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o
Abstract. This paper deals with the optimization of the 3-RRR Spherical parallel Marfip r .In
addition to workspace constraints and dexterity performance; singilarity posifions and 1bution
appeared to have considerable effects when treating control issues. Thus, tl naljparameter is
oblem is then

integrated in a Genetic Algorithm (GA) Based synthesis process. A m bjecti
formulated and results were analysed. The effect of self rotation Is
differentsvalues.Results were finally discussed.
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1 Introduction \ %

red in sphericalparallel Manipulator (SPM)
@ dgkterity [2], precision [3], and singularity free
gularities; the 3-RRR SPM has parallel singularities
is generates many control problems and has negatives
. The serial singularities could be avoided by enlarging the
igger manipulator in order to largely cover the desired
ver; singularities inside the workspace have to be treated
ptimizing the manipulator design parameters. For a teleoperation
2], a 3-RRR architecture (Erreur ! Source du renvoi introuvable.)
pted in order to realize surgical tasks through the reproduction of a
urgery expertmotion. This application needs a high precision; dexterity and
especially an optimal control of the system. This can be only with a free
singularity workspace.
In this scope; this paper presents an optimization process of the 3-RRR SPM in

order to obtain the design parameters that give high level dexterity and a
singularity free workspace.

space [4].
In additi
within its wor
effects on dex
workspace “t
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In the next section, the kinematics of the SPM is presented and the design
parameters are identified the Optimization problem is then detailed and multiple
iterations with different conditions were realized. The first optimization aimed a
prescribed workspace with maximum dexterity; the second one considered
additionally obtaining a singularity free workspace. Results were finally
discussed.

2 Kinematics of the 3-RRR

The 3-RRR SPM is based on a mobile platform over three ®dentid
kinematic chains or legs (Fig. 1). Every chain is composed of three r

with axes intersecting in one point called center of the robot. T €S 0 base
joints are orthogonal while, on the mobile platform, they are gle.
The orientation of the platform is given by the ZXZConfi ion of the

EULER angles: [y, 0,¢].(Boudreau, 2004)
A7 ZIK

22K

Fig. 2: One Leg parameters of 3-RRR

Fig. 1: Kinemati

Forale th 0 are distributed as shown in Fig. 2withZ;; the axe of
the i joint an axe e platform given by

sin(¥) sin(0)
Zg = | — cos(¥) sin(0) @
cos(0)

TheYaiwts parameters of each leg are 6,,60,, 05, (k = 1,2,3)..

2.1 Inverse Geometric model

The inverse geometric model of the SPM developed previously in (A. Chaker,
2012) was obtained through the relation:

Z3x.Z,yx = cos (B) (2
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A three equations system was then derived:
fl = Al.COS (91A) + Bl.SiI‘l(QlA) + Cl
fz = Az. coS (913) + Bz. Sll’l(@lB) + C2 (3)
f3 = A3. coSs (Glc) + B3. Sln(elc) + C3

With Ci : as constants (i = 1..3). The solutions of this system are conditioned
with the relation that defines workspace frontiers:

2
(3%7) =1
A%+ B}

. . o
2.2 Kinematics model &
The kinematic formulation is derived from equation 2 (A..C g ):
221(-231( + ZSK-ZZK =0 (5)
. The following system is then obtained: @
(6)

B.g=A.w
With g = [0,,0156,¢]" the joints velocit
B=diag [ (Z14nZ24)-Z34 (Z187Z25)-Z3p ({1;’\226)- ac ]

A=[(Z3AAZZA)T (Z3BAZZB)T 3cNg2c

And wthe angle velocity of the platforny’defined in the global basis
The kinematics of the robot canrbe written as function of the jacobian matrix J as

follow
0 1B).g=J.q @

3 OptimMatio

ion is realized for a desired workspace having the platform axis
uate on a cone with a 30° half angle.The considered objective
funct i this optimization process are: the prescribed workspace accessibility
e power function, the dexterity function and the singularity function.

3.1 The accessibility objective function

This function is based on the accessibility constraint and helps verifying either the
platform position belongs to the desired workspace or not. It is described as:
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F1=5) 5} wi(Y.P)) (®)

0 si CDi (Y,Pj) <0

cf siCDi(Y,P;) >0

Y is the design vector Y= [[111], CDi(Y, Pj) = (C? — (A? + B?))
Pjis a given orientation of the platform

j = 1.. N:the number of orientations of the platform defined by P;j =[y, 0,¢] and
cf a high value constant attributed as penalty to candidate manipulate or enable t
reach the prescribed conic workspace.

®
3.2 The Power objective function O

This function is used to evaluate the distance between reachable
workspace and the prescribed one. Minimizing this functiop@eads t anipulator
which workspace is as close as possible to the desir et is formulated as

follow:
cEov.eA
AiZ(Y’Pj%Pj)

3.3 Dexterity objective jon

With wi(Y,P;) = {

F2=Y}' %3 ©

The dexterity traduces th acity of a robot to realize, with high precision,
small and arbitrary displaeemen und a position in a desired workspace. The
inverse of the local conm er of the Jacobian matrix K(J) is used as index

to measure

The ma lato
conditi um
max emax
F3=Xy™ Tom 1/K (Y,P(w,g) ) (11)

it nins Pnax the limit values of the Yangle range; 6,,in, Omax: the limit
alugs of the fangle range;

K@=/ 171 (10)

xterity is then represented as function of the sum of the

3.4 Singularity objective function :

This function ensures the requirement of a singularity free desired workspace.
They are tolerated only outside of the prescribed workspace where kinematic
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performance has to be optimal. We focus on parallel singularities defined as
orientations distance that reduces the Det(A) to zero. The functionF4calculates the
number of singularity positions for every candidate manipulator by verifying the
condition (Det(A)=0). This function is written as follow:

max Hmax
F4 = 3,7 0% S (Y,P(y, 0y ) (12)

0 if Det(A) # 0

with:  S(Y,P =
(¥-Pewar) {1 if Det(A)=0

4 First optimization : Dexterity

the three
al st re able to
cal dexterity. The

The first optimization, named Optimization 1, is oper
objective functions F1, F2etF3. The aim is to have an o
cover all the desired workspace and guarantee a high |
optimization problem is then written as:

Min f= min [f(1) £@2)

-+ f(1)=
o f(2)=
Optimization 1 with ¢ = 0°:
We obtain the design param =[38.86° 31.07° 17.31°]
Fig. 3 shows the dexterlty tr|b |n the workspace. The maximum

dexterity value is 0.42 W|th mean value of 0.2127. The desired workspace,
represented in yellow on is completely reachable and is free of
singularities.

Other self rotation ere tested with the resulting manipulator, for a
value of ¢ A80° : orkspace in Fig. 5. We notice the reduction of the
manipulator wogkspace®ize which affects the prescribed workspace accessibility
and the a an a consistent singularity zone (in red) in the center of the

falls to a maximum of 0.22 and a dissymmetrical distribution
ery low values in the center of the workspace Fig 7. This

ance. Examining the effect of this parameter on the optimization results is
then a necessity. Two symmetrical values were taken: ¢ = +50° in order to
nlarge the range of optimization and find better design vector candidates with
angles «a, Bety leading to better dexterity performance and singularity free
workspace
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Fig. 3: Dexterity distribution for ¢ =0

Fig. 5: Workspace for ¢ = 50 exterity distribution for ¢ = 50

Optimization 1 pour ¢ = 50¢

The design vector resulting is Y%, =138.78° 37.76° 29.99°]

With a maximum value of rity 0.39 and 0.1357 as mean value (Fig. 7)

We notice also a dissimit distribution of the dexterity ;but we have a
desired workspace com achable (Fig. 8).

7 Dexterity distribution for ¢ = 50° Fig. 8: Workspace for ¢ = 50°
Optimization pour ¢ =-50°:
In this case; the resulting vector isY,,,= [39.79° 39.7° 29.16°]. The maximum
dexterity value is 0.5 with a mean of 0.2830 (Fig. 9) and a resulting workspace
covering the entire desired one (Fig. 10).
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Fig. 9: :Dexterity for optimization 1land  Fig. 10: Workspace for optimization 1

to =-50 @ =-50°
o

5 Second Optimization : Dexterity

The second optimization, named Optimization 2, is_la d considering the
three objective functions to minimize F1, F2 and F4.ye T9f¥mul@te the problem as

follow:

Min f= min [f(1) T(2)]
. f(1)=

* f(2)= F4
the same desired workspage is ajined_and the three self rotation values ¢ =
0°,50° —50° are considered. K

Optimization 2 for ¢ = 0°

The optimum solutiondigskllti = [38.88° 38. 6° 20.58°].

y feaches a maximum of 0.49 and the mean value
ay the prescribed workspace is totally covered and
singularity iscarded out of the useful workspace

160 160 140 PSI 120 100

Fig. 11:: Dexterity for optimization 2,  Fig. 12:: Workspace for optimization
=0 2¢9=0

Optimization 2 fore = -50° :
The optimum solution obtained is: Y,,,,= [39.77° 39.61° 27.34°]
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The dexterity distribution regain in symmetry with a maximum value of 0.49,
(Fig. 13). Fig. 14 shows the prescribed workspace covered by the manipulator

alpha=39 77" beta=19 61" gamma=27 34* phi=-140°
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Fig. 13:Dexterity for optimization 2,¢ Fig. 14: Wor@ ce
=-50° optimization Z, ¢
6 Conclusion : &

This paper discussed the optimization process‘ifa SPM. We concluded
that all the three parameters have to be consi : the prescribed task workspace;
the dexterity and avoiding singularity zones. Des ectors were determined for
the two first parameters and performapees were discussed. A clear effect of the
self rotation angle on the dexf(ity singularity zone was noticed. The
optimization process where then, reconducted for three values ofe. The optimum
design vector showed better ormance by reaching the desired workspace with
better dexterity and a singulafityqfcee workspace. Otherwise, discarding singularity
out of the useful work d a rise of the design parameters and then a
bigger manipulator.
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