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Development of 3 DOF Parallel Spherical Robot for Artificial Eyeball
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In this research, three degree-of-freedom parallel spherical robot is developed for an artificial
eyeball. The proposed system is comprised of a moving and a base plate, three prismatic
actuators, and a ball joint for an angular movement of the moving plate. The vector analysis is
employed to investigate the relationship between positions of the actuators and a pose of the
moving plate. The required ranges for every actuators are calculated using the derived inverse
kinematics in regard to the combination of two different levels for the size of the system
component. Then the size of every components is determined from the analyzed trend. Pl
controller is employed for the position control of the moving plate. Finally the proposed system is
verified using an arbitrary path of the angular movement.
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Controller (P1 & 0{7])

=
o Qigh =
o

WE $ES my =
g QgetTel el Ax 3AREY A &%
o glojof @},

g4 2R 2 £F ARFE R TE AAY

ol et E5FETh Bach! 5 AT FHS
fJsto] A AFcelHE AHgsto] 22 3
A 2R st} Villgrattner™ 5 2709 o
Haas ofgste] Md 722 2 Ao 3
LEE T ARES AT en, 3719 ¢
Aaas 120 HAe HE Fx2 7Ad8ke] 34
= 3d 2R JEEkslvh Puglisi't T2 ol

Fokol M vbE A9 fE 2o 4T Hozm
Villgrattner’ 5o] 73k sl 232 54 wA
Uzoz 34 #d 23S /s, Gosselin®
SV CIEEES SIS

of WY Fx2 3Af% 7

Patane® 5& AA TE7=

A o] W Az
stal Z} Wl 83E 7Y AR 3 d 2R
S JNEtdth. Hoshing’ 52 4HAAE o] &3



June 2014 / 536

% At 3AFE
Aaglet, May018 5 489 4

4 ase A 84 25 wre Ausl
et

¥ oERAE QFdTe 51 $ES A
7] glste] WE TEE o]§8 3AHE AU 2R
of tiste] JlEdh B AsUe AFE FE)

A% 3709 FEVNE
(Moving plate)2] $1x] Wl st 23
317] 9lste] vtk d}3k(Base plate)S
EBall joint)Z  AZAs A
kinematics)S 34 sl7] flsto] 2k 57
HE FEE Agefstal el 3 Ao 7571
o Wgl Abo]l #AE E=Fsisih e B A
3 st oﬂéo}” T3 ZRJAES EBal) 7l
4 AFES AREsElen, o]E Al9dF FF o
i AT e 3 el diste] Za3
Zr FE719 FE HAE At olE TNte R
Alz=gle] 718 ARl Ad7e Mg dE
AH&EE PL AlolE AEsilon Alolr] Wes
Agel Y Pgole o]gste [kl

HFAHOoZ o]/]«] 3 ARE st *@%

2
N
=
-

;
—UUEE_IM M1t o
o
o
4o

o flo *
BN

gate] 3 e 3 %S AFsHATh
2 9ZTe 2E W 7|7

N7+ 2 v AJ=HE FFH AT
A sk I RERks 1EEd 2%
Lo 3d #so® 7] Jbestrh AR
ol HAF BEFor s 24U B¢ &
Fhel k2 g 55 7 JFlA HAE dHe] 7
A #th ol zHHL AFoRE 5% W
W (Disparity map) 49 ¢ #AE onlsin A}
okel A g g53) °§°—ﬂ1°] ﬁig}ﬂ] !

w sheke] @4E Ao
st} AA7ke SAbAlel g
A7 Qe WA we
4ng F53] skel o
a0l 3244 % A L=
7HHLO],0:I1;]_

B R A Ackshe WY Tz 3%

Cagare e
Ea

A 7
o s 94 A "ol

Fig. 1 Structure of the parallel spherical robot
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Table 1 Effect of the system size

R(mm) r(mm) H(mm) 6(deg)
Level 40 22.5 80 30
50 27.5 100 50
Trend 1 m ! 1
Host PC Controller Actuator  Eyeball

Fig. 3 Structure of the overall system
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Table 2 Specification of the actuator

Stroke 24 mm
Rated force 30N
No load speed 8 mm/s
Feedback Potentiometer
Resolution 0.1 mm
Weight 35¢g

Table 3 Tuning of the controller gain values

Actuator 1 Actuator 2 Actuator 3
K, 11.760 13.270 13.046
K; 0.449 0.507 0.498

Fig. 4 3DOF parallel spherical robot
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Position Error (mm)
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Fig. 6 Results of the experiment
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