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Abstract

This paper presented a motion planning algorithm for a semi autonomous wheelchair for severely disable
people. The D* was used to determine an optimal path to its goal position. An optimal motion planning using
particle swarm optimization (PSQO) to navigate the wheelchair to its global goal. The D* search guarantees a
global path from the start position to the goal if there is any while the particle swarm optimization search
provides a smooth movement for the wheelchair from one step to another. The simulation in Player/Stage
showed that the wheelchair could find an optimal path and the planned trajectory was smoother compared

with the motion planner using potential field only.
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1. Introduction

Smart electric wheelchairs have been researched
at several robotics and biomedical labs in the world.
Some typical smart wheelchairs were introduced in
[1-8]. Research on smart wheelchairs can be grouped
into different categories: human — machine interface,
sensors to sense the environment, modes of operation,
and maps and landmarks for the wheelchairs.

A few smart wheelchairs operate like an
autonomous robot, i.e., the users just need to input the
desired position they want to reach and the
wheelchair will plan and move to the goal. In this
case, the wheelchair motion planner needs to have a
complete map of the environment or it has to follow
the black/white course on the floor, hence it cannot
react to unknown obstacles or move in an unknown
environment. This wheelchair is only suitable for
severely disable people who cannot steer the
wheelchair with joystick to follow a desired trajectory
or for those who travel frequently in a known
environment. Some semi-autonomous wheelchairs
only support the users in obstacle avoidance; the user
has to control the wheelchair hence this one does not
need to know the environment.

This paper introduces a motion planning method
for the wheelchair for severely disable people. The
wheelchair is assumed to be equipped with relevant
sensors and algorithm to detect any obstacle on its
course and to localize itself in a working
environment, i.e., it can determine its current position
with an acceptable error. The motion planning
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algorithm for a semi autonomous wheelchair is
shown in Figure 1. We assume that the wheelchair
moves in a partially known environment and knows
its initial location either by a localization algorithm or
provided by the user. The desired location is inputted
by the user, for example, the user may request the
robot to move to the kitchen, the dinner table or the
sink, etc. D* algorithm is performed to find a path for
the wheelchair. If a path is found in this step, it is
optimal subject to the defined heuristics and the path
for the reference point is always safe. Once the path
has been found, a motion planning algorithm using
PSO provides the control inputs (¥, w) for the
wheelchair to move. When the wheelchair moves
along its desired trajectory, if it detects any change in
the environment, e.g., an unexpected obstacle on its
course, it will re-plan its path and follows the
trajectory produced by PSO motion planning
algorithm.

The paper is organized as follows. In section 2,
path planning using D* algorithm is presented, the
motion planning using PSO is discussed in Section 3.
Simulation results are provided in section 4. A
conclusion and future work are given in Section 5.

2. Path planning

For a wheelchair to move to its desired position,
a global path planning is needed to ensure the
wheelchair could travel to its goal if there exists such
a path. The D* path planning algorithm [10] is used
to plan an optimal path for the wheelchair to move to
its goal. Similar to A* search which was widely used
for mobile robot planning, D* path planning provides
an optimal path with minimum cost, however, it also
allows a fast re-planning in a dynamic environment
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where there maybe unexpected obstacles or the The intuitive interpretation of this kinematic
wheelchair has limited information about its working constraint equation is that the wheelchairs cannot
environment from the beginning. The heuristic cost in move side-way but only forward and backward. In
this case is the length of the path. In particular cases, addition, the translational and angular velocities are
the cost can include the distance of the planned path limited by:

to the obstacle to ensure a safe movement. Fig. 1
shows the optimal planned path for a wheelchair to
move from its initial location positioned at (0,-6m) to
its desired location at (0,7m) in 2D Cartesian
coordinates in a working environment with 16mx16m
in width. There were a known U-shape obstacle and
two unknown obstacles.

and |w | S 3)

X

|v| <V

Note that this model is applicable for many
indoor wheeled robots while for outdoor vehicles,
wheel-to-ground friction should be taken into account
in the modeling.

In this paper, Particle Swarm Optimization [11]

3. Motion Planning Using Particle Swarm is used to find translational and angular velocities for

Optimization the wheelchair to optimally move from one way-point

The common kinematic model for a non- to next way-point of the planned D* path with respect
holonomic three-wheel wheelchair [9] is described as: to a predefined fitness function. Fig. 2 shows four
) different trajectories for the wheelchair to move point

i(#) = veosg A to point B. Generally, for the robot to move from

y(7) = vsing () point A to point B optimally, 3 factors have to be

g'(t) —w, compromised: (i) The path has to be the shortest; (ii).

The trajectory has to be smooth to make the user
: ; T ; - comfortable; (iii). The path is safe, ie., the
' ' : wheelchair does not collide with any obstacle.

One can see that, a set of translational and
angular velocities can be found to move the
wheelchair from A to B following the 2" path which
is the best path with respect to three factors
mentioned earlier.

, Path No.1

Notes:

- : Unknown obstacle
- : Known obstacle
O

: way-points A

Path No. 3

Path No. 4

Fig. 1. The D* planned path for a wheelchair with U-
shape obstacle

where x(f) and y(¢) denote the position of the centre

point on the wheel axis, ¢(r) represents the  Fig, 2. The possible paths for the wheelchair to move
orientation, and inputs v and « are the translational from point A to point B

and angular velocities respectively. The wheelchairs
have three degrees of freedom, i.e. two positional
degrees of freedom (x,y) and one orientational ¢ ,

In Particle Swarm Optimization, a set of moving
particles are initially thrown into the search space.
Each particle, having a position and a velocity, knows
which are related to a non-holonomic constraint  its own position and the fitness function to evaluate
equation implied in the model: its solution quality. Each particle randomly searches
through the problem space by updating its own
memory with its position and the social information
gathered from other particles. At each time step, the

—Xsing + ycosg =0 )
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movement of a particle is a compromise of three
behaviors: to move randomly (its own way), to go
toward its best previous position (memory), and to go
toward its neighbor (global), best position. This
evolutionary selection is described by the following
equations for the i* particle [11]:

VA =V 4 on (P - X))+ CaTax (B —

x5 “
X;(“I'l — X]'R + Vik"f'l (5)
Where
X[ X Positions of i*" particle at &*"
and (k + 1) iterations
AR AaEs Velocities of the " particle at
k% and (k + 1)™ iterations
€1, ¢y, T, e Random numbers in the interval of
[0,1]
Pl Best position of i**particle so far
(local best)
B} Best position of the swarm so far
(global best)

In this work, the solution is the translational and
angular velocities v;, &J;, hence vy, &; are encoded as
the position of the Particle, i.e., X,-R ={vy,w;}, i =
1.. & where ¥ is the number of particles. The PSO
algorithm to find the best solution (best ¥;, ¢;) is as
follow:

Step 1. Position initiation

N particles with random positions X; are
initiated in the search space. Assume there are 100
particles, that means there are 100 pairs of random
translational and angular velocities (v, ;).

Velocity limits: When the positions of particles
are randomly initiated or calculated, their values can
be optimal but they may be outside the velocity limits
that the wheelchair can response. In order to avoid
this situation, the positions of the particles will be
limited to{w, , @, }. Those velocity limits
depend on the dynamics of the wheelchair and the
comfortable speed that the user may choose. In
reality, the wheelchair must not move backward (i.e.,
v < 0) because that will cause a very discomfort
feeling for the user. Hence, every position of the
particles are subject to (6) and (7).

U;‘(k) < U i UI-(.{E) > Um (6)
vr(-if) <0 £i vj(-if) <0
w; (k) « wn toa (k) > wm (D)

wi(k) « —ty i (k) < —ty
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Step 2. Calculation of fitness function

If the wheelchair moves with any pair of
velocities initiated in Step 1, the next position of the
wheelchair is estimated as (8):

x,-(k + 1) x,-(k)
yvitk+1) | =|n)| +
G(k+1) 8,(k)
o 8;,(kh) 0 2i(K)
s (k) o, A AT ®)
8 S
Where:
x;(k+ 1), v;(k + 1), 8;(k + 1): Position and

orientation of the wheelchair at iteration(k + 1)**,

x; (k), y;(k), 8;(k): Position and orientation of the
wheelchair at iteration k%"

v;(k), w;(k): Velocities (control command) fed to
the wheelchair at iteration & "

AT: Sampling time.

As mentioned earlier, the goal of PSO is to find
a set of {», w} so that the wheelchair can move from
one way-point to the next one optimally in terms of
path length, trajectory smoothness and safety.

Let ¢; be the distance from the position of the
wheelchair at & + 1 when fed with (v,-(k), w,-(k)j to
the next way-point, Af; the difference of wheelchair
current orientation and the its next orientation at & +

1 when fed with v;(k), @w;(k), d; and A8; are defined
as follow:
2
dp = (qk+ D) —xy )+ (mk+1D -
2
Yo )

(C))

Where (x,, ,%, ) is the position of the next way-
point the wheelchair is moving to.

The fitness function for the i*" particle is
defined as follow:

fi= aydy + ay|0B; |+ ay/p; (10)
Where:

Oi: Distance from the current position
of the wheelchair to the nearest
obstacle

€Ly, Gy, (e Weight of each factor, the bigger

the value, the more importance of
that factor appears in the fitness
function.
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With fitness function defined as in (10), the
smaller the value of f;, smoother, shorter and further
from the obstacle the resulted path.

Step 3. Find the best position

This step is to find the best position of the
swarm P;f, as well as the best position of each particle
P,-R. When initiated in Step 1, the local best of each
particle is the initial position itself (7 = X;') and the
global best of the swarm is the position of the particle
with smallest value of fitness function calculated as
(10) (7 = P! with £).

When each fitness function is calculated for
each particle, the local best for each particle and
global best of the swarm is updated as follow:

k+1
H

|

PR+1

o
A
b F k+1
T

Step 4. Position and velocity update

P b [P < YW hi=1,. N

gt o he w

0 fy(B) < XS i=1,.,N

¢ he w

At each time step, the position and velocity of
each particle are updated using equation (4) and (5).

4. Simulation result

The motion planning algorithm for the
wheelchair is simulated in Player/Stage on Linux.
The Player Project was developed by Gerkey, B.,
Vaughan, R., and Howard [12] which provided an
advanced robotics simulation and interface. Player
and Stage provide both the tools to simulate, as well
as communicate to a physical robot system. Player
allows user to interface with a variety of commercial
mobile robots for educational purposes such as
AmigoBot, Pioneer II... The working environment is
16mx16m in width and is devided into 289 cells
(Imx1m). In the experiment, the motion planning
using D* and PSO is compared with the one which
uses potential field method to move between way-
points and the translational velocity was kept
constant.

In the first case, the wheelchair initial position is
(-7, -6) m and it needs to move to position of (5, 7)m.
The paths of the wheelchair when potential field and
PSO are used are shown in Fig. 3 and Fig. 4,
respectively.

Fig. 5 and Fig. 6 show the amplitude of the
angular velocities of the wheelchair in both methods.
The bigger fluctuation of the angular speed implies
that the wheelchair changes its direction abruptly.
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One can see that, the motion planning using PSO
allows the wheelchair to move a shorter and smoother
path compared to the potential field method. In this
case, the angular velocity of the wheelchair fluctuates
strongly between (-1.4, 1.3) rad/s where as it
fluctuates only between (-0.2, 0.4) rad/s when PSO
motion planning is used. Visually, Figure 4 and 5
show how smooth the paths are in the two cases.

Fig. 3. Wheelchair path using potential field motion
planning to follow the D* planned path

L

Fig. 4. Wheelchair path using PSO to follow the D*
planned path

Fig. 7 to Fig. 9 show the simulation result on
Player/Stage where the wheelchair has to move. In
this scenario, there exists a U-shape obstacle in the
environment. The wheelchair initial position is at (-6,
0)m and it needs to move to the position (0,7)m. It
has been proved in [13] that, the wheelchair cannot
navigate to its desired position in this case using
potential field as a global motion planner.



Journal of Science & Technology 120 (2017) 066-071

iy £ 1l 5 4 - 1 il

Fig. 5. Fluctuation of angular velocity (rad/s) over
time (s) of wheelchair when using potential field
motion planning to follow the D* planned path
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Fig. 6. Fluctuation of angular velocity (rad/s) over
time (s) of wheelchair using PSO motion planning to
follow the D* planned path

Fig. 7. Wheelchair path using potential field motion
planning to follow the D* planned path with U-shape
obstacle
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Fig. 8. Wheelchair path using PSO motion planning
to follow the D* planned path with U-shape obstacle
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Fig. 9. Comparison of angular velocity fluctuations in
potential field motion planning and PSO motion
planning

However, with D* to find a global path, the
potential field method can be used to navigate the
wheelchair from one way-point to the next and
eventually to its desired position as shown in Fig. 7.
Fig. 8 shows the wheelchair path when PSO motion
planning is used. Fig.9 shows the fluctuation of the
angle velocity of the wheelchair in both cases.

The simulation results in two cases show that
the wheelchair moves much more smoothly with the
PSO motion planning than in the case of potential
field.

5. Conclusion

In this work, we have presented a global motion
planning for an autonomous wheelchair using D*
search and Particle Swarm Optimization. The D*
search allows fast re-planning in case the
environment changes whereas the PSO motion
planning proves to provide a smooth and short
trajectory. The fitness function for the PSO motion
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planning comprises of three factors that needs to be
minimized: the path length, the smoothness of the

trajectory, and the safety of the trajectory.

The

simulation result shows that the PSO motion planning
can provide a suitable motion for the wheelchair that
can be used for severely disable people.
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