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An Uncertainty Analysis of a Compensation Method
for the Positioning Error of Three-DOF Manipulator

Jae-jun Park’, Hyungwook Eom” and Nahmgyoo Cho*

ABSTRACT

This study analyzes the uncertainty of the compensation method of a sensing error of three-DOF measuring system.
This compensation method utilizes a reference coordinate system using a three point by moving a position of an end-
point of a three-DOF manipulator. The coordinate transformation between the three-DOF manipulator and the measuring
system is identified by the reference coordinate system. According to the concept of this compensation method, each
positioning error at any position of the end-point of the manipulator is derived. Uncertainty analyses of the compensation
values on the basis of sensitivity analysis and Monte Carlo simulation are used to investigate a feasibility and

effectiveness of the compensation method.
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Table 1 Definition of condition and object
-Work space range 175X 175X 50 um
condition
Sensor resolution +0.3%10° pm

. 'Compensation values from the proposed
object

compensation method

32 Fotst B BEMER
28 ML 93 233 thato] FAHY

w2

3 233 dAedA BYste LA aQE BAE



SGAE - JES - =29

FEALFHIA A23A A%

HAMQ.

g EEE B4 oz

:¢; %Q’E LHE
A= EA(Sensitivity analysis)S ©]&8 EZE A
£y EHNE=  AEdo]AMonte Carlo

simulation)& of & %tc}.

321 QX LM 0ol

1&E HEA A A 23 A2E AN B
59 JFPoz 3ty LA E BHE 298 1
HE = Ut &3 A" o3 &AHE 3 A
P, Py, P; & FH A28 A BT wEo
5% A7t AYT EF d= TAEY %3

L

“

322 EST 24

23 24 whide Z2E B4
2 AEdHolAdgol k. F A WYL wm
M BEAuyo) EAE AZgch

e EMYE SN2z FL HAFS

Aot Ao & Atk Fig 5 ¢ Fig6 oA 2
qate o3t 9de TFsE Z Ho duzd
o3 Bde (79 gol Hejw},
e.=f(a) e =1a) e=1r) @)
BRAFY BHEE AQE o4l 7 &
A '
uex
%, ®
u, 6, -ulg,)
i=l
7] A,
_%q) 9}_@3( ) 0, = _¥q) )

Aq)

ZH X (Sensitivity index)&
Hdel F4 A (Taylor series)E o] &3 738 A
a, “(qi) £ A8 X Normal distribution)E 2+ Wl

¥ dg)’

" dg)’
29y zt oz} 3t

,k

54

T RQEY BEF BT AEoE AIFE 99%
2 Ay ojgA FHA I Fo B

@) o183t FPTFo=zA HFTAY

& 73
u, =\/(uex)z+ u +(ue,)z

Table 2 & #E 49 =d& yehlz, R
#H o]z 9] Table 4 &= Table 2 oA e] ZAL o] &3}
o EEEE T dE BAEH

(10)

Table 2 Condition of sensitivity analysis

Condition

Work space range 175X 175X 50 pm

Reference artifact distance 100 pm

End- point position 125X 125X35 um

Sensor resolution £0.3%10° pm
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Table 3 Condition of Monte Carlo simulation

Condition

Frequency 10000

Work space range 175X 175X50 uym

Reference artifact

distance 100 um

Object ball position 125X 125X35 um

Sensor resolution +0.3%x10% pm
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Table 4 Example of sensitivity analysis

Uncertainty factors | Uncertainty elements | Sensitivity(8,;) (um) | Sensitivity(6y;) (um) | Sensitivity(6,;) (um)
X-axis 1 1.2893x10° 1.0042< 10
End-point y-axis 1.2893% 10° 1 0.5408 X 10°°
Positioning error
z-axis 1.0042% 108 0.5408 < 10°° 1
X-axis 1 1.9340% 108 0.2002x 10
st H
1" Reference artifact y-axis 1.25 0.25 13005 10°6
Positioning etror
z-axis 0.35 0.35 1.5
X-axis 1.2602x10°° 1.6117% 10 1.2553 % 10°¢
nd :
2" Reference artifact y-axis 1.25 125 1.4357X 10°
Positioning error
z-axis 0.35 0.6761 % 10 1.25
X-axis 0 1.6117% 10 0.4513x10°®
3™ Reference artifact ] P »
e y-axis 0 0.1893 %10 0.6761% 10
Positioning error
Z-axis 0 0.35 1.25
U,,=0.2595 %1073 U,,=0.1970< 10" U,,=0.2936 < 10"
Egxes 7zt &9 FFHAE A oz JE HEAY 2YPol RAFY BEEJ viHe

YERd £ A2 3 2 Table 59
Q01 0.4386X10° um(99%)°]t}. 1B 22 Table 3
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Table 5 Example of Monte Carlo simulation
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Work Space.

Axis Mean Standard deviation
X-axis | -6.590% 107 um 0.2665< 10" um
Y-axis | -1.5123X 10 um |- 0.1957X107 um
Z-axis | 2.460%<10° um 0288210 pm

Combined uncertainty 0.4386 < 10”° pm(99%)
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Table 6 Comparison between Sensitivity analysis and

Monte Carlo simulation

Refgrence . Sensitivity Monte
a}'txfact Ep@-pomt (<107 Carlo_3
Distance position (um) (X10
(km) R TS
25X25%7 0.2746 0.2751
50 100X100%<28 0.6904 0.6940
175X 175X 50 1.2278 1.2249
25X25X7 0.2637 0.2616
100 100X 100X 28 0.3734 0.3729
175X 175X 50 0.6056 0.6018
25X25X7 0.2674 0.2678
150 100X 100% 28 0.2984 0.2986
175X 175X 50 0.4201 0.4195
Table 7 Condition of uncertainty analysis
Condition
Work space range 175X 175X 50 pm
Reference artifact distance 0~175 ym
End-point position 175X 175X 50 um
Sensor resolution +£0.3%10° pm
0.007
0.006 1
0.003
_g 0.004
% 0.003
:_g 0.002
6001{ _—
0000 —
0 20 40 60§ 100 120 140 160 180 200

Reference Artifact Distance (um)

Fig. 4 Effect of reference artifact distance
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Table 8 Condition of uncertainty analysis

Condition
Work space range 175X 175X 50 pm
Reference artifact distance 175 pm
End-point position 000 ~
175X 175X 50 pm
Sensor resolution +0.3X107 pm
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Table 9 Condition of uncertainty analysis

Condition
Work space range 175X 175X 50 um
Sensor resolution +0.3%107 um
Coordinate positional error 0.2 uym
Coordinate rotational error +0.06548°

0.18 4

0.16 1

Uncertainty (um)

0.14

0.12

0 20 40 60 S0 100 120 140 160 180 200

End-point Position (um)

Fig. 7 Effect of end-point position
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Table 10 Comparison between Compensation algorithm
including ref. coordinate and Compensation
algorithm without ref. coordinate

Compensation Compensation

End-Point algorithm algorithm

Position including ref. without ref.

(pm) coordinate coordinate
(Lm) (pm)
10x10x3 0.2774 x 107 0.1343
25%25%7 0.2690% 107 0.1370
50x50x14 0.2633 %107 0.1409
75%75%21 0.2683 % 107 0.1473
100x100%28 0.2834x 107 0.1585
125x125%35 0.3071x 107 0.1707
150x150%x42 0.3377x 107 0.1845
175x175%50 0.3737x 107 0.2017
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