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Reaimat. In aceast lucrare este propidso arhitectud Abstract. In this paper, a control architecture with
de control cu structdr variabii pentru comanda unui variable structure for redundant robot is proposkde
robot redundant. Cooperarea actuatorilor robotului,cooperation of the robot’s actuators, to realismlaot
pentru efectuarea unei sarcini robotice, se reafiizigrin task is made by the sub-tasks dynamically allonafoy
alocarea dinamic de sub-sarcini robot, pentru fiecare each sub-controller of the architecture. The cdntro
sub-controler al arhitecturii. Algoritmul de corltad unui  algorithm of a sub-controller with self-governing i
sub-controler autonom se baze@e matricea Jacobian a based on robot Jacobian matrix.
robotului. Algoritmul de estimare a elementelor nicat The algorithm for the estimation of Jacobian
Jacobian utilizeazmatricea de covarign matrix’s elements uses the covariance matrix. s th
In lucrare este folosittehnica factoririi matricei paper, the factorization technique of the covaganc
de covariani pentru identificarea dirgdor redundante  matrix for the identification of the redundant diiens

din spaiul de micare al actuatorilor. inside the actuator motion space is used.

Cuvinte cheie sub-controlere, alocarea dinarhite Key words: sub-controllers, sub-tasks dynamical
sub-sarcini, redundait allocation, redundancy

1. Introducere 1. Introduction

Un robot redundant are mai multe grade de A redundant robot has more degrees of freedom
libertate decét cele necesare pentrgi pozitiona than those needed to position its end-effector.
efectorul final.

O scheni de control pentru un robot redundant A redundant robot control scheme is provided
este destindt i asigure evitarea obstacolelor in for the obstacles avoiding in the workspace, during
spdiul de lucru in timpul mycarii si sa permiti = of the movement and allows accomplishing its
robotului & Tsi Tndeplineast misiunea h cazul mission in the case of malfunction of several
functionarii defectuoase a unor actuatori. In astfel deactuators. In such situations, the redundant degree
situgii sunt activate gradele de libertate redundante. of freedom are activates.

Pentru controlul ngcarii unui robot redundant For the motion control of a redundant robot we
autorii propun o arhitectdrde control cu structér propose a control architecture with variable
variabil, format dintr-un set cu nudr variabil de  structure, formed by a set with variable number of

sub-controlere adaptive, autonome. adaptive, self-governing sub-controllers.

Fiecare sub-controler comandn actuator, ce Each sub-controller commands an actuator
deservegte un singur grad de libertate. which deserves a degree of freedom.

Fiecare sub-controler futioneaz ca un sub- Each sub-controller works as an autonomous
sistem autonomsi asigud controlul micarii la  sub-system and assure the motion control at the
nivelul unui grad de libertate. level of one degree of freedom.

Prin funcionarea sub-controlerelor, ca sub- By the working of the sub-controllers as
sisteme cooperante, actuatorii sistemului robot vocooperative sub-systems, the actuators of the robot
coopera pentru indeplinirea sarcinii robotice. system will cooperate, to accomplish the robots& ta

Pentru coordonarea futanarii actuatorilor se For the coordination of the actuators working

propune tehnica alédi dinamice de sub-sarcini one propose the sub-tasks dynamical allocation
robotice, pentru fiecare sub-controler in parte [1] technique, for each sub-controller [1].

Numarul de grade de libertate active la un The number of the active degrees of freedom,
moment dat determin tipul de configurde a at a given instant, determines the type of
arhitecturii de controgi nivelul de redundats. configuration for the control architecture and the

level of redundancy.
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Alocarea dinamig a sub-sarcinilor robot, pentru
fiecare sub-controler, este o cefiesenialda pentru
sistemele robot cu actuatori cu finoare autonom

Metoda de alocare dinanidia sub-sarcinilor,
permite robotului & se adapteze maisar la
schimldrile mediului de operaresi sa T
indeplineast misiunea in cazul apaegi unor
disfungionalitati.

2. Arhitectura de control pentru roboti
redundanti
2.1.Sub-controlere autonome

S consideim cea mai simgl structug de
controler, controlerul propdgonal,P. Robotul poate
dobéandi redundaa in raport cu o sarcinrobotici
dati dad structura de control fologe tehnica
alocirii dinamice a sub-sarcinilor.

Prin combinarea sub-sarcinilor atribuite sub-
controlerelor se glme o arhitectur de control in
care actuatorii coopereamntre ei.

Fie sub-sarcind, a unui sub-controler, defiai

The dynamical sub-tasks allocation, for each
sub-controller, is an essential demand for robot
systems with autonomous actuators.

The dynamical sub-tasks allocation method,
allows to robots to easily adapt at the
environmental changes and to accomplish its
mission in the malfunction cases.

2. Control architecture for redundant
robots

2.1 Autonomous sub-contrallers

Let us consider the simplest controller i.B.,
controller. The robot can find out the redundancy
with respect to one given sub-task, if the control
structure uses the dynamical sub-tasks allocation
technique.

By combining the sub-controllers offeredto the
sub controllers, he is obtained a control archutext
in which the actuators cooperate between them.

Let usthe-th sub-task for a sub-controller who

in spaiul de operare propriu actuatorului comandatis defined in the own space of the commanded

[2]. Tipic, acest spau este un spau de acoperire al
unui senzor exteroceptiv de prelevare de infaiima

actuator [2]. Typically, this sub-space is an otitpu
space of an external sample sensor. The sensor

Semnalul de igre al senzorului este dependent deoutputx; is a function of actuator displacement:

deplasarea actuatorului:
X =X (6)
Diferentind relaia (1), Tn raport cu rata
prelewrii, se ohine:

A (k) = 3 (k)rao(k)

in pasuk al procesului de prelevare.
Matricea Jacobian este date:

3;(k)

Sub-sarcinaAB(K), definii Tn spaiul articular
trebuie exprima in fungie de deplasarea daxit
X4, §I deplasarea cureftx;, din spaiul operaional.

Din relaia (2) se obtine pentrul® relaia
urmatoare:

26(K) = 3, (k) g (k)= x (k) + (1 = 37 ()3, ()8

MatriceaJ” reprezinti pseudo-inversa matricei

Jacobian,].

Acest rezultat este de o imponan
fundamenta pentru stabilirea nivelului de
redundam, deoarece sofia (4) evidemiaza

posibilitatea de alegere a vectorullj, pentru a

exploata serviciile gradelor de libertate redundant
Contribudia lui 8, const in a genera un spa

nul de mgcare pentru a permite manipulatorulai s

_ ox(k)
~oelk)

(1)
Differentiating the relation (1) with respect to
the sampling rate, we can get
(2)
in thek -th sampling step.
The Jacobian matrix is defined as:

: (3)

The sub-tasdB(k) in the joint space, must be
define in terms of athe desired shifting vakgand
the current shiftingy inside the operational space.

From relation (2) one obtain the following
equation:

(4)

The matrixJ" denotes the pseudo-inverse of a
Jacobean matrix,

This result is of fundamental importance for
redundancy level establishing since soluion (4)
evidences the possibilitgf choosing the vectof,,
so as to exploit the services of the redundant
degrees of freedom.

The contribution 0B, is to generate null space
motions for allow to the manipulator, to put hinfsel

se plaseze in postura din care are 0 mai marea the posture from which has more dexterity far th

dexteritate pentru executarea sarcinii date [3].

execution ofthe given task [3].

98 RECENT, VoI. 8, nr.

2 (20), Iulie, 2007



Adaptive Control Architecture for Redundant Robots

Daa un actuator se deplaséan direcia dorita If an actuator move in the desired directigg,

Xg, Utilizdnd un control propoional al vitezei, using the proportional velocity control, forth
pentru sub-sarcineavem comanda de forma: sub-task, we havethe control low:

(k)= K, 137 (k) sy (k) - () + 1 =97 (), (), ©)

undel, K; si A sunt matricea identitate, matricea dewherel, K; andA are an identity matrix, a feedback
catig a buclei de reae si respectiv, un vector gain matrix, and an arbitrary vector. The arbitrary
arbitrar. Vectorul arbitrar A reflecti aportul  vector denotesthe contribution of the sub-corgroll
comenzii sub-controlerului la asigurarea command, to the robot system redundancy [4].
redundarei pentru sistemul robot [4].

2.2. Estimareamatricei Jacobian 2.2 Estimating the Jacobian matrix

Daci nu se cunosc caracteristicile mediului de If there is no a priori knowledge on the
operaresi nu se cunosc toparametrii dinamici ai environment characteristics and the robot dynamic
robotului, matricea Jacobiallk) este necunoscit  parameters, the Jacobean matdk) is unknown.
Pentru a realiza un control adaptiv la schinle de To make the adaptive control to the change of
mediu, este necesar un mecanism de estimare emvironment, a mechanism to estimate the matrix

matricei Jacobian. Jacobian is needed.

Utilizand metoda celor mai mici #rate, n Using the least-mean-square method, in the
lucrarea [5] este propii® relaie de calcul pentru paper [5] a computing relation is proposed for the
matricea Jacobian estiria’: Jacobian estimate matrix,

3,(K)= 3, (k=1)+ (2 (k) - 3, (c ~1) o6 k) faa(k)T P(k-1))[p + 6(K) Pk ~1)n6(k)), (6)

undep, 0 <p < 1, este un factor de uitageP(k)  wherep, 0 <p < 1, is a forgetting factor, arfe(k)
este 0 matrice de covari@rcalculat cu: is a covariance matrix calculated as:

1 P(k-1)®(k)®(k)" P(k-1
P(k)==0 P(k-1)- (k-1) (T)[ﬂ’( ) Pl-1)| 7)
p+08(k)" P(k-1)ne(k)
Mecanismul de estimare a matricei Jacobian se The mechanism to estimate of the matrix
bazeaz pe observarea procesului robot-megiu Jacobian is made on the observations of the robot-
consa n prelevri aleatoare de informia din environment process and consist in random samples

mediul Tn care opereazobotul. about the environment in which the robot operate.
Numarul observdilor, ca valoare statistic este The number of observations, as statistical
folosit la determinarea valorilor probabile ale quantities, is used to determine the expected galue
elementelor matricei Jacobian. of Jacobian matrix elements.
Matricea de covariga P se folosge pentru The covariance matri® is used to define the

definirea valorilor probabile ale inmilor estimate. expected values, of the estimated variables. The
Covariana ofeti 0 masura a puterii de corelare intre covariance provides a measure of the strengheof th

seturile de prelexi aleatoare de inforna[6]. correlation between the sets of random samples [6].
2.3. Estimarea redundantei 2.3. Estimating the redundancy

Caracteristicile  estimatorului  (6) pemmit The characteristics of the estimator (5), allows
identificarea diretiei depla&rii redundante. us to identify the redundant shiting direction.

Pentru a realiza acest lucru matricea de  To make this thing the covariance matRxis
covariand P se transcrie sub forma factotiastfel:  written as factorial mode:
P=UDMDT, (8)
unde U este o matrice superior triunghiddacu  where U is an upper triangular matrix whose
elementele de pe diagonala principagale cu unu, diagonal elements are all 1, aibdis a diagonal

iar D este o matrice diagorial matrix:
d O
D=0 . 0. (9)
0 dp
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Dac matriceaP este slab poziti, un element If the matrix P is weak-positive, one of the
al diagonalei matricdD este apropiat de zero. diagonal elements d& is near to zero.

Nivelul de redundaiit al robotului se poate The redundancy level of the robot one can find
determina prin observarea matritei out by observing the matr.

Daci un elementd; = 0 sau este foarte mic, If the elementd, = 0 or very small, the
diregia corespuntoare a lui AB este direga  corresponding direction ofA@ is the redundant
redundani in raport cu sub-sarcina dat direction with respect tothe given sub-task.

3. Condluzii 3. Conclusions
Fungionarea unui robot in conilide sigurara The robot working in the safety conditions,

in medii necunoscute presupune exigeunei inside unknown environment supposes a high
capacititi de adaptare ridicat Adaptabiltatea adaptability capacity. The robot adaptability atlre
robotului la condii reale de lucru este posibiprin -~ work conditions is possible if are activate the
activarea gradelor de libertate redundante. redundant degrees-of-freedom.

Pentru un robot cu grade de libertate redundante For a robot with redundant degrees-of-freedom,
se propune in lucrarea deda arhitectui de control he is proposed in this paper a control architecture
cu structuf variabi. Algoritmul de control se with variable structure. The control algorithm is
bazeaZ pe matricea Jacobian a robotului. based on the Jacobian matrix of robot.

Pentru a identifica elementele matricei Jacobian  For identify the Jacobian matrix elements, an
a fost propus un algoritm de estimare bazat pealgorithm based on the covariance, has been
corelarea ntre seturile de prelevaleatoare de proposed.
informatii (covariarta).

Forma factorial a matricei de covarigh The factorial shape of the covariance matrix
permite identificarea dirgidor redundante din allows identifying the redundant direction inside o
spdiul de micare al actuatorilor. the motion space of actuators.
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