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1. Introduction

Sensor based planning is necessary for the realistic
deployment of the robots into unknown spaces. In the
past, the sensor based planners [1] were limited to
robots modeled as point robots operating in the plane.
This paper proposed a sensor-based approach for car-
like mobile robot to make it access and trace the
GVG

In this paper, we present a sensor based algorithm
for car-like mobile robot based on GVG theory. But
the car-like mobile robot is limited by the minimum
turning radius, so the GVG algorithm cannot be
implemented to the car-like mobile robot directly. We
proposed an algorithm enables the car-like mobile
robot can follow the GVG as much as possible.

2. Car-like Mobile Robot Model

The configuration of a car-like robot, sketched in
Fig.1, at the instant t is completely defined in C=R* X
St expressed by o=[x,, yr, 6,]", by the position (x,, yr)
of the reference point and the heading direction 6, of
the robot.
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Fig.1 Kinematic model of the mébile robot
The model of the car-like robot which we will
refer in this paper is described by the control

system.
cosd, 0
g=|sing, v, +|0 o @
0 1

where v, is the linear velocity, o is the angular
velocity. We express the control input vector as u=
[Ver @] T.

3. Sensor-based Algorithm to Generate GVG

The concept of the navigation which is proposed
in this paper is based on the GVG, and combined
with the non-holonomic [3] constraints. GVG is
made up of curves and vertexes, the robot can’t
follow exactly. In this approach, GVG is
incrementally constructed. When the robot is at the
meet point, we present an algorithm enables the car-
like robot go through the meet point tracing along the
GVG as much as possible. Backward motion is
considered to avoid collision.

Accessibility: Finding a path onto the GVG. We
define two vectors: one for car-like robot to access
the GVG and the other for car-like robot to turn to the
tangent direction of GVG. As shown in eq.(2),

p,g; Is the vector combined with two vectors:

g, = sign Vd, +Vd,
e |Vd, +Vd,|

+vd,(d,-d) (2
After we get the p g vector, we implement the
“follow the carrot” [2] algorithm. We can calculate

the error angle €, between the robot and the p.g,
vector, and then it will calculate the velocity and
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turning radius. Actually, the instant goal g, is
calculated instantly. Therefore we can access the
GVG incrementally.

Car-like robot is limited by the minimum turning
radius. When it accessed the GVG it may collide with
obstacles if it goes forward. So here we mention the
backward motion to avoid collision.

Traceability: traversing the roadmap to vicinity of
the goal. The car-like mobile robot moves along the
tangent direction of GVG edge. Here we proposed a
method to decide the tangent direction of the GVG
edge.

GVG GVG

Fig.2 tangent direction of the GVG

7 is the unit vector which represents the robot
orientation. As shown in the Fig.2, we choose the a
as the tangent direction of GVG, which is minimum
difference with robot orientation.

Meet point motion: Meet point is multi-
equidistant, and the distance to the obstacle is the
minimum distance. We can get the information of the
distances to obstacles: di, d,, and d3. And the tangent
direction of GVG edge at the meet point 6,;, then we
can get the difference between robot orientation and
GVG edge, which denoted as 46, , we pick up the
minimum denoted as 46. The meet point motion
algorithm is shown below:

Car-like robot motion algorithm at Meet point

i=1

1. for;

2. if L=R,;tan(40/2i)<d,
3. fork=1:i

4, if46>0

go backward for R,,;,tan(46/2i), and turn right
with minimum turning radius for 46/i, and then go
backward for R,,;,tan(46/2i),
5. else

go backward for R,;.tan(46/2i), and turn left
with minimum turning radius for46/i, and then go
backward for R,,;,tan(46/2i);

6. endif
7. endfor
8. else

9.  i++;
10. endif
11. endfor
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Simulation results:

As shown in Fig.3(a), we implement the
accessibility and traceability algorithm to the
robot, we can see it goes backward to avoid
collision and then access trace the GVG edge
successfully. From Fig.3(b),we can see the robot
motion at the meet point.

(b)

Fig.3 Simulation results

4, Conclusion

From the simulation result, we can see the
algorithm proposed in this paper make the car-like
robot access and trace the GVG in unknown
environment without collision successfully. Our
future work will mention the departability.
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