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A Study on Observability of Model Parameters for Robot Calibration

Jin-Hwan Borm”, Soo-Sang Yang**, Seang Gi Lim***

ABSTRACT

Objective of calibration is to find out the accurate kinematic relationships between robot joint angles and
the position of the end-effector by estimating accurate model parameters defining the kinematic function.
Estimating the model parameters requires measurement of the end-effector position at a number of differ-
ent robot configurations. This paper studies the implication of measurement configurations in robot calibra-
tion. For selecting appropriate measurement configurations in robot calibration, an index is defined to mea-
sure the observability of the model parameters with respect to a set of robot configurations. It is found
that, as the observability index of the selected measurement configurations increase, the attribution of the
position errors to the parameter errors becomes dominant while the effects of the measurement and
unmodeled errors are less significant: consequently better estimation of parameter errors is expected. To
demonstrate the implication of the observability measure in robot calibration, computer simulations are

performed and their results are discussed.
Key Words : Robot Calibration(2% #e|B#o|A), Estimating Model Parameters(Zd s}e}mg] 23,

Measurement Configurations(Z74 $#12]), Observability(#34)
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Fig. 1 A Robot with Axial Offset Wrist

Table 1 Nominal and Real Kinematic Model of the robot

Values of Ps Real Values of F ers
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Fig. 3 Observability Vs. RMS of Residual Position Errors
After Calibration : M=60

A Az 180 3 A Ulg #24(0)2 10.9636 ©]
1, AF A HaAF AF2(RMS)E 0.0667 ©1%
o a2 g 180 e 23R 2 e AxS5A dolH
Zd A 3 2e M = 60, 90, 120 /M &3 3
TEHE FAE desle] #EHE Ao, A
g 60, 90, 120 M9 dF A2 HolELE o &
gtod Ao g g F Zpe] AFeate] Hi
AF AFE ANt Fig. 32 248 5(M)7) 60
A mfo) Mg A 2 A F4 dolE £& ol &
st @3 Aeldegold & AFeae] HdAF xﬂ
HZ(RMS)#o] #A4E ooz v Holg, &,

Holl 2l 3 el He& dolof 60 M 2R AA Jdréo
3 2 JABAAM FHE HAA dolHES o) &3] Ay
Bilo]de F83 3 180 /N A A7 eAte]
HaA g A2 ZAE Fdelh. & 2031 MY A=
02 60 7hel XS disted F7] AlEEeldE
83 Axs} Fig. 3 ot Fig. 42544 M =
90 2 120 ¢ wel HelE 23 94X FEL AHEEA

U



S LBl A 148 A4E (19973 49)

RMS of Residual Posttion Error

T - T T T T
200 400 600 200 10.00
Obaervabliity index

Fig. 4 Observability Vs. RMS of Residual Position Errors
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Fig. 5 Observability Vs. RMS of Residual Position Errors
After Calibration : M=120
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Fig. 6(A) Residual Error Distribution After Calibration
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Fig. 6(B) Residual Error Distribution After Calibration Using
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Fig. 7(A) Residual Error Distribution After Calibration
Using 120 Measurement Data with Observability
Index : 2.1277

Fig. 7(B) Residual Error Distribution After Calibration
Using 120 Measurement Data with Observability
Index : 10.9377
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