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A bstract

With the increase of social concern about the disables and
elderly people, their participation in social activities is demanded.
In this view, an intelligent wheelchair is necessary for giving
them better mobility and for saving them a considerable physical
effort. To control the motion of the intelligent wheelchair, the
current position of the wheelchair must be known as accurately
as possible. A well-known method to estimate the current
position in the field of wheeled mobile robotics is dead-
reckoning. But in the case of the position estimation based on the
conventional dead-reckoning for an intelligent wheelchair with
pneumatic tires, it is impossible to avoid the position estimation
error because of the change of radii of the wheels which depend on
an user's weight and a variable environment.

T herefore, this thesis proposes the positioning system which
can estimate the error of radii of the wheels using a gyroscope
and ultrasonic sensors and can correct the radii of the wheels to
reduce the dead- reckoned position error. The extended Kalman
filter was used as a method for fusing multisensor data with
information on the dead- reckoned position error.

Simulations to verify the effectiveness of the proposed
positioning system are performed and they prove good

performances demonstrated from the results.
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- System model

Process model :
X (k+ 1)= @(k)X (k)+ W(k)
W(k)~N(O, o)

Measurement model :
Z(k+ 1)= H(k+ 1)X (k+ 1)+ V(k+ 1)

V (k+ 1)~N(0, 62)

- Filter iteration

Sate prediction :
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X (k+ 1)= (k)X (k) D(k) + o

Correction :

(a)

(b)

(c)
(d)

X (k+ )= @(k) X (K)+ K(k+ 1)(Z(k+ 1)- H(k+ 1) X (k+ 1)) (e)
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4.3
Fig. 43 The Kalman filter equations
(d)
(2 (e) (Z(k+ 1)- H(k+ 1) X (k+ 1))
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(4.5) (outer product) (ex pectation)
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51
51 SUZUKI
MC- 13S
5.1 MC-13S
Table 5.1 Parameters of MC- 13S
SizeL X W X H 1060 X 635 X 860 [mm]
Right 192.5 [mm]
Wheel Radius
Left 192.5 [mm]
Distance between the two wheels 570 [mm]
5%, 1%, 2%
0.7%, 0.1%
19.25¢cm,
57cm
9 Murata ENV-05S Gyrostar
C,=0153 /s, C,=-0264" /s, T,=564
min 51
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g (deg)

Erroneous observation due to drift

214 1 L 1 1 1 1

l L 1 R 11 I I N <11 1 B 1

Time [sec)

5.1

400 200 1000

Fig. 5.1 Gyro output of orientation for zero input

X " (0)= (0 00 19.25 19.25 57 - 0.00023 - 0.0046)"

" (0)= diag(0.01? 0.012 0.00012 0. 0022 0.0022 0.00012 0.001% 0. 001%)
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(i) R,=186cm, R,= 19cm, (ii)) R,=

19.35cm, R,= 19.15cm

(i) R,= 18.6cm, R,= 19cm
53
5%
(offset error)

X
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54
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5.5

5.6
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Fig. 5.3 Wheel radius estimates (case (i))
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