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Abstract

In this paper, a vector-projection-based algorithm is
developed to detect obstacles in narrow environments. This
algorithm can be used for especially sensor-based coverage
problems. The algorithm distinguishes the obstacles from the
walls around the robot. Sonar vectors are projected on the
edge which the robot moves to detect the obstacles. After
detecting the obstacle, the size and location of the obstacle
are calculated.

1. Introduction

Autonomous mobile robots must perform their tasks in real
time. Goal-oriented tasks may need some sort of path planning
and this path must be tracked efficiently while getting
information from the environment. Obstacles may be
encountered on the path and these obstacles must be detected
and avoided. For this purpose; sensors such as laser, camera,
infrared range finders, and sonar can be used. Most mobile
robots use sonar because of the low price and less computational
cost compared to other sensors.

Sonar can also be used for other purposes. Many applications
have been realized using sonar. In [1-6], sonar is used for map
building. Sonar is also used for localization of mobile robots [7-
9]. In [7], sonar data is fused with dead-reckoning to localize the
mobile robot. In [10], localization and mapping are achieved by
fusing sonar with camera, and in [11] the same goal is achieved
by fusing sonar with laser. In [12], a sonar-based obstacle
detection method is implemented in autonomous wheel chair.
Sonar is also used for geometric structure recognition such as
edges, planes and flowers in [13-15]. In [16], obstacle
avoidance in narrow corridors was studied. The study was
focused on strategic placement of sonar sensors on the mobile
robot. In [17], camera and sonar are fused and camera is used
for obstacle detection.

Generalized Voronoi Diagram (GVD) techniques are used to
model the narrow environments for sensor-based coverage
problems [18]. In GVD, the environment is modeled by
equidistant edges from the objects in the environment. For many
applications; passing on all the edges guarantees complete
sensor-based coverage. A path can be constructed such that the
robot passes on all the edges [18]. But, due to dynamic nature of
environments, some previously unknown obstacles may appear
on these edges. Then, the robot cannot follow the planned path.
In this case, these obstacles must be detected. But since the
environment is narrow, using classical obstacle avoidance
methods may lead the robot to detect the walls as obstacles.

Therefore, a method should be used which distinguishes the
obstacles from the walls of the environment. In this study, a
novel obstacle detection approach is proposed to solve this
problem using projection of sonar vectors on the GVD-edges.

The rest of the paper is organized as follows. In Section 2,
the proposed algorithm is given in details. In Section 3,
implementation of the proposed algorithm and comparison with
classical obstacle avoidance method are given. Finally, section 4
concludes the paper.

2. The Proposed Algorithm

In the proposed algorithm, the obstacle is detected by sonar.
The position and the size of the obstacle are determined using
laser.

2.1. Obstacle Detection

The mobile robot is supposed to follow the planned path
consisting of a number of GVD-edges. Each one of these edges
are called as desired edge (DE). But, the robot may not be
exactly on DE (Fig. 1). The edge on which the robot is actually
moving is called actual edge (AE). The AE starts at the center of
the robot and ends at the end point of the DE. The edge distance
(d) is the distance of the center of the robot to DE. The angle
between the robot’s local X axis and the AE is (a+ b) degrees.

Robot's
local X axis

o
d R\
#
l N |
DEs DE DEe
X —  Center of robot
Sonar vectors go
—>=-~ 7 on their way untill

detecting a point

Fig. 1. Projection of sonar vectors workspace
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The location and orientation of the robot with respect to a
global coordinate system are assumed to be known precisely.
Each sonar measures the distance of an obstacle relative to the
robot, and this distance should be transformed into the global
coordinate system. By using the transformed sonar readings,
sonar vectors are calculated in the global coordinate system.
These sonar vectors are used in projection operations. Sonar
vectors start at the center of the robot and end at the detected
point. The placement and orientation of sonar sensors on P3-
DX mobile robots are given in Fig. 2. Angle of each sonar
relative to the local X axis of the robot is 90°, 50, 30°, 10°, -10°,
-30°, -50°, -90° for indexes 0 to 7, respectively.
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Fig. 2. Sonar array on the front side of the mobile robot P3-DX

center of the robot

The steps of the algorithm are as follows.
Step I: Get the distance values (7;, i=0,...,7) obtained by

the sonars.

Step 2: The closer objects (wall or obstacle) must have the
greater effects in the obstacle detection process. Therefore,
distance values are normalized using equation (1).

my x(r; —rangg,,) 7, STangg,,
Nli = . 1
0 otherwise (M

where m =—(10-+rangg,, )

In this equation, range,,,, denotes the maximum distance that
can be measured by the sonar. Here, N/; is the output of
normalization for;j =0,...,7 .

Step 3: Perform a second normalization for d. The second
normalization function is given in equation (2).

04+m,x(d-d,,) d<d,,
N2, = 7
0 otherwisc (@
where m,=—0.6+d_,)

With this normalization, the effects of sonar readings are
reduced if the robot is getting further from the DE. N2; is the
output of the normalization function forj =(,....7 .

Step 4. The final normalized values, (Nf;) , are the

magnitudes of the sonar vectors after two normalization
processes.

Nf,=N1,xN2,xr, i=0,..7 ©)

Step 5: The magnitude of projection (P;) of all 8 sonar
vectors on the actual edge are calculated as in equation (4)

P |V xcos(ar)

i=0,..7 4

where ¢; is the angle between the sonar vector; and the AE.
If the magnitude of any of the projection is greater than
Obstacle detection threshold value, it is concluded that an
obstacle is detected.

3. Experimental Results for Obstacle Detection

The proposed algorithm was tested in in ESOGU Al and
Robotics Laboratory. Map of the test environment is shown in
Fig. 3. This environment is transferred to MobilSim simulation
environment for simulation purposes. The width of the corridors
used in the experiments is about 1200 mm and the safe-path
width, which is obtained by considering the width of the robot
and a safe margin, is 600 mm. Although sonar can detect 5
meters away, due to the dimensions of the working environment,
the range,,,, is selected as 600 mm. The value of d,,, is chosen
as 300mm. 3 is used as the value of Obstacle detection
threshold value. A rectangular obstacle with dimensions of
(450x250) mm is placed in the environment Coordinates of
corners of the obstacle are: (1800, 2400), (1800, 2850), (2050,
2850), and (2050, 2400), and desired edge of the robot starts at
(1000, 3000) and finishes at (3000, 3000).The robot is located at
the positions (1300, 3000), (1500, 3000), and (1900, 3250) as
shown in Figs. 4-6, respectively. The direction and magnitude of
each sonar vectors are also given in these figures. Magnitudes of
the projected sonar vectors as a result of obstacle detection
algorithm are shown in Table 1.
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Fig. 3. The map used in experiments

Table 1. Magnitudes of projection results

Py | Pr | P2 | Ps | Py | Ps | Ps | P;
Fig | 0.1 | O 0 0 | 40| 26 0 |01

Fig. | 0 0 0 01]711]59 |33 |02

Fig. | 0 0 0 0 0 0 0 0
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Fig. 4. The first position

Fig. 5. The second position

Fig. 6. The third position

As shown in the Figs 4-6, the mobile robot never detects any
wall as an obstacle. As seen in Table 1, only the sonar vectors
which detect a point on the obstacle within range,,, may return
a value greater than obstacle threshold value after the
normalization and projection processes. In Fig. 5, three sonar
vectors returned a value greater than obstacle threshold value.
The value returned by P, is the greatest and the point detected
by the 4™ sonar will be used as biggest valued point in
navigation. Also in Fig. 6, only 7™ sonar detects a point on the
obstacle but the angle between it an AE is -90°. Therefore, the
projection of the corresponding sonar vector on AE returns zero
which means that this obstacle does not block the robot path.

3.1. Navigation

When an obstacle is detected, the robot stops. Then, SICK
LMS 200 laser range finder is used to determine the position
and size of the obstacle. In navigation process, the biggest
valued point which was already calculated in the obstacle
detection process is used to evaluate the laser values..

Using these values; the algorithm checks for the dimension
of the free-way that the mobile robot can pass safely. Fig. 7
shows a possible path to avoid the obstacle.
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Fig. 7. A possible sub-route
3.2. Implementation and Comparison of the Algorithm

The both obstacle detection and navigation algorithm are
coded in C++ and tested in MobilSim simulation environment.
The overall algorithm is compared with the classical obstacle
avoidance method. Three obstacles are placed in the
environment. As seen in Fig. 8, classic obstacle avoidance
method was unsuccessful and the robot could not follow the
planned path. But as seen in Fig. 9, the proposed algorithm
leads the mobile robot to follow the planned path successfully.
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Fig. 8. Result of classical obstacle avoidance method
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Fig. 9. Result of the proposed algorithm
4. Conclusion

In sensor-based coverage problems, it is critical to
distinguish the obstacles on the path from other obstacles such
as walls. In this study, an obstacle detection method is proposed.
With this algorithm; obstacles are distinguished from the walls,
because the robot is only interested with the obstacles which are
on its way, actually on the edge on which it is moving on.

Since simple projection operators are used to detect the
obstacle, the proposed algorithm is very efficient for real time
obstacle detection while executing all navigation behaviors.
After detecting the obstacle, the mobile robot stops and uses
laser to detect the size and position of the obstacle more
precisely. Then, if there is a safe path, the robot continues its
motion.
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