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Mask-Panel Alignment Robot System Using a Parallel Mechanism
with Actuation Redundancy
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Abstract: In this paper, a mask-panel alignment robot system is considered for IT industry applications. Two kinds of solutions are
suggested which are required in constructing a control system for the alignment robot with actuation redundancy. First, the kinematic
solution for the 4PPR parallel positioning mechanism is formulated for an arbitrary initial posture, which relates the mask-panel
misalignment in the task space and the desired actuator displacements in the joint space. Secondly, in order to increase the stiffness of
the control motion and also to avoid the mechanical lock which may happen due to the redundant actuation, a new synchronous
control method is proposed which has the merit of coordinating joint control motions while not losing individual joint control
performance. In addition, the engineering process to develop a visual alignment robot system is described with the results of
experimental setup and GUI software. Finally, the experimental results demonstrate the effectiveness of the proposed alignment
system control methodology and how much beneficial it will be in real industrial applications.
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Fig. 1. 4PPR parallel alignment stage with actuation redundancy.

Mo - 22 - AIARSSE ==X M 15 &, H 9 & 2009. 9

dp — ) T BB Y8 4 55 ZAE(active joint)ol] 8
THE 7EAY UV, W, X,)  HEHTL 9719 5
ZREEZ9 Ao 4ES AR Asixe deEl 2abet
ZE FFAY Alele] G778 AAAE AAsHo} gk
2. 97|75} ol 4

A ERFEY k23 72 "ol Sl s3] 271914
£ 7l A disiA s te 2.

05 = 00, + R(¢M)T% _ {xM}_[cosqﬁM - sin¢M}{—b:| )

Yar | |singy, cosgy || a

H

g 9 W DAY 27|9A= v 2k

35 < w; +R(¢P)O—Sg _ {xp} . {cosqﬁp —sin¢P}[—b} 3

yp singp cosgp || a

&

webd vhagad 2 ekl 94 Bae 98 2ol
sHo] olgalof s Azl theat ek

] — - [Ax ~b -b
SD{W}OD—OS:LJ}}R@P){a}—R((ﬁM)L} @

y

oCD 1
(® b a h
Sroe 7,
W T
a b
0
b X a
A 4
. 4 b ’ ®)
cch 2

T1% 2.4PPR WE 2Eo]] 2AES] 27] 9]
Fig. 2. Initial posture of the 4PPR alignment stage.

a9 3. nka3-sg dElel A9} 58 RRAE] BAF AR
Fig. 3. Misalignment compensation distances of active joints.



Journal of Institute of Control, Robotics and Systems Val. 15

U ez A (P Q,R) el olFAYE vl
T‘é‘ rd

— X . A | -a ~a
PA=| J:()A—OP: Ay}%-R((zﬁp)[_b:I-R(éM){_b} ®
— . [Ax b v b
}zOB—O :{A }-R@P){ }‘R(¢M)’> } ®
) ) ~{ m~a

Rﬁ:{VJ OC - OR = { }+R(¢P)[Z}R(¢M)M @

@) AolA 27 30 BAF T 2UEEY %
AGEae ta g 5 vk

B

<

Uy Ax + bcosgp +asingp — bcosdy, —asingy,
vy _| Ay +asingp +bcosgp - asingy —beosdy ®
W, ~Ax +bcosgp + asingp — beosdy, —asingy, -
X, —Ay +asingp + bcosgp —asing,; — beosgy,

91 2ol FElel A (Ax, Ay, Ad = gp - gy) = ERES
WA B3 Aol Aip) shd 4z g, = g
g gola vkaz9e) A7t ¢, = 2ol XY w
2} A% WslelnE o) AZY Az vio) Alabsolol sl
gholck. 91 AolA W, XFe] ek 19 39 BAlgke W
itk 29, [3]eixe] dsteke 9 9 AHE o83y
deiel 2HojA] EFFo] F HA/(home position) 212} 92
A 9z Aol ekl oAb vk §lE e 44 BT
& ek

1L i 7-& WE 2Rl gt B7|xoi7| MA
7, g, DAY Ao AJEe TEsly] ¢t
HEY vAUZY AF P FS ek A4 99
g SollA A Jhed 02 EE & A AP gE
g ”Lﬁﬂﬁ}ﬂw AR R (locking) e de
T AT # oA ool W Alof dfomn RE
T FE° —r‘oﬁ‘_ QAR ARE uet ’\]Z_} T7HeE
F28h= B 7] A1 7] (synchronous controller) A& Ajekeitt
1. E7(Hofel 7{& 70
OE 75 Al&" g SU)Alelet #Este] o]24 )
A& AFe AL Koren®] 45 A7 Ao]7cross coupled
controllenf6]2hit ¥ 4= 9iv}. o] FE AR fAlE T
71Ale] darglFEe]l A 5 atdAel A& 913
S o= JPEEATE F71A Y EAS] S T 49
ol 7} =¥ FollA ‘*‘ﬁﬂ”‘i ZRIE Ao 2218 AAIREL
7 BUEHsA o]5g 7 o8 X3 Ragesolution)d}
© 7 48s 22N Ao A|28e st
T EE 7% F50 4% %7]7“—3 53} SHER BlEE 3
°]

54 Fe 0217}

-'.Jrlli‘i-ﬂ*:f}i'iz_&
4
{

2
=2
ok
!
i
o
.2
19
014
42

o
FI
9
_C;_L

2 951 oqv + Aslel A 1»;
7 A 9 4 } Jol ZIANE Ee Jc‘é«i A

5 9% ¥9 4 A
S, T & A2 g B0 4os 4g 2

, No. 9, September 2009 889
LRIE MO I INES
. el ul
M2 K1
MLt =5 K2

ROE MO I__._,

% 4 F B AW R E71A0] 9,
Fig. 4. Synchronous control input for a twin-axis system.
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