A&QT-R 2004 (THETA 14)
2004 IEEE-TTTC - International Conference on Automation, Quality and Testing, Robotics
May 13 — 15, 2004, Cluj-Napoca, Romania

NEW FORMULATIONS ABOUT DYNAMIC ACCURACY IN ROBOTICS
Tuliu NEGREAN*, Dan-Calin NEGREAN**

*Technical University of Cluj-Napoca, Department of Mechanics and Computer Programming,
Bd. Muncii 103-105, Cluj-Napoca, Romania, Email address: inegrean@yahoo.com

**Technical University of Cluj-Napoca, Faculty of Automation and Computer Science, Str. Gh.
Baritiu 26, Cluj-Napoca, Romania, Email address. dcnegrean@yahoo.com

Abstract: The dynamic accuracy in Robotics is estimated by means of the dynamics errors. On
the one hand they are referring to the locating, velocities and accelerations. On the other hand the
dynamic errors are extended about the generalized dynamics forces. In this paper, new approach
of the dynamic accuracy based on the application of the matrix exponentials will be presented.
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1. INTRODUCTION

The assessment of dynamic accuracy performances, according to [1], is achieved by
means of the dynamic errors. According to [1] and [3], the dynamic errors refer to the
operational dynamics parameters leading to so-called locating (position-orientation)
dynamics errors, as well as the dynamics errors of operational velocities and accelerations.
Also, the dynamic errors refer to the generalized variables and dynamic control functions.

2. THE ROBOT DYNAMICS ACCURACY

The generalized equations of the dynamic accuracy are, symbolically, described

AQL?./ below by means of a few expressions, in

y keeping with the SimMEcROb Simulator. The
main symbols of the kinematics and dynamics

errors are shown in the Fig.1.

At first, the generalized matrix of the MD-type

errors 18 determined, as follows:
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where  A'ligx and A'[5qx are the error

Fig. 1 Dynamics Errors
matrices of the inertial and pseudo-inertial

tensor, while &y,pq is the column vector of the MD-type errors (mass distribution errors).
The generalized matrix of dynamic errors is determined and symbolically below shown as:
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where A, is the differentials of the dynamic matrices with respect to z,q, and gypq;

According to [1], the matrix equation for the inverse model of the dynamics errors is:

Vit = { AMSou(0); AMYprou (0} = B Epaarcs 3)
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The symbol {E%Qk} is devoted to transfer matrix of the dynamics errors, while Yy, is

answerable to 4 6mQ generalized driving forces and A Xy, operational variables.

» For estimate the dynamic accuracy the maximum-likelihood method is applied,
according to [1]. So, the maximum-likelihood function in a matrix form is written as:
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The covariant matrix Vy,q, answerable to the dynamic errors is determined as follows:
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The mean square erroroy,q , respectively the mean square weighted error % typical

of the mean of kinematic errors is calculated, as follows:
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Considering (23) the following expressions are written:

Tivaa<Ya <Tovaas Tivaa=|-Yad + 4 *vaq  Ovaqs Tva=TvaaM7:(1-aqls 4 =li~1j=1:{1;j=2}. (8)
They characterize the tolerance interval for the dynamic errorsYy. Therefore, the
expression (8) leads to the optimization of the dynamic accuracy to whatever robots.

3. CONCLUSIONS

The dynamic accuracy in Robotics is assessed by means of the dynamic errors.
They are referring to the locating, velocities and accelerations. On the other hand the
dynamic errors have been extended about the generalized dynamics forces. This paper is
devoted to new modeling based onto matrix exponentials in the dynamics accuracy. In the
same paper an optimization model based on maximum-likelihood method was applied.
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