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INTRODUCTION 

Electricalmyography or myoelectric signal is used to voluntarily 
control current commercial electric prosthetic modules in the upper 
limb prosthetics. One of the technological questions that are rarely 
discussed is the assessment of fitting or tuning the EMG sensors to 
gain suitable and robust control signal. Such methods are mostly 
neglected by laboratory researchers because workable signals can be 
obtained through trial and error for short-period experiments, and for 
clinical use, humans are more adaptable then machines. However, the 
reliability of the interface is a key feature for promising everyday use 
of a device, and therefore, an assessment strategy and a design 
method for assembling a durable myoelectrically controlled prosthetic 
arm is expected. Furthermore, quantitative data is advisable for 
product design which requires robustness in long life use.  

In this paper, we applied a Quality Engineering technique [1] to 
investigate the factors in installing EMG sensors for generating 
activation (ON/OFF) control signal.  Eight influential factors on fitting 
surface EMG electrodes for prosthetic hand control were selected 
based on heuristics and De Luca’s relation diagram [2], and a 
multifactor experiment was conducted as a pilot test on a single able-
bodied subject. 
 
METHODS 

We applied an evaluation process of robust engineering, which is 
an experimental design method in the Quality Engineering, to assess 
the relationship of the factors that destabilize the EMG controller 
response. In this experiment, the main function of the EMG controller 
is defined as the response efficiency between the intended joint 
movement frequency and the controller’s output frequency, in which 
the ideal case is 1. As for the factors that influence the function, which 
are named control factors in QE, eight items were selected for the 
investigation: electrode contract pressure, electrode displacements 
toward long- and short- axes, sensor orientation, passband- and 
cutoff- frequencies of the low pass filter, window size of the enveloping 
process, and activation threshold. See Table 1 for description of the 
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control factors and their levels. Furthermore, three items were 
selected as noise factors. The noise factors determined in QE are items 
which cause variance of the system’s performance, but are clinically 
non-controllable. In this case, 1) with and without moisture on the skin 
at the electrode, 2) Heavy and light muscle fatigue, and 3) arm at 
body-side and front reach position, are selected as the 2-levels of the 
noise factors.  

Three-pole dry EMG sensors with differential amplifier (Personal-
EMG, Oisaka Electronic Device Ltd., Japan) were used as test 
instrument in the experiment, (IEMG Time Constant: 66 msec, CMR: 
104 dB). This system is capable of simultaneous recording and 
monitoring two EMG channels (Max. 8) with band eliminating filter of 
60 Hz, power frequency of West Japan. The myoelectric signals were 
sampled at 3 kHz with 12-bit AD converter and recorded. Then, the 
signals were processed offline with an IIR filter, enveloping algorithm, 
and discriminant function with activation theshhold.  

Before starting the experiment, Informed consent was obtained 
from the subject: a 22 year-of-age male with no-experience of EMG 
control in advance. His left arm, which is his non-dominant side, was 
used as the signal source. The EMG sensors were place on the surface 
above the extensor digitorum and flexor digitorum superficialis and 
fixed with an adhesive tape. During the trial, movement cycles of 45, 
60, 75, 90 ppm were presented as a beep sound from a digital 
metronome, while the EMG wave signals were visually feedback to the 
subject through a monitor. The trials were conducted with 15 second 
recording with minimum of 1-minute intervals. The time keeper count 
down the start and the subject was to continue a ‘flexion–reposition-
extension-reposition’ movement cycle as in Figure 1. Action potentials 
were confirmed as distinct signals during the 15-minute rehearsal of 
each movement cycles. The EMG signals of the Maximum Voluntary 
Contraction, were recorded before and after the test for each joint 
movement cycles.  

 
Table 1.  Control factors and level setting of the EMG control function 
  Level 1 Level 2 Level 3 
A Electrode contract pressure Firm Mild  
B Short-axis displacement  0 mm 3 mm 5mm 
C Long-axis displacement 0 mm 5 mm 10 mm 
D Sensor orientation 0 +5 deg. +10 deg. 
E LPF passband frequency 900 1000 1100 
F LPF cutoff frequency +10% +15% +20% 
G Enveloping window size 10 20 30 
H Activation threshold 8% MVC 10% MVC 12%MVC 
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Fig.1. Diagram of the Protocols for EMG recording trials in time series 

 
RESULTS 

With the configuration of 8 control factors as in Table 1, 
experimental conditions of 18 combinations of the control factors 
levels were generated by using a technique in experimental design 
method. The conditions were applied to the electrode on the Flexor 
muscle, while the extensor side remained unchanged. A mixture 
factors with 4 levels were created from the noise factor to reduce the 
experiment number. Consequently, with 4-level noise factors, 4-level 
input,  and 18 combination of control factor, total of 288 experiments 
were conducted. The maximum activation cycle time is computed from 
each result, and converted to frequency. SN ratio η, which is the 
reciprocal measurement of error variance, and sensitivity S , which is 
the coefficient value of the input-output relation, is computed based on 
defined functions for QE dynamic characteristics analysis. Diagrams in 
Figure 2 and 3 are obtained as the computed analysis result.  
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Fig. 2. SN ratio of the EMG controller function 
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Fig. 3. Sensitivity of the EMG controller function 

From “MEC '08 Measuring Success in Upper Limb Prosthetics,” Proceedings of the 2008 MyoElectric Controls/Powered Prosthetics 
Symposium, held in Fredericton, New Brunswick, Canada, August 13–15, 2008.

Distributed under a Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States License by 
UNB and the Institute of Biomedical Engineering, through a partnership with Duke University and the Open Prosthetics Project.



DISCUSSION  
From Figure 2, the three levels in D and B, which are the sensor 

orientation and sensor short-axis displacement, shows the largest 
difference among the levels. This results show that sensor oriented in 
the muscle fiber direction is most effective on stabilizing the response 
of the switching frequency. Moreover, the sharp declines in the sensor 
orientation results explains that precision is required or installation. 
The result of short-axis displacement illustrates that precision is 
require for locating the sensor, however the “V” curve is unexplainable 
at the moment. Possibility of the cause may be the electrode 
dimension, relation to the innervation zone, or other physiological 
causes. As for other control factors, the range of SN ratio are similar 
which means that there is no major order in setting these factors. The 
effect of A and G, which are the contract pressure and the widow size 
of the enveloping process has minimum influence to the function, and 
therefore, can be replaced by other prime factors or even omitted in 
later experiments. When taken together, a suitable condition of control 
factors can be chosen from the smallest SN ratio when the variance of 
the SN ratio is large, and for small SN ratio variance, the condition can 
be determined based on other criteria, such as sensitivity.  

The result of Figure 3 shows that all control factors’ sensitivities 
tend to cross or remain near zero-decibel. This means that our 
functional model of the input-output relation is effectual and can be 
adjusted to a suitable condition. When comparing the result among the 
factors, variance of E, F, and H are larger then the other. This 
describes that LPF design and the threshold value has strong effect on 
dissipating the response characteristic, therefore requires caution is 
selecting the parameter. 

To complete the experiment process of robust engineering, 
verification experiments are required to confirm the analyzed results 
and to prove that the selected suitable combination of the control 
factors’ conditions are capable of improving the robustness of the 
function. These experiments are planned in the near future. In addition, 
further testing on multiple subjects and regional differentiation will be 
our next target. 
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