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Abstract This work presents an implementation of the Emmy II Autonomous
Mobile Robot [1-3] control system in a new hardware structure. The main objective
of this robot is to avoid reaching any obstacle in a non-structured environment. The
control system is based on the Paraconsistent Annotated Evidential Logic—Ert. In
this work, it is also detailed the mechanical platform used in the robot and the tests
performed.
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1 Introduction

This work presents an implementation of the Emmy II autonomous mobile robot
control system in a new hardware structure. The main objective of this robot is to
avoid reaching any obstacle in a non-structured environment.

The project presented here is an evolution of the Emmy II robot [1-4]. The
Emmy II robot is an autonomous mobile robot able to move in a non-structured
environment avoiding collisions. Its control system is based on the Paraconsistent
Annotated Evidential Logic Et.

Basically, the robot proposed here is similar to the Emmy II, but with a modern
hardware structure. The objective is to build a new Emmy II robot able to receive
upgrades in its functionalities.

This paper is divided as the follow: first there is a description of the
Paraconsistent Annotated Evidential Logic Et; afterwards there is a description of
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the autonomous mobile robot Emmy II. At the end of the text, there is a description
of the hardware structure proposed and a description of tests performed.

2 Paraconsistent Annoted Evidential Logic—E~

Paraconsistent Logics is a kind of logics that allows contradictions without trivi-
alization. A branch of it, the Paraconsistent Annotated Evidential Logic Et, which
is employed in this work, also deals with the concept of fuzziness. Its language
consists on propositions (p) in the usual sense together with annotation constants:
(K, A) where p, A € [0, 1] (real unitary interval). Thus, an atomic formula of the
Logic Et is of the form p(u, 1) which can be intuitively read: the favorable evidence
of p is p and the contrary evidence of p is A. A detailed description of the subject is
found in [5-11].

The Favorable Evidence Degree () is a value that represents the favorable
evidence in which the sentence is true; this value is between O and 1.

The Contrary Evidence Degree (M) is a value that represents the contrary evi-
dence in which the sentence is true; this value is between O and 1.

Through the Favorable and Contrary Degrees, it is possible to represent the four
extreme logic states, as shown in the Fig. 1.

The four extreme logic states are: True (V), False (F), Paracomplete (L) and
Inconsistent (T).

In [12, 13] it is proposed the Para-analyzer Algorithm. By this algorithm it is
also possible to represent the non-extreme logic state. The Fig. 2 shows this.

The eight non-extreme logic states are: Quasi-true tending to Inconsistent—
QV — T, Quasi-true tending to Paracomplete—QV — _L, Quasi-false tending to
Inconsistent—QF — T, Quasi-false tending to Paracomplete—QF — L, Quasi-
inconsistent tending to True—QT — V, Quasi-inconsistent tending to False—
QT — F, Quasi-paracomplete tending to True—Q_L — V and Quasi-paracomplete
tending to False—QL — F.

Fig. 1 The extreme logic Ak
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It is also defined the Uncertainty Degree: Gun(p, A) = p+ A — 1 and the Certainty
Degree: Gee(, A) = — A (0 < p, A < 1).

Some additional control values are: Vcic = maximum value of uncertainty
control, Vecve = maximum value of certainty control, Vcpa = minimum value of
uncertainty control and Vcfa = minimum value of certainty control.

3 Autonomous Mobile Robot Emmy IT

The Emmy II robot is an autonomous mobile robot able to avoid obstacle while it is
moving in a non-structured environment.

The control system of the Emmy II uses six logic states instead of 12 logic states
used in the Para-analyzer Algorithm.

Two sensors are responsible for verify whether there is any obstacle in front of
the robot or not. The signals generated by the sensors are sent to a microcontroller.
These signals are used to determine the favorable evidence degree (w) and the
contrary evidence degree (A) on the proposition “The front of the robot is free”. The
favorable and contrary evidence degrees are used to determine the robot
movements.

The signal generated by the sensor 1 is considered the favorable evidence degree
and the signal generated by the sensor 2 is considered the contrary evidence degree
of the proposition “The front of the robot is free”. When there is an obstacle near
the sensor 1 the favorable evidence degree is low and when there is an obstacle far
from the sensor 1 the favorable evidence degree is high. Otherwise, when there is an
obstacle near the sensor 2 the contrary evidence degree is high and when there is an
obstacle far from the sensor 2 the contrary evidence degree is low. The Emmy II
controller decision of what movement the robot should perform is based on the
reticulated showed in Fig. 3.
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Fig. 3 Lattice of Emmy II Ak
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The decision for each logic state is the following:

e Robot goes ahead. DC motors 1 and 2 are supplied for spinning around forward.
Robot goes back. DC motors 1 and 2 are supplied for spinning around
backward.

Robot turns right. Just DC motor 1 is supplied for spinning around forward.
Robot turns left. Just DC motor 2 is supplied for spinning around forward.
Robot turns right. Just DC motor 2 is supplied for spinning around backward.
Robot turns left. Just DC motor 1 is supplied for spinning around backward.

The justification for each decision is the following:

When the logic state is true (V), it means that the front of the robot is free.
Therefore, the robot can go ahead.

In the inconsistency (T), p and A are high (i.e., belong to T region). It means that
the sensor 1 is far from an obstacle and the sensor 2 is near an obstacle, so the left
side is more free than the right side. Then, the behavior should be to turn left by
supplying only the DC motor 2 for spinning around forward and keeping the DC
motor 1 stopped.

When the Paracompleteness (L) is detected, p and A are low. It means that the
sensor 1 is near an obstacle and the sensor 2 is far from an obstacle, so the right side
is more free than the left side. Then, the behavior should be to turn right by
supplying only the DC motor 1 for spinning around forward and keeping the DC
motor 2 stopped.

In the false state (F) there are obstacles near the front of the robot. Therefore the
robot should go back.

In the QF — T state, the front of the robot is obstructed but the obstacle is not so
near as in the false state and the left side is a little bit more free than the right side.
So, in this case, the robot should turns left by supplying only the DC motor 1 for
spinning around backward and keeping the DC motor 2 stopped.

In the QF — _L state, the front of the robot is obstructed but the obstacle is not so
near as in the false state and the right side is a little bit freer than the left side. So, in
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this case, the robot should turns right by supplying only the DC motor 2 for
spinning around backward and keeping the DC motor 1 stopped.

The basic structure of the Emmy II robot is showed in the Fig. 4.

The Emmy II controller system uses six logic states instead of 12 logic states
used in the Emmy I controller. Moreover, it may present some commands that do
not exist in the Emmy I robot:

1. Velocity control: the Emmy II controller allows the robot to brake, turn and
accelerate “in a smoothly way” what is not possible in the Emmy I robot.

2. The Emmy II controller allows backward motion. In some situations the robot
may move backward or turns with a fixed wheel and the other spinning around
backward. There are not these types of movements in the Emmy I robot.

It can be seen in the Fig. 5 a simplified block representation of Emmy II robot.
The Fig. 6 shows a picture of the robot Emmy II
It is shown in the Fig. 7 the down part of the Emmy II robot.
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Fig. 6 The front part of the
Emmy II robot

Fig. 7 The down part of the
Emmy II robot

3.1 Tests of Emmy II Robot

Aiming to verify Emmy II robot functionally, it has been performed 4 tests.
Basically, counting how many collisions there were while the robot moved in an
environment as showed in Fig. 8.

The time duration and results for each test have been the following:

Test 1: Duration: 3 min and 50 s. Result: 13 collisions.
Test 2: Duration: 3 min and 10 s. Result: 7 collisions.

Test 3: Duration: 3 min and 30 s. Result: 10 collisions.
Test 4: Duration: 2 min and 45 s. Result: 10 collisions.

The sonar ranging modules used in the Emmy II robot can’t detect obstacles
closer than 7.5 cm. The sonar ranging modules transmit sonar pulses and wait for
them to return (echo) so that it can determine the distance between the sonar
ranging modules and the obstacles; however, sometimes the echo doesn’t return,
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Fig. 8 Environment used to perform the Emmy II tests

because it reflects to another direction. These are the main causes for the robot
collisions:

Test 1: Collisions: 13.
Collisions caused by echo reflection: 4.
Collisions caused by too near obstacles: 9.

Test 2: Collisions: 7.
Collisions caused by echo reflection: 2.
Collisions caused by too near obstacles: 5.

Test 3: Collisions: 10.
Collisions caused by echo reflection: 5.
Collisions caused by too near obstacles: 5.

Test 4: Collisions: 10.
Collisions caused by echo reflection: 4.
Collisions caused by too near obstacles: 6.

There is another robot collision possibility: when the robot is going back. As
there is no sonar ranging module behind the robot, it may collide.
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Fig. 9 The mechanical platform
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4 The New Emmy II Hardware Structure

The mechanical platform showed in the Fig. 9 had been built in order to perform the

Emmy II control system algorithm.

The platform is composed of three subsystems: Control and Planning
Subsystem, Moving Subsystem and Sensing Subsystem. These subsystems work
together although each one is responsible for a part of whole system. The robot

system may be modelled as presented in Fig. 10.

4.1 Moving Subsystem

The Moving Subsystem is composed of a chassis, 4 wheels, 4 DC motors and
potency drivers for DC motors supply. The chassis is a metallic structured aiming to

Trajectory
Established Planning and
Control System

Action System

DC Motor
Control

Sensing System

Fig. 10 The robot system model
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Fig. 11 The robot chassis

fix all robot devices. It is possible to see in Fig. 11 the chassis with the DC motors
and wheels fixed.

The four DC Motors are of low potency and consumption because the robot is
projected to move in smooth surfaces. The chosen DC motor model is the
DFRobot130 with mechanical reduction by gears. This DC motor has the following
operational characteristics:

Gear ratio: 1:120.

No-load speed (6 V): 180 rpm.

No load current (6 V): 160 mA.

Locked-rotor current (6 V): 2.8 A.

Size: Long. 55 mm; Width 48.3 mm; High 23 mm.
Weight: About 45 g.

The DC motors are supplied by signals from the Control and Planning
Subsystem. These signals must be amplified because they are of low potency. The
signals can be sent to the DC motors only after the amplification.

The amplification is made by two potency drivers as showed in Fig. 12. The
main component of the potency driver is the integrated circuit L298N from ST
Electronics. This component is composed of two H bridge encapsulated in just one
involucre. And has the objective of amplify the electric current and control the DC
motor rotation direction.

The electric circuitry used for supplying the DC motors of the right wheels
(driver 1) is showed in Fig. 13.

It is used an electric circuitry similar to the one showed in Fig. 10 for supplying
the DC motors connected to the left wheels.
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4.2 Sensing Subsystem

The Sensing Subsystem is composed of three ultrasonic sensors and two encoders
connected to the robot frontal wheels. The ultrasonic sensors are of the model PING
((( from Parallax and are fixed on the frontal part of the robot. They are fixed as
showed in Fig. 14.

The ultrasonic sensor may cover a range of 100° as showed in Fig. 15.

The Parallax Ping((( sensor is able to measure an interval from 2 to 300 cm
precisely. The sensor emits ultrasonic waves of 40 kHz for 200 ps. A microcon-
troller determines when the ultrasonic wave emission starts. The sensor starts
sending a signal to the microcontroller when the ultrasonic wave emission is fin-
ished. This signal sending is finished when the ultrasonic sensor receive the echo of
the ultrasonic waves emitted before. Then, the microcontroller may determine the
distance of the object from the sensor by the duration of the signal sent by the
sensor. Figures 16 and 17 illustrate the process of obstacle detection.

> 4 M 'y
30° 30° A

Fig. 14 Ultrasonic sensors robot position

Fig. 15 Range covered by the ultrasonic sensor on the robot (Source Parallax Ping(((datasheet)
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Fig. 16 Ultrasonic sensor process of wave emission and echo receiving. (Source Parallax Ping
(((datasheet)

memmm | Host Device Input Trigger Pulse tout 2 ps (min), 5 ps typical
| PING))) Echo Holdoff tuoLoorr 750 ps
Sensor Burst Frequency taursT 200 s @ 40 kHz
Echo Return Pulse Minimum v 115 HS
Echo Return Pulse Maximum finmax 18.56 ms
Delay before next measurement 200 ps

Fig. 17 Ultrasonic sensor time intervals of the emission and receiving ultrasonic waves (Source
Parallax Ping(((datasheet)

4.3 Control and Planning Subsystem

The control algorithm is implemented in this subsystem. The aim of this subsystem
is to receive the signals from the Sensing Subsystem, processes them and sends the
results of the control algorithm to the Moving Subsystem.

This subsystem is composed of a Digilent ChipKit Uno32 prototyping platform.
A PIC32MX320F128 is the microcontroller which process the programs imple-
mented in the prototyping platform. Figure 18 shows the prototyping platform.

The subsystems presented in this text are also projected to be used in the Emmy
IIT robot in the future. For Emmy III robot, the control subsystem is going to
determine a track for the robot. The Emmy III control system is based on
Paraconsistent Neural Network.
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Fig. 18 Digilent ChipKit
Uno32 prototyping platform

5 Tests of the Emmy II New Hardware Architecture

Aiming to verify the behavior of the new Emmy II hardware structure, many tests
were performed. These tests consist of the observation of the robot behavior when
there is an obstacle in front of the robot while it is moving forwards. So, it was
possible to verify if the robot took the right decision.

Fig. 19 Representation of the 7x
first type of test performed by
the robot *

\
\
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Fig. 20 Representation of the 5X
second type of test performed
by the robot * BARRIER

At first, it was put an obstacle exactly in front of the robot as showed in Fig. 19.
In this case it was expected that the evidence degrees p and A were the same value
(both equal to 0, 5). In a situation like that, the robot must turns left.

Anyway, in a real test condition, it is must difficult to reach a situation that p is
equal to A. It was expected that there were a small difference between them. So, the
robot should turn to the left or to the right as u or A were bigger. This experiment
were repeated 10 times and in seven occasions the robot turned to the left and in
three occasions the robot turned to the right

In the second type of test, there was an obstacle in the right side of the robot as
showed in the Fig. 20. In a situation like that, it is expected that the robot turn to the
left. Five tests were performed and in all cases, the robot turned to the left.

In the last type of test, an obstacle was put in the right side of the robot as
showed in the Fig. 21. In five occasions, the robot turned to the left as expected.

6 Conclusions

This text presents a new hardware structure for the Emmy II robot. This new
hardware architecture is an evolving of the robot proposed in 2004. The Emmy II
control system is based on the Paraconsistent Annotated Evidential Logic Et.
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Fig. 21 Representation of the 5x
third type of test performed by
the robot BARRIER f

The proposed robot is divided into three subsystems: Control and Planning
Subsystem, Sensing Subsystem and Moving Subsystem.

The Sensing Subsystem is responsible to capture information from the envi-
ronment around the robot and sent them to the Control and Planning Subsystem.
The Moving Subsystem is composed of DC motors and wheels. The objective of
the Control and Planning Subsystem is to receive signals from the Sensing
Subsystem, process them and control the Moving Subsystem.

The functioning of this new robot was satisfactory.

The structured proposed for this robot is going to be used in future projects, as
the building of the Emmy III [14-19].
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