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Table2 Principal force/moment vectors for the Stanford type force sensor (A)

fa fer s fu fus e

F, —0. 0387 —0. 0888 0. 0963 —0. 0697 —0. 9853 —0. 0756

F,, —0.0162 —0. 1256 —0.1743 0.9733 —0.0757 0. 0232

F, 0. 0026 0. 0278 —0. 0483 —0. 0350 —0.0812 0. 9945

M, 0. 0043 —0. 0490 —0. 9769 —0. 1855 —0. 0736 —0. 0586

M v 0. 0077 0. 9864 —0. 0607 0. 1096 —0. 1002 —0.0349

M, —0.9991 0.0130 —0. 0057 —0.0132 0.0381 0. 0046

Table3 Principal strain vectors for the Stanford type force sensor (A)
é\n é\ﬂ g:a é\u é«s é\.e fﬂ é\as
&1 —0. 0046 0. 5821 —0. 2906 —0.0190 —0. 1187 —0. 5684 —0.0076 | —0.4891
&2 —0. 0086 0. 2904 0. 6424 0. 2653 —0. 0056 —0. 4507 0. 0200 0. 4785
€3 —0.0121 —0. 6415 0. 3275 0. 0424 0. 2000 —0. 4449 0. 0099 —0. 4911
&4 —0. 0059 —0. 3094 —0. 5335 —0.2233 0. 0944 —0. 5201 0.0017 ; 0. 5389
&5 0. 5292 0. 0765 . 0. 2451 —0.6616 —0.0077 —0.0214 —0. 4642 i 0. 0004
&6 0. 4322 —0. 1606 0. 0375 —0. 0442 —0. 6818 —0. 0508 0. 5627 —0. 0000
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fa fe fs fu fes fes

F, —0.0237 —0. 0081 —0. 0043 0. 0964 0. 5676 0. 8172

F,, —0. 0060 —0. 0426 —0. 0043 0. 0233 —0. 8219 0. 5675
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Table 5 Principal strain vectors for the Stanford type force sensor (B)
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&1 —0. 6381 0. 2160 0. 5511 0. 0350 —0.0452 | 0. 0806 0.0759 i —0. 4764
&2 —0. 2253 —0.7227 0. 4441 0.0347 0. 0026 —0.0943 —0.0538 | 0. 4659
&3 0. 6907 —0. 2540 0. 4632 0.0316 0.0194 0. 0634 0. 0406 ‘ —0. 4868
€4 0. 2502 0. 6038 0. 5273 0. 0562 0.0133 ‘ —0. 0495 —0.0498 \ 0. 5353
es —0. 0245 0.0334 —0. 0203 0. 4001 0.2447 | —0.6452 —0.5774 —0. 1679
€6 —0.0231 —0.0185 —0. 0539 0.6709 0. 5736 ‘ 0. 3307 0. 3220 0. 0606
&7 0. 0156 —0.0212 —0. 0433 0. 5041 —0.6188 | 0. 4380 —0. 4098 0. 0241
&g 0.0329 0. 0039 —0. 0358 0. 3593 —0. 4749 ‘ —0.5105 0.6182 ‘ —0. 0000
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Evaluation of Robot Force Sensor Structure
Using Singular Value Decomposition*

Masaru UCHIYAMA** Yoshihiro NAKAMURA** Kyojiro HAKOMORI**

----- ABSTRACT

In this paper we discuss the evaluation of robot force sensor structure. First, we present framework
for understanding the principle of force measurement in the sensor. Next we derive a standard for the
evaluation of the force sensor structure making note of the measurement error in force sensing.
In the process of derivation, we use singular value decomposition techniques which are commonly used
in the field of numerical analysis and clarify the mathematics of force sensor structure. Lastly, we

evaluate, analyze and compare several prototypical force sensors based upon the standard derived.

Key words : robot force sensors, evaluation of force sensors, measurement errors, singular value
decomposition, force sensor design.
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