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Electronics and informatics solution in mobile
robot orientation

Paul Ciprian Patic, Lucia Pascale, Luminita Duta, Mihaita Ardeleanu

Abstract—In this paper one proposed to achieve an autonomous
mobile robot to simulate movement in an unknown environment, for
example, to move inside of a maze. One used some electronics and
informatics solution to make possible the guidance of a mobile robot.
With specialized documentation and follow some practical examples,
we made the prototype model robot, which is an application with a
didactical and scientific goal for the some didactical and research
laboratories. Using hardware and software capabilities of the
PIC16F877 microcontroller produced by Microchip, one realized the
moving of the prototype robot and one can say that one can try to
induce the desired movements. Also, one use the MikroPascal like a
software program environment.

Keywords—3D Projection, Catia, Detection Sensors, Mobil
Robot.

I. INTRODUCTION

OBILE robots is the most spectacular and representative

class of mechatronic systems, particularly because of
trying to copy and move closer to the models of the living
world. A mobile robot has a complex mechanical structure,
drive motors that provide movement in the environment,
sensors that allow targeting, identifying and avoiding obstacles
and a "brain" consists of one or more digital processors that
provide overall system control [1], [2].

Robotics domain includes a wide range of technologies in
which computational intelligence is brought into physical
machines, making such systems with capabilities far exceeding
those of simple machines [4[, [9].

Such robotic systems are then able to accomplish tasks that
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conventional systems can not carry out. The ability to move a
car alone, independently, is an ability that opens a wide range
of applications that are uniquely adapted to robotic systems.

Il. MODELING OF THE PROTOTYPE ROBOT

One starts with the conceptual modeling solution of the
autonomous guidance system for carrying out parts of the
system in the XOY plane, then one realized their 3D models,
placing them in the parts that make up the prototype robot.
One used for that Computer Aided Design software, which is
able to confer a good visual prototype robot.

CAD - Computer Aided Design is the term used to use the
software tools to design products. Constructive role of
computer-assisted design is that based on functional
requirements, aesthetic and construction to be determined,
using computer, properties of form, material and quality of the
object [8].

Design process is considered as an activity based on
induction, deduction, intuition, experience and creativity.
Using the software tools it is possible to gradually transfer the
experience, deduction and induction from engineering design
CAD system, making it an intelligent system. A CAD system
requires constant dialogue, through the monitor design, the
technical database and general database, on the one hand, and
the algorithms, on the other hand

As human-machine system, CAD system based on
intelligent human creative capacity and computing power of
the computer, it possesses the operating speed and high
capacity storage and retrieval of information [8], [ 9].

CAD systems are therefore integrating methods of computer
science and engineering, including databases, banks
fundamental methods and algorithms, communication systems,
graphics systems, application programs. A CAD system should
have capacity for a decision to include assignment of design
requirements and design specifications. These features include
natural language processing, processing and refining by asking
the user (interactive) concerning the degree of detail design.

The suite of software known as 3D management product life
cycle, CATIA supports multiple instances of product
development (CAx), from the conceptualization, design
(CAD), manufacturing (CAM), and analysis (CAE). Version 5,
for example, can run with other applications, including
ENOVIA, SMARTEAM and some other applications of CAE
analysis.

CATIA was introduced in robotics domain and this design
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environment is used primarily because of ease of design and
multitude of tools that offer this software package, from basic
schemes, of a robot, to a robot assembly and even to induce
the movement, actions and its shareholders.

In figure 1 it is represented from different views the stepper
motor of the mobile robot.
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Fig. 1 Stepper motor (quotes and 3D Projection)

In figure 2 it is represented the proximity sensor of robot
equipment. The sensor can be an element of artificial
intelligence used in robot’s construction.

Fig. 2 The proximity sensor (quotes and 3D Projection)

In figure 3 one represented the robot assembly composed
from one wheel, a motor and, also, the support of robot’s

engine. As well, in figure 4 is the main structure of the future
robot.
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Fig. 3 The assembly composed of wheel, engine and engine support
(quotes and 3D Projection)
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Fig. 4 Main structure of the prototype robot (quotes and 3D
Projection)
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Fig. 5 The support of the robot with wheels in the rear (quotes and
3D Projection)
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In figure 5, from above, it is represented the support of the
robot in terms of wheels from the rear of the assembly.

Bellow, in figure 6 it is signify the sensor which is
responsible with the surfaces on moving robot. One must say
that this kind of mobile robot can make the displacement on
different plane surfaces qualities.
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Fig. 6 The support of detection’s sensor of the surface displacement
(quotes and 3D Projection)

Also, one can observe that the robot contains a sensor which
is responsible with obstacles detection for avoid them, as seen
in figure 7.

Fig. 7 The support of the sensor of obstacles detection (quotes and
3D Projection)

Finally, one made the prototype robot assembly modeling,
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using all parts previously designed components, as one
observe in figure 8a and 8b.
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Fig. 8a Robot prototype (3D Projection)

Top view ]
1

Fig. 8b Robot prototype (3D Projection)

The proposed application is to simulate the movement of
autonomous mobile robot in a maze. This application is
composed of two main parts, one part hardware and software.
Hardware part of this project is the prototype model robot with
maze model and the second, the software part is a
microcontroller program that controls the prototype robot.

To control all the processes, inside the robot model are
implemented the next functions:
the detection of displacement surface;

« the detection of the appears obstacles during displacement;
the control of the stepper motors and their
synchronization;

the changing of the displacement direction when an
obstacle was detected;

stopping of the robot system in case of the displacement
does not realized.

In figure 9 is the 3D model of the prototype robot in CATIA
design environment, seen from several angles (9a, 9b, 9c).
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Fig. 9 The prototype robot in CATIA, seen from several angles

In the next two figures it is shown the robot prototype and
the components from its structure.
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Fig. 11 The structure of the Robot (front view)
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In the same time with designing of the robot prototype, we
had realized the effective maze, in which the robot will move.
The maze scheme is shown in the next figure:
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Fig. 12 The displacement of the robot prototype inside the maze
(quotations and 3D Projection)

I1l. ROBOT TYPE OPERATION

Once placed inside the maze, the prototype robot is running.
It has a waiting time can be seen easily by following the green
LED flashes three times during boot, allowing the operator to
be near him for support the supply cable. After this waiting
period, if the sensor placed below the surface detects
movement, the robot starts. This sensor analyzes real-time
presence of surface travel. If the sensor detects an obstacle
placed higher at a minimum of six centimeters of the robot, the
microcontroller receives the information [6].

At the obstacle detection the robot stops moving and the
light turns green again. At this point the robot changes its
trajectory with a move to the left by six steps, and then
analyzes the presence of obstacle. If the obstacle is still
present, it repeats the cycle of changing trajectory, and LED
lights whenever the sensor detects the obstacle. If, after
changing the trajectory, the upper sensor no longer detects
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obstacle, the robot continues its forward motion [7].

Thus, after completing the maze, the exit from it, the sensor
placed below detects the absence of surface movement and the
robot stops and the green light flashes five times, after which
all processes are suspended.

Due to construction, the prototype robot can not move in a
purely autonomously way, because of supply.

Consumers will also be found in the structure of the robot
requires a power that exceeds the capacity of two or three 9V
batteries linked in series, and because of the small size of the
robot can’t be mounted other type of battery. Thus, we used a
24V transformer, 2A, connected to power the robot through a
rectifier bridge in DC.

After one realized the 2D and 3D design of the prototype
robot, we started by realizing its main skeleton. The skeleton is
composed of slabs of pale pressed wood, cut at quotes, and
supported each other by stainless steel brackets. The lower
supports attached to the main skeleton of the robot were both
supportive role of the entire skeleton and stepper motors [10].

The link between stepping motors which induce the
displacement of the robot and its wheels is achieved through
its gears that are on the axis motors.

The side walls have two pairs of "drawers" made of pale
wood, with supportive role of the two electronic assemblies:
assembly sensors and microcontroller assembly. At the top of
the side walls, outdoor, are placed two mounting type: support
shaft and wheel, which serve to guide the robot when it
reaches the side wall of the maze.

At the back of the robot is fixed a support made of wood
that are fitted with ball bearings that have two stands
supporting role and navigation of the entire ensemble. Because
the robot can move without slippage or turns uncontrolled, we
placed an extra weight on the main board, in addition to the
two batteries present.

In front of the robot is fixed a support in the form of "L" of
polyethylene, which one attached one of the proximity sensors
— Sharp type. This sensor has a controlling role of movement
in the sense that the whole robot can move only if the sensor
indicates the presence of surface displacement, otherwise the
robot stops.

On top of the prototype robot is placed a cross made of
polyethylene, which we fixed the second sensor Sharp,
oriented to detect in front of the robot.

The microcontroller received from the sensor, information
in real time, related to the presence of obstacles throughout the
displacement [3], [10].

IVV. ELECTRONIC DESIGN

The software design interface used is called Eagle
Professional (v.5.3.0.). This program is used to create and
verify the wiring diagrams and electrical schemes, to create
and verify the wiring, electronic components on the plate
positioning, targeting signals and their self-running.

The next image (Figure 13) is presented the electronic
design using Eagle Professional program interface [8].
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Fig. 13 Eagle Professional Interface (v.5.3.0)

After realized the schematic wiring were results the
associated wirings for the two assemblies of the prototype
robot. Both electrical and wiring diagrams are related below in
Figures 14 and 15.
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Fig. 15 Sensor wiring installation diagram
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One made, first, the electronic assembly sensors because the After development, through the photolithographic method,
main purpose was to obtain a range of their work from OV to  we obtained physical wiring which one drilled according with
5V, with an amplification and switching in order to the circuit scheme. Physical cabling is shown in the figure 19
successfully control the microcontroller, given that these  from below:
sensors send a nonlinear voltage.

Fig. 16 Sensor assembly

After one received the proposed outputs from the sensors,
one realized the assembly for the installation of the
microcontroller, stepper motor control, based on information
provided during the displacement.

Fig. 19 Wires obtained after the developing

Then, one glued electronic components mounted on board
and one obtained the skeleton board prototype robot with
sensor assembly, connecting the motors, sensors and feeds
according to the schemes, then we connected with the
transformer the output feeds [5].

V. MICROCONTROLLER PRGRAMMING

i

Initislzare proces:
Declazars issin motorl ©
RAD, RAL RAZ, RAS
Dieclazars iasini motor2:
EBO, RB1, RE2, RE3
Declazre intrin senzoti:
RO, RC1

Declazre iegire LED:
RL7

Mot —mod Stop
Moo —mod Stop

Fig. 17 Scheme for electrical installation of the microcontroller
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Fig. 18 Wiring installation for the microcontroller Fig. 20 Logical scheme of the control system
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The first step is to initialize a process that includes:

=  First engine output declaration;

= Second engine output declaration;

= Input of the first sensor declaration (the sensor
placed at the top);

= Input of the second sensor declaration (the sensor
placed bellow);

=  Qutput of the green LED declaration.

After initialization, both engines are supplied, but the
outputs of the microcontroller is kept zero, because the engines
are not moving. Once with the supply of the engine, the green
light specific initialization by lighting repeated three times
[11].

After this, the first is interrogated the second sensor. If it
does not detect the surface displacement is entering into the
engine shutdown procedure, after which the LED flashes five
times, and the whole system stops. If the surface movement is
detected, the procedure goes forward one step, and then
proceeds to query the first sensor.

If it does not detect the obstacle, the program continues with
the query of the second sensor. If it detects the obstacle is
passed to the procedure to maintain the engines stopped, then
the LED flashes once and goes to a left turn procedure to six
steps, then repeat the query on the first sensor.

Creation of the software application

The software used to realize of program that is implemented
in the microcontroller is MikroPascal. MikroPascal is a
development application tool for PIC microcontrollers. This
software has a rich set of hardware libraries and is an easy way
to program the PIC microcontrollers.

MikroPascal is a high level language, as is the MikroC or
MikroBasic, which simplifies programming, allowing the
writing to a row or several rows of what would require many
lines of assembly language program.

Its interface has integrated a compiler and changing of
variables and development of the program can be easily
followed. The program, after it is completed, is compiled both
in the specific format, *. ppas and, also, in traditional
programming formats, like *. asm and *. hex.

The following figure 21 is presented MikroPascal interface
programming environment.

After the program success compiling in *.hex format, one
used IC-Prog (v.1.05.c), in Figure 22, software interface to
make possible the loading the program into the PIC16F877A
microcontroller.

Programming with this environment software is relatively
easy, being necessary to choose the type of component which
be programmed, and then to be open the *.hex file to be
loaded. The programmer is first connected to the PC and
microcontroller is in socket programming [16].

Thus, for programming it choose the "Program All"
command, and then to check whether the data were correctly
written in memory of the microcontroller it will be selected the

"Verify" command.
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Fig. 21 MikroPascal programming software

Verification can also be accomplished automatically, after
writing, if performed a setting into the program options.

2 IC-Prog 1.05C - Prototype Programmer
File Edit Buffer Settings Command Tools Wiew Help

E-H TF S %% B0
Address - Program Coce

0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF §y¥V¥yyy ~
D00&: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥y¥V¥yyy
0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥y¥V¥yyy
D01&: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥y¥¥V¥yyy
0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF §y¥V¥yyy
D028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥y¥V¥yyy
0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥yYV¥yyy
0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ¥V¥y¥yyvy
0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF $yyvivyy
0048: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF $yyvivyy
0050: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF §yyvyvyy
0058: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF $yyvivyy A

Configuration

Oscillator,
RC -

Code Protect:

CP OFF -

Fuses:
v WwoT
[ PART
Iv BODEN
~ v LwP
[~ cPD
v WRT
[~ DEBUGGER

Address - Esprom Data

0000: FF FF FF FF FF FF FF FF $yyyvivy
0008: FF FF FF FF FF FF FF FF ¥

0010: FF FF FF FF FF FF FF FF ¥

0018: FF FF FF FF FF FF FF FF ¥

0020: FF FF FF FF FF FF FF FF ¥

0028: FF FF FF FF FF FF FF FF ¥¥¥
0030: FF FF FF FF FF FF FF FF ¥¥¥
0038: FF FF FF FF FF FF FF FF §yyyvyvy

Checksum 1D Yalue

Config word : 3FFFh

Butfer 1 | Butfer 2 | Butter 3 | Butter & | Butter s |

JOM Programmer on Com2 Device: PIC16FG77 (93]

Fig. 22 IC-Prog (v.1.05.c)

VI. CONCLUSION

Through this work we proposed to achieve an autonomous
mobile robot to simulate movement in an unknown
environment. With specialized documentation and follow
some practical examples, one made the prototype model robot,
which is an application with a didactical and scientific goal for
the some laboratories. Among the improvements that can be
made to the autonomous mobile robot, it lists:

a. Attach an LCD to display in real time: speed, distance to
an obstacle that is the direction that he executed the maneuver
of return, the real capacity of the power supply;

b. Attaching of a further two sensors to detect the lateral
distance between the robot and permanent walls for lateral
movement without physical contact between it and the moving
environment;

c. Creation of a wheel in the back, and allowing travel on a
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bumpy road;

d. If one want to switch the automatic control, on manual
remote command, using a module guide and on the robot
platform being mounted a camera with a microphone to play
both images and sounds from the environment travel. On long
term the mobile robot autonomy, whatever the environment
when they are moving, is constrained by available energy and
by the efficiency movement.

These considerations are very important for mobile robots
located elsewhere, such as those that are posted on the surface
of another planet or in deep oceans, where the recovery or
power are impossible. While battery technology is of major
interest for mobile robots, but is not reliable over time, are
some strategies for energy storage (fuel cells and micro fuel
cells), and strategies for harvesting energy from the
environment in various forms (solar cells, ocean current
temperature, wind powered battery and, also, bio battery), and
energy management using sophisticated control techniques to
improve power supply costs.

By making an electronic assembly, and designing of a
computer program, we proved that a robot can be oriented in
any dedicated spaces. In addition, it can avoid colliding with
any obstacle that comes in the space of motion. The movement
within the maze was an example, but with further research, we
can develop the application, useful for practical cases, namely,
the movement of the mobile robot in museums, hospitals,
gardens etc.
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