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2 229N < Product-of-Exponentials(POE) 34& 71&2 & & A9 (open-chain) #7}i&e] 7]
782 B4 (kinematic calibration) W& #A<tdtl. POE 42 open-chain W72 A7 78H4L
HHA| 4 (matrix exponential) @] Fo = EAFE, nAA 23F o]&(screw theory) € @dl 71818tH o
2 43 At 7149 A zdy fHelth &3] AMHEEE Denavit-Hartenberg (D-H) selnig o g
POEH 9 7144 seprlee #459] W34 4 dE58402 Jd2gA W, D-H Fefulee Sold&
e 48 A WEELS AAFNE o3& Az doh 2n POEAE =948 € 2 A AAE
o HaeARE 71 7EE BY dnEFe F=dtH, Add dnzlFe] 434S FEsh] Hsle 6% 2F A
e} A EH oA ARE AN YT

Abstract

We present a method for kinematic calibration of open chain mechanisms based on the
product of exponentials (POE) formula, The POE formula represents the forward kinematics
of an open chain as a product of matrix exponentials, and is based on a modern geometric
interpretation of classical screw theory, Unlike the kinematic parameters in the POE formula
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vary smoothly with changes in the joint axes; ad hoc methods designed to address the
inherent singularities in the D-H parameters are therefore unnecessary. After introducing the
POE formula, we derive a least-squares kinematic calibration algorithm for general open
chain mechanisms. Simulation results with a 6-axis open chain are presented.
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Fig.2 A 6R Puma 560-type manipulator



nominal value actual value
@ | (0,0,1) (0.05, 0, 0.96)
v (0,0,0) ( 0.04, -0.03, -0.00208333)
wh {(0,-1,0) ( -0.04, -1.08, 0.01)
va | (0,0,0) | (-0.03,0.001574074, 0.05)
wy [ (0,-1,0) ( 0.02, -0.97, 0)
vs | (0,0,-100) | (0.01,0.00206185, -106)
we | (0,0,-1) ( 0.005, 0.001, -0.99)
vy | (-50, 250, 0) ( -51, 248, -0.007070707)
ws | (0,-1,0) ( -0.02, -1.04, 0.001232)
vs | ( -20, 0, -250) ( -20.6, 0.1, -250)
we {0,0,-1) ( -0.01, -0.002, -1)
ve | (-50, 250, 0) ( -51, 250, 0.01)
W (0,0,0) ( 0.0015, 0.01, 0.043252427)
var | ( 250, 50, -20) ( 254, 51, -20.6)

Fig.3 POE kinematic parameters for the Puma
560-type manipulator
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Fig.4 The error in the position and orientation of
the end-effector tool frame(measured in its
zero position), as a function of the number
of measurements.
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E# (closed-form expression) & ¥¢& F Ut
(Park, bobrow, and Plaen®).
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Levenberg-Marquardt, Total elast-squares ).
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o} EW~AH (gear transmission) 23, ZIE
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