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CALIBRATION OF RATE-SENSITIVE CONTROL SYSTEMS

Isaac Kurtz
The Hugh MacMillan Rehabilitation CentreIntroduction

Childress introduced the idea of using the time rate of change of the pr ocessed myoelectric signal
to select prosthetic function. Since then the rate-sensitive myoelectric control system has become a
commercially available option that allows amputees to control two prosthetic functions from a single
muscle site,. The purpose of this pilot study is to determine the effect of calibration parameter s on the
performance of a myoelectric rate-sensitive control system

In a rate-sensitive system the control parameter is a linear appr oximation of the rate of change of
the myoelectric signal root mean square (RMS). Prosthetic function is selected by comparing the measured
rate of change with a predetermined rate threshold. In order to avoid inadvertent activation of the
prosthesis while the controlling muscle is at rest, RMS signals below a minimum level threshold are
ignored Calibration of a rate-sensitive control system consists of setting the rate and level thresholds
and determining the time interval over which the signal's rate of change is measured,

Some commercially available rate-sensitive control systems allow the pi osthetist to adjust the gain
of the myoelectric signal which effectively determines the rate and level thresholds simultaneously.
Independent adjustment of these parameters is not possible Nor do these systems aLlow for adjusting
the time interval over which the measurement is taken

Objectives
In this study our specific objectives were to determine:

the rate threshold a.nd time step that would result in minimizing control error s and
whether the performance of a rate-sensitive control system could be significantly enhanced if the

rate threshold and time interval were determined independeAtly of the level threshold..

Method
Measurement of myoelectric signals fr om five normally-limbed subjects during the operation of a

rate-sensitive control system were taken The level threshold was set so that the prosthesis could be
operated with a light comfortable contraction. The mean and variance of the RMS signal from eight fast
and slow contractions was used to estimate the probability distribution of the rate estimate from each
subject A normal distribution was assumed

The tate threshold that would minimize the joint probability of misclassifying a slow contraction as
a fast contraction and a fast contraction as a slow contraction was calculated from the data. A typical
plot of the probability of correct classification of fast and slow contractions is shown in Figure 1. Assuming
the rate measurement is done 120 mS after the onset of a muscle contraction, the optimal threshold
occurs at the maximum of the product of the two distributions shown in Figure 1, apprcodmately 97 uW
s .The joint probability at the optimal threshold was then plotted as a function of the time interval used to
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make the rate measurement for each subject,. Figure 2 illustrates this process for Subject 2. The figure
shows that for this subject the optimal rate processor would achieve approximately 90% accuracy for a

rate measurement taken 100 ms following the onset of a contraction It should be noted, however, that
the accuracy is considerably reduced if the rate measurement is taken more than 10 ms prior to the

optimum time

Results
Preliminary data have led to the following conclusions:

The rate threshold that resulted in a minimum joint probability of misclassification of fast

and slow contractions was highly variable between subjects, ranging from 50uVis to 200 uV/s. While
the probability of misclassification was less than 10% for all subjects when the optimal rate threshold

was used, no single rate threshold would result in acceptable accuracy for all subjects.
The time últerval that resulted in a minimal probability of classification error was significant

but less critical. For tluee subjects, the probability of misclassification was less than 10% for any time
interval ranging from approximately 50 to 160 ms. For the other two subjects, acceptable accuracy was
possible for a narrower range of time intervals (90 to 105 ms and 70 to 100 ms).

The above data would indicate that the rate tlueshold in a rate-sensitive control system has a
significant effect on the usability of these systems and should be customized for the individual user The
time interval over which the rate meastutment is taken also has some effect on system performance but
acceptable performance could be obtained using a time interval of approximately 100 ms for all users

The setting of these parameters, however, is complex and may be difficult to perform in a clinical
setting,. This investigation, therefore, points to the need for the development of a rate-sensitive control

system that calibrates itself automatically to the user 's inputs by choosing a rate threshold and time

interval that minimize the probability of classification errors..
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