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Abstract ² A couple of studies have been conducted with 
able-bodied subjects and/or arm amputees to investigate the 
impact of arm position changes in the practical use of a 
multifunctional myoelectric prosthesis. The classification 
accuracy calculated offline from electromyography (EMG) 
recordings was used as a performance metric in these studies, 
which is not a true measure of real-time control performance. In 
this study, the influence of arm position changes on the real-time 
performance of EMG pattern recognition (EMG-PR) control 
was quantitatively evaluated with four real-time metrics 
including motion response time, motion completion time, 
motion completion rate, and dynamic efficiency. Ten 
able-bodied subjects participated in the study and a cascade 
classifier built with both EMG and mechanomyogram (MMG) 
recordings was proposed to reduce the impact of arm position 
variation. The pilot results showed that arm position changes 
would substantially affect the real-time performance of EMG 
pattern-recognition based prosthesis control. Using a cascade 
classifier could significantly increase the average real-time 
completion rate (p-value<0.01). This suggests that the proposed 
cascade classifier may have potential to reduce the influence of 
arm position variation on the real-time control performance of a 
prosthesis. 

I. INTRODUCTION 

Commercially available upper limb myoelectric prostheses 

are commonly controlled with the amplitude of EMG signals. 

Due to the limited functionality and the lack of intuitive 

control [1-2], current myoelectric prostheses are often 

discarded by users. In order to improve the control 

performance of myoelectric prostheses, EMG-PR based 

prosthetic control approaches have been proposed for a 

couple of decades and well investigated with many research 

groups worldwide [3-15]. These studies have showed that 

EMG-PR based control methods have the potential to allow 

users for easier and natural control of myoelectric prostheses 

with multiple degrees of freedom. Most previous efforts 

concentrated on evaluating the capability of EMG-PR 

algorithms in classifying a number of motion classes involved 
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in amputated arms in an ideal laboratory setting. Recently, 

some disparities between a laboratory setting and practical 

use of a myoelectric prosthesis have also caught much more 

attentions of the research groups. The effects of some issues 

that would be inevitably encountered in the clinical setting on 

control performance of myoelectric prostheses have been 

investigated [7-9]. For instance, Tkach et al. investigated the 

effect of EMG signal changes due to recording condition alter 

such as electrode location shift, muscle contraction variation, 

and muscle fatigue overtime [7], Simon et al. reported the use 

of decision-based velocity ramp that could attenuate 

movement speed after a change in classifier decision [8], and 

Young et al. investigated how the size of the electrode 

detection surface and the electrode orientation affect the 

robustness of EMG pattern recognition based prosthesis 

control system [9].  

Another important disparity between a laboratory setting 

and a practical setting is the arm position changes. In most of 

previous investigations, EMG signals recorded in one 

specific arm position were used to train and then test a motion 

classifier. Thus the high classification accuracy could be 

often achieved in this experimental setting. However, when 

doing a movement in different arm positions from the specific 

training position, the EMG recording patterns would be 

changed, resulting in the decrease of motion classification 

accuracy. Recently, a couple of research groups have 

conducted the studies with able-bodied subjects and/or arm 

amputees to evaluate the effects of arm position variation on 

the classification performance and propose some methods to 

reduce this kind of effect [10-12]. These findings indicated 

that the influence of arm position changes on the motion 

classification performance was significant and some methods 

could diminish their impact.  

As usual, these previous studies used classification 

accuracy (or error) as a performance metric to assess the 

influence of arm position variation on prosthetic control 

performance. It is important to note that the classification 

accuracy is the ability of a classifier to identify a desired 

motion class while a subject holds different movements for 

several seconds. The offline accuracy is calculated by 

post-processing EMG recordings, not a true measure of 

real-time control performance of prosthesis. Thus, it remains 

unclear how the arm position variation affects the control 

performance of myoelectric prosthetic system in real-time 

operation. Furthermore, real-time performance metrics are 

required to examine the clinical robustness and accuracy of 

pattern recognition control. 

In this study, we first investigated the effect of diverse arm 

positions on the real-time control performance of 
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