problem(s)]

[0004] According to the mobile body disclosed in the
Patent Literature 1, when a stationary object such as a
plant or the like positioning in the side area of the travel-
ling course is detected as a detected object when the
mobile body is travelling on a road which is relatively
narrow in width, the upper limit speed setting device sup-
presses the upper limit speed of the mobile body. Under
such situation, since only the stationary object, such as
plant, is detected, the occupant of the mobile body feels
to operate the mobile body faster than the suppressed
upper limit speed. Thus, a gap between the speed sup-
pressed travelling of the mobile body and the occupant’s
intended travelling is generated.

[0005] Accordingly, this invention was made in consid-
eration with the above-mentioned situation and the ob-
jective of the invention is to provide a mobile body which
can suppress the travelling speed thereof, which sup-
pression reflects the intention of the occupant of the mo-
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bile body, subject to the detection of the object which is
existing around the mobile body in order to avoid collision
with the detected object positioned in the surrounding
area of the mobile body.

[Solution to Problem(s)]

[0006] Inordertosolvethe above problems, the mobile
body according to claim 1 is characterized in that the
mobile body which travels driven by a driving device ac-
cording to an input to an operating device by an occupant
of the mobile body, includes a detecting device which
detects an object existing around the mobile body and a
control device which controls the mobile body to travel
by controlling a driving amount of the driving device
based on an input information which is an information
inputted to the operating device. The control device in-
cludes a standard suppression area setting portion which
sets a standard suppression area which is a criteria for
determining a suppression area where a travelling of the
mobile body is suppressed when the object positioning
in the suppression area is detected by the detecting de-
vice and a reduced suppression area setting portion
which sets a reduced suppression area which area is
reduced relative to the standard suppression area set by
the standard suppression area setting portion based on
an intention of the occupant of the mobile body or a type
of the object positioning in a surrounding area of the mo-
bile body at both side areas of a predicted travelling
course area of the mobile body.

[Advantageous Effect of Invention]

[0007] According to the invention described above, a
reduced suppression area setting portion sets the re-
duced suppression area which area is reduced relative
to the standard suppression area based on the intention
of the occupant. In other words, the suppression area is
reducible and accordingly, when the travelling of the mo-
bile body is suppressed due to a detected object posi-
tioning in the standard suppression area, the standard
suppression area is changed to (reduced to) the reduced
suppression area and accordingly, the suppression of
travelling of the mobile body is released when the detect-
ed object, which had been positioned within the standard
suppression area, moves outside of the reduced sup-
pression area. In this situation, a gap between the sup-
pressed travelling of the mobile body and the travelling
intended by the occupant can be reduced by releasing
the suppression of the travelling of the mobile body when
the travelling of the mobile body is suppressed against
the intended travelling by the occupant because of ex-
isting of a detected object within the standard suppres-
sion area. Further, the reduced suppression area setting
portion sets the reduced suppression area which area is
reduced relative to the standard suppression area based
on the type of the object positioningin a surrounding area.
When the suppression area is set to the reduced sup-
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pression area, the detected object can be hardly posi-
tioned in the suppression area. Thus, when the detected
object is not positioned in the suppression area, the trav-
elling of the mobile body is not suppressed and accord-
ingly, the travelling according to the intention of the oc-
cupant can be possible. Then the gap between the sup-
pressed travelling of the mobile body and the travelling
intended by the occupant can be reduced. Accordingly,
the suppression of travelling of the mobile body can be
made which reflects the intention of the occupant of the
mobile body.

[Brief Explanation of Drawings]
[0008]

[Fig. 1] Fig. 1 is an outline view of a structure of a
mobile body according to a first embodiment of the
invention;

[Fig. 2] Fig. 2 is a partially enlarged cross section
view showing an operating device and a release re-
quest detecting device shown in Fig. 1;

[Fig. 3] Fig. 3 is a schematic view of an input infor-
mation inputted to the operating device of Fig. 1 and
vertical axis indicates a front/rear direction of a mo-
bile body and a horizontal axis indicates a right/left
direction of the mobile body;

[Fig. 4] Fig. 4 is a block diagram of the mobile body
shown in Fig. 1;

[Fig. 5A] Fig. 5Ais a first map memorized in a control
device shown in Fig. 4, indicating a relationship be-
tween a desired or intended straight traveling speed
and a straight traveling speed of the mobile body;
[Fig. 5B] Fig. 5B is a second map memorized in a
control device shown in Fig. 4, indicating a relation-
ship between a desired or intended turning speed
and a turning speed of the mobile body;

[Fig. 6] Fig. 6 is a schematic view of a predicted trav-
elling course area and the surrounding area of trav-
elling of the mobile body formed on the polar coor-
dinates by the course predicting portion shown in
Fig. 4, wherein the vertical axis indicates a front/rear
direction of the mobile body and the horizontal axis
indicates the right/left direction of the mobile body;
[Fig. 7] Fig. 7 is a schematic view showing the stand-
ard suppression area on the polar coordinates set
by the standard suppression area setting portion
shown in Fig. 4;

[Fig. 8] Fig. 8 is a schematic view showing the re-
duced suppression area on the polar coordinates set
by the reduced suppression area setting portion
shown in Fig. 4;

[Fig. 9] Fig. 9 is a third map memorized in the control
device shown in Fig. 4, indicating a relationship be-
tween a minimum distance between the mobile body
and the detected object when the detected object is
positioned within the suppression area and the re-
stricting driving amount of the driving amount by the
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driving device;

[Fig. 10] Fig. 10 is a flowchart of a program executed
by the control device shown in Fig. 4;

[Fig. 11] Fig. 11 is another flowchart of a program
executed by the control device shown in Fig. 4;
[Fig. 12] Fig. 12 is a schematic view of the suppres-
sion area on the polar coordinates set by the stand-
ard suppression area setting portion and the reduced
suppression area setting portion shown in Fig. 4, but
showing a modified embodiment;

[Fig. 13] Fig. 13 is a block diagram of the mobile body
associated with a second embodiment;

[Fig. 14] Fig. 14 is a schematic view of the standard
suppression area on the polar coordinates set by the
standard suppression area setting portion shown in
Fig. 13;

[Fig. 15A] Fig. 15Ais a schematic view of the reduced
suppression area on the polar coordinates set by the
reduced suppression area setting portion shown in
Fig. 13 and a grid for a detected object appearing on
the polar coordinates when the mobile body travels
on a road which width is relatively narrow;

[Fig. 15B] Fig. 15B is a schematic view of an occlu-
sion grid used in a modified example of the deriving
method of occupation ratio by the occupation ratio
deriving portion shown in Fig. 13;

[Fig. 16] Fig. 16 is a fourth map memorized in the
control device shown in Fig. 13, indicating a relation-
ship between the surrounding object and the sup-
pression area;

[Fig. 17] Fig. 17 is a schematic view indicating an
area expanding control executed by the area ex-
panding control portion shown in Fig. 13;

[Fig. 18] Fig. 18 is a fifth map memorized in the con-
trol device shown in Fig. 13, indicating a relationship
between the acceleration, the surrounding object
and the occupation ratio and the execution of the
area expanding control;

[Fig. 19] Fig. 19 is a flowchart of a program executed
at the control device shown in Fig. 13;

[Fig. 20] Fig. 20 is a fourteenth map memorized in
the control device of a mobile body associated with
a modified example of the second embodiment of
the invention, indicating a relationship between the
occupation ratio and the suppression area;

[Fig. 21] Fig. 21 is a twenty-fourth map memorized
in the control device of a mobile body associated
with a modified example of the second embodiment
of the invention, indicating a relationship among the
surrounding object, the occupation ratio and the sup-
pression area; and

[Fig. 22] Fig. 22 is a fifteenth map memorized in the
control device of a mobile body associated with a
modified example of the second embodiment of the
invention, indicating a relationship between the sur-
rounding object and the occupation ratio and the ex-
ecution of the area expanding control.
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[Preferred Embodiments Implemented by Invention]
<First Embodiment

[0009] First embodiment of the mobile body according
to the invention will be explained hereinafter with refer-
ence to the attached drawings. As an example of the
mobile body according to the embodiment, an electric
wheel chair 1 shown in Fig. 1 will be explained. It is noted
that for the purpose of illustration, the explanation will be
made assuming that the top side and bottom side of Fig.
1 indicate the upper side and lower side of the electric
wheel chair 1. Similarly, the bottom left side and the top
right side of Fig. 1 indicate the front side and rear side of
the electric wheel chair 1 and the top left side and the
bottom right side of Fig. 1 indicate the right side and the
left side of the electric wheel chair 1, respectively. The
arrows in Fig. 1 indicate respective directions.

[0010] Asshown Figs.1 and 2, the electric wheel chair
1 includes a wheel chair main body 10, a driving device
20, an operating device 30, a release request detecting
device 40, a detecting device 50 and a control device 60.
The electric wheel chair 1 corresponds to the mobile body
which travels, driven by the driving device 20 which is
driven based on the input to the operating device 30 by
an occupant of the mobile body. The driving device 20,
the operating device 30, the release request detecting
device 40, the detecting device 50 and the control device
60 are installed on the wheel chair main body 10.
[0011] The wheel chair main body 10 includes a frame
11, a seat 12 on which the occupant is seated and wheels
13. The seat 12 and the wheels 13 are assembled to the
frame 11. The wheels 13 are structured to be rotatable
about respective rotation axes. The wheels 13 are ar-
ranged at the right side and the left side of the wheel
chair main body 10 and includes a left drive wheel 13a
and aright drive wheel 13b which are driven by the driving
device 20 and a left auxiliary wheel 13c and a right aux-
iliary wheel 13d for auxiliary supporting the traveling of
the electric wheel chair 1.

[0012] The driving device 20 drives the electric wheel
chair 1 by rotatably driving the respective driving wheels
13aand 13b. The driving device 20 is, for example, struc-
tured by a combination of an electric motor (not shown)
and reduction gear mechanism (not shown). The driving
device 20 is provided at respective driving wheels 13a
and 13b (total number of the driving device 20 is two).
[0013] The operating device 30 is operated by the oc-
cupant of the electric wheel chair 1 to give instructions
regarding to the straight traveling speed "v" and the turn-
ing speed "w" of the electric wheel chair 1. The straight
traveling speed "v" is a speed of the electric wheel chair
1 traveling in a forward direction (front direction) with re-
spect to the electric wheel chair 1. The turning speed "w"
is an angular speed of the electric wheel chair 1 turning
around the center of gravity thereof, as a turning center
at the location where the electric wheel chair 1 is located.
In this embodiment, a joystick is used as the operating
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device 30. As shown Fig. 2, the operating device 30 in-
cludes a lever portion 31 and a base portion 32 which
tiltably supports the lever portion 31

[0014] The operating device 30 is positioned in a state
in which the lever portion 31 is erected upright in the
vertical direction at a position where the lever portion 31
is the non-operated position (hereinafter, referred to as
a neutral position) shown with a broken line in Fig. 2. The
operating device 30 is operated by the occupant of the
wheel chair 1 by inclining the lever portion 31 from the
neutral position to an angular position. The operated
state of the lever portion 31 is indicated by the coordi-
nates of the tip end of the operating device 30, when the
operating device 30is projected onto the X-Y plane which
is in parallel with the horizontal plane as shown in Fig. 3.
The X-axis is the same direction with the front/rear direc-
tion of the electric wheel chair 1 and positive direction of
the X-axis is the same with the front direction of the elec-
tric wheel chair 1. The Y-axis is the same direction with
the right/left direction of the electric wheel chair 1 and
the positive direction of the Y-axis is the same with the
right direction of the electric wheel chair 1. The value of
the X-coordinates indicates a desired straight traveling
speed "xjs" of the electric wheel chair 1 corresponding
to the straight traveling speed desired by the occupant
of the wheel chair 1. The value of the Y-coordinates in-
dicates a desired turning speed "yjs" of the electric wheel
chair 1 corresponding to the turning speed desired by
the occupant of the wheel chair 1. The values of the de-
sired straighttraveling speed "xjs" and the desired turning
speed yjs" are outputted to the control device 60, every
first predetermined time as the input information inputted
to the operating device 30. The first predetermined time
is set to be, for example, 1/ 25 second.

[0015] The release request detecting device 40 is a
device which detects how strong the release request is
by the operation of the occupant. The release request is
a request for releasing the suppression of the travelling
of the electric wheel chair 1, which will be explained later.
The release request detecting device 40 detects the
strength of the release request based on the magnitude
of pushing load which will be explained later. In other
words, the greaterthe pushingload, the largertherelease
request becomes. The release request detecting device
40 includes a projecting portion 41 and the load detecting
portion 42.

[0016] The projecting portion 41 is formed at the lower
end of the lever portion 31 to be projecting forward as
shownin Fig. 2. The load detecting portion 42 is provided
on the base portion 32 at a position where the projecting
portion 41 is brought into contact with the lever portion
31 when the lever portion 31 is tilted forwardly. The load
detecting portion 42 detects the load from the projecting
portion 41 when the projecting portion 41 is in contact
with the load detecting portion 42. This detected load
corresponds to the operating load (hereinafter referred
to as pushing load) generated when the occupant of the
mobile body operates the lever portion 31 to be tilted
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forwardly to push the projecting portion 41 toward the
load detecting portion 42. As the load detecting portion
42, for example, a strain gage type load sensor can be
used. The load detecting portion 42 sends the detected
result to the control device 60.

[0017] The detecting device 50 detects the object ex-
isting around the electric wheel chair 1. The detecting
device 50 is formed by a 3D (three dimensional) meas-
urementarea sensor (laser range scanner (3D scanner)).
The detecting device 50 obtains the information of the
detected object on whether or not a detected object exists
and the distance from the detecting portion 51 to the de-
tected object, by (three dimensionally) emitting three la-
ser beams, one dimension in a horizontal direction, the
rest two dimensions in up/down directions from the de-
tecting portion 51 and receiving the reflected waves from
the detected object at the detecting portion 51. The laser
beams are emitted towards the front side of the electric
wheel chair 1 in a radial direction. The detecting device
50 obtains the information on the detected object, for
example, every first predetermined time. The obtained
information on the detected object by the detecting de-
vice 50 is outputted to the control device 60.

[0018] The control device 60 drives the electric wheel
chair 1 to travel by controlling the driving amount of the
driving device 20 based on the input information. The
driving device 20, the operating device 30, the release
request detecting device 40 and the detecting device 50
are connected to the control device 60 as shown in Fig.
4. The control device 60 includes a travelling control por-
tion 61 and a collision suppressing control portion 62.
[0019] The travelling control portion 61 executes a
traveling control which lets the electric wheel chair 1 to
travel. The travelling control portion 61 includes a straight
travelling speed deriving portion 61a, a turning speed
deriving portion 61b and a driving amount control portion
61c.

[0020] The straight travelling speed deriving portion
61aderives the straight travelling speed "v" of the electric
wheel chair 1. The straight travelling speed deriving por-
tion 61a converts the inputinformation which is a desired
straight traveling speed "xjs" obtained from the operating
device 30 into the straight traveling speed "v". The
straight travelling speed deriving portion 61a calculates
the straight traveling speed "v" from the desired straight
traveling speed "xjs" based on the first map M1 shown
in Fig. 5A. The first map M1 indicates the relationship
between the desired straight traveling speed "xjs" and
the straight traveling speed "v". The firstmap M1 includes
proportional portions mv1 in which the desired straight
traveling speed "xjs" and the straight traveling speed "v"
are proportional and dead zone portions mv2 in which
the straight traveling speed "v" is constant regardless of
the magnitude of the desired straight traveling speed "xjs"
as shown in Fig. 5A. When the straight traveling speed
"v" is a positive value, the electric wheel chair 1 moves
forward. On the other hand, when the straight traveling
speed "v" is a negative value, the electric wheel chair 1
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moves rearward. The straight travelling speed deriving
portion 61a outputs the derived straight travelling speed
"v" to the driving amount control portion 61c.

[0021] The turning speed deriving portion 61b derives
the turning speed "w" of the electric wheel chair 1. The
turning speed deriving portion 61b obtains the desired
turning speed "yjs" which is the input information from
the operating device 30 and converts to the turning speed
"w". In more detail, the turning speed deriving portion 61b
derives the turning speed "w" based on the second map
M2 shown in Fig. 5B from the obtained desired turning
speed "yjs". The second map M2 indicates the relation-
ship between the desired turning speed"yjs" and the turn-
ing speed "w". Further, the second map M2 includes pro-
portional portions mw1 in which the desired turning speed
"yjs" and the turning speed "w" are proportional and dead
zone portions mw2 in which the turning speed "w" is con-
stant regardless of the magnitude of the desired turning
speed "yjs". When the turning speed "w" is a positive
value, the electricwheel chair 1 turnsin the right direction.
On the other hand, when the turning speed "w" is a neg-
ative value, the electric wheel chair 1 turns in the left
direction. The turning speed deriving portion 61b outputs
the derived turning speed "w" to the driving amount con-
trol portion 61c.

[0022] The driving amount control portion 61c¢ controls
the driving amount (rotation number) of the driving device
20 based on the straight traveling speed "v" obtained
from the straight travelling speed deriving portion 61a
and the turning speed "w" obtained from the turning
speed deriving portion 61b. The driving amount control
portion 61c derives the rotation speed of the left drive
wheel 13a and the rotation speed of the right drive wheel
13b based on the obtained the straight traveling speed
"v" and the turning speed "w". The magnitude of the
straight traveling speed "v" is proportional to the magni-
tude of the rotation speed of the left drive wheel 13a and
the magnitude of the rotation speed of the right drive
wheel 13b. Further, the magnitude of the turning speed
"w" is proportional to the magnitude of the difference in
rotation speed between the left drive wheel 13a and the
right drive wheel 13b. The relationship between the
straight traveling speed "v" and the turning speed "w"
and the rotation speed of the left drive wheel 13a and the
right drive wheel 13b is obtained in advance by calcula-
tion through the experimental work or the like. It is noted
that since the driving device 20 is PWM (Pulse Width
Modulation) -controlled, the control instruction value of
the driving device 20 is calculated based on the duty ratio
(cycle). Further, the driving amount control portion 61c
includes a driving amount suppressing portion 61c1. The
driving amount suppressing portion 61c1 suppresses the
driving amount of the driving device 20 based on the sup-
pression instructions from the collision suppressing con-
trol portion 62 (explained later).

[0023] The collision suppressing control portion 62
performs the collision suppressing control for avoiding
the collision between the electric wheel chair 1 and the
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detected object. The collision suppressing control portion
62 includes a course predicting portion 62a, a standard
suppression area setting portion 62b, a reduced suppres-
sion area setting portion 62c, a release request obtaining
portion 62d, an area switching over portion 62e and an
obstacle existence judging portion 62f, as shown Fig. 4.
[0024] The course predicting portion 62a predicts the
traveling course of the electric wheel chair 1 based on
the input information (desired straight travelling speed
"xjs" and desired turning speed "yjs") from the operating
device 30. The course predicting portion 62a predicts the
course of the electric wheel chair 1 on the polar coordi-
nates C, as shown in Fig. 6. The polar coordinates C is
arranged in parallel with the horizontal plane, having a
point of origin CO at the front end central position of the
electric wheel chair 1 and at the same time the polar
coordinates of Fig. 6 indicates the top side of the coor-
dinates corresponding to the front side of the electric
wheel chair 1. The angular range of the polar coordinates
C corresponds to the angular range within which a de-
tected object can be detected by the detecting device 50.
The polar coordinates C includes a plurality of grids G,
each delimited in both radial and circumferential direc-
tions with a predetermined distance apart from each oth-
er in radial and circumferential directions (for example,
having an interval of 1 meter (m) in a radial direction and
five (5) degrees in a circumferential direction).

[0025] The predicted travelling course area Wy which
is the travelling course of the electric wheel chair 1 pre-
dicted by the course predicting portion 62a is indicated
concretely as a traveling trace of the electric wheel chair
1 from the time when the control device 60 obtains the
input information to the time when the second predeter-
mined time (for example, five seconds) has passed. In
other words, the width of the predicted travelling course
area Wy corresponds to the width of the electric wheel
chair 1. The predicted travelling course area Wy is formed
based on a predetermined function derived from an ac-
tual measurement by an experimental work or the like in
advance from the straight traveling speed "v" and the
turning speed "w". The predicted travelling course area
Wy is formed (renewed) every first predetermined time
from the time when the control device 60 obtains the input
information from the operating device 30. Further, the
areas existing at both sides of the predicted travelling
course area Wy in the area of the polar coordinates C
are generated as the surrounding area Rs.

[0026] The standard suppression area setting portion
62b sets the standard suppression area Rb as a stand-
ard, which is the suppression area in which the travelling
ofthe electric wheel chair 1 is suppressed when an object
detected by the detecting device 50 is positioned in this
area. As shown in Fig. 7, the standard suppression area
Rb extends along the predicted travelling course area
Wy and the width thereof is wider than the width of the
predicted travelling course area Wy. The standard sup-
pression area Rb is in a sector shape having a standard
width Bb which is defined to be the standard value. The
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shape of the standard suppression area Rb varies ac-
cording to the change of the predicted travelling course
area Wy which varies according to the change of the
input information. As shown in Fig. 7, the shape of the
standard suppression area Rb is the shape of the pre-
dicted travelling course area Wy being extending straight
forward. The travelling of the electric wheel chair 1 is
suppressed when the object detected by the detecting
device 50 is positioned within the standard suppression
area Rb, which will be explained later. The standard sup-
pression area Rb set by the standard suppression setting
portion 62b is outputted to the area switching over portion
62e.

[0027] The reduced suppression area setting portion
62c sets the reduced suppression areas Rr1, Rr2 which
are the reduced suppression areas relative to the stand-
ard suppression area Rb set by the standard suppression
area setting portion 62b. The reduced suppression area
setting portion 62c¢ sets the first reduced suppression ar-
ea Rr1 and the second reduced suppression area Rr2
and as show in Fig. 8, the first reduced suppression area
Rr1 extends along the predicted travelling course area
Wy and is formed in a sector shape with a first width Br.
The value of the first width is set to be a value between
the width of the predicted travelling course area Wy and
a standard width Bb. In other words, the first reduced
suppression area Rr1 is an area included in the standard
suppression area Rb. The shape of the first reduced sup-
pression area Rr1 varies in accordance with the change
of the predicted travelling course area Wy which varies
in accordance with the change of the input information.
As shown in Fig. 8, the shape of the first reduced sup-
pression area Rr1 is the shape of the predicted travelling
course area Wy at the time when the predicted travelling
course area Wy is extending straight forward.

[0028] Further, the second reduced suppression area
Rr2 is set in the same area with the predicted travelling
course area Wy. In other words, the widths of the stand-
ard suppression area Rb, the first reduced suppression
area Rr1 and the second reduced suppression area Rr2
become stepwise narrowing in this order. The travelling
of the electric wheel chair 1 is suppressed when the ob-
ject detected by the detecting device 50 is positioned
within the first reduced suppression area Rr1 and the
second reduced suppression area Rr2, which will be ex-
plained later. Each reduced suppression areas Rr1 and
Rr2 set by the reduced suppression setting portion 62c
is outputted to the area switching over portion 62e. Thus,
according to the suppression area of the first embodi-
ment, three suppression areas are formed which are the
standard suppression area Rb, the first reduced suppres-
sion area Rr1 and the second reduced suppression area
Rr2.

[0029] The release request obtaining portion 62d ob-
tains the magnitude of strength of the release request.
In concrete, the release request obtaining portion 62d
obtains the pushing load operated by the occupant and
detected by the load detecting portion 42. The pushing
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load obtained by the release request obtaining portion
62d is outputted to the area switching over portion 62e.
[0030] The area switching over portion 62e switches
over the suppression area from the standard suppression
area Rb set by the standard suppression area setting
portion 62b to the reduced suppression area Rr1 and Rr2
set by the reduced suppression area setting portion 62c
based on the strength of the release request detected by
the release request detecting device 40 (release request
obtaining portion 62d) and the judgement result of the
obstacle existence judging portion 62f. In detail, the area
switching over portion 62e switches over from the stand-
ard suppression area Rb to each reduced suppression
area Rr1 and Rr2 based on whether any obstacle exists
or not and the strength of the pushing load from release
request obtaining portion 62d. According to this embod-
iment, the area switching over portion 62e switches over
(selects) between the standard suppression area Rb and
each reduced suppression area Rr1 and Rr2 by the area
switching over control (later explained). Each reduced
suppression area Rr1 and Rr2 which is switched over by
the area switching over portion 62e is outputted to the
obstacle existence judging portion 62f. When the area
switching over portion 62e does not switch over the sup-
pression area from the standard suppression area Rb,
the standard suppression area Rb is outputted to the ob-
stacle existence judging portion 62f.

[0031] Theobstacle existence judging portion 62f judg-
es whether any obstacle exists or not based on the ob-
stacle detecting information detected by the detecting
device 50 and the suppression area from the area switch-
ing over portion 62e. The obstacle means any detected
object which positions in the suppression area. In other
words, the obstacle existence judging portion 62f judges
that an obstacle exists when the obstacle detected by
the detecting device 50 is positioned in the suppression
area selected by the area switching over portion 62e. On
the other hand, the obstacle existence judging portion
62f judges that an obstacle does not exist when the ob-
stacle detected by the detecting device 50 is not posi-
tioned in the suppression area (i.e., is positioned outside
of the suppression area) selected by the area switching
over portion 62e.

[0032] The obstacle existence judging control whether
an obstacle exists or not performed by the obstacle ex-
istence judging portion 62f will be explained hereinafter.
First, the detected object information is projected from
the detecting device 50 on the polar coordinates C. The
detected object information is a coordinates data of a
group of points PG formed by a plurality of points P which
is a 3D positioning information of the detected object. As
shown in Figs. 7 and 8, a grid G which includes at least
a predetermined number of points P in the group of points
PG projected on the polar coordinates C is defined to be
the object detected grid in which an object exists. The
predetermined number is, for example, set to be three
(3). The obstacle existence judging portion 62f judges
that an object exists when the object detected grid and
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the suppression area overlap with each other. In more
detail, as shown in Fig. 7, in a case where three object
detected grids Gk1, Gk2 and Gk3 are detected based on
the detected object information from the detecting device
50 and at the same time when the suppression area
agrees with the standard suppression area Rb set by the
standard suppression area setting portion 62b, the ob-
stacle existence judging portion 62f judges that an object
exists when the two object detected grids Gk2 and Gk3
overlap with the standard suppression area Rb.

[0033] On the other hand, the obstacle existence judg-
ing portion 62f judges that an object does not exist when
the object detected grid and the suppression area do not
overlap with one another. In more detail, as shown in Fig.
8, in a case where three object detected grids Gk1, Gk2
and Gk3 are detected based on the detected object in-
formation from the detecting device 50 and at the same
time when the suppression area agrees with the reduced
suppression area Rr1 set by the reduced suppression
area setting portion 62c, the obstacle existence judging
portion 62f judges that an object does not exist when the
three object detected grids Gk1, Gk2 and Gk3 do not
overlap with the reduced suppression area Rr1. Itis noted
here that since the detected object information is ob-
tained every first predetermined time, the judgement by
the obstacle existence judging portion 62f is made per
every first predetermined time. The judgement result by
the obstacle existence judging portion 62f is outputted to
the area switching over portion 62e and the driving
amount suppressing portion 61c1.

[0034] The driving amount suppressing portion 61c1
suppresses the travelling of the electric wheel chair 1
while an object is judged to be existing by the obstacle
existence judging portion 62f. In more detail, the driving
amount suppressing portion 61¢1 suppresses or restricts
the driving amount of the driving device 20. According to
this embodiment, the driving amount control portion 61¢
suppresses the maximum driving amount of the driving
device 20 to suppress the maximum speed of the straight
travelling speed "v". The driving amount suppressing por-
tion 61c1 suppresses the maximum speed of the straight
travelling speed "v" to the maximum straight travelling
speed "vx" while an object is judged to be existing by the
obstacle existence judging portion 62f. The maximum
straight travelling speed "vx" is derived based on the third
map M3 shownin Fig. 9, from the minimum distance Dmin
(See Fig. 7) which is the shortest distance from the elec-
tric wheel chair 1 (the front end central position of the
electric wheel chair 1: point of origin CO0) to the detected
object which positions in the suppression area. The min-
imum distance Dmin can be derived from the detected
object information. The minimum distance Dmin is de-
rived from the driving amount suppressing portion 61c1
while an object is judged to be existing by the obstacle
existence judging portion 62f. The third map M3 indicates
the relationship between the minimum distance Dminand
the maximum straight travelling speed "vx". This relation-
ship is set so that the shorter the minimum distance Dmin,
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the smaller the maximum straight travelling speed be-
comes. On the other hand, when an object is judged to
be not existing by the obstacle existence judging portion
62f, the driving amount suppressing portion 61c1 releas-
es the suppression of travelling of the electric wheel chair
1 when the travelling speed is being suppressed.
[0035] The travelling control for the electric wheel chair
1 by the control device 60 will be explained hereinafter.
From the time when the occupant of the electric wheel
chair 1 operates the operating device 30 and the control
device 60 obtains the inputinformation from the operating
device 30, the control device 60 starts travelling control.
As explained above, based on the input information from
the operating device 30, the straight travelling speed de-
riving portion 61a derives the straight travelling speed "v"
and the turning speed deriving portion 61b derives the
turning speed "w". Based on the result of the derivation
by the straight travelling speed deriving portion 61a and
the turning speed deriving portion 61b, the driving
amount control portion 61c¢ controls the driving amount
of the driving device 20 to make the electric wheel chair
1 travel. While the control device 60 is controlling the
travelling of the electric wheel chair 1, if the occupant
shifts the operating device 30 to the neutral position, the
straight travelling speed "v" and the turning speed "w"
become zero and the electric wheel chair 1 stops its
movement. Thus, the traveling control by the control de-
vice 60 ends.

[0036] Next, the collision suppression control by the
control device 60 will be explained with reference to the
flowchart shown in Fig. 10. The collision suppression
control is a control for avoiding collision between the elec-
tric wheel chair 1 and the detected object by suppressing
the travelling speed of the electric wheel chair 1 to provide
a time sufficient for the occupant to avoid collision with
a detected object, if an object is detected in the suppres-
sion area, while the travelling control of the electric wheel
chair 1 is being executed. The suppression area is set
to the standard suppression area Rb at the start of trav-
elling of the electric wheel chair 1.

[0037] Ifthe electricwheelchair 1isin traveling control,
the control device 60 predicts the traveling course of the
electric wheel chair 1 at the step S102 (course predicting
portion 62a). The control device 60 sets the standard
suppression area Rb and the reduced suppression areas
Rr1and Rr2 atthe step S104 (standard suppression area
setting portion 62b and each reduced suppression area
setting portion 62c). Then, the control device 60 executes
the area switching over control at the step S106 (area
switching over portion 62e). The area switching over con-
trol will be explained with reference to the flowchart
shown in Fig. 11.

[0038] Then, the control device 60 judges whether an
obstacle exists or not at the step S202 (obstacle exist-
ence judging portion 62f). When the control device 60
judges that an obstacle does not exist, the control device
60 judges "NO" at the step S202 and the control device
60 sets the suppression area to the standard suppression
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area Rb and ends the area switching over control at the
step S204. When the control device 60 judges that an
obstacle does not exist, the travelling of the electric wheel
chair 1 is not suppressed (driving amount suppressing
portion 61c1) and any gap (hereinafter, referred to as
simply referred to as "traveling gap") between the intend-
ed travel of the occupant and the actual travelling of the
electric wheel chair 1 is not generated. Accordingly, the
suppression area is set to be the standard suppression
areaRbwhich is the largest area of the suppression area.
On the other hand, if an obstacle is detected, the control
device 60 judges that an obstacle exists (obstacle exist-
ence judging portion 62f), the control device 60 judges
YES" at the step S202 and the program goes to the step
S206.

[0039] The control device 60 judges whether or not the
magnitude of strength of the release request is equal to
or less than a first release request judgement value at
the step S206. In detail, the control device 60 judges
whether or not the pushing load is equal to or less than
the first release request judgement value. The first re-
lease request judgement value is set to the value corre-
sponding to the pushing load applied when the travelling
gap is very small. The first release request judgement
value is set to, for example, one (1) N (newton). The
pushing load is very small when the travelling gap is very
small, or zero. When the pushing load is equal to or less
thanthe firstrelease requestjudgement value, the control
device 60 judges "YES" at the step S206 and the control
device 60 sets the suppression area to the standard sup-
pression area Rb at the step S204. Then the area switch-
ing over control ends.

[0040] On the other hand, when the travelling gap is
relatively large, the pushing load becomes relatively
large. When the pushing load is larger than the first re-
lease request judgement value, the control device 60
judges "NO" at the step S206 and advances the program
to the step S208.

[0041] The control device 60 judges whether or not the
magnitude of strength of the release request (the pushing
load) is equal to or less than a second release request
judgement value at the step S208. The second release
request judgement value is set to a value larger than the
first release request judgement value (for example, ten
(10) N). Under the situation that the travelling gap is rel-
atively large, if the pushing load is equal to or less than
the second release request judgement value, the control
device 60 judges "YES" at the step S208 and sets the
suppression area to the first reduced suppression area
Rr1 at the step S210. Then the area switching over con-
trol ends. On the other hand, when the travelling gap is
relatively large and when the pushing load is larger than
the second release request judgement value, the control
device 60 judges "NO" at the step S208. Then the control
device 60 sets the suppression area to the second re-
duced suppression area Rr2 at the step S212. Then the
area switching over control ends.

[0042] Returning now back to the flowchart in Fig. 10,
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the explanation of the operation of the control device 60
will continue hereinafter. The control device 60 judges
whether an obstacle exists or not at the step S108. When
the obstacle is positioned in the suppression area
switched over by the switching over control, the obstacle
is judged to be existing (obstacle existence judging por-
tion 62f). In such case, the controldevice 60 judges "YES"
at the step S108 and suppresses the travelling speed of
the electricwheel chair 1 atthe step S110 (driving amount
suppressing portion 61c1). The program returns to the
step S102.

[0043] On the other hand, when the obstacle is posi-
tioned outside of the suppression area which has been
switched over by the switching over control (is not posi-
tioned in the suppression area), the obstacle is judged
to be not existing (obstacle existence judging portion 62f).
In such case, the control device 60 judges "NO" at the
step S108 and judges whether or not the travelling speed
of the electric wheel chair 1 is suppressed at the step
S112. If the travelling of the electric wheel chair 1 is not
suppressed, the control device 60 judges "NO" at the
step S112 and returns the program to the step S102. On
the other hand, if the suppression of travelling of the elec-
tric wheel chair 1 has been already made, the control
device 60 judges "YES" at the step S112 and releases
the travelling suppression of the electric wheel chair 1
(driving amount suppressing portion 61c1) at the step
S114. Then the program returns to the step S102.
[0044] Next, the operation of the electric wheel chair 1
according to the flowchart above will be explained here-
inafter. The explanation will be made for a case of the
electric wheel chair 1 being travelling with the maximum
speed (such as, for example, 10 km/h) without any sup-
pression of travelling speed due to the forward inclination
of the lever portion 31 of the operating device 30 by the
occupant. Under such situation, the predicted travelling
course area Wy is formed straight forward (step S102;
course predicting portion 62a). Then, based on the pre-
dicted travelling course area Wy, the standard suppres-
sion area Rb and the reduced suppression areas Rr1
and Rr2 are set (step S104; standard suppression area
setting portion 62b and reduced suppression area setting
portion 62c). When an obstacle is judged to be not ex-
isting, the suppression area is set to the standard sup-
pression area Rb (S106; area switching over portion
62e).

[0045] When an obstacle is detected by the detecting
device 50 and the detected object is positioning in the
standard suppression area Rb as shown in Fig. 7, the
maximum speed of the straight travelling speed "v" is
suppressed according to the minimum distance Dmin be-
tween the electric wheel chair 1 and the detected object
(step S110; driving amount suppressing portion 61c1).
When the electric wheel chair 1 is travelling with the sup-
pressed straight travelling speed "v", if the detected ob-
ject is a stationary object, the occupant of the electric
wheel chair 1 wishes to travel faster than the suppressed
straight travelling speed "v" and a travelling gap is gen-
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erated due to such desire or feeling of the occupant. In
such case, the occupant inclines the lever portion 31 fur-
ther forwardly to request a release of suppression of the
travelling speed of the electric wheel chair 1. By this fur-
ther forward inclination operation, when the pushing load
becomes a value between the first release request judg-
ment value and the second release request judgment
value, the standard suppression area Rb is changed to
the first reduced suppression area Rr1 as shown in Fig.
8 (step S106; area switching over portion 62¢).

[0046] By this operation, the detected object goes out
of the first reduced suppression area Rr1 and positions
outside of the suppression area. Accordingly, the sup-
pression of travelling of the electric wheel chair 1 is re-
leased (step S114; driving amount suppressing portion
61c1). Thus, the occupant can move the electric wheel
chair 1 with a non-suppressed intended speed. As ex-
plained, by suppressing or releasing the travelling gap,
the travelling of the electric wheel chair 1 reflecting an
occupant’s intension can be suppressed.

[0047] Itis noted thateven when the standard suppres-
sion area Rb has been changed to the first reduced sup-
pression area Rr1 (step S106; area switching over por-
tion 62e), if the detected object is positioning in the first
reduced suppression area Rr1, the travelling of the elec-
tric wheel chair 1 can be suppressed (step S110; driving
amount suppressing portion 61c1). Further, when the
strength of the release request by the occupant becomes
relatively large, and the suppression area is changed to
the second reduced suppression area Rr2, if the detected
object is positioning in the second reduced suppression
area Rr2, the travelling of the electric wheel chair 1 can
be suppressed. As explained above, even the occupant
requests a release of suppression, as long as the detect-
ed object is positioning in the suppression area, the trav-
elling of the electric wheel chair 1 is suppressed. Thus,
a collision of the electric wheel chair 1 with a detected
objectcanbe suppressed or avoided. Further, ifthe push-
ing load becomes relatively large against the intention of
the occupant, or if the strength of the release request
becomes largerthan the respective release request judg-
ment values due to a failure in the operating device 30,
the release request detecting device 40 or in the control
device 60, as long as the detected object is positioning
in the suppression area, the travelling of the electric
wheel chair 1 is suppressed. Accordingly, under such
cases, the collision between the electric wheel chair 1
and a detected object can be avoided.

[0048] According to the first embodiment, the electric
wheel chair 1 travels driven by a driving device 20 ac-
cording to an input to an operating device 30 by an oc-
cupant, wherein the electric wheel chair 1 includes a de-
tecting device 50 which detects an object existing around
the electric wheel chair 1 and a control device 60 which
controls the electric wheel chair 1 to travel by controlling
a driving amount of the driving device 20 based on an
input information which is an information inputted to the
operating device 30. The control device 60 includes a
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standard suppression area setting portion 62b which sets
a standard suppression area Rb which is a criteria for
determining a suppression area where a travelling of the
electric wheel chair 1 is suppressed when the object po-
sitioning in the suppression area is detected by the de-
tecting device 50 and areduced suppression area setting
portion 62c which sets a reduced suppression area Rr1
and Rr2 which area is reduced relative to the standard
suppression area Rb set by the standard suppression
area setting portion 62b based on an intention of the oc-
cupant of the electric wheel chair 1.

[0049] According to the first embodiment described
above, the reduced suppression area setting portion 62c
sets the reduced suppression area Rr1 and Rr2 which
areais reduced relative to the standard suppression area
Rb based on the intention of the occupant. In other words,
the suppression area can be reducible and when the trav-
elling of the electric wheel chair 1 is suppressed due to
adetected object positioning in the standard suppression
area Rb, the standard suppression area Rb is switched
over to (reduced to) the reduced suppression area Rr1
and Rr2 and accordingly, the suppression of travelling of
the electric wheel chair 1 is released when the detected
object which had been positioned within the standard
suppression area Rb positions outside of the reduced
suppression area Rr1 and Rr2. In this situation, since the
detected object positions within the standard suppres-
sion area Rb, a gap between the suppressed travelling
of the electric wheel chair 1 and the travelling intended
by the occupant can be suppressed by releasing the sup-
pression of the travelling of the electric wheel chair 1, if
the travelling of the electric wheel chair 1 has been sup-
pressed against the intended travelling by the occupant.
Accordingly, the suppression of travelling of the electric
wheel chair 1 can be made reflecting the intention of the
occupant of the electric wheel chair 1.

[0050] Further, the intension of the occupant means a
request for releasing the suppression of travelling speed
of the electric wheel chair 1 and the electric wheel chair
1 further includes a release request detecting device 40
which detects the strength of the release request by the
operation of the occupant. The control device 60 further
includes an area switching over portion 62e which switch-
es over the suppression area from the standard suppres-
sionarea Rb setby the standard suppression area setting
portion 62b to the reduced suppression area Rr1 and Rr2
set by the reduced suppression area setting portion 62b,
based on the strength of the release request detected by
the release request detecting device 40. According to the
structure explained above, by the operation of the release
request detecting device 40 by the occupant, the release
request against the suppression of travelling of the elec-
tric wheel chair 1 can be surely transmitted to the electric
wheel chair 1 and a suppression area switching over con-
trol by the area switching over portion 62e from the stand-
ard suppression area Rb to the reduced suppression ar-
ea Rr1 and Rr2 can be surely performed. Accordingly,
the gap between the suppressed travelling of the electric
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wheel chair 1 and the travelling intended by the occupant
can be surely suppressed. Accordingly, the suppression
of travelling of the electric wheel chair 1 can be executed,
reflecting the intention of the occupant of the electric
wheel chair 1.

[0051] Further, the reduced suppression area setting
portion 62c sets the reduced suppression area Rr1 and
Rr2 so that the reduced suppression area reduces, as
the strength of the release request detected by the re-
lease request detecting device 40 increases. According-
ly, since the reduced suppression area setting portion
62c sets the reduced suppression area so that the re-
duced suppression area reduces, as the strength of the
release request detected by the release request detect-
ing device 40 increases, more objects to be detected may
become positioned outside of the reduced suppression
area. Accordingly, the travelling gap between the travel-
ling intended by the occupant and the suppressed trav-
elling of the electric wheel chair 1 can be further sup-
pressed and the suppression of travelling of the electric
wheel chair 1 which reflects the intension of the occupant
can be further made.

[0052] It is noted that according to the first embodi-
ment, the suppression area is formed such that the width
thereof becomes narrower stepwise in response to the
strength of the release request (pushing load). However,
such shape of the suppression area may be differently
formed from the shape explained in the first embodiment
as far as such shape is formed within the subject matter
of the invention. For example, as shown in Fig. 12, sup-
posing that four areas R1 through R4 are set, the widths
of which become narrower towards frontward from the
point of origin CO, the standard suppression area Rb may
be set to the area including all four areas R1 through R4.
Then, the first reduced suppression area Rr1 may be set
to the area including three areas R2 through R4 and the
second reduced suppression area Rr2 may be set to the
area including two areas R3 and R4. Further, when a
third reduced suppression area which area is smaller
than the second reduced suppression area Rr2 is set by
the reduced suppression area setting portion 62¢, such
third reduced suppression area may be set to include
one area R4. As explained, the reduced suppression ar-
ea is set such that the length in the front/rearward direc-
tion becomes shortened stepwise with respect to the
standard suppression area Rb. Further, the reduced sup-
pression area is set such that the length in the front/rear-
ward direction becomes shortened stepwise and at the
same time the width thereof in the front/rearward direc-
tion becomes narrowed stepwise with respect to the
standard suppression area Rb, when the reduced sup-
pression area setting portion 62c sets such that the re-
duced suppression area becomes reduced stepwise with
respect to the standard suppression area Rb. As ex-
plained, the reduced suppression area is set such that
the length in the front/rearward direction becomes short-
ened stepwise and at the same time the width thereof in
the front/rearward direction becomes narrowed stepwise
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with respect to the standard suppression area Rb.
<Second Embodiment

[0053] Next, the mobile body according to the second
embodiment of the invention will be explained hereinaf-
ter, mainly regarding to the different points from those of
the first embodiment. The mobile body of the second em-
bodiment does not include the release request detecting
device 40 and the collision suppressing control portion
62 is different in structure from that of the first embodi-
ment. According to the collision suppressing control por-
tion 62 of the first embodiment, the suppression area is
switched over based on the release request by the oc-
cupant. However, the collision suppressing control por-
tion 162 according to the second embodiment second
embodiment the suppression area is switched over
based on the type of the detected object positioned in
the surrounding area Rs. Further, according to the colli-
sion suppressing control portion 162 executes an area
expanding control which deforms the suppression area
to be expanding based on the type of the detected object.
The type of the detected object is a stationary object and
a moving object.

[0054] The collision suppressing control portion 162
according to the second embodimentincludes, as shown
in Fig. 13, a course predicting portion 162a, a standard
suppression area setting portion 162b, a reduced sup-
pression area setting portion 162c, a surrounding object
existence judging portion 162g, a surrounding object type
judging portion 162h, an occupation ratio deriving portion
162k, an area switching over portion 162e, an accelera-
tion deriving portion 162m, an area expanding control
portion 162n and an obstacle existence judging portion
162f. A straight travelling speed "v" derived from the
straight travelling speed deriving portion 61a and a turn-
ing speed "w" derived from the turning speed deriving
portion 61b are inputted to the surrounding object type
judging portion 162h and the acceleration deriving por-
tion 162m every first predetermined time.

[0055] Similar to the first embodiment, the course pre-
dicting portion 162a forms the predicted travelling course
area "WYy" and the surrounding area "Rs". The predicted
travelling course area "Wy" and the surrounding area
"Rs" are inputted to the standard suppression area set-
ting portion 162b, the reduced suppression area setting
portion 162c and the surrounding object existence judg-
ing portion 162g.

[0056] The standard suppression area setting portion
162b sets the standard suppression area Rb. The stand-
ard suppression area Rb according to the second em-
bodimentis formed in parallel with the predicted travelling
course area "WYy", as shown in Fig. 14. The standard
width Bb of the standard suppression area Rb according
to the second embodiment is set to be about four times
of the width of the electric wheel chair 1. The reduced
suppression area setting portion 162c sets the reduced
suppression area Rr. The reduced suppression area Rr
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of the second embodiment includes only one reduced
suppression area Rr. The reduced suppression area Rr
according to the second embodiment is set to the same
area with the predicted travelling course area "Wy".
[0057] The surrounding object existence judging por-
tion 162g judges whether or not a surrounding object
exists based on the detected object information detected
by the detecting device 50 and the surrounding area Rs
defined by the course predicting portion 162a. The sur-
rounding object is defined to be an object to be detected
which positions in the surrounding area Rs. In detail, the
surrounding object existence judging portion 162g judg-
es that the surrounding object exists when the surround-
ing object positions in the surrounding area Rs, in this
situation the surrounding area Rs and the object detected
grid Gk overlap with one another, as shown in Fig. 14.
[0058] On the other hand, the surrounding object ex-
istence judging portion 162g judges that the surrounding
object does not exist when the surrounding object posi-
tions outside of the surrounding area Rs, under such sit-
uation, the surrounding area Rs and the object detected
grid Gk do not overlap with one another. The meaning
that the surrounding area Rs and an object detected grid
Gk do not overlap with one another is that any object
detected grid Gk does not exist on the polar coordinates
C or that the object detected grid Gk overlaps only with
the suppression area. The judgement result of the sur-
rounding object existence judging portion 162g is output-
ted to the surrounding object type judging portion 162h,
the area switching over portion 162e and the area ex-
panding control portion 162n. Further, the surrounding
object existence judging portion 162g outputs the infor-
mation on the surrounding area Rs and the object de-
tected grid Gk (the position and the number on the polar
coordinates C) to the occupation ratio deriving portion
162k.

[0059] The surrounding object type judging portion
162h judges whether the detected surrounding object
type is a stationary object or a moving object after the
surrounding object existence judging portion 162g
judged that the surrounding object exists. Since the co-
ordinates of the detected object is obtained every first
predetermined time, the speed of the detected object can
be calculated on the polar coordinates C. This speed of
the detected object on the polar coordinates is a relative
speed with the speed of the electric wheel chair 1. Fur-
ther, surrounding object type judging portion 162h calcu-
lates the speed of the electric wheel chair 1 based on the
straighttravelling speed "v" derived from the straight trav-
elling speed deriving portion 61a and the turning speed
"w" derived from the turning speed deriving portion 61b.
When the speed of the detected object is the same with
the speed of the electric wheel chair 1, the surrounding
object type judging portion 162h judges that the detected
object type is a stationary object. On the other hand, if
the speed of the detected object is different from the
speed of the electricwheel chair 1, the surrounding object
type judging portion 162h judges that the detected object
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type is a moving object. The detected result of the sur-
rounding object type judging portion 162h is outputted to
the area switching over portion 162e and the area ex-
panding control portion 162n.

[0060] The occupation ratio deriving portion 162k de-
rives the occupation ratio which is a ratio of an area oc-
cupied by the detected object relative to the surrounding
area Rs. The occupation ratio deriving portion 162k de-
rives the occupation ratio based on the surrounding area
Rs from the surrounding object existence judging portion
162g and the information on the detected object grid Gk.
In detail, the occupation ratio is a ratio of the number of
the detected object grid Gk which overlaps with the sur-
rounding area Rs relative to the number of grid G which
overlaps with the surrounding area Rs. For example, un-
derthe situation that the electric wheel chair 1 is travelling
straight forward on a straight road with a relatively narrow
width, if a plurality of stationary objects, such as plants,
is arranged at both sides of the road in parallel with each
other, the group of points PG arranged in parallel with
each other along in a front/rear direction appear on the
polar coordinates C, as shown in Fig. 15A. In this case
the number of grid G which over laps with the surrounding
area Rs is 162. The number of the object detected grid
Gk which overlaps with the surrounding area Rs is 18.
Therefore, the occupation ratio of this case is 11.1 (= 18
/ 162)%. For example, if any detected object does not
existin the surrounding area Rs, the number of the object
detected grid Gk which overlaps with the surrounding
area Rs becomes zero. Therefore, in this case, the oc-
cupationratiois zero (0) %. The occupation ratio deriving
portion 162k outputs the derived occupation ratio to the
area switching over portion 162e and the area expanding
control portion 162n.

[0061] Itis noted that the occupation ratio deriving por-
tion 162k may derive the occupation ratio based on the
surrounding area Rs from the surrounding object exist-
ence judging portion 162g, the information on the detect-
ed object grid Gk and the information on an occlusion
grid Go (See Fig. 15B). The occlusion grid Go is the grid
G corresponding to the occlusion area on the polar co-
ordinates C. When the detecting device 50 detects an
object, due to the specific characteristics of the detecting
device 50, the detecting device 50 cannot detect another
object which positions behind (in a direction away from
the electric wheel chair 1) the detected object. The area
where such another object cannot be detected is defined
to be the occlusion area. In the polar coordinates C, as
shown in Fig. 15B, if the detected object grid Gk, same
as in Fig. 15A, exists, the grid G positioned frontward of
the detected object grid Gk becomes the occlusion grid
Go. The occupation ratio deriving portion 162k may de-
rive the occupation ratio as the ratio of the number of
detected object grid Gk which overlaps with the surround-
ing area Rs relative to the number of the grid G which
overlaps with the surrounding area Rs from which the
number of occlusion grid Go which overlaps with the sur-
rounding area Rs is subtracted.
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[0062] The area switching over portion 162e switches
over the suppression area based on the judgementresult
of the surrounding object existence judging portion 162g,
the judgement result of the surrounding object type judg-
ing portion 162h and the occupation ratio derived from
the occupation ratio deriving portion 162k, based on the
predetermined map. According to the second embodi-
ment, the predetermined map is the fourth map M4 shown
in Fig. 16. In detail, the area switching over portion 162e
switches over the suppression area to the standard sup-
pression area Rb when the surrounding object existence
judging portion 162g judges that the surrounding object
does not existand when the surrounding objecttype judg-
ing portion 162h judges that the type of the surrounding
object is a moving object. It is noted that when a plurality
of surrounding objects exists, if one of these objects is
judged as a moving object, the suppression area is
changed to the standard suppression area Rb. Further,
the area switching over portion 162e switches over the
suppression area to the reduced suppression area Rr
when the surrounding object type judging portion 162h
judges that the detected object is a stationary object. It
is noted here that when a plurality of surrounding objects
exists, if all of these objects is judged as the stationary
objects, the suppression area is changed to the standard
suppression area Rb.

[0063] The acceleration deriving portion 162m derives
the acceleration of the electric wheel chair 1. The accel-
eration deriving portion 162m calculates the speed of the
electric wheel chair 1 based on the straight travelling
speed "v" derived from the straight travelling speed de-
riving portion 61a and the turning speed "w" derived from
the turning speed deriving portion 61b every first prede-
termined time and the calculated speed is memorized as
the time series data. The acceleration deriving portion
162m judges whether the electric wheel chair 1 is accel-
erating or not based on the current speed in the time
series data and each speed from the time before the sec-
ond predetermined time, which is longer than the first
predetermined time, up to the current time. The result of
deriving by the acceleration deriving portion 162m is out-
putted to the area expanding control portion 162n.
[0064] The area expanding control portion 162n exe-
cutes the area expanding control which expands the sup-
pression area. The area expanding control is a control
where the suppression area which has been switched
over by the area switching over portion 162e is expanded.
According to this embodiment, as shown in Fig. 17, the
area expanding control expands (deforms) the width of
the suppression area to be expanded in a right/left direc-
tion. The expanding amount which is the expanded
amount of the suppression area is calculated by the area
expanding control. In detail, the expanded amount ARL
which is an area expanded to the left side of the suppres-
sion area can be calculated by the formula (1) as follows.
Further, the expanded amount ARR which is an area ex-
panded to the right side of the suppression area can be
calculated by the formula (2) as follows. The expanded
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amount ARL and the expanded amount ARR are calcu-
lated every first predetermined time and the suppression
area expands by the amount ARL and ARR.

(M1]

ARL=HL x ((A/B) +C).... (1)

M2]

ARR=HR % (A/B)+C).... (2)

[0065] The"HL"intheformula(1)representsthelength
in the right/left direction from the left end of the current
suppression area to the left end of the left side surround-
ing area Rs. "A" in the formula (1) represents the current
acceleration of the electric wheel chair 1 and "B" repre-
sents the maximum acceleration of the electric wheel
chair 1. The "HR" in the formula (2) represents the length
in the right/left direction from the right end of the current
suppression area to the right end of the right side sur-
rounding area Rs. It is noted that the "C" is set to a pre-
determined value when the speed of the electric wheel
chair 1 is the maximum speed. When the speed of the
electric wheel chair 1 is the maximum speed, the prede-
termined value is determined such that when the expand-
ed amount ARL has not reached to the left end of the
surrounding area Rs, the expanded amount ARL is ex-
panded to reach to the left end of the surrounding area
Rs and, at the same time, when the expanded amount
ARR has not reached to the right end of the surrounding
areaRs, the expanded amount ARR is expandedto reach
to the right end of the surrounding area Rs. ltis also noted
that the value "C" is set to zero when the speed of the
electric wheel chair 1 is not the maximum speed.

[0066] Further, when the suppression area is expand-
ed, if the detected object positions in the suppression
area, the area expanding control portion 162n maintains
the current suppression area without expanding thereof
and if the detected object positioned in the suppression
area has left the suppression area, the area expanding
control portion 162n expands the suppression area ac-
cording to the manner explained above. When the sup-
pression area has been expanded and both of the right
and left ends of the suppression area have reached to
the right and left ends of the surrounding area Rs, the
area expanding control portion 162n returns the suppres-
sion area to the initialized original shape and repeatedly
continues the expansion of the suppression area.

[0067] Further, the area expanding control portion
162n decides whether the area expanding control shall
be executed or not based on the derivation result of the
acceleration deriving portion 162m, the judgement result
of the surrounding object existence judging portion 162g,
the judgement result of the surrounding object type judg-
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ing portion 162h and the occupation ratio derived from
the occupation ratio deriving portion 162k, based on the
fifth map shown in Fig. 18. In detail, when the acceleration
derived by the acceleration deriving portion 162m is
equal to or less than zero, the area expanding control is
not executed, regardless of the type of the surrounding
objectand the occupation ratio. Further, the area expand-
ing control portion 162n does not execute the area ex-
panding control when the acceleration derived by the ac-
celeration deriving portion 162m is more than zero, when
the type of the surrounding object is a stationary object
and the occupation ratio is equal to or more than the
occupation ratio judging value. The occupation ratio judg-
ing value is set so that the occupation ratio becomes
equal to or more than the occupation ratio judging value
when the electric wheel chair 1 is travelling on a relatively
narrow road. The occupation ratio judging value is set
for example, eight (8) %.

[0068] On the other hand, the area expanding control
portion 162n executes the area expanding control under
the condition that the acceleration derived from the ac-
celeration deriving portion 162m is more than zero, when
the surrounding object does not exist, when the type of
the surrounding object is a moving object, or when the
type of the surrounding object is a stationary object and
the occupation ratiois less than the occupation ratio judg-
ing value. The area expanding control portion 162n out-
puts the suppression area expanded by the area expand-
ing control to the obstacle existence judging portion 162f
when the area expanding control is executed. On the
other hand, the area expanding control portion 162n out-
puts the suppression area without expanding the area to
the obstacle existence judging portion 162f when the ar-
ea expanding control is not executed. The obstacle ex-
istence judging portion 162f judges whether the obstacle
exists or not based on the detected object information
detected by the detecting device 50 and the suppression
area from the area expanding control portion 162n.
[0069] Next, the collision suppression control (step
S300 in Fig. 19) by the control device 60 according to
the second embodiment will be explained with reference
to the flowchart shown in Fig. 19. In the flowchart in Fig.
19, the step S102 and the steps S108 and the steps there-
after which are the processes after the step S320 are the
same with the flowchart shown in Fig. 10. The control
device 60 predicts the travelling course of the electric
wheel chair 1 and the predicted travelling course area
Wy is formed at the step S102 (course predicting portion
162a). Then the control device 60 forms the surrounding
area Rs at the step S304 (course predicting portion
162a). Then, at the step S306, the control device 60 sets
the standard suppression area Rb and the reduced sup-
pression area Rr (standard suppression area setting por-
tion 162b and the reduced suppression area setting por-
tion 162c).

[0070] The control device 60 judges whether a sur-
rounding object exists or not at the step S308 (surround-
ing object existence judging portion 162g). When an ob-
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ject does not exist in the surrounding area Rs, the control
device 60 judges "NO" at the step S308 since the sur-
rounding object is not found and the program goes to the
step S312. On the other hand, when a detected object
exists in the surrounding area Rs, the control device 60
judges "YES" at the step S308 since the surrounding
object is found. The control device 60 judges the type of
the surrounding object at the step S310 (surrounding ob-
ject type judging portion 162h) and advances the pro-
gram to step S312. The control device 60 derives the
occupation ratio at the step S312 (occupation ratio de-
riving portion 162k).

[0071] Then, the control device 60 derives the accel-
eration of the electric wheel chair 1 at the step S314 (ac-
celeration deriving portion 162m). Further, the control de-
vice 60 switches over the suppression area at the step
S316 (area switching over portion 162¢). Then, the con-
trol device 60 decides whether the area expanding con-
trol shall be executed or not (area expanding control por-
tion 162n). When the area expanding control is decided
to be executed, the control device 60 judges "YES" at
the step S318 and executes the area expanding control
at the step S320. The program goes to the step S108.
On the other hand, when the area expanding control is
decided not to be executed, the control device 60 judges
"NO" at the step S318 and does not execute the area
expanding control and the program goes to the step
S108. The control device 60 returns the program to the
step S102 after executing the procedure of the step S110,
when the judgement of the step S112 is "NO" and after
executing the procedure of the step S114.

[0072] Further, according to the flowchart of Fig. 19,
the operation of the electric wheel chair 1 will be ex-
plained. First, the explanation will be given under the sit-
uation that the electric wheel chair 1 is travelling straight
on a relatively large place or road. Under such situation,
when the object is not detected by the detecting device
50, since no surrounding object exists (step S308; sur-
rounding object existence judging portion 162g), the sup-
pression area is set to the standard suppression area Rb
(step S316; area switching over portion 162e). Then, at
this time if the electric wheel chair 1 is not in acceleration,
the acceleration is equal to or less than zero (step S314;
acceleration deriving portion 162m) and no area expand-
ing control is executed (step S318; area expanding con-
trol portion 162n). On the other hand, if the electric wheel
chair 1 is in acceleration, the acceleration is more than
zero (step S314; acceleration deriving portion 162m). At
this time, since the detected object does not exist, the
area expanding control is executed (step S320; area ex-
panding control portion 162n). Due to the non-existence
of the detected object, any object is not positioned in the
standard suppression area Rb. Therefore, no obstacle
exists (step S108; obstacle existence detecting portion)
and no suppression of travelling is executed (driving
amount suppressing portion 61c1).

[0073] When the electric wheel chair 1 is travelling
straight on a relatively broad place, as shown in Fig. 14,
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if an object is positioned in the surrounding area Rs (step
S308; surrounding object existence judging portion
162g) and the type of the detected object is a moving
object (step S310; surrounding object type judging por-
tion 162h), the suppression area is set to the standard
suppression area Rb (step S316; area switching over
portion 162e). When the electric wheel chair 1 is in ac-
celeration (acceleration > zero), the area expanding con-
trol is executed (step S320; area expanding control por-
tion 162n). Then, if the moving object is positioned in the
standard suppression area Rb, the area of the standard
suppression area Rb at the time when the moving object
enters into the standard suppression area Rb is main-
tained and at the same the travelling of the electric wheel
chair 1 is suppressed (step S110; driving amount sup-
pressing portion 61c1).

[0074] Further, when the electric wheel chair 1 is trav-
elling straight on a relatively broad place, as shown in
Fig. 14, if the type of the detected object is a stationary
object (step S310; surrounding object type judging por-
tion 162h), the suppression area is set to the reduced
suppression area Rr (step S316; area switching over por-
tion 162e). When the number of detected object grid Gk
formed by the stationary object is two (2), the occupation
ratio is smaller than the occupation ratio judging value.
Therefore, when the electric wheel chair 1 is in acceler-
ation (acceleration > zero), the area expanding control
is executed (step S320; area expanding control portion
162n). Then, if the stationary object is positioned in the
reduced suppression area Rr, the area of the reduced
suppression area Rr at the time when the stationary ob-
ject positions in the reduced suppression area Rr is main-
tained and at the same the travelling of the electric wheel
chair 1 is suppressed (step S110; driving amount sup-
pressing portion 61c1).

[0075] Next, the operation of the electric wheel chair 1
at the time when the electric wheel chair 1 is travelling
straight on a relatively narrow street, and a plurality of
stationary objects such as plants is arranged along both
sides of the narrow street, will be explained hereinafter.
As shown in Fig. 15A, in this situation, the detected ob-
jects are positioned in the surrounding area Rs (step
S308; surrounding object existence judging portion
162g) and the type of the detected objects is a stationary
object (step S310; surrounding object type judging por-
tion 162h) therefore, the suppression area is set to the
reduced suppression area Rr (step S316; area switching
over portion 162e). Further, at this time, the occupation
ratio becomes equal to or more than the occupation ratio
judging value (step S312; occupation ratio deriving por-
tion 162k). Therefore, even when the electric wheel chair
1 is in acceleration (acceleration > zero), the area ex-
panding controlis not executed (step S318; area expand-
ing control portion 162n).

[0076] Further, in this case, even when the electric
wheel chair 1 is not in acceleration (acceleration < zero
(0)) the area expanding control is not executed (step
S318; area expanding control portion 162n). Accordingly,
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in this situation, as long as the electric wheel chair 1 is
travelling straight, the stationary objects do not exist in
the surrounding area Rs and no suppression of travelling
is performed (driving amount suppressing portion 61c¢1).
[0077] Further, according to the second embodiment,
the electric wheel chair 1 travels driven by a driving device
20 according to an input to an operating device 30 by an
occupant and the electric wheel chair 1 includes a de-
tecting device 50 which detects an object positioning in
a surrounding area of the electric wheel chair 1 and a
control device 60 which controls the electric wheel chair
1 to travel by controlling a driving amount of the driving
device 20 based on an input information which is an in-
formation inputted to the operating device 30. The control
device 60 includes a standard suppression area setting
portion 162b which sets a standard suppression area Rb
which is a criteria for determining a suppression area
where a travelling of the electric wheel chair 1 is sup-
pressed when the object positioning in the area is detect-
ed by the detecting device 50 and a reduced suppression
area setting portion 162c which sets a reduced suppres-
sion area Rr which area is reduced relative to the stand-
ard suppression area Rb set by the standard suppression
area setting portion 162b based on a type of the detected
object positioning in the surrounding area Rs which is an
area located at both sides of the predicted travelling
course area Wy of the electric wheel chair 1. According
to this structure of the second embodiment, a reduced
suppression area setting portion 162c sets the reduced
suppression area Rr based on the type of the object po-
sitioning in the surrounding area Rs. When the suppres-
sion area is set to the reduced suppression area Rr, the
detected object can be hardly positioned in the suppres-
sion area. Thus, when the detected object is not posi-
tioned in the suppression area, the travelling of the elec-
tric wheel chair 1 is not suppressed and accordingly, the
travelling according to the intention of the occupant can
be possible. Then the gap between the suppressed trav-
elling of the electric wheel chair 1 and the travelling in-
tended by the occupant can be suppressed. Accordingly,
the suppression of travelling of the electric wheel chair 1
can be made, reflecting the intention of the occupant of
the electric wheel chair 1.

[0078] Further, type of the detected object is defined
to be a stationary object or a moving object. The control
device 60 furtherincludes a surrounding object type judg-
ing portion 162h which judges whether the type of the
detected object positioning in the surrounding area Rs is
a stationary object or a moving object, and an area
switching over portion 162e which switches over the sup-
pression area from the standard suppression area Rb
setby the standard suppression area setting portion 162b
to the reduced suppression area Rr set by the reduced
suppression area setting portion 162c when the sur-
rounding object type judging portion 162h judges that the
type of the detected object positioning in the surrounding
area Rs is the stationary object. According to this struc-
ture, when the objectin the surrounding area Rs is judged
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to be only the stationary object, the occupant may feel
to let the electric wheel chair 1 to travel with a relatively
fast speed. Under such situation, comparing to the case
when an object in the surrounding area Rs is judged to
be a moving object, a gap between the suppressed trav-
elling of the electric wheel chair 1 and the travelling in-
tended by the occupant may frequently occur. However,
in the case when the object in the surrounding area Rs
is judged to be the stationary object, the area switching
over portion 162e changes the suppression area from
the standard suppression area Rb to the reduced sup-
pression area Rr. Therefore, the detected object can
hardly position in the suppression area. When the object
is not positioned in the suppression area, the travelling
speed of the electric wheel chair 1 is not suppressed and
the occupant of the electric wheel chair 1 can operate
the electric wheel chair 1 according to the occupant’s
intention. Thus, the gap between the suppressed travel-
ling of the electric wheel chair 1 and the travelling intend-
ed by the occupant can be suppressed. Accordingly, the
suppression of travelling of the electric wheel chair 1 can
be made, reflecting the intention of the occupant of the
electric wheel chair 1.

[0079] The control device 60 further includes an area
expanding control portion 162n which executes an area
expanding control which expands the suppression area
when the type of the detected object in the surrounding
area Rsis judged to be a moving object by the surround-
ing object type judging portion 162h. When the type of
the detected object in the surrounding area Rs is judged
to be a moving object, the behavior of the moving object
is difficult to predict, compared to the case when the type
of the detected object is the stationary object. Under such
situation, by expanding the suppression area by the area
expanding control portion 162n, the moving object can
be easily positioned in the suppression area. When the
moving object is positioned in the suppression area, the
travelling of the electric wheel chair 1 is suppressed.
Thus, the collision of the electric wheel chair 1 with the
moving object can be further suppressed. The amount
of suppression of the travelling of the electric wheel chair
1 can be adjusted according to the distance between the
electric wheel chair 1 and the detected object so that an
abrupt suppression control can be avoided even when
the detected object positions in the expanded suppres-
sion area.

[0080] The control device 60 further includes an occu-
pation ratio deriving portion 162k which derives the oc-
cupation ratio which is a ratio of area occupied by the
detected object relative to the surrounding area Rs. The
area expanding control portion 162n executes the area
expanding control when the occupation ratio derived from
the occupation ratio deriving portion 162k is less than the
occupation ratio judging value, when the type of the ob-
ject positioned in the surrounding area Rs is judged to
be a stationary object by the surrounding object type judg-
ing portion 162h. Even when the type of the detected
object in the surrounding area Rs is a stationary object,
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if the occupation ratio derived from the occupation ratio
deriving portion 162k is less than the occupation ratio
judging value, in other words, if the space through which
the electric wheel chair 1 is travelling is relatively broad
or large, a possible collision between the electric wheel
chair 1 and the object may arise due to a sudden appear-
ing of a moving object. In such case, by expanding the
suppression area by the area expanding control portion
162n, the detected object can be easily positioned in the
suppression area. This can further avoid the collision be-
tween the electric wheel chair 1 and the object. On the
other hand, when the type of the object positioning in the
surrounding area Rs is the stationary object and the oc-
cupation ratio is equal to or more than the occupation
ratio judging value, in other words, the space through
which the electric wheel chair 1 is travelling is relatively
narrow (for example, narrow lane or the like), a possibility
of occurrence of collision caused by a sudden appear-
ance of an object between the electric wheel chair 1 and
the objectis relatively low. Accordingly, the area expand-
ing control portion 162n does not expand the suppression
area. Thus, the gap between the suppressed travelling
of the electric wheel chair 1 and the travelling intended
by the occupant can be suppressed. Thus, a travelling
of the electric wheel chair 1 which reflects the occupant’s
intension can be more controlled.

[0081] One example of the mobile body is explained
in each embodiment, but the invention is not limited to
this example and other structures may be adopted. For
example, each embodiment, shows the electric wheel
chair 1 as an example of the mobile body, but any other
boarding type movable bodies, such as a compact car
or amovable robot may be adopted instead of the electric
wheel chair 1.

[0082] It is also noted that release request detecting
device 40 according to the first embodiment is equipped
with the load detecting portion 42 which detects the push-
ing load, but instead of this structure, a plurality of switch-
esis provided in the release request detecting device 40,
wherein the area switching over portion 62e may switch
over the reduced suppression areas Rr1 and Rr2 in re-
sponse to the switch(es) which has (have) been turned
on. Further, the release request detecting device 40 may
include a microphone or the like, in which the voice of
the occupant may be inputted, wherein the area switching
over portion 62e may switch over the reduced suppres-
sion area Rr1 and Rr2 in response to the volume of the
voice of the occupant.

[0083] Further, according to the first embodiment, the
area switching over portion 62e switches over the sup-
pression area considering the judgement result of the
obstacle existence judging portion 62f. However, the ar-
ea switching over portion 62e may switch over the sup-
pression area based on only the detection result of the
release request detecting device 40, without any consid-
eration of the judgement result of the obstacle existence
judging portion 62f.

[0084] Further, according to the second embodiment,
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the area switching over portion 162e switches over the
suppression area based on the fourth map M4 illustrated
in Fig. 16. However, instead of forming this structure, it
may be possible to form that the area switching over por-
tion 162e switches over the suppression area based on
the fourteenth map M14 illustrated in Fig. 20, wherein
the area switching over portion 162e switches over the
suppression area from the standard suppression area
Rb to the reduced suppression area Rr when the occu-
pation ratio is equal to or more than the occupation ratio
judging value. As explained, the control device 60 further
includes an occupation ratio deriving portion 162k which
derives the occupation ratio that is a ratio of area occu-
pied by the detected object relative to the surrounding
area Rs and an area switching over portion 162e which
switches over the suppression area from the standard
suppression area Rb set by the standard suppression
area setting portion 162b to the reduced suppression ar-
eaRrsetby the reduced suppression area setting portion
162c, when the occupation ratio derived from the occu-
pation ratio deriving portion 162k is equal to or more than
the occupation ratio judging value. When the occupation
ratio exceeds the occupation ratio judging value, i.e.,
when the electric wheel chair 1 is travelling through a
relatively narrow space, the detected object can be easily
positioned in the suppression area, comparing the case
when the electric wheel chair 1 is travelling through a
relatively broad space. Accordingly, when the occupation
ratio exceeds the occupation ratio judging value, a gap
between the suppressed travelling of the electric wheel
chair 1 and the travelling intended by the occupant may
be easily generated. Thus, the area switching over por-
tion 162e switches over the suppression area from the
standard suppression area to the reduced suppression
area Rr. By this switching over control, the travelling of
the electric wheel chair 1 is not suppressed when the
detected object is not positioned in the suppression area
and the occupant can intendedly operate the electric
wheel chair 1. Thus, the gap between the suppressed
travelling of the electric wheel chair 1 and the travelling
intended by the occupant can be suppressed. Thus, a
travelling of the electric wheel chair 1 which reflects the
occupant’s intension can be controlled.

[0085] Further, according to the second embodiment,
the area switching over portion 162e switches over the
suppression area based on the fourth map M4 illustrated
in Fig. 16. However, instead of forming this structure, it
may be possible to form that the area switching over por-
tion 162e switches over the suppression area based on
the twenty-fourth map M24 illustrated in Fig. 21. Under
such case, as compared to the second embodiment,
even when the type of the surrounding object is a moving
object, if the occupation ratio is equal to or more than the
occupation ratio judging value, the suppression area is
switched over to the reduced suppression area Rr.
[0086] Further, according to the second embodiment,
the area expanding control portion 162n judges whether
ornotthe area expanding controlis to be executed, based



31 EP 3 396 650 A1 32

on the fifth map M5 shown in Fig. 18. In this situation,
the area expanding control portion 162n judges whether
or not the area expanding control is to be executed based
on the acceleration. However, instead of judging by the
acceleration, if the electric wheel chair 1 is travelling with
the maximum speed, the area expanding control portion
162n judges whether or not the area expanding control
is to be executed, from the surrounding object and the
occupation ratio, based on the case "the acceleration >
zero (0)" indicated in the fifth map M5, regardless of the
acceleration of the electric wheel chair 1. Further, the
area expanding control portion 162n may judge whether
ornotthe area expanding control is to be executed, based
on the fifteenth map M15 shown in Fig. 22, instead of the
fifth map M5 in Fig. 18. In this situation, the area expand-
ing control portion 162n judges whether or not the area
expanding control is to be executed from the occupation
ratio only, regardless of the state whether or not the elec-
tric wheel chair 1 is in acceleration.

[0087] Further, according to the second embodiment,
the area expanding control portion 162n calculates the
expanding amount based on the acceleration of the elec-
tric wheel chair 1. However, instead of this, the area ex-
panding control portion 162n may expand the area based
on a fixed expanding amount, regardless of the acceler-
ation of the electric wheel chair 1.

[0088] Further, according to the embodiments, the op-
erating device 30 is a joystick. However, instead of use
of joystick, the operating device can be formed by an
accelerator which indicates the straight travelling speed
"v" of the electric wheel chair 1 and a handle or a wheel
which indicates turning direction of the electric wheel
chair 1.

[0089] Further, according to the embodiments above,
the reduced suppression areas Rr, Rr1 and Rr2 are de-
termined in advance by the reduced suppression area
setting portions 62c and 162c. However, instead of this
structure, the standard suppression area Rb is formed
to be deformable to set the set reduced suppression ar-
eas Rr, Rr1 and Rr2, by deforming.

[0090] Further, according to the embodiments above,
the detecting device 50 is a three-dimensional area
measuring sensor which detects a three-dimensional po-
sition information of the detected object. However, in-
stead of using the three-dimensional area measuring
sensor, a two-dimensional area measuring sensor may
be used which detects the two-dimensional position in-
formation of the detected object. Further, the electric
wheel chair 1 according to the embodiments above in-
cludes one detecting device 50. However, a plurality of
detecting devices 50 may be provided. Compared to the
provision of one detecting device 50, the plurality of de-
tecting devices can widen the area to detect an object.
[0091] Further, according to the embodiments above,
the suppression area is formed on the polar coordinates
C in a planar shape. However, instead of this structure,
the suppression area may be formed three-dimension-
ally. In detail, instead of using the polar coordinates C,
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the suppression area can be formed on the spherical
coordinates centering on the electric wheel chair 1. Ac-
cording to this structure, the height of the standard sup-
pression area Rb and the height of the reduced suppres-
sion area Rr can be set differently within the detectable
range of the object by the detecting device 50.

[0092] Further, according to the embodiments above,
when an object exists in the suppression area, the max-
imum speed of the straight travelling speed "v" restricted
by the driving amount suppressing portion 61c1 varies
in response to the minimum distance Dmin. However,
instead of this structure, the maximum speed varies de-
pending on the relative speed between the electric wheel
chair 1 and the detected object and a concentration of
the detected object in the grid G (concentration of group
of points PG). Further, when an object exists in the sup-
pression area, the driving amount suppressing portion
61c1 may restrict the maximum speed of the straight trav-
elling speed "v" to a fixed speed, regardless of the min-
imum distance Dmin. Still further, according to the em-
bodiments above, the straight travelling speed "v" is re-
stricted by restricting the driving amount of the driving
device 20 by the driving amount suppressing portion
61c1. However, instead of this structure, the straight trav-
elling speed "v" may be uniformly reduced at a fixed rate.
Or, the time change rate (acceleration) of the straight
travelling speed may be restricted.

[Brief Explanation of Symbols and Signs]

[0093] 1; electric wheel chair (mobile body), 10; wheel
chairmain body, 20; driving device, 30; operating device,
40; release request detecting device, 50; detecting
device , 60; control device, 61; travelling control portion,
61c; driving amount control portion, 61¢1; driving amount
suppressing portion, 62; collision suppressing control
portion, 62a; course predicting portion, 62b; standard
suppression area setting portion, 62c; reduced suppres-
sion area setting portion, 62d; release request obtaining
portion, 62e; area switching over portion, 62f; obstacle
existence judging portion, 162g; surrounding object ex-
istence judging portion, i162h; surrounding object type
judging portion, 162k; occupation ratio deriving portion,
162n; area expanding control portion, C; polar coordi-
nates, Rb; standard suppression area, Rr; reduced sup-
pression area, Rs; surrounding area, Wy; predicted trav-
elling course area.

Claims

1. A mobile body which travels, driven by a driving de-
vice according to an input to an operating device by
an occupant of the mobile body, wherein the mobile
body includes:

a detecting device which detects an object ex-
isting around the mobile body and
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a control device which controls the mobile body
to travel by controlling a driving amount of the
driving device based on an input information
which is an information inputted to the operating
device, wherein the control device includes:

a standard suppression area setting portion
which sets a standard suppression area which
is a criteria for determining a suppression area
where a travelling of the mobile body is sup-
pressed when the object positioning in the sup-
pression area is detected by the detecting de-
vice; and

a reduced suppression area setting portion
which sets a reduced suppression area which
areaisreduced relative to the standard suppres-
sion area set by the standard suppression area
setting portion based on an intention of the oc-
cupant of the mobile body or a type of the object
positioning in a surrounding area of the mobile
body at both side areas of a predicted travelling
course area of the mobile body.

The mobile body according to claim 1, wherein

the intention of the occupant corresponds to a re-
lease request to a suppression of the travelling of
the mobile body;

the mobile body further includes a release request
detecting device which detects a strength of the re-
lease request by an operation of the occupant; and
wherein

the control device further includes

an area switching over portion which switches over
the suppression area from the standard suppression
area set by the standard suppression area setting
portion to the reduced suppression area set by the
reduced suppression area setting portion, based on
the strength of the release request detected by the
release request detecting device.

The mobile body according to claim 2, wherein,
The reduced suppression area setting portion sets
the reduced suppression area such that the stronger
the release request detected by the release request
detecting device, the smaller the reduced suppres-
sion area becomes.

The mobile body according to claim 1, wherein

the type of the object corresponds to a stationary
object and a moving object;

the control device further includes a surrounding ob-
ject type judging portion which judges whether the
type of the object positioning in the surrounding area
ofthe mobile body is the stationary object or the mov-
ing object; and

an area switching over portion which switches over
the suppression area from the standard suppression
area set by the standard suppression area setting
portion to the reduced suppression area set by the
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reduced suppression area setting portion, when the
type of the object in the surrounding area is judged
to be the stationary object by the surrounding object
type judging portion.

The mobile body according to claim 4, wherein the
control device further includes:

an area expanding control portion which executes
an area expanding control which expands the sup-
pression area when the type of the object in the sur-
rounding area is judged to be the moving object by
the surrounding object type judging portion.

The mobile body according to claim 5, wherein the
control device further includes:

an occupation ratio deriving portion which de-
rives an occupation ratio which is a ratio of area
occupied by the object relative to the surround-
ing area; wherein

the area expanding control portion executes the
area expanding control when the occupation ra-
tio derived by the occupation ratio deriving por-
tion is smaller than an occupation ratio judging
value, when the type of the object in the sur-
rounding area is judged to be the stationary ob-
ject by the surrounding object type judging por-
tion.

7. The mobile body according to claim 1, wherein the

control device further includes:

an occupation ratio deriving portion which de-
rives an occupation ratio which is a ratio of area
occupied by the object relative to the surround-
ing area; and

an area switching over portion which switches
over the suppression area from the standard
suppression area set by the standard suppres-
sion area setting portion to the reduced suppres-
sion area set by the reduced suppression area
setting portion, when the occupation ratio de-
rived by the occupation ratio deriving portion is
equaltoormore than an occupationratio judging
value.
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