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can be sought more in application aspect of thi&-in
ligent technique than in any new sophisticatiothie
field. We show the main stages in realization of

Abstract

This contribution presents Soft Computing Roboiyy|ti-sensor navigation system dedicated to mobile
Navigation for mobile robot SCORCAS, a Caserghot implementation: some peculiarities of mobile
Study. The Navigation uses fuzzy logic expericonstruction, architecture of the control and navig
enced on mobile robot systems. Fuzzy logic igion system, sensor fusion technique, program-reali
applied in analogous way into three sub-systemszation, and some preliminary results of SCORCAS.

Sensor, consisting of five autonomous sensokmong many navigation tasks of mobile robots such
sub-systems: visual, acoustic, tactile, thermaks; optimal trajectory planning; obstacle avoidance
and inertial; . . smooth trajectory formation, control with time and
Sensor fusion that comprise all the robot St'mum%patial constraints, etc., we turn the spotlighttio
In environment image representation; first, since it comprises in some sense all themsth

iii. Path planning — responsible for trajectory genera:

tion.

These systems are implemented into experiment,

prototype. Some results are reported.

Keywords. Soft Computing, Fuzzy System, Robot
Navigation.

1 Introduction

This contribution presents Soft Computing Robot
Navigation for mobile robot SCORCAS, a Case

Study. It is necessary step in our project dedic&te
Intelligent Technology Application in Robot Naviga-
tion Field. From great variety of soft computing

models we chose fuzzy logic representation. The aimiV-

of the publication is twofold:

i. To show growing potential of fuzzy logic in real
object implementation of robot navigation;

The main peculiarities of this task can be summa-

i. Fairy constraint artificial

riFed as follows:

Uncertain still dynamically changing working
environment that require effective sensor system
in combination with some intelligent approach;
sensor systems of
nowadays robots. Although we involve: visual,
acoustic, tactile, thermal and inertial sensors,
which in some extent mimic human beings: sight,
hearing, tactile, thermo, and vestibular sensing,
they are incomparable imperfect in comparison
with those of human beings;

The same is situation with effectors that in our
case are implemented by means of double cater-
pillar, reversible system and additionally mounted
rotating tower that would correspond to human
neck functions of human being. Again the human
abilities prevail in many times;

Even human being activity is constrained in two
dimensional space they are able to assess and per-
form actions in the third dimension without prob-
lems (refer paddling);

ii. To create the basis and pave path for more pro-The most attractive feature of live systems, urtreac
found investigation in the field pertain to the hex able of artificial ones by now, are their ability o

generation of Mobile Soft Computing Agents €motional actions, which act in emergency situation
It is processed by another informational channat th

dedicated to mobile robot navigation [1].

As far as the Fuzzy Navigation Strategy is based on
well known Fuzzy Inference Engine our achievement

bypass normal brain controlled activities and is an
order faster that the last. Surprisingly enougts thi



channel is 300 000 years older than consciousnessimal paths they are distributed in two tasks: hasié
brain activity, but practically proven during many control and head control. A middle synchronization

centuries. This is nature gift left from prehistory |evel is used to coordinate these tasks.
times, eternal dream for every explorer.

There are many investigations in the field of el
gent navigation technique, concerning one or atfier
the problems already marked. For examples [2], [3],

and [4] present: static fuzzy based model, schema
oriented, and intention based navigation systems.
Ref. [5], [6], and [7] demonstrate another approach
fuzzy localization on landmarks, genetic based ap-
proach, and Kalman filter combining intelligent
agents, whereas [8] and [9] stress their attention BASE UNIT CONTROL HEAD CONTROL
intelligent learning: reactive, supervised, andrdnie
chically, all based oh fuzzy logic. In contrastath
these investigations our system applies five sgnsin
systems mentioned in poiiit The paper is organized
as follows: Section two presents the robot strectur 2.3 Robot Control and Navigation
mechanics, robot control and navigation system, as ] ] .
well as sensor system. In Section three we describe ~Robot control system is three layers hierarchical,
intelligent control system, whereas Section four re shown in Figure 2:

fers to a Case Study. Paper ends with discussion
about future trends of the project.
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2.1 Mechanical and Information Struc-
ture CAMERA | | HEAD |

As an experimental tool we have chosen a kid toy
tank construction consisting of a head (tower){-pla
form, and base unit. The head has two grades of
freedom to mimic human neck swivelling and jog-

gling. It carries the all sensor systems. Platfaon-

trols and performs communication tasks. Base snit i :( f

placed in movement by two independent caterpillar

direct current drive units. Mechanical and Informa TRANSFER & COMMUNICATION |
tion Structure is shown in Figure 1. A combinatain ["servcuniT| e ————— |
velocity and direction of movements of both caterpi e — |

lars produces controllable smooth rotation over- cet

tres I[;)Iaced on cross direction line. Depending on SERVO CONTRO | PLATFORM

velocity and direction, the centre of rotation isved
from left to right infinities. When the centre afta-
tion is in infinity, the tank moves straight line fore
or back direction. The smooth movement of the cen-
tre from left to right infinity causes left/righotation
with decreasing/increasing radius of rotation. If a
radius coincides with the geometrical centre of the T T p— |
tank, the last spins at a place in clock/contraewis
directions depending on the directions of both reate
pillars. By this way the tank possesses exclusively POSITION SENSORS [Cease unrr |
flexible dynamic features.

IINERTIAL SENSOR

2.2 Robot Control Or ganl zation DOUBLE CATERPILLAR DRIVING SYSTEM

A simplified robot control organization scheme is
shown in Figure 1. Navigation strategy is generated

in highest level. After generation of appropriafe o Fig. 2 Robot Control and Navigation System



i. The lowest consists of two independent controlHence we have five simple inference systems. Eve-
units. One for direct drive of caterpillar DC mo- ryone is presented by its fuzzy rule base with nine
tors, which are precisely control by specializedrules - fully exhaustive representation. In suckiagy
modulation controller. The other - for control of we involve qualitative instead of quantitative atim
swivelling and joggling head movements; assessment. The reason is to enlighten a process of

ii. The second level is responsible for synchroniza- their sequel fusion.
tion of left and right drivers as well as coordina-
tion concerning motion control; 2.4  Sensor Fusion System

iii. The highest is tactic and strategic level defining
trajectories. Every trajectory is defined by time
dependant steady states. They are transferred b
wireless connection. The task of this level is tobo
navigation. It is implemented via PC using Intel-

The sensor information data are transferred via
&ransmitter to control PC; there an informationidas

Is performed. Existence of five sensor system re-
quires sophisticated fusion mechanism able to proc-

ligent Soft Computing Technology. States are ess on line the information. We apply fuzzy informa

transferred to the lowest level of control system tion fusion of the pre-processed sensor data, which
of the robot. are outputs of the sensor processing systems. The

scheme of information fusion is shown in Figure 7.
After quality assessment of every sensor data they
are ready for fusion. The fusion is performed using
Since every sensor system is autonomous, the wholghe same fuzzy logic technique. This is five iwet
information is processed in parallel. The raw data  out fuzzy inference machine: five quality assesgmen
normalized within (0, 1] semi closed interval, then of every sensor as inputs, and two decisions fén bo
fuzzified using the same granulation of triangular left and right drivers. In/out granulation is shown
fuzzy sets representation. This way of granulaison Figures 5. and 6.

chosen for simplicity although some other possible ‘
representation could turn out to be more usefut. Fo
now it is left for next investigation. A conventiain
inference mechanism of all the fuzzy systems is cho .
sen. Every fuzzy stimulus system is one in - one ou
system. It task is to transfer stimulus into itsree
sponding fuzzy representation. Inputs are thremder
granulated stimuli and outputs are five granulated
assessment of quality in respect to the definaat-str ~ Fig. 5 Quality assessment of input for visual stimu

€ay. The inputs are preser_ned by ‘low’, ‘m|ddl<_a’uda Here inputs are presented by five stimulus granules
‘big’ terms, whereas their counterpart quality as- of its quality: ‘good’, ‘good-middle’, ‘middle’, ‘ad-
sessments are: ‘good’, ‘middle’, and’ ‘bad‘ withdw middle’ and’ ‘bad".

additional intermediate terms; ‘good-middle’, and ' o

‘bad-middle’. All in/out terms have triangular steap — HemRship fion Elpe

definition. An example of visual fuzzy inference

system is given in Figure 3. and Figure 4.

Membership function plots
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2.3 Sensor Processing System

Membership function plots
T

Output varible "NOP"

™

Input varible "LEV"

Fig. 6 Fuzzy output of fusion system

Outputs are granulated in three quality assessments
for each left and right drivers, i.e.: ‘good’, ‘nailé’,
and’ ‘bad'.

I‘npu( vall‘b‘le "LEV"
Fig. 3 Fuzzy input visual stimulus

Membership function plots
T
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3. Inteligent Control System

Control System comprises three sub-systems:

i. Fuzzy Data Representation;
ii. Path Planning.;

; ——— — iii. Navigation.

Output varible "NOP"

Fig. 4 Fuzzy output visual stimulus All the systems utilize similar fuzzy inference hec
nique presented in Figure 7. On this stage the towe




is controlled independently from caterpillar moson  system and high priority action in emergency situa-
It needs only synchronization with base unit cantro tions.
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Fig. 7.Scheme of information fusion

Fuzzy Data Representation has five analogical sub- ystesis. They are combined to produce current envi-



ronment image of the robot position. Each of them techniques similar to dynamic programming. The

consists of four blocks: idea behind it is that optimal path is composed by

i. Input data that normalized measurements, optimal sub-trajectories connecting final and atart

ii. Fuzzifier. It granulates crisp measurements in an POINts in reverse direction. For this purpose alyea
unified for all sensors universe of discourse; found strategic and tactic trajectories are estuhat

iii. Rule base that defines fuzzy inference assessmen®tep by step in reverse direction from the goaitéot
mechanism:; point to define the true compromise trajectoryisit

iv. Inference block that extracts fuzzy quality repre- made by the following way: the last step of optimal
sentation for every sensor measurement. strategic trajectory is compared with existing esar

. . round it. Here a compromise assessment of both,
Path Planning System creates program motion baseq_ .~ . . . .
. o . aking into account desired optimal one, is made.
on current image and Navigation System. It intégpre  _. . .
o . . Since they have different representation a fuzzy sy
Navigation System inferences into short term goals.

- tems is due to be involved again for such assedsmen
Then these goals are defuzzified and supply bdth le . i
. : ) P It consists of fuzzy rule base that calculatesfial
and right caterpillar drivers shown in Figure 7arl

. o trajectory line based on both quality assessments.
ning System also creates program motion in accor- . . . ;

. . S The quality of strategic steps are defined in teahs
dance with current image and Navigation System.

- : tactic one and as an output we obtain required com-
Navigation System forms short (tactic) and long . : X
. . ) promise of optimal step. The new step is accepted a
(strategic) goals of path planning, which supplyhPa . ;
i ST o representative of calculated trajectory and the@ro
Planning System. Navigation System utilises general : . . .
. i . dure is repeated until exhausting of the wholengtri
ized environment image created by Fuzzy Represen-Of traiectory steps to initial point. AS vou cana
tation System after data fusion. The fusion isizedl ) y step poInt. Y 9

. . ) . .. ine the robot motion starts with short orientatian
in abstract five dimension space of sensed stiomli ) . .

. o . . ambient environment, which corresponds to the
the basis of vision, acoustic, tactile, thermald an

inertia sensors. At this stage we investigate a fre studying and planning of human being in uncertain

trajectory without obstacles avoidance although the environment and its following motion.
power of the system would be shown it its full
strength in more complex tasks. Every stimulus ob- 4.....Case Study

tains one of three fuzzy quality assessments afterin Figure 8 is shown a prototype of the robot.

fuzzification of measured sensor values as: ‘low’,
‘middle’, and ‘big’. We accept triangular atomic
terms representation of fuzzy sets evenly distedut
in their universes of discourse. Their fusion defin
generalized quality assessment as point in five di-
mension space. The points present in its turn the
quality of robot position in respect to our require
ments, the next robot position and measurements.
The next measurement produced short term predic
tion of motion on the basis of the best ambientsnea |~
urements. The robot makes step in this direction.
Every new measurement offers motion to the nearest
goal from all the measurements. So far the robot
works in a fee environment, i.e. without obstacle
avoidance. It performs full scanning of working Fig. 8 A robot prototype

space of all distances and gives the full map wésn

tigating field. On the tactic level Navigation Syt AN experiment of robot motion in obstacle free poly
realizes zigzag motion as a result of short teranpl 90N is presented in Figure 9.

ning. It offers motion in selected way optimal in
respect to final goal implementation. The motiom is
string of straight lines lying in the comfort zonek
the investigated polygon. Strategic level is dedida

to perform compromise decisions of all the tactic 5= ..

. .. . I . . " defined track
point decisions for reaching of priority motion ¢oa P S| frstrack
The goal may be sought in curve of motion, shortest —— | o
path, maximal speed, etc. when we involve obstacles| —--=> | third track

and their optimal avoidance. To fulfill such gohét
Navigation System performs compromises deteriorat- - - - -
ing quality in almost every step of planning. Wedis Fig. 9 Experimental robot trajectories




As you can see the differences between defined

(ideal track) and combined strategic/tactic motion:
the first, second, and third tracks are not sigaiit
for this specific application. The reason is thetsor
information is gathered in obstacle free polygon,
where sensor measurements are taken from the ambi- i the path of standardization of these new solu-

ent environment outside polygon. Hence a compro-
mise technique of back propagation corrections is

realized among less contradictory variants. Theasit
tion is drastically different in case of obstactegs-

tence into polygon, where compromises are heavy
and there exists also forbidden trajectories. They

principally have to be involved in priority cyclerf
their avoidance and elimination.

4

Discussion

The investigation demonstrates distributed appli-

cation of relatively simple fuzzy rule base of gyat
for assessment, fusion, tactic and strategic detisi
making and control action performance. It is sh@avn
solution of the task for generation of optimal ¢&@j

tory as a compromise between real admissible by

is excellent possibility for realization of simple
Soft Computing Agents

v. Involvement of Soft Computing Agents organiza-

tion would mean full compatibility and applica-
bility of divers systems and different tasks. This

tions in independent platforms;

vi. Another important direction of investigation is

involvement emergency system mimicking emo-
tional tract of human activity, and why not in the
conventional brain imitating artificial system of
control loops. Even Latin emotional stands for
movement, speed, which supposes improvement
of the systems in respect to speedy and quality
performance of robot reactions. It is referred al-
ready to creation of artificial feeling robot sys-
tems.
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