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Abstract. While myoeletric signals (MES) have long been employed for
actuating hand prostheses, their potential as novel input for the inter-
action with computer systems has received little attention up until now.
In this contribution, we present RemoteHand, a system that fosters re-
mote device control through the transmission of myoelectric data over
WLAN. This allows to manipulate objects through the user’s muscle
activity regardless of their physical location. In our setup, a mechanical
hand is controlled through electromyographic (EMG) sensors placed over
the user’s forearm muscles. This approach is compared to a conventional
remote device control exercised by a tablet touchpad. The results of our
user study show that wireless interaction through myoelectric signals is
a valid approach. Study participants achieved interaction speeds equal
to those of a standard input method. Users especially value myoelectric
input with regard to novelty and stimulation.

Keywords: EMG, Myoelectric Signals, Prosthetic Hand, Remote Con-
trol, Wireless.

1 Introduction

Baseline work on employing myoelectric data for controlling upper limb prosthe-
ses dates back to 1948 [1]. Extensive research on MES processing has advanced
since, mostly with a focus on prosthesis control [2]. In this contribution, we
disclose a system for remote device interaction profiting from forearm muscle
activity. While an actual prosthetic hand serves as the device to be actuated
in immediate user-vicinity, our MES-based console opens new venues to inter-
act with computer systems. This aspect of EMG signal acquisition has only
received limited attention. Existing wireless EMG solutions are solely employed
for gathering the signal data on a computer for further analysis or do not focus
on MES exclusively. Our contribution presents a working, myoelectric control
system with data transmitted through a WLAN connection, thus removing lo-
cation constraints. With RemoteHand users are given the ability to remotely
control a mechanical hand, making it possible to utilize their muscle activity
for manipulating remote objects. Our user study shows, that wireless myoelec-
tric sensing presents an invaluable amelioration in human computer interaction.
On average, the participants achieved interaction speeds similar to or exceed-
ing an established touch interface. RemoteHand also received high user-ratings
regarding stimulating aspects and the novelty of the approach.
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2 Related Work

In this contribution, we focus on surface EMG electrode systems rather than
invasive subcutaneous, implanted sensors. Wireless EMG solutions applying sur-
face electrodes are commercially available from companies like BTS1 or DelSys2.
However, such system solutions focus on the analysis of EMG data with respect
to medical aspects. These products generally use a proprietary protocol for signal
transmission, excluding the disclosure of the measured data for another purpose
or subsequent processing with custom computer systems. Generally, such sys-
tems merely serve as preprocessing blocks and no control information is derived
from the myoeletric signal.

While mainstream research in EMG control targets the advancement of pros-
thetic devices, we explicitly consider EMG sensor data as a novel means for
human computer interaction. Augmenting interaction capabilites through my-
oelectric sensing was notably introduced by the artist Stelarc with an EMG-
controlled third hand in 1980 [3]. Research on EMG input for human computer
interaction has since only been deducted sparingly. Saponas et al. investigated
the overall feasibility of myo-induced interaction solely focusing on gesture recog-
nition [4]. They used eight sensors and only measured signals, not including an
interaction component for the user. In a subsequent publication, the authors
extend their approach to interactive systems and reveal a wireless EMG device
prototype [5]. The proposition for a wearable EMG forearm band has recently
resurfaced with the MYO band 3, which will additionally include accelerometers
as integral components [6]. It was announced to be released to the market at
the end of 2013, however shipping of final units is now planned for mid-20144.
Dubost and Tanaka employ EMG signals for interaction in musical performance
[7]. Other systems include myoelectric sensing as an additional input method [8]
or solely as a means to enhance interaction with an existing system [9] [10].

The RemoteHand prototype presented in this contribution enables wireless
network transmission of EMG control information, so that the object or device
to be interacted with can be physically distant from the user. Only standard
hardware components are employed in our setup. Furthermore, in contrast to
other approaches, our setup requires only two EMG sensors, reducing the amount
of time spent on sensor positioning. Finally, as in traditional prosthesis control,
we solely rely only on signal thresholding to derive control information without
the need for a system training phase.

3 Prototype

A typical forearm EMG signal of a wrist flexion is shown in Figure 2. The average
signal strength, as denoted by the RMS values, rises during muscle contraction

1 http://www.btsbioengineering.com/products/surface-emg/bts-freeemg/
2 http://www.delsys.com/Products/Wireless.html
3 https://www.thalmic.com/myo/
4 https://www.thalmic.com/en/myo/faq/

http://www.btsbioengineering.com/products/surface-emg/bts-freeemg/
http://www.delsys.com/Products/Wireless.html
https://www.thalmic.com/myo/
https://www.thalmic.com/en/myo/faq/
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Fig. 1. The prototype setup with Arduino-Boards, EMG-Amplifier, i-Pad and the

Michelangelo Hand
TM

by Otto Bock HealthCare

before returning to the background noise-level when the movement concludes.
This sensor signal, picked up by EMG sensors, is then amplified, processed and
sent over a wireless network connection for device control. The prototype is
displayed in Figure 1, showing the Bagnoli EMG sensor and amplifier system
manufactured by Delsys5, an Arduino Uno board with a Sparkfun WiFly shield,
an iPad with iOS 6, a second Arduino equipped with a Arduino WiFi and a
Sparkfun Bluetooth Mate Gold shield and the Michelangelo Hand

TM

furnished
by Otto Bock HealthCare. Not pictured is the WLAN access port that both the
iPad and the WiFi-Shield connect to. The amplified myoelectric sensor data is
connected to the analog inputs of the Arduino Uno with the mounted WiFly
shield. The Arduino samples the analog inputs at about 10kHz and sends out
RMS values to the iPad for each sensor with a window size of 32 values at a
rate of 63Hz. This reduces the amount of data to be transferred as well as the
processing power needed by the iOS app.

The RMS values are visualized in the app window shown in Figure 3. The
lines shown in the realtime graph denote the adjustable thresholds, set to a level
individual for each user, taking into account the background noise of the EMG
signal [11]. As soon as the sensor signal exceeds the threshold, corresponding
control commands are sent by the iPad app through the network to the second
Arduino bearing the WiFi shield. The control command is in the format required
by the Michelangelo Hand

TM

and transmitted through the Sparkfun Bluetooth
shield.

Users can control RemoteHand with three hand gestures exhibiting different
signal levels on the connected sensors: wrist flexion (high signal level on sensor
1 placed over the hand flexor muscles on the forearm), wrist extension (high
activity on sensor 2 placed over the extensor muscles) and a fist or open palm

5 http://www.delsys.com/Products/Bagnoli_Desktop.html

http://www.delsys.com/Products/Bagnoli_Desktop.html
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(a) EMG Signal
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(b) RMS values calculated from the EMG signal

Fig. 2. The EMG signal and derived RMS values for the hand extensor muscles during
wrist extension

gesture yielding a medium signal level on both sensors. Each of the first two
gestures activates a different hand movement or grip, starting from the resting
position. The hand remains in the selected grip or movement as long as the
signal exceeds the threshold. The third gesture, with medium signal levels on
both sensors, selects one of three modes, that can be accessed in the following
order:

– Hand: In this mode, the hand is open as long as both sensor signals are below
the threshold level. When exceeding the threshold, the hand closes either to
a pinch (sensor 1) or a lateral grip (sensor 2).

– Pronation/Supination: When the threshold is exceeded for sensor 1, the hand
is pronated, for sensor 2 the hand is supinated.

– Flexion/Extension: As soon as the threshold level for sensor 1 is reached,
the hand is flexed at the wrist. In case of level saturation for sensor 2, the
hand is extended at the wrist.

The iPad is also equipped with an app for touchpad interaction with the
Michelangelo Hand

TM

, serving as our baseline app for comparison with the my-
oelectric control. The corresponding control window is shown in Figure 4. The
application allows the same movements as the myoelectric app. When a hand
movement is activated and a movement speed is set with the slider, a corre-
sponding control command for the hand is generated and can be transmitted
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Fig. 3. iOS app displaying the myoelectric sensor data sampled by the Arduino

Fig. 4. The touchpad interface for controlling the Michelangelo Hand
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with the send button. The commands are again first received by the Arduino
WiFi shield and then transmitted to the hand through the Bluetooth shield.

4 User Study

To determine how users perceive EMG data for remote device control, we asked
a group of 10 able-bodied participants to perform a number of tasks with the fol-
lowing interaction options: a) using myoelectric data from the forearm, visualized
on an iPad and b) solving the task by employing only the iPad’s touch interface
without myoelectric sensing. The participants aged 21-37 were recruited among
students and research staff. Most of them studying or working in the field of com-
puter science. None of the probands had previous experience with myoelectric
device control. After a short introduction to the app and threshold adjustment,
the following tasks were assigned amid the study:

– Task 1 (Hand Close & Open): Starting from the open position, the hand was
to be closed and opened.

– Task 2 (Pronation & Supination): The hand was first to be rotated in one
and then in the opposite direction. The order of the pronation and supination
movements were not predetermined.

Each participant solved the tasks with both interaction options within a 30
minute time slot. The study was conducted with a 2x2 repeated-measures design.
All sessions were recorded on video for further reference and future enhancement
of the system. After completion of all tasks, the participants were asked to
fill the abbreviated version of the standardized User Experience Questionnaire
(UEQ)6 for both interaction types (touchpad and myoelectric). One open ended
item was added to the questionnaires prompting the participants to give further
impressions, comments or suggestions with regard to the interaction method.

5 Discussion

The study revealed, that it was a major challenge to find an appropriate thresh-
old when fitting the myoeletric control to the individual participant. Once the
sensors were in place, participants were able to quickly solve both assigned tasks.
As the second task required a mode change for the myoelectric control, it proved
more challgenging and error-prone. Three participants needed a second attempt
to carry out a positive change in mode. Two other participants experienced an
unwanted mode change on the first task. Only one error occured during the
use of the touchpad interface. The median task completion times with median
absolute deviation (MAD) are displayed in Figure 5. One outlier was removed
from task 1 with myoelectric control due to a value greater than three times
the standard deviation and one user was not able to complete task 2 with the
myoelectric control. Despite these errors, task completion times were similar for

6 http://www.ueq-online.org/

http://www.ueq-online.org/
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Fig. 5. Comparison of task completion times for both the myoelectric and the touchpad
interface

both interaction types. It is to note that the differences are not statistically sig-
nificant according to the applied paired samples t-test with p > 0.48 for each
one of the tasks. However, this formalized test setup proved the observations we
made during previous experiments with students and various probands.

The results of the UEQ are shown in Figure 6 with 95 percent confidence
intervals. Both interaction types received positive feedback from the users with
the myoelectric interation rating highly on stimulation and novelty. The lower
score for perspicuity might stem from the current issue of having to adjust level-
thresholds, which would probably be too difficult for a user to manage on their
own. Novel users typically require help from more experienced end-users. This
issue was also brought up by one participant in the corresponding questionnaire.
One test-person found, that the system required a high amount of muscle activity
for activation, which was likely caused by too strict threshold settings.

6 Conclusion and Future Work

In this paper, we presented RemoteHand, a wireless myoelectric interaction sys-
tem for manipulating remote objects or as input device for assisted or guided
steering applications. To validate the feasibility of the system, we conducted a
user study comparing the wireless control of an artificial hand through a tra-
ditional touchpad and a myoelectric interface. While task completion times did
not vary significantly between the two approaches, task completion for the my-
oelectric control included a period of error recovery for a number of users. By
increasing the number of operation states, the mode change option could be
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Fig. 6. Results of the UEQ for both interaction types

assigned to either the wrist flexion or the wrist extension gesture instead of
gestures with a medium signal level on both sensors. This could increase the
interaction speed as one of the participants in the study suggested. The results
from the UEQ clearly show, that participants rate the system high with regard to
the stimulating and novel aspects of this interaction type. These characteristics
make myoelectric control also an interesting interface for electronic games. Due
to the introduction of wireless transfer and on-par task completion times, other
applications for controlling distant objects can now be investigated. By employ-
ing a low cost EMG system like the Olimex EKG/EMG shield for the Arduino7,
hardware cost can be further reduced, yielding a setup which can be applied to a
wide range of scenarios. Implementing a method for automatic threshold setting
might improve the perspicuity rating of the system. Furthermore, as the study
has solely been conducted with able-bodied individuals, feasibility and potential
applications for increasing the interaction possibilities exhibited by computer
systems for actual prosthesis users cannot presently be estimated. As patients
usually undergo training for MES control of their prostheses [2], they are how-
ever already familiar with myoelectric interaction and preliminary training of
the interaction method is not necessary for this user group.

7 https://www.olimex.com/Products/Duino/Shields/SHIELD-EKG-EMG/

https://www.olimex.com/Products/Duino/Shields/SHIELD-EKG-EMG/
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