
  

 

Robust Detection of Surface Myoelectric Signal Using A Nonlinear Device 

Network for Intuitive Man-Machine Interface 

 
Yuki Inden, Kento Shirata, and Seiya Kasai 

 

Research Center for Integrated Quantum Electronics and Graduate School of Information Science & Technology, 

Hokkaido University 

N13, W8, Sapporo 060-8628, Japan 

Email: inden@rciqe.hokudai.ac.jp, kasai@rciqe.hokudai.ac.jp 

 

Abstract– Robust myoelectric signal detection using a 

nonlinear device network and its application to man-

machine interface are investigated. The detection system 

includes the Schmitt trigger network for detecting weak 

myoelectric signal using stochastic resonance (SR) effect 

together with multiple surface electrodes made of the 

carbon nanotube (CNT) composite papers. The system can 

robustly detect the signal even with extra motion of the 

body, whereas the conventional system suffers from large 

noise and cannot distinguish the signal in such case. The 

robot arm implementing the SR-based detection system is 

successfully controlled by the gesture of the subject even 

with his extra motion. 

 

1. Introduction 

 

Myoelectric signal is the active potential generated 

when the muscle is tensioned. The man-machine interface 

(MMI) applying the myoelectric signal can provide the 

intuitive machine control for the users: gesture control. 

Considering the easy use, the myoelectric signal should be 

taken from the surface of the body, instead of by the 

insertion of an electrode into the body. However, the 

signal generated inside the body is attenuated and is easily 

buried in noise. although the conventional detection 

technique successfully detects the weak myoelectric signal 

by differential amplification, it inevitably loses the 

function when the contact between the surface electrode 

and body is fluctuated. The concept of our technique is to 

detect the weak myoelectric signal using noise and 

fluctuation through stochastic resonance (SR), in which 

the response to the weak signal is optimized or enhanced 

by adding noise [1,2]. We demonstrate the robust 

myoelectric signal detection by the Schmitt trigger 

network causing the SR and its feasibility for the intuitive 

MMI through the robot arm control. So far, in the 

biological signal sensing research field, the SR was only 

investigated to enhance the sensitivity of the subject by 

adding noise to himself [5]. Recently our group achieved 

the high sensitive and robust myoelectric signal detection 

using the SR [3,4]. The contribution of this paper is the 

demonstration of the feasibility of our SR-based 

myoelectric signal detection system for the muscle tension 

detection, motion discrimination, and robot arm control.  

 

2. Myoelectric Signal Detection System 

 

Figure 1 shows our SR-based myoelectric signal 

detection system. The system integrates eight Schmitt 

triggers as nonlinear devices with hysteresis to cause the 

stochastic resonance. The devices form a summing 

network to obtain enhanced response in accordance with 

the framework of Collins's system [6]. The previous stage 

of the Schmitt trigger includes high pass filters (HPF) for 

offset canceling, a preamplifier, and a band elimination 

filter (BEF) for filtering 50 Hz ham noise. The second 

HPF prior to the Schmitt trigger is inserted to completely 

remove the offset fluctuation. Thus the imposed noise to 

the signal almost passes to the input of each Schmitt 

trigger. Each input of the first stage of the system is 

connected to a carbon nanotube composite paper 

(CNTcp)-based surface electrode. The performance of the 

CNTcp electrode is comparable to the conventional 

AgCl/Ag electrode, even with relatively high sheet 

resistivity [4]. The CNTcp electrode has advantages in the 

ease of processing, flexibility, soft texture, and disposable.  

The SR-based system essentially achieves the high 

signal-to-noise ratio (SNR) by the threshold transfer 

characteristic of the Schmitt trigger, similar to the high 

 
 

Fig. 1 SR-based myoelectric signal detection system. 
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SNR in the digital signal transmission. This signal 

truncation process is effective, because the intensity of the 

muscle tension is basically coded into the density of the 

action potential pulse train, not the amplitude of the pulse. 

On the other hand, the surface myoelectric signal is 

composed of the action potentials from many muscle 

fibers and the potential generated deep in the body is 

attenuated remarkably. The SR-based system detects such 

weakened signal using the stochastic resonance caused in 

the Schmitt trigger. The multiple surface electrodes 

average out the contact fluctuation that occurs in 

uncorrelated manner between the electrodes. We already 

confirmed that the SR can be caused on the aperiodic 

myoelectric signal in the nonlinear device [3]. 

 

3. Detection Characteristics 
 

Figure 2 shows the measured surface myoelectric 

signals using our technique and conventional bipolar lead 

technique. The signals were taken from the surface of the 

forearm of the subject without and with the movement of 

the shoulder as extra motion. The hysteresis width of each 

Schmitt trigger device was adjusted to be approximately 

100 mV. Without the shoulder motion, both techniques 

detect the myoelectric signal clearly. The output 

waveform of the SR-based system showed the pulses 

having mostly uniform height. However each pulse had 

different width: the amplitude of the original myoelectric 

signal was reflected in the width of the output pulse. In the 

case with the motion of the shoulder, the output from the 

conventional technique was tremendously disordered all 

the time and it was impossible to distinguish the 

myoelectric signal from the noisy waveform. The large 

noise in the bipolar lead was generated because the 

balance of the contacts of the two surface electrodes was 

broken and the fluctuation is not canceled out but 

amplified. On the other hand, our technique could 

successfully detect the myoelectric signal even with the 

motion of the shoulder. It should be noted that the noises 

generated from the contact fluctuation were uncorrelated 

between the electrodes and this provided a positive effect 

on the detection performance in terms of the stochastic 

resonance in the summing network [6].  

The observed waveforms show that high sensitivity and 

noise robustness of our system is attributed to the 

combination of the SR mechanism and the noise rejection 

by the double thresholds. Myoelectric signal is 

represented by the pulse train. Its bandwidth is 2 Hz ~ 10 

kHz and widely overlaps with that of the noise. 

Considering these points, rejection of the signal 

component out of the thresholds is a rational way 

compared to the filtering in the frequency domain. On the 

other hand, the weak myoelectric signal generated in the 

deep inside of the body will be filtered out when the noise 

is eliminated using a low pass filter (LPF). The SR 

mechanism helps to detect the such signal component.  

Table I summarizes the evaluated output SNRs for the 

various detection techniques. The unipolar lead detects the 

signal using one surface electrode and filters the noise 

using a low pass filter (LPF) with a linear amplifier. The 

performance of the commercially available device is also 

shown. The SR-based technique showed the highest SNR 

in the examined ones in both without and with the motion 

of the body. The myoelectric signal detector in the recent 

commercial myoelectric prosthesis has a very powerful 

dynamic filter that can detect the signal even in the motion 

of body. However it needs the learning process and takes 

much machine power for signal processing. Our technique 

can reduce such machine cost and is expected to give 

faster response. In addition, our technique can achieve 

high SNR comparable to that using the needle electrode. 

The surface electrode technique detects the signal from a 

bundle of the muscle fibers, whereas the needle electrode 

can detect the action potentials from a few muscle fibers. 

The former is appropriate for the MMI application and the 

latter is necessary for medical examination and analysis. 

 
Fig. 2 Myoelectric signals taken on the forearm of the 

subject (a) without and (b) with the motion of the 

shoulder. Bipolar lead is a conventional myoelectric 

signal detection technique. 

 

 
Table 1 Evaluated signal-to-noise ratio (SNR) for various 

surface myoelectric signal detection techniques. 
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Figure 3 shows the forearm tension dependence of the 

detected myoelectric signals. The tension was 

quantitatively measured using a hand dynamometer. The 

density of the action potentials obtained by the 

conventional technique was clearly changed depending on 

the strength of the tension. The output waveforms in the 

SR-based system also depended on the tension, however, 

the change was not so obvious as in the conventional 

technique when the tension was 30% and 50%. We 

evaluated the power of the obtained signal, PS. In the case 

of the conventional technique, PS for 30%, 50% and 70% 

was 1.36 V
2
, 2.16 V

2
, and 7.17 V

2
, respectively. On the 

other hand, in the case of the SR-based technique, PS for 

30%, 50% and 70% was 4.70 V
2
, 5.77 V

2
, and 6.35 V

2
, 

respectively. These results showed that PS in the SR-based 

technique gave linear response compared to the 

conventional technique. The SR-based technique has 

possibility to detect weak tension better than the 

conventional technique. 

 

4. Motion Identification 

 

For the MMI by gesture control, it is necessary to 

discriminate and identify the various motions. Physiology 

suggests that a person has various muscles and each 

motion of the subject is attributed to the different muscle. 

Therefore the identification is achieved by analyzing the 

myoelectric signals taken from several surface electrodes 

on the appropriate positions of the body. We examined the 

identification of the wrist motion, palmar and dorsal 

flexion, using our detection system. Mainly two different 

muscles contribute to the two motions of the wrist. Then 

the two multiple surface electrode arrays, electrodes A and 

B, were attached on the forearm near the related muscle 

positions as shown in Fig. 4 and the signals were taken 

using the two detectors independently. Measured 

waveforms are shown in Fig. 5. When the palmar flexion 

took place, the myoelectric signal was induced only in the 

electrode A. On the other hand the signal was induced in 

the electrode B when the dorsal flexion took place. Then 

the wrist movement was identified by evaluating the 

difference of the two myoelectric signal power. We found 

that the SR-based system gave clear power difference 

between the two wrist motion compared to that of the 

conventional bipolar detection system. 

 

 

5. Robot Arm Control 

 

To demonstrate the feasibility of the SR-based 

myoelectric signal detection technique for the robust MMI, 

we designed the robot arm control system implementing 

the SR-based detection technique as shown in Fig. 6(a). 

This system consisted of two detectors together with a 

microcomputer. The system identified the two motions of 

the wrist, palmar and dorsal flexion. In accordance with 

the identified motion of the subject as described in the 

previous section, the wrist of the robot arm moved upward 

or downward. The CNTcp-based surface electrode array 

was easily attached to the arm of the subject using an arm 

band, without electrolytic paste and tight binding. A 

snapshot of the demonstration is shown in Fig. 6(b) (the 

 
Fig. 4 Setup for motion identification 

 
Fig. 5 Measured myoelectric signals in surface electrodes 

A and B for (a) dorsal flex and (b) palmar flexion. 

 
Fig. 3 Forearm tension dependence of myoelectric signals 

by SR-based and conventional bipolar lead techniques for 

tension (a) 30%, (b) 50% and (c) 70%. 
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movie of this experiment will be shown at the 

presentation). The robot arm could be correctly controlled 

in accordance with the motion of the wrist of the subject. 

In addition, such controllability was maintained even with 

the extra motion of the shoulder, whereas the system using 

the conventional technique became uncontrollable in such 

case. The obtained results demonstrated the feasibility of 

our technique for the robust MMI. 

 

 

6. Conclusions 

 

Robust detection of the myoelectric signal using a 8 

Schmitt trigger summing network and its application to 

man-machine interface were presented. Weak myoelectric 

signal was detected using the stochastic resonance in the 

Schmitt trigger network together with multiple surface 

electrodes made of the carbon nanotube (CNT) composite 

papers. The SR-based system could robustly detect the 

signal even with extra motion of the body, although the 

conventional system missed the signal in such case. The 

feasibility of the SR-based myoelectric signal detection 

system for the intuitive MMI was demonstrated by the 

robust control of the robot arm implementing the SR-

based system. 

 

Acknowledgments 

 

The authors thank Mr. H. Nakamura, Mr. Y. Hagiwara, 

and Mr. S. Kaeriyama of STARC for their valuable 

discussions and supports. They also thank Prof. T. Oya of 

Yokohama National University and KJ Specialty Paper Co. 

Ltd. for providing CNT-based materials. This work is 

partly supported by STARC program and a Grant-in-Aid 

for Scientific Research on Innovative Areas “Molecular 

Architectonics” (#25110001 and #25110013) from the 

MEXT, Japan. 

 

References 

 

[1] R. Benzi, G. Parisi, A. Sutera, and A. Vulpiani, 

"Stochastic resonance in climatic change," Tellus, vol.34, 

pp.10-18, 1982. 

[2] L. Gammaitoni, P. Hänggi, P. Jung, and F. Marchesoni, 

"Stochastic resonance," Rev. Mod. Phys., vol.70, pp.223-

287, 1998 

[3] Y. Imai, M. Sato, T. Tanaka, S. Kasai, Y. Hagiwara, H. 

Ishizaki, S. Kuwabara, and T. Arakawa, "Detection of 

weak biological signal utilizing stochastic resonance in a 

GaAs-based nanowire FET and its parallel summing 

network," Jpn. J. Appl. Phys. vol.53, pp.06JE01.1-6, 2014. 

[4] K Shirata, Y. Inden, S. Kasai, T. Oya, Y. Hagiwara, S. 

Kaeriyama, and H. Nakamura, "Robust myoelectric signal 

detection based on stochastic resonance using multiple-

surface-electrode array made of carbon nanotube 

composite paper," Jpn. J. Appl. Phys., vol.55, 

pp.04EM07.1-5, 2016. 

[5] Y. Kurita, M. Shinohara and J. Ueda, "Wearable 

Sensorimotor Enhancer for a Fingertip based on 

Stochastic Resonance," the 2011 IEEE International 

Conference on Robotics and Automation (ICRA 2011) 

pp.3790-3795, May 9-13, Shanghai, China, 2011. 

[6] J. J. Collins, C. C. Chow and T. T. Imhoff, "Stochastic 

resonance without tuning," Nature, vol.376, pp.236-238, 

2002. 

 

 
 

Fig. 6 (a) Diagram of the robot arm control system 

and (b) snapshot of the demonstration. 
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