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Abstract: This paper presents the basic information aboutrtfubile robots, their application in auto-
mated production systems and about simulation ef thovement. Nowadays, the application of mobile
robots is very frequent and the number of develapbdts still grows. They can be found in logistic
chains for material handling of flexible manufadhg systems, firefighting, chemical operations, emd
water technological operations, efthe paper describes some methods for solving théenobots’ na-
vigation in an indoor environment (laboratoriescfaries, corridors of buildings) and explains intaié¢
the designed solution of global navigation throulyé potential fields. These potential fields natege
mobile robot safely along the trajectory betweestables to the goal position.
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1. INTRODUCTION

During the last period the separate area in robotic
called mobile robotics was established and develope

This area is focused on the development of suiteddle
botic devices, methods, special algorithms andirfid
their appropriate application in real world. Getligrahe
mobile robot (MR) is a complicated mechatronic degn
tive system consisting of several subsystems wiffare
ent levels of complexity. The most distinguishedvrele-
teristic mark of mobile robots is their locomotion

space. The knowledge from many science fields like®

cybernetics, electronics, informatics, automatione-
chanical engineering, artificial intelligence antbrics
are integrated [3]. Selection of appropriate natiga
method in workspace is one of the fundamental jerobl
solved by the design process of all mobile robots.

robotic cells and they can be used also like cleamr
other kind of service devices. According to thegiplica-
tion they have different level of autonomous bebavin
the highest level we can speak about autonomoudlanob
robots (AMR) or automated guided vehicles (AGV).

AMR contain four basic subsystems:

mechanical subsystem — undercarriage;

sensorial subsystem — internal and external sensors
e control subsystem — control of all subsystems of
AMR;
communication subsystem — data transfer and com-
munication with operator.

PROBLEM DESCRIPTION

We have decided to solve some particular problems
such as to find suitable methods for robot navagati

The reasons for mobile robots development and thei(jesign of control system and simulation softwarke &t

application are different for example the viewpoint of
safety level of processes (the elimination of huroan-
tact with danger objects or environment), explomatbf
unknown terrain, inaccessibility and unavailabil{sur-
vey by landslides and earthquakes), reliabilitynfaia-
tion of human error from the processes). Increasihg
safety level of processes, reliability and contunsio
growing of production efficiency are also the most
portant reasons for their application in indusirizey can
be applied as a main transport system within tbtofg,
they can co-operate with standard industrial robipts
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simulate AMR movement in its known or unknown envi-
ronment and design testing mobile platform (underca
riage). In this article we have focused mainly dwe t
design of simulation software and suitable navagati
methods.

The first step is the definition of requests — wkiad
of conditions we have and what is needed from the d
signed AMR. We have selected these [1]:
< simulation of robot movement only in 2D space (floo

of factory, corridors, etc.),

e SW applicable for robots on three-flywheels under-
carriage with differential control,

« simulation of local navigation,

« simulation of global navigation.

Because we would like to simulate a robot movement
in the space, it is necessary to create a matheshati
description of each element mathematical model of
robot, mathematical model of sensor and matheniatica
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model of space. Simulation software (Figs. 1 an#a3
designed in the programming languadgirosoft Visual
Basicfor operation system Windows.

3. DESIGN OF SIMULATIN SOFTWARE

With respect to the possibility to execute and réco
the realized trajectory, it is necessary to creafiéable

mathematical description of mobile robot, movement

method and model of environment.

3.1. Mathematical model of MR and its environment
The simulation software is destined for three-

flywheel mobile robot with differential control ardca-

lization is solving by odometer. Then we must tfarms

the information extracted from two incremental seas

(encoders placed on two drive wheels) to the seflaiif-

al coordinatesXors Yozor9 (Fig- 1) [1 and 3].

The meanings of the notations in Fig. 1 are as fol-

lows:

[01,X,Y] — Global coordinate system (GCS) - rigidly
connected to the map of environment,

- Local co-ordinate system (LCS) — rigidly
connected to the robot,

[02,U, i]

[02,R,i] - Auxiliary co-ordinate system (ACS),

X, Y,x,y — axes of GCS and its generalized co-
ordinates,

U,V,u,v - axes of LCS and their generalized co-
ordinates,

R Sr,s - axes of ACS and their generalized co-
ordinates,

a - tilted angle of mobile robot (MR) with re-

spect to the GCS,
- point of interest,
— positioning vector (with respect to the dif-
ferent co-ordinate systems).
Absolute position (global coordinates) is calculiate
from the relative position:

A
q
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Backward calculation of relative position from ab-
solute coordinates. Co-ordinates in LCS can be ex-
pressed from the system GCS by following equation
where the expressions in brackets describe théadisp
ments between both co-ordinate systems:
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Fig. 1. Mathematical model of mobile robot
and its environment.
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3.2. Navigation of mobile robots

In robot navigation in a space with obstacles,gbal
is to find a collision- free path of robot from the starting
to the target (goal) position.

Navigation strategies can be classified into sdvera
groups from the viewpoint of method of sensors’adat
processing, representation and type of environraedt
level of path planning. At the bottom there is thae
reactive control oriented only on obstacles avaigan
when the nearest space surrounded the robot inedan
The robot tries to detect all obstacles in frontitoAnd
avoid the collision with them. Next level is loazviga-
tion which solves also localization. When the robot
knows the environment and it has its own map, we ca
speak about a tactic level of global navigation.this
case the robot can find the path between two pdints
cated somewhere in the map. The highest leveltenof
called the strategic level of global navigation.efé are
many approaches depending on types of obstacles, di
mensionality of the space and restrictions for tobo
movements. Among the most frequently used are road-
map methods (visibility graphs, Voronoi diagramsthw
structure RRT, case-based reasoning, etc.) andodeth
based on cell decomposition. A common feature bf al
these methods is the generating of trajectoriesposed
from line segments [6]. In [4] was developed simiple
fast method for real-time localization in staticviean-
ment based on popular Markov localization whichnzdn
be used in real world application due to computetio
demands. A PCSM (Pre-computed Scan Matching) loca-
lization method for small robots with low memorydan
low speed processors was developed. Modification of
this method to be useable in dynamic environmendt an
incorporation to the SLAM (Simultaneous Localizatio
and Mapping) techniques seems to be a perspegtive a
proach to successful navigation in complex envirenin

Next we will describe some basic information about

Jnap types, because of the fact, that navigationraag

types are in very close relation.

3.3. Maps - representation of robots’ environment

Industrial environment can be classified as thed har
one because of wide range of disturbing elemertsst,
electric noise, etc. The connection with the hurmpera-
tor can be lost. In this cases robot should havetn
map and also the algorithm described “what must be
done” in emergency case. When the robot losesdhe ¢
nection with an operator, the robot should find tiggt
way by itself. Therefore, it is important to choose
appropriate map type which will help the robot bodf
the right way in this case.

Metric maps. Objects are described by their shape
and dimensions. This group is very often represebte
raster maps. As an example we can consider thalkgic
Occupancy grid, Polygonal map or the Quadtree repre
sentation. The Occupancy grid looks like a grid rghe
the columns and rows have constant width or height.



G. Stoianovici et al. / Proceedings in ManufaatgriSystems, Vol. 6, Iss. 4, 2011 / Z5/0 269

0 st R w1 = ] Mg Bt 450 = —
B [day Mups Fuber Seweticn Sber ldny Wi Mt Semdics

Ol 5 Sle R Wl o8 5 Mt Mo || i | Dl w2 Ele G206 §

Hh Licksrey gy 1 —— Ty r—r— I

Fig. 2. The method of global navigation solution (tactiedl) based on Potential fields application
(simulation softwaréobilny Robot V1.@esigned at University of Zilina).

Each cell can get the status “obstacle” or “fre#” ce 3.4. Solution for our simulation software

(in mathematical meaning for example 1 or 0). ledsy In our case, the selection of appropriate navigatio
to build a grid, but there is a problem with hugeoaint  strategy depends on required level of mobile rolaots
of data hence it is also memory space-consuming. tonomy, on kind of fulfilled tasks and on characéed

Memory consumption is probably the most seriouslevel of environments cognition. For the classitagk
problem in the application of raster maps to créahte  “Safety browsing of environment” (for unknown envi-
environment model. This problem was solved by manyronment) the local navigation was selected whitst t
research teams, and also among the first creafdteo global navigation for the task “Coordinated movetnen

robot Shakey. between two points of environment” (for known envi-
The basic ways to reduce memory consumption are: ronment). For complex solution of mobile robots mov

» quad tree data structure for metric maps, ment control both navigation methods are therefwre

« other types of maps (polygonal, topological repnese cessary (Fig. 2).
tation, hybrid map, etc.). We have selected the simple form of multilayer map

Topological maps. In this case the path between system for designed simulation software. For tisé tf
points is described by a graph where the nods septe local navigation are used the Occupancy grid (metri
the rooms or places which are important for theotob map) which is next transformed to the form of Pt&n
movement and the lines represent the path betweset fields for the task of global navigation.
places. It leads to a smaller amount of data anallem The global navigation based on Potential fields lvan
requirements for memory space. On the other ham, t divided into the several steps. General methocha@ma
description of space is not very precise. To togislsl  [1, 2, and 5]: for selected space, a scalar functialled
maps we can assign the Potential fields and alsong  the potential is constructed that has a minimurgmithe
diagrams or Generalized Voronoi diagram (GVD). robot is at the goal point, whilst a high value olp-

Hybrid maps. The basic structure of a workspace is stacles. Everywhere else, the function is sloping/r
described by a graph but the structure of any risder toward the goal, so that the robot can reach tlad mmint
more details described by a metric map. The whioles ~ from any other point following the negative gradier
ture provides us with the possibility to have atimjzed ~ the potential [2]. o
description free of losses of sufficient resolutionim- It is more practically, the process of potentialds’
portant places. generating, d|V|de_ to t_hree basic steps, for sifigpliion

Multilayer map system. Multilayer map system is and for easy modification of goal point [5]:
based on concurrent working with several differenatp ~ * Generating of Obstacles Potential field;
types. Each map is placed in one layer. It meaaswie * Generating of Goal potential field;
have the system of different kinds of data structand * Generating of Final potential field.
we can transform the structure of data from onerlady During this process, several errors can happenasich
another one. Then it is possible to choose the mpst deadlocking of robot in some points or the abortig
propriate map for each task. generated trajectory. We have proposed one possible
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solution. The previous method with three steps lsan
replaced by the potential fields’ generation justtivo
steps. Firstly, the Obstacles potential field isayated
and next, on the basis of data extracted fromadhes it
is generated also the goal and final potentiati fteeth-
er (both in the same time). The collision-free ppaldn-
ning (global navigation) of AMR in action spacetlign
based on final potential field, which is constructey
using proper combination of both fields. The metludd
navigation and environment modeling is shown in
Fig. 2.

4. PROTOTYPE OF TESTING
UNDERCARRIAGE

The phase of simulation software design was fol-
lowed by next step — building of first MR prototypsa-
ble for testing of designed algorithms (at the heugig
just implementation of local navigation).

Hardware of the control system should be able o re
trieve information from the sensorial subsystemn— i
qualitative and also in quantitative meaning. Thatml
program must handle and analyze this informatioreat
time and provide the appropriate reaction of achsat
The mobile robot autonomy significantly affects fhral
configuration of designed control system wheredrae
several possibilities. Roughly speaking, the motoleot
control system can be based on: personal computer,
dustrial computer or microcontroller.
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We have selected two types of sensors for the -appli
cation in our testing undercarriage. The first typahe
set of optical sensors used for detecting of argrast
obstacles in both sides of robot. In the middlesbeond
type is mounted one ultrasound proximity sensor which
is used for measuring of the distance to the olestac
located in front of MR. The real prototype is shoimn
Fig. 3.The same behavior model should be creasedial
simulation software through the mathematical desiom
of selected sensors.

5. CONCLUSIONS

Nowadays, the application of mobile robots is very
often used and them number is still growing becafse
their high autonomous behavior that can respondyeas
to new demands (quick changeover, variable orders,
reconfigurable design, flexible layout) developeg b
actual assembly systems.

The main task which should be done is the design of
navigation methods and also the design of contyset s
tem. Potential fields can relatively easy and djiaised
for the tasks of mobile robots’ global navigatiomavi-
gation in known environment. The method based on
reactive control is for local navigation easily Apgble.

In simulation software, which is developed at Unsity
of Zilina, we deal with testing both of these methowe
were come to conclusion that the modified method of
potential fields’ generating process is more effedty.

The control system based on a standard persondl—he combination of more methods is shown as thé bes

computer is not very suitable for mobile robotslagupin
a factory. This kind of applications requires thentrol
system with some special characteristics (resistanc
different temperature, humidity, dust and vibrasion
electric noise, etc.). All of these requirementsl aome
others can be met using the control system baséB®@n

way to solving of mobile robots’ global navigation.

After the testing of every components and softwhee
second prototype can be applied in industrial emvir
ment (material transport within the factory, etc.).
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build it on the microcontroller ATMEL MEGA 16 [7].

For exploring the surrounding environment the sys-
tem of proximity sensors is the most common. Tactil
sensors are used only as a backup safety elemantito
vate the emergency stop. Only the combination édi
ent processing methods and the application of wuario
types of sensors can increase the quality of outgat-
mation.

Fig. 3. First prototype of undercarriage for testing ofigaed
algorithms and its behavior [7].
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