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Abstract- The mobile robotics and autonomous systems are topics of great interest in several research areas. The advancesin thisfield have
allowed some sectors of society can use robotic devices or autonomous systems. In industry, robots are used for welding, transporting,
assembling and painting pieces. | n medicine, sophisticated robots help to conduct complex surgeries. I n the military sector, robots are used
to explore hostile areas. Therefore, in this paper we propose a behavior algorithm defined with LeJOS programming language, for
implementation in the LEGO Mindstorms NXT 2.0 robots. This behavior algorithm uses the ultrasonic sensor to detect objectsin the route of
the robot, and then calculate the distance between the robot and the object detected. Then, with the recollected data, the robot performs a
scan on a predefined angle in search of objects adjacent the identified object. The robot, by running the behavior algorithm, will determine
the dimensions of the detected objects and the available spaces between objects (obstacles) to determine the best route to follow to reach a
target destination.
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INTRODUCTION

Research on autonomous displacement in robots has been
a topic of great interest in recent years. The requirement to
provide an effective method on the robot that allows it to
establish routes and paths based on their environment to
effectively and efficiently. This is a research topic due to its
complexity, caused by the high number of parameters that
require consideration to determinate the best route, and as a
consequence, make the best decision.

An important aspect is the definition and selection of the
method used by the robot, in order to recognize their
environment [1]. Then, analyze collected data and based on
this data to make a decision. Specifically, which route will
execute the robot when presented obstacles (objects) that
block to reach its target destination [2]. These actions are the
first step to perform complex tasks.

In this paper we propose the specification of a behavioral
algorithm that enables the robot to make a decision its path to
follow, and select a new route based on overcoming obstacles
detected by the ultrasonic sensor, in a range of coverage over
the path traced. In the algorithm a method is defined to detect
possible obstacles or objects, and determine the dimension of
detected objects. Furthermore, using data collected by the
ultrasonic sensor, the robot analyzes the possibility to
continue over the same path or create a deviation in the
current route. Then, the robot make the best analysis based on
behavior algorithm to establish the route and continue with its
target path.

MATERIALSAND METHODS

The definition of behavior agorithms for robots is a
strategy that allows to observe the resultsimmediately. In this

25 October 2013
28 October 2013
29 October 2013
31 October 2013

Manuscript Received
Manuscript Accepted
Revision Received
Manuscript Published

work, the behavior algorithms defined have been tested on
the LEGO Mindstorms NXT 2.0 robot. The main technical
features are that composed of a brick or mini-computer with
an Atmel 32-bits processor ARM7 48MHz, a flash memory
of 256KB and a 64KB RAM storage capacity, with 4 input
ports that are used to connect the different sensors (in this
case an ultrasonic sensor), and 3 output ports which are used
to interconnect the servo-motors [ 3].

The sensors provide information about the environment in
which the robot is located, i.e. the information of objects near
the robot. On the robot construction, an ultrasonic sensor was
installed. This sensor measures the distance between the
sensor and an object [4]. The ultrasonic sensor sends out
high-frequency sound waves and measures the time it takes
for them to be reflected, which allows it to determine the
object’s distance from the sensor [5].

The information collected by the ultrasonic sensor is
interpreted by a software application developed using object-
oriented language LeJOS [6]. This programming language,
supports recursive  functionalities, vectors  and
multidimensional arrays, synchronization, threads
manipulation, exceptions, among others functionalities [7]. In
order to development the proposed software application we
use the IDE Eclipse [8], in order to take advantage of a well-
known development environment and the Eclipse platform
extension mechanisms [9].

RESULTSAND DISCUSSION

The robot's behavior is composed of different states and
actions to be executed depending on the context or the world
where the robot is located. The information allow trigger an
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action is collected by the sensors, wherein the data represents
the objects (and their characteristics) which surround the
robot NXT in that context. These actions enable switching
from one state to another state.

Figure 1 shows the states defined in the algorithm that
executes the NXT robot to determine the best path through
the detection of objects, dimensions, calculating the available
space between the objects and creates a new route for the
robot.
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Fig. 1. Defined state diagram for the NXT robot behavior.

The defined behavior agorithm is composed of a set of
actions, which are described below using pseudo code. In the
first action, is executed predefined path in the robot, with the
activated sensors alow the robot to detect its context. This
process is performed exploring and continuously scanned in a
straight line the robot vision, through the use of the ultrasonic
Sensor.

The ultrasonic sensor operates continuously, which allows
monitoring the distance of any object located within the range
of coverage. Then, when a possible obstacle (object) it
detected, a command to stop is sent to robot's servomotors. In
Figure 2 illustrates the pseudo code method that is called
when an obstacle is detected.

algorithm object_detected()
list_obstacles
robot_size
stops()
list_measures = realice_scan()
threshold = size of the measures * detection range
for all the measure elements do
sum the elements
end for
if the sum of the elements is bigger than threshold
list_obstacles = generate_objects(1list_measures,

threshold)
calculate_movement(1list_obstacles,robot_size)
else
turns()
end if

Fig. 2. Defined pseudo code to detect an obstacle.

The second action of the behavior agorithm alows to
measure an object using the ultrasonic sensor, to make
possible that action, the sensor executes a horizontal scanning
on a 90 degrees to left, and then, to the right of the point of
detection, asillustrated in Figure 3.
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Fig. 3. The NXT robot executing the proposed behavior agorithm.

From this operation, alist of n elements is created (A, A,,
As, ... Ap). Thislist stores distance information and rotation
degrees, provided by the motor tachometer. The one that
make possible the movement of the robot. This establishes
the approximate size of the object and its midpoint. In
addition, the rotation angle data collected alows make
adjustments on the robot path. Figure 4 shows an excerpt
from pseudo code in which describe the action mentioned.

algorithm generate_objects(list_measures,threshold)
list objects
i=1
for all the list_measure elements
if the elements i < threshold
startobject = value on the element i
j=1+1
follow = true
while follow
if the element j > = threshold
endobject = value on the j element
i=37+1
follow = false
end if
increase j
end while
object = generates_obstacles(startobject,endobject,
startangle,endangle)
adds object to the list
end if
end for
return object_list

Fig. 4. Pseudo code that allow calculates the size of an object
detected by the robot ultrasonic sensor.

In the third action, in the case that the ultrasonic sensor
readings detected below the threshold T, on both sides,
indicating that is not possible to cross through this area. On
the other hand, in case that the sensor detects superior
readings to the threshold, it assumes that is possible to
continue on that route. For which purpose, it uses readings
collected before, and sets the location of objects, based on the
data set delimited by readings superior the threshold.

Then, is established the midpoint of the object and traces a
circumference from itself, this alows to know the
approximate size of the object. Then, the algorithm analyze
the spaces between the different objects. After carry out the
calculation the spacing between objects, is selected larger
space to alow the crossing of the robot, as shown in Figure 5.
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algorithm calculate_movement(list_objects,robot_size)
1=1
temp = ©
valueMin
while exists elements on the list
start = extracts endobject from element i
end = extracts startobject from element i + 1
temp = end - start
if valueMin > end - start
min = temp
objectA = element 1
objectB = element j
end if
increments 1
end while
if min > robot_size
movement (objectA angle,objectB angle)
else
turns()
end if

Fig. 5. Pseudo code used to calculate the size of the object and
detect the next route for the robot.

CONCLUSIONS

In this work we proposed the definition of a behavior
algorithm, as well as its implementation using the
programming language LeJOS for Mindstorms NXT 2.0
robots, with functionalities that allow identify objects close to
robot, determinate their dimensions, and calculates the space
available between them. Then, using the defined behavior
algorithm, the NXT robot can resolve the blind spot problem
over it. In addition, this algorithm enables to determine the
best route, alowing the robot to chose among possible
pathways.

The first results show that it is necessary to make some
adjustments the structure of the robot for efficient execution
of the behavior agorithm, this due to the quality of the data
collected by the ultrasonic sensor. In some of the early tests
show inconsistencies in choosing the best route. In addition,
in some cases, the calculations generated by the algorithm
shows that it is not possible to continue on a given route,
even if there is enough space to cross and let the robot to set a
new path.

This is due to the ultrasonic sensor sends wrong readings
as a consequence of the robot movement and the roughness
(not flexible) of the data cable that connects the ultrasonic
sensor with the brick or minicomputer NXT 2.0. Therefore,
in the future work, the purpose will be to find solutions to the
detected problems over the behavior algorithm presented in
this research work.
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