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Rezumat. O structuil de control pentru un robot redundant Abstract. A control structure for a redundant robot must
trebuie & asigure evitarea obstacolelor intggdade lucru,  assure the obstacles avoidance in a workspaceygduri
n timpul depladrii efectorului final de-a lungul traiectoriei motion of the end-effector, along a pre-selected
predefinite. Oprirea rptarii trebuie ficuta in punctul critic  trajectory. The stopping motion must be done ingath

al traiectoriei, cel mai apropiat de obstacol, aitppe  critical point closest to the obstacle, situated tha
suprafga unei sfere imaginare, nutnisfeti de influena imaginary sphere surface, namely sphere of inflaenc
care inconjodrobstacolul. Algoritmii de control a gairii surrounding the obstacle. The robot control alhomi
robotului trebuie % permit identificarea punctelor critice of robot motion, must allow the identifying the taal

ale traiectoriei de rgtaresi a distarei critice faa de  points of the motion path and critical distanceilunt
obstacol. Tn articolul de f& Tn vederea tesii algoritmilor obstacle. In this paper, for testing the contrgbathms,

de control, autorii propun folosirea metodei madelsi the authors propose the using of the modeling and
simukbirii comportamentale. Pe modelul virtual al robotulu behavioral simulation method. On the virtual robot
redundant se testegazomportamentul @ intr-un mediu  model one test is behavior inside virtual operating
virtual de operare. environment.

Cuvinte cheie: Algoritmi de evitare a obstacolelor, Key words: Obstacles avoidance algorithms, virtual

mediu virtual de operare, mediu real de operare operating environment, real operating environment
1. Introducere 1. Introduction
Controlul  micarii  robotului  presupune The robot motion control supposes the motion

planificarea traiectoriei de guare, etapin care se path planning, step in which it needs the compremis
face un compromis intre timpuli precizia de between the time and precision of the positioning
pozitionare. In cazul robotului industrial, ambele task. In the case of the industrial robot, both
performane sunt esarale pentru a indeplini cu performances are essentials to perform with sueess
succes o sarcina robdtjace poate fi inclusintr-un  robotic task, which can be included into a prodecti
mediu de produce. Analiza acestor performgma  environment. The analysis of these performances has
fost realizai la nivelul unui robot virtual. been realized at the virtual robot level.

Miscarea unui robot virtual intr-un spa The virtual robot's movement inside virtual
virtual a fost cercetatin sensul dobandirii deste  space has been researched trying to give them the
acesta a capaéit de adaptare la condispecifice, capability to adaptation at specific conditions
fara intervenia omului. Pentru a atinge acest without human interference. To achieve this goal,
obiectiv, in cazul unui robot real, se pot folosi ain the real robot case, one can be use several
serie de strategii, cum ar fi strategia cartografie strategies, including spatial cartography strategy,
spaiului, strategia scamii suprafeelor, strategia area sweeping strategy, iterative methods strategy,
metodelor iterativai altele. etc.

in cazul metodelor iterative, algoritmul de In the case of iterative methods, the planning
planificare a traiectoriei de guare construige  algorithm of the motion path builds the path based
traiectoria bazandu-se pe un set de tpapaiale, on a set of spatial positions, and the intelligent
iar sistemul de control inteligent transpune ageas control system transpose this path into space
traiectorie n pozii spaiale ocupate de robot. positions occupied by robot.

Prin metodele iterative se pot ajusta With iterative methods one can adjust the
performanele sistemului robot la un nivel care ii va robot performances at a level such it allow to &dap
permite § se adapteze la sitianoi. Procesul de at a new situation. The adjusting process continues
ajustare continy potrivit protocolului stabilit, conform the protocol established, till one obtdia t
para se oline acuratgea dori. accuracy needed.
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2. Tehnica evitirii obstacolelor - parte 2. The obstacles avoidance techniques - compo-
component a soldiilor de software integrat nent part of the embedded software solutions
Soluiile de software integrat includ Embedded software solutions include

abilitatea de evitare a obstacolelor pentru digerit obstacle avoidance ability various types of mobile
tipuri de sisteme mobile, de la frd-robot la  systems, from toys-robot to sophisticated
robai autonomi sofisticg. autonomous robots.

Tehnica evirii obstacolelor este o tehiic Obstacles avoidance technique is a real time
de control in timp real, care utilizeazalititi control technique, which utilizes the inherent
proprii robailor redundafi. Termenul ,evitarea qualities of redundant robotShe term "obstacles
obstacolelor” semnific un set de tehnici software avoidance”, describes a set of software techniques
care permit sistemelor mobile, cum sunt ngbo that allow mobile systems, such are the mobiles
mobili si robaii manipulatori, 4 Tsi ajusteze robots and manipulators robots, to adjust their
traiectoria de mcare Tn acord cu mediul motion trajectory according to their surroundings
Tnconjutitor [1]. Suportul software utilizat pentru [1]. The software support used for the distances
masurarea distgrlor pam la obstacolsi soluiile measurement to the obstacles and actuator control
de control a actuatorilor, ofersistemelor mobile solutions, gives autonomous systems the reflexes to
reflexe de evitare inteligenta obstacolelor, chiar avoid the obstacles intelligently, even when those
cand obstacolele sunt ele insele Taoane. obstacles are in motion themselves.

In domeniul aplicgilor cu robai exist adesea In the robotic application field, there are often
obstacole intre robgt adreselainta. Robaii incearé@  obstacles between the robot and its goal locafibe.
si evite coliziunea, prin planificarea unei traieifir ~ robots try to avoid collision by planning a patbuard
jurul obstacolelor. Datotit complexititii ridicate a  the obstacles. Due to the highly complexity of this
acestui proces, algoritmii de ocolire a obstacolelc process, the obstacle avoidance algorithms uses
utilizeaz controlul Tn bud inchigi, cu ajutorul druia  closed-loop control by which the robots continually
robaii replanifici continuu poaziile lor in jurul  replan their positions around obstacles. In thenteve
obstacolelor. In situi in care un obstacol bloch#az that an obstacle blocks the direct path to thé djoal,
calea direci catre tinta finak, robotul ocolgte o parte  the robot surrounds one side of the obstacle, until
a obstacolului pa@ncand gsete poziia din care se founds the position such that it can move diretzly
poate deplasa direciteetinta finak. its final target.

Robotul porngte si merge drept dre tinta The robot starts and goes straight towards its
finala. Cand intalnge un obstacol interpus la o final target. When the robot comes across an
anumit distana, intre elsi tinta finak, robotul  obstacle intercalated a certain distance of itsetf
vizeaz o tinta intermedia%, aproape de obstacol. of final target, it aims at an intermediate target
Robotul merge in jurul obstacolului pe drumul nearly the obstacle. The robot goes around the

scurt, fird s ajungdi in contact cu obstacolul. obstacle on the short way, unless it reach at the
Utilizand controlul reactiv, robotul touch with the obstacle.
reevalueax continuu poazia tinta, isi recalculeaz Using reactive control, the robot continually

continuu traiectoria si trece prin apropierea re-evaluates its target position, continually
obstacolului. Cand ntalgie urmatorul obstacol, recomputes its path until it pass nearly the olbstac
robotul vizeaz tinte adiionale intermediare, p&n When comes across future obstacle, the robot aims
cand oline o traiectorie neobstrticnaéi citre  at additional intermediate targets until it obtaams

tinta finak [2]. unobstructed path to the final tarde}.
Robotii pot intalni in drumul lor @lrobati. The robots can occasionally get against other
Daca robdi adversari nu utilizeaztehnica evitrii robots. If opponent robots do not use obstaclelarnoe

obstacolelor, coliziunile cu agiéa sunt inevitabile.  technique, collisions with these are inevitable.

3. Generarea mgcarii in camp potential 3. Artificial potential field motion
artificial generation
Principiul genedrii miscarii intr-un camp The principle of the generating of the motion

potenial artificial este foarte simplu: ggarea inside artificial potential field is extremely sithep
robotului este ofinutd din aplicarea unei fog de  the robot motion is derived from the application of
atragie, generate deitte o fungie obiectivsi a unei  an attractive force, generated by the goal function
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forte de respingere, generde citre obstacol [3].
Funaia potenial artificial, definiti pentru o
pozitie arbitrareX a robotului, este de forma:

UCX) = Us(X) + UX),

unde Uy(X) este potetialul de atrage, produs de
functia obiectiv pentru poga arbitraraX, iar U,(X)
este potefialul de repulsie, indus deitce obstacol
la poztia X.

Fona rezultant F este atunci:

FOO) = FoX) + FX.

Fona rezultant este dai de:

F(x)

Forta atractivi Fy(X) este fota care ghideaz
robotul dtre tinta, iar fota de repulsid~(X) este
forta indud de ctre obstacol.

Odati calcula#, forta rezultant F(X) este
apoi simplu transformatin semnale de comand
care asigur miscarea robotului.

Dificultatea, In cazul acestor metode, canst
in definirea potealului de atrage, respectiv de
repulsie. Aceadt metodi nu i rezultate bune in
cazul robdilor care au constrangeri cinematice [4].

Constrangerile cinematice au o imptiea
important, si anume: viteza robotului fiind impés
trebuie & ne asiguim ci in orice moment exit
suficient spau liber In fga robotului, astfel incat
urmatoarea secved de micare § fie posibik. Acest
lucru face ca robotulisevite ntoarcerile bite si sa
treac aproape de obstacole. La nivelul arhitecturii de
control, aceasta se face prin acordarea coract
parametrilor de Géig ai controlerelor.

Cele mai multe fund potertial de repulsie,
propuse in literatdr depind numai de distenpani
la obstacol. Un inconvenient major al metodelo
bazate pe funi potertial este & obstacolul poate
influenta deplasarea robotului, chiar daobotul se
misca intr-o direcie paralel cu acesta. Acest lucru
poate conduce la gari neregulate, in special in
cazul in care descrierea mediului este poligonal

4. Evitarea obstacolelor intr-un mediu cu
constrangeri

Informgiile despre mediul de operare al
robotului se obin de la senzorii imbardasi de la
senzorii externi, inclgi Tn bucle externe de control.
Informaiile senzoriale permit dirijarea robotului
catre tintele stabilite, prin ocolirea zonelor
periculoase. In mediul de operare real se
utilizeazi diferite sisteme senzoriale, cum sunt
sistemele cu raze infrafig cu ultrasunetesi

-0U(x)

and of repulsive force, generated by the obstatle [
The artificial potential function defined at
the arbitrary robot positioK, is of the form:

1)
where Uy(X) is the attractive potential produced
by the goal at the positiorX, and U,(X) the
repulsive potential induced by the obstacle at the
positionX.

The resultant forc€ is then:

(2
The resultant forc€ is calculated with:
(3

The attractive forcefy(X) is the force which
guides the robot to the goal and the repulsioneforc
F:(X) is the force induced by the obstacle.

Once computed, the forc&(X) is then
simply transformed into input command signals,
which assure the robot motion.

The difficulty with such methods consists in
the definition of the attraction, respectively
repulsion potential. This method, do not work quite
well for robots that have kinematics constrainis [4

This kinematics constraints has an important
implication: the robot’s speed being imposed, must
be sure that at any time there is enough free space
in front of the robot such that the next motion
sequence will be possible. These things make the
robot to avoid sharp turns and get by close to
obstacles. At the level of control architecturesit
made, by tuning properly the controllers’ gain
parameters.

Most of the proposed repulsive potential
functions in the literature only depend on the
distance to the obstacle. A major drawback of
potential functions is that obstacle can to have an
influence on the robot even if the robot is moving
in a direction parallel to them. This thing candea
to irregular motions, especially in the case where
the environment description is polygonal.

4. Obstacles avoidance in the environment
with constraints

The information about the robot's operating
environment is derived from its onboard sensors
and external sensors, included in the external
control loops. The sensorial information enables
the steering of the robot, to the designated target
and out of difficult areas.

In the real operating environment one
supports any environment sensors systems, including
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sistemele video.

Evitarea obstacolelor Tn gpa 3D poate fi
realizati cu arhitecturi simple de control reactiv.
Pentru identificarea obstacolelor orizontake
verticale sunt necesare misiuni de explorare.

in general, sistemele de control ale nilbo

infrareds, ultrasounds, and video systems.

The obstacles avoidance in 3D-space, can be
achieved with simple reactive control architectures
Several exploration missions are necessary for
identify the horizontals and verticals obstacles.

Generally, the control systems of redundant

redundan reclan& anumite mijloace de detectare a robots require some means of detecting obstacles in

obstacolelor din drungi o capabilitate de manevr
pentru evitarea lor.

in vederea real@ii misiunii de evitare a
obstacolelor ntr-un sga 3D, conexiunile dintre
sistemele de detectosi sistemele de actuatori ai
robotului sunt optimizate prin algoritmi specifi6i.

Mediul virtual de operare consi intr-un
spaiu virtual cu obstacole orizontalg verticale,
utilizat n  experimente virtuale. In timpul
experimentelor virtuale robotul trebuie ®vite
obstacolelesi sa urmeze un coridor liber. De
asemenea, robotul este expus

vederea stabiliii si meninerii poztiei sale,
robotul trebuie & compenseze influeele externe,
prin comenzi corespuatoare.

S. Aplicatii
In figurile de mai jos sunt prezentate

exemple de sisteme mobile virtuale care opérea: mobile systems which operate

in medii virtuale.

Autorii lucrarii de faa au realizat dau
sisteme robot virtuale folosind sistemul
programare vizual BORLAND-Delphi. Primul
sistem mobil virtual opereazn spaiul virtual 2D,

de virtual

its path, and a capability of manoeuvre, to avoid
them.

In order to achieve the obstacle avoidance in
the 3D-space, the connections between the
detectors systems and the actuators systems are
optimised by specific algorithnj§].

The virtual operating environment
consists in a virtual space with horizontal and
vertical obstacles, used in virtual experiments.
During the virtual experiments the robot has to
avoid the obstacles and follow a free corridor.

la constrange Also, the robot is exposed to a constant consgaint
constante, care de asemenea trebuiesc simulate.

that must also be simulates. In order to stabilize
and maintain its position, the robot has to
compensate the external influences by
corresponding commands.

5. Applications

In the figures below, is presented the virtual
into  virtual
environments.
The authors of this paper has realised two

robot systems, using the visual

programming system BORLAND Delphi. The first
virtual mobile system operates into 2-D virtual

pregirat cu obstacole, figura 1. Al doilea sistem space populated with obstacles, Figure 1. The

robot virtual operedz in spaiul virtual 3D,
marginit de perg, figura 2. Cele dod sisteme
virtuale pot fi folosite la explorarea mediilor

second, virtual robot system operates into 3-D
virtual environment constrained by walls, Figure 2.
Both virtual systems can be used to the exploration

virtuale si servesc, ca instrumente de lucru, laof the virtual environments and serve, as working

stabilirea punctelor critice ale traiectoriilor de
miscare si a distamelor critice dintre sistemele
robot mobilesi obstacole.

instruments, to establish the critical points o th
movement path and of the critical distances
between mobile robot systems and obstacles.

Fig. 1. Sistem

virtual mobil

intr-un spaiul
virtual 2D, populat

Fig. 1.Virtual

mobile system
inside 2D virtual
space, populated

cu obstacole
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6. Concluzii 6. Conclusions

Evitarea obstacolelor este aditura cheie a Obstacle avoidance is a key feature of
robailor redundari, care le permite ssse mjte  redundant robots, which allows to move around the
autonomi in jurul obstacolelor. obstacles autonomously.

Soluiile  software sunt in  general The software solutions are in generally

independente fa de structura senzorialutilizati ~ independent of the sensor hardware used on robot
pe robotsi in mediul exterior. Soliile de evitare a and in external environment. The obstacle
obstacolelor sunt utilizate n combiiea cu avoidance solutions are used in combination with
maparea dinamica zonei, planificarea traiectoriei area dynamic mapping, trajectory planning and
si alte sisteme de control specifice in natiga other control systems specific for navigation.
Configuraia de control trebuie isofere soltia  Configuration control must provide a convenient
oporturii, pentru a beneficia de utilizarea technique, to benefit of utilizing the redundanay i
redundarei in astfel de situa such situations.

Evitarea obstacolelor pe durata pmirii Conventional, obstacle avoidance during
efectorului final este inclds in mod okjnuit, in  end-effector positioning is included in the task
nivelul de programare a sarcinii sistemelor robot programming level of the robotic systems. Real
Evitarea obstacolelor in timp real este dificil detime obstacle avoidance is difficult to achieve,
realizat datorit cantititii vaste de date care trebuie because of the vast amounts of data that would
si fie comunicate intre unitatea de procesare dhave to be communicated between the high level

nivel Tnaltsi servosistemele robotului. processing unit and the robot servo systems.

Unele strategii de explorare experimentate Some exploration experimented strategies
pentru mediului de operare virtual pot fi recomaeda for of the virtual environment can be usefully for
pentru explorarea mediului de lucru real. the real work environment exploration.

Strategia de evitare a obstacolelor afer Obstacles avoidance strategy gives mobile
robailor mobili reflexe specifice vidi si le permite  robots life-like reflexes and allows them to
sa navigheze ntr-un mod inteligent. navigate intelligently.
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