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Rezumat. Aceast lucrare este dedicatcontrolului
migcirii repetitive a robglor manipulatori.

in aceast abordare vom analiza propiitie
importante ale mycarii repetitive: traiectoria este periodic
sau este reitializat la inceputul fiegrui ciclu. Una din
problemele principale Tn controlul sodrii bratului robot
este specificarea traiectoriilor dinamice fezakplentru
planificarea micarii. Vom aborda problema comenzilor
necesare pentru controlul robotului in cazucamii pure
de-a lungul traseului dorit, definit prin punctetdecere ale
traiectoriilor fezabile.

Cuvinte cheie: miscare repetitid, traiectorie periodi
controlul micarii

1. Introducere

Robgii manipulatori sunt 1n principal
dispozitive de pozionare cu multiple grade de
libertate. Robotul, ca instala ce trebuie

controlati, este un sistem mecatronic neliniar,
puternic cuplat, cu indri/iesiri multiple.

Principalele caracteristici specifice
controlului micarii robotilor sunt complexitatea
modelului  dinamic si  incertitudinile, atat
parametrice, catsi dinamice. Incertitudinile
parametrice apar de la cugtEea imprecis a
parametrilor cinematicisi inertiali, in timp ce
incertitudinile dinamice apar din cauza flexilait
articulgiilor si a lediturilor dintre articulgi, a
dinamicii actuatorilor, a frewii, a zgomotului
senzorilorsi a dinamicii necunoscute a mediului.

Traiectorile de micare ale robotului
manipulator sunt in mod ainiuit specificate n
spaiul sarcinii, sub forma evotiei in timp a
poziiilor, vitezelorsi accelerdilor efectorului final.

Pe de alt parte, la metodele de control in
spaiul articular se presupuné traiectoria de refernia
este disponibil sub forma evoliei in timp a
poztiilor si orientirilor articuldiilor bratului robot.

Strategia natural pentru a realiza controlul
n spaiul sarcinii urmeaz dou etape succesive:

e prima etap, cinematica robotului Tn spal
variabilelor opergonale este trecatin spaiul
variabilelor articulare corespuitpare,si apoi

Abstract. This paper is devoted to the repetitive motion
control of robots manipulators.

In this approach, we will analyze the important
properties of repetitive motion: trajectory is pelical or is
reinitialized at the beginning of each cycle. Orethe
central problems in the motion control of the robaon is
the specification of dynamically feasible trajeisr for
motion planning. We will attack the problem of coamds
needed for the robot control in case of pure mowme
along the desired path, that is definite in paspibigts of
feasible trajectories.
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1. Introduction

Robots manipulators are basically multi-
degree-of-freedom positioning devices. The robot,
as the plant to be controlled, is a multi-input/thul
output, highly coupled, nonlinear mechatronic
system.

The main specifically properties in the
motion control of the robots manipulators are the
complexity of the dynamics and uncertainties, both
parametric and dynamic. Parametric uncertainties
arise from imprecise knowledge of kinematics
parameters and inertia parameters, while dynamic
uncertainties arise from joint and link flexibiljty
actuator dynamics, friction, sensor noise and
unknown environment dynamics.

Robot manipulator motion trajectories are
typically specified in the task space in the teohs
the time history of the end-effector's position,
velocities and acceleration.

On the other hand, in the joint space control
methods, is assumed that the reference trajectory i
available in terms of the time history of joints
positions and orientations of robot arm.

The natural strategy to achieve task space
control goes through two successive stages:

« in the first stage, the robot’'s kinematics in thgk
space variables is passed into the kinematics
corresponding joint space variables, and then
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¢ in etapa a doua este proiectat controlul inigpa e in the second stage is designed the control in the
articular. joint space.

Controlul robailor manipulatori este realizat Control of robot manipulators is naturally
in mod obgnuit Tn spaiul articular, deoarece achieved in the joint space, since the control tinpu
intrarile de comand sunt cuplurile articulare. Cu are joint torques. Nevertheless, the user spedifies
toate acestea, utilizatorul specifianiscarea Tn  motion in the task space, and thus it is important
spaiul sarciniisi in consecifi este important de-a extend the control problem to the task space. This
extinde problema controlului la nivelul gpdui can be achieved by different strategies. The more
sarcinii. Acest lucru poate fi indeplinit prin dite ~ natural strategy consists of inverting the kineosati
strategii. Cea mai natudalstrategie constin  of the manipulator to compute the joint motion
inversarea modelului cinematic al manipulatorului corresponding to the given end-effector's motion.
pentru a calcula mtarea articuldr corespun-
zatoare mgcarii impuse efectorului final.

O alta strategie constin proiectarea schemei Another strategy consists of designing a
de control direct in spal sarcinii care utilizeaz  control scheme directly in the task space that
modelul cinematic pentru a reconstrui variabilele utilizes the kinematics model to reconstruct task
din spaiul sarcinii plecand de la variabilele space variables from measured joint space
masurate Tn spaul articular. variables.

Din cauza complexiti cinematicii i Because of the complexity of both the
dinamicii manipulatorulusi a sarcinii care trebuie kinematics and dynamics of the manipulator and of
indepliniti, problema controlului rgcarii este in the task to be carried out, the motion control

general descompa$n trei etape: problem is generally decomposed into three stages:
e planificarea micarii, e motion planning,
e generarea traiectorigi e trajectory generation, and
e trasarea traiectoriei. e trajectory tracking.
Sa incepem prezentarea celor trei etape: Let us start to illustrate those three stages:
in etapa deplanificare a mcarii, traseul In the motion planning stagedesired paths

dorit este generat in gpd sarcinii 3-D, fira  are generated in the space task 3-D, without
specificarea vitezei sau accelggd de-a lungul specifying velocity or acceleration along the path.
traseului. O prifd consecifi este generarea unui A primary concern is the generation of path in the
traseu intr-un spa de lucru fira obstacole. collision-free workspace.

In etapagenetirii traiectoriei, sunt calculate In thetrajectory generation stagéhe desired
pozitia, viteza si accelerga doriti de-a lungul position, velocity, and acceleration along the path
traseului, ca o funie de timp. Planificatorul de a function of time, are computed. The trajectory
traiectorie poate parametriza traseul efectorulL planner may parameterize the end-effector path
final direct in spaul sarcinii. Se poate calcula o directly in task space. One may compute a trajgctor
traiectorie pentru o articui@ individuai a  for the individual joints of the manipulator as a
manipulatorului ca o cudb n spaiul curve in the joint (configuration) space.
configuraiilor. In order to compute a joint space trajectory,

in vederea calcatii traiectoriei Tn spgul the given end-effector path must be transformed
articular, traseul dat efectorului final trebuie into a joint space path via the inverse kinematics
transformat intr-un traseu n sjpé articular prin - mapping. Because of the difficulty of the
intermediul modelului cinematic invers. Din cauza computing this mapping on- line, the usual
dificultatii calcului on-line a acestuia, abordareaapproach is to compute a discrete set of joint
uzuak este de-a calcula un set discret de vecto vectors for several points along the desired path
articulari pentru cateva puncte de-a lungul traseul and to perform an interpolation in joint space
dorit si de-a efectua o interpolare in gph among these points in order to complete the joint
articular intre aceste puncte in vederea cornilet space trajectory.
traiectoriei in spgul articular. Common approach to trajectory interpolation

Abordarea oBnuita a interpadrii traiectoriei  include polynomial spline interpolation, using
include interpolarea spline polinomdalutilizand  trapezoidal velocity trajectories or cubic
traiectorii trapezoidale de viteza sau traiectori polynomial trajectories, as well as trajectories
polinomiale de ordinul trei. generated by reference models.
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Pentru trasarea traiectoriei traiectoria de For trajectory tracking the computed
referina  calculai este apoi prezentat reference trajectory is then presented to the
controlerului, a arui funaie este de-a determina controller, whose function is to cause the robot to
robotul & urmareasd traiectoria dat cat mai track the given trajectory as closely as possibte.
aproape posibil. Pentru proiectarea controlerul. design of the tracking controller, we assume that
vom presupuneactraiectoria de referisi si traseul  the reference trajectory and path have been pre-

au fost precalculate. computed.
2. Controlul repetitiv si 2. Repetitive control and
Controlul prin inv atare Learning control
Deoarece multe apliga robotizate, cum Since many robotic applications, such as

sunt opergile de preluarai plasare, de vopsire, de pick-and-place operations, painting, assembly
asamblare, presupun guiri repetate, este normal involve repetitive motions, it is natural that the

ca datele achigibnate Tn ciclurile anterioaréise  information obtained in previous cycles to be used
utilizeze pentru a imbuamiti performanele  to improve the performance of the manipulator in
manipulatorului in ciclurile care urmeazAceasta subsequent cycles. This is the basic idea of
este ideea de baza controlului repetitivsi a  repetitive control and learning control.

controlului prin Tndtare.

Consideim modelul dinamic al unui bra We consider the rigid robot dynamics model,
robot dat de ectia: given by:
H(q)td+C(a.a)ia+g(a)+ f(a.q)=m (1)

si presupunem dat o traiectorie dorit pe un and suppose one is given a desired output trajector
interval finit de timp,yq(t), 0 <t < T, care poate on a finite time intervalyy(t), 0< t < T, which may
reprezenta o traiectorie In sjpd articular sau o0 represent a joint space trajectory or a task space
traiectorie Tn spigul sarcinii. trajectory.

Traiectoria de referti yy(t) este utilizat in The reference trajectoryy(t), is used in
cicluri repetate ale manipulatorului, presupunded f  repeated cycles of the manipulator, assuming either
e Ci traiectoria este periodicyy(T) = yq(0) in cazul e that the trajectory is periodicalg(T) = y4(0) in

controlului repetitiy fie the case of theepetitive control or
e ci robotul este reifializat i urmeze traiectoria e that the robot is reinitialized to lie on the dedi
dorita la Tnceputul fiegrui ciclu Tn cazul trajectory at the beginning of each trial in the
controlului prin Tnvirare. case of théearning control.
Fie cuplulmg(t) ca intrare de coma#agbentru Let be the torquen(t) the commandnput

sistemul robot, care produce o traiectosift), in  for robot system, which produces an output
timpul ciclului k. Perechea intraregiee {m(t), y«(t)} trajectory y«(t), 0 < t < T, during thek-th cycle
poate fi memorat si utilizatd Tn ciclul k+1 de  The input/output pai{mg(t), yi(t)} may be stored

comand. and utilized in thé+1 cycle.

Pentru o intrare imiala my(t), poate fi For an initial inputmy(t) can be used any
utilizata orice lege de control care produce giree  control low, that produces a stable output, such as
stabik, cum ar fi de exemplu controlul PD. PD control low.

3. Problema controlului prin Tnvitare 3. Learning control problem
Problema controlului prin irivare este de-a The learning control problem is to determine
determina o lege recurgide control: a recursive control low:
Me1(t) = F(M(t), Ayi(t)), Osts<T. 2)
cu Ay(t) = y(t) — yq(t), astfel incat, in spal de  with Ayi(t) = yi(t) —ya(t), such that, in the error
eroare 3 avem| Ay(t) | - 0 candk — oo. space we havay(t) | - 0 ask - .
Algoritmii de control prin Tndtare sunt The learning control algorithms are attractive

atractivi deoarece modelele dinamice nu trebuies because accurate models of the dynamics need not
cunoscute aprioric cu acurgte Anumite aboriri be known a priori. Several approaches have been
au fost utilizate pentru a genera legea datare used to generate a suitable learning I&wvand
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dorita, F, si a demonstra convergen erorii  prove convergence of the error of the output
traiectoriei olinute. trajectory.

Legea de instare de tip propeional, P, este A P-type learning law is one of the forms:
una de forma:

M () = M(t) — PAYi(D), 3)

numiti astfel deoarece termenul de coeca  so called, because the correction term to the input
cuplului de intrare, la fiecare iter@, este torque, at each iteration, is proportional to there

propotional cu eroarea traiectoriei fifute, Ay. of the output trajectonD v .
Legea de nitare de tifD este una de forma: A D-type learning law is one of form:
d
My (t) = mi (t) - T E{AYk ()} 4)

Un algoritm de in&tare mai general este de A more generaPID type learning algorithm

tipul PID si are forma: has the form:
d
My (t)= my ) -1 E{AYK (- @ny (t)- [ WAy (u)du. )
Convergenta traiectoriei sintetizayg(t), catre Convergence of the synthesized trajectory,
traiectoria de referifi, yq(t), poate fi demonstrat  yi(t), to the reference trajectoryy(t) can be proved
facand anumite supgiiasupra sistemului: under various assumptions on the system:
¢ Primele aboriti considei modelul dinamic al * The earliest approach, consider the robot
robotului liniarizat Tn jurul traiectoriei doritg dynamics model linearized around the desired
demonstreaz convergeta sistemului liniar trajectory and proved convergence for the linear
variabil care rezuit time-varying system that results.

e Abordirile ulterioare demonstreazonvergera  * Latter approach proved convergence based on the
baza&ndu-se pe modelul Lagrange complet. complete Lagrangean model.

Deoarece cuplurile de intrare pentru sistemu Since the input torques to the robot are
robot sunt limitate de capabilitatea actuatorilor: limited by the capability of the actuators as:

m™(t) < m(t) < M) (6)
este naturalsse considere problema de control init is natural to consider the problem of optimal
timp optimal. control.

4. Concluzii 4. Conclusions

In multe aplicséi, ca cele de urdrire, In many applications, such as tracking, the
efectorul final este constrans srmireasd traseul  end-effector is constrained to follow the reference
de referina definit Tn spaul sarcinii. path defined in the task space.

Pentru a urdri traiectoria de referi, de To follow the reference path, by the robot’s
catre efectorul final, trebuiesc generate semnale c end- effector, the references signals to the feedba
referina pentru buclele de reglare. control loops, must be presented.

Cercetarea  in domeniul comenzii The research into the manipulators’

manipulatoarelor s-a orientatitee generarea in command field, has gone into the problem of
timp minim a traiectoriei de-a lungul unui traseu generating a minimum time trajectory along a
dat in spaul sarcinii. given path in task space.

Problemele care trebuiesc rezolvate pentr The problems witch must be solved, in
cresterea performantelor robotului sunt de-aimproving the robot's performances, are to
determina convergem citre zero a erorii de determine the convergence to zero of positioning

pozitionare. error.

Principala problem a controlului mgcarii The main problem of motion robot control is
braului robot este de-a generasgarea in sgaul  to generate the motion in the task space with a
sarcinii cu o comariddag la nivelul articulailor. given command at joints level.
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Controlul micarii Tndeplingte urmitoarele Motion control of robot arm accomplishes
fundtii: the following functions:
- de-a @si deplasrile corespunitoare Tn - to find of the corresponding movements in
articulgii; joints;
- de-a genera semnalele de control pentru actuatc- to generate of control signals for the actuators
pentru a produce cuplurile de intrare; produce the input torques;
- de-a sintetiza traseul programat. - to synthesise of programmed paths.
Bibliografie References

1. Fratu, As.a.:Generarea micarii unui bray robot RECENT, ISSN 1582-0246, vol. 4(2003), nr. 1(7), p. 21-25

2. Fratu, A.:Forma general a comenzii unui sistem robadtucrarile Simpozionului Né&onal de Electronit si Automatici,
Academia TehnicMilitara, noiembrie, 1998, Bsav

3. Haugsjaa, Ks.a.: A computational model for repetitive motiom Timing of Behavior: Neural, Computational, and
Psychological Perspectives. The MIT Press, Cambyitige 1996

4. Tournassoud, PRlanification et contréle en robotiqu&d. Hermes, Paris, 1994

5. McCarthy, K.:Accuracy in Positioning Systemsww.neat.com/techinfo/accuracy

RECENT, An 7 (2006), nr. 2 (17) 41



