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Abstract In this paper, to overcome the inevitable phase delay due to pre filtering techniques and
electromechanical delay in the procedure of pathological tremor compensation, a machine learning
technique based on fuzzy logic and neural networks (adaptive neuro fuzzy inference system (ANFIS)) is
employed. Experimental evaluation on tremor data is performed with data acquired from eight patients.
Results show that ANFIS provides good performance in comparison with existing methods.

I. Introduction

Pathological tremor is defined as an involuntary and approximately rhythmic oscillations of a body part [1].
Pathological is one of the serious disabling forms of tremors and often accompanies with aging. Although
pathological tremor is not a life threatening disorder, but it hampers the ability of individual to perform
daily living activities like drinking water with a glass, unlock the door with a key etc. Further, the inability
due to tremor leads to social embarrassment [1]. To compensate the functional disability (tremor) thereby
to improve the quality of life, several pharmaceutical and surgical therapies are developed. The methods
have their limitations and side effects. So, an effective treatment that can compensate tremor accurately yet
to be developed.

Over the last decade, considerable research has been focussed on developing active pathological tremor
compensation techniques in real time [3], [4], [6], [7]. One such approach is compensating pathological
tremor by stimulating the relevant muscle groups with appropriate electric pulses thru functional electrical
stimulator (FES) [3]. For example, consider hand supination pronation muscle group, if tremor is due to the
supination muscle group necessary electric pulses will be provided to pronation muscle group to counteract
the involuntary movement, and viceversa. To compensate the tremor, a wearable device named as WOTAS
(wearable orthosis for tremor assessment and suppression) was developed by using a feedback controlled
FES.

The efficacy of the wearable devices depends on the accurate and zero phase delay filtering of tremulous
motion from the whole motion. In the tremor compensation procedure with FES, a delay of approximately
80 ms was identified. The major source for the delay is electromechanical delay (EMD), defined as the delay
between the onset of activation of muscle and the detection of movement [2]. As a result of several studies,
the EMD was identified in the range of 50 60 ms [2]. The other source for delay is the pre filtering stage
which is used to separate the voluntary motion and tremulous motion from the whole sensed motion [7].
On a whole, a latency of 80 ms was inevitable in the procedure and this delay adversely affects the tremor
compensation accuracy.

To overcome the phase delay limitation, multi step prediction with harmonic method and Autoregressive
method was proposed in [4]. The developed methods yield accurate prediction with periodic signals. Owing
to the quasi periodic nature of the tremor signals, prediction accuracy with the above methods is rather
limited. To further enhance the prediction capabilities, in this work, we employed a machine learning
technique, adaptive neuro fuzzy inference system (ANFIS). ANFIS has been recently popular as an effective
method for time series prediction, function estimation, system identification and classification problems.
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error obtained with ANFIS for comparison. The prediction accuracy obtained for subject #1 is 49:21 § 1:21%.
The average prediction accuracy obtained over all subjects and trials for 60 ms prediction length is 50 § 2%
and 80 ms prediction length is 45:25 § 5%.

IV. Conclusions

In this paper, ANFIS is employed for multi step prediction of pathological tremor to overcome the phased
delay and to improve the performance. The performance of ANFIS was experimentally assessed with the
tremor data collected from eight patients. An average prediciton accuracy of 50§2% is obtained with the
multi step prediction with ANFIS for 60 ms ahead prediction and an average accuracy of 45:25 § 5% is
obtained for prediction length 80 ms.
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