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Abstract² We are developing a new class of Brain-Computer 

Interface that we call a Brain-Muscle-Computer Interface, in 

which surface electromyography (sEMG) recordings from a 

single muscle site are used to control the movement of a cursor. 

Previous work in our laboratory has established that subjects 

can learn to navigate a cursor to targets by manipulating the 

sEMG from a head muscle (the Auricularis Superior).  Subjects 

achieved two-dimensional control of the cursor by 

simultaneously regulating the power in two frequency bands 

that were chosen to suit the individuals. The purposes of the 

current pilot study were to investigate �L�� VXEMHFWV¶ abilities to 

manipulate power in separate frequency bands in other muscles 

of the body and (ii) whether subjects can adapt to preselected 

frequency bands. We report pilot study data suggesting that 

subjects can learn to perform cursor-to-target tasks on a mobile 

phone by contracting the Extensor Pollicis Longus (a muscle 

located on the wrist) using frequency bands that are the same 

for every individual. After the completion of a short training 

protocol of less than 30 minutes, three subjects achieved 83%, 

60% and 60% accuracies (with mean time-to-targets of 3.4 s, 

1.4 s and 2.7 s respectively). All three subjects improved their 

performance, and two subjects decreased their time-to-targets 

following training. These results suggest that subjects may be 

able to use the Extensor Pollicis Longus to control the BMCI 

and adapt to preselected frequency bands. Further testing will 

more conclusively investigate these preliminary findings. 
 

I. INTRODUCTION 

General advances in technology are paving the path for 
rapid development of tools that allow communication 
between the brain and its external environment. Such tools, 
referred to as Brain-Computer Interfaces (BCI), have the 
potential to help severely paralyzed individuals and 
amputees gain some independence by using their brains to 
manipulate their physical surroundings. Thus far, BCIs have 
been primarily based on non-invasive electro-
encephalography (EEG) and invasive electrocorticography 
(ECoG) readings (measures of electrical activity from the 
brain recorded on the surface of the head and beneath the 
scull respectively) [1]. Individuals learn to use these devices 
through a combination of operant conditioning and machine 

 
  

 

adaptation [2]. Here we report continued findings from a 
novel BCI device based on non-invasive surface 
electromyography (sEMG) readings that we call a Brain-
Muscle-Computer Interface (BMCI). BMCIs work by 
processing electrical signals that are transmitted from the 
brain to the muscle when a surface muscle is contracted. 
Essentially, we use a muscle site as an electrical signal 
generation device.  

sEMG signals have been widely used as a basis for 

controlling prostheses, where sensors are placed at multiple 

intact muscle locations to control different aspects of a 

prosthetic device [3],[4]. Typically, one control channel is 

achieved per muscle. A major benefit of our device is that 

more than one simultaneous control channel can be obtained 

from a single recording site.  Previous case studies in our 

laboratory have shown that subjects can learn to perform 

cursor-to-target tasks on a laptop screen by contracting the 

Auricularis Superior (AS) muscle located above the ear [5]. 

Learning was achieved through operant conditioning and 

machine adaptation comparable to standard BCI protocols. 

The AS muscle was chosen because it has no known function 

in humans (some animals use the equivalent muscle to orient 

the ear towards sound sources [6]) and therefore contracting 

it does not interfere with other important actions, such as 

speaking or directing eye-gaze. More importantly, the AS 

muscle is typically accessible even for individuals with the 

most severe neck-down paralysis ± the main intended user 

group of BCIs. The results of the previous study established 

that subjects can be trained to achieve two-dimensional 

control of a cursor by manipulating the power in two 

frequency bands while contracting the AS. This skill is not 

required when ordinarily contracting a muscle, and is not 

dependent on a specific muscle movement. The frequency 

bands in our previous studies were identified following a 

series of correlations between powers within certain bands 

during a pre-training test, and hence differed for each 

individual subject [5].  

 

In the present pilot study we used a newly developed 
portable Android mobile phone version of the BMCI system 
[7] to address two important questions: (i) is the process of 
identifying personalized frequency bands in fact necessary, 
or are indiviGXDOV�DEOH� WR�µWXQH�LQ¶�WR any preselected bands 
within the sEMG frequency spectrum? and (ii) can other 
muscles of the body be used to control the BMCI? We aimed 
to answer these questions by training subjects to use 
frequency bands that were selected prior to testing rather 
than tailored to each individual. To address the second 
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(Xpos=1, Ypos=1), which is defined as the upper right 
corner of the phone screen. The cursor position can also be 
scaled according to Effortx and Efforty parameters that vary 
from 0-1 and can be adjusted with on-screen commands. 
These Effortx and Efforty values allow more or less muscle 
contraction effort to be exerted for the same cursor effect.  
Effortx=1 and Efforty=1 indicates that full maximal 
contraction will be required to place the cursor in the upper 
right hand corner of the phone screen. However, these values 
are nominally set near 0.15 to minimize muscle fatigue. 
AlVR�� LI� WKH� XVHU¶V� PXVFOH� FRQGLWLRQ� DQG� DELOLWLHV� DUH� VXFK�
that the ability to move the cursor favors one direction over 
the other, the Effortx and Efforty can be independently 
adjusted to equalize control authority in both directions. In 
the current experiment, the researchers adjusted the effort 
settings for one of the subjects once during training (but not 
during pre-test and post-test) when he appeared to develop 
persistent difficulties moving in one specific direction. 

D. Testing Protocol  

A Graphical User Interface (GUI) was developed to 
provide feedback cue information to the subjects about the 
position of the cursor on the mobile phone screen. The GUI 
was saved as an application consisting of a number of 
screens that the subjects were guided through one at the time. 
The first few screens allowed the raw signal to be visually 
inspected and calibration to be carried out.  

Before training, subjects performed a ³pre-test´ of 30 
trials (contractions). A black circular cursor was present on 
the screen, and the FXUVRU¶V�SRVLWLRQ�ZDV�GHWHUPLQHG�E\� WKH�
VXEMHFW¶V� PXVFOH� FRQWUDFWLRQV�� 7KH� FXUVRU¶V� VWDUWLQJ� SRLQW�
ZDV� WKH�JUH\� DUHD� LQ� WKH�ERWWRP� OHIW� FRUQHU� �WKH� µUHVW�DUHD¶��
and the cursor always returned to this position when the 
muscle relaxed. On each trial, a circular target (equivalent to 
1% of the total size of the screen) appeared in one of three 
locations of the screen at random. Each target location was 
displayed 10 times. The subject was instructed to direct the 
cursor to the target, and if hit, the target turned yellow. The 
subject then relaxed to return to the rest area. If a target was 
not hit within eight seconds, the trial was terminated and the 
cursor was placed in the rest area. A trial was defined as 
successful if the target was hit within eight seconds and 
unsuccessful if the subject returned the cursor to the rest area 
without hitting the target or the trial timed out. Each time the 
cursor returned to rest, it froze for two seconds in order to 
enforce a short break between trials. 

The training protocol ZDV�EDVHG�RQ�µVKDSLQJ¶��D�IRUP�RI�
operant conditioning), in which subjects were required to hit 
gradually smaller targets (see Fig. 3). The three target sizes 
were large, medium and small (4%, 2% and 1% of screen 
size respectively). At the first stage of training, subjects 
learned the path to each target location one at a time. Initially 
the target was large, and the size decreased to medium when 
the subject hit the target successfully four times out of the 
last five trials. When the medium target was hit four times 
out of the last five trials, the target size decreased to small 
(equivalent to the size during pre-test). When the small target 
was hit four times out of the last five trials, training on the 

first target was complete and the subject performed the task 
for the remaining two targets.  

The next stage of training used shaping as detailed above, 
but the targets were randomly presented among any of the 
three target locations. The target size started out large and 
became medium when the subject hit the target eight out of 
the last 10 trials. When the medium target was hit eight out 
of the last 10 trials, the target became small.  Finally, the 
subject had to hit the small target 16 out of the last 20 trials 
to complete training. When this had been achieved, subjects 
performed a ³post-test´, which was exactly the same format 
as the pre-test (with 30 randomly presented targets at 
smallest size), to evaluate potential training benefits. 

 

 

 

 

 

 

 

 

 

III. RESULTS 

A. Hit Rates and Time-to-Target 

(DFK�VXEMHFW¶V�SHUIRUPDQFe on the pre- and post-tests are 
summarized in Table 1. As can be seen in the second 
FROXPQ�� WKH� VXEMHFWV¶� SUH-test performances were in the 
range of 50-67%. Subject 1 demonstrated a 16% increase in 
performance on the post-test compared to the pre-test, 
however the time-to-target (TT) increased by 0.9 s. Subject 
2¶V�SHUIRUPDQFH�ZDV�ORZHU�WKDQ�that of Subject 1 on both the 
pre- and post-test. Performance did, however improve by 
10% and TT decreased by 1.4 s. Subject 3 had a higher pre-
test score than Subject 2, and improved her score slightly on 
the post-test. TT also decreased marginally, suggesting that 
she moved more efficiently to the targets following training, 
but overall learning appeared to be minimal.     

B. Cursor Trajectories 

Example cursor trajectories from post-test are shown for 
each subject in Fig. 4. The illustrated trials were all 
successful hits that had corresponding TTs within one 
standard deviation of the mean for each respective subject. 
Subjects 1 and 2, who demonstrated the highest performance 
scores, also seemed to produce the most direct trajectories. 
As can be seen in the middle plot, Subject 2 missed the top 
left target on her first try and then proceeded to drop the 
cursor over it. This appeared to be a common strategy among 

Fig. 3. Screen shots of the android phone. Left: large target in first target 

location. The number on the target signifies the number of times the target 

has to be hit before passing the level. The cursor is positioned in the grey 

rest area in the bottom left corner of the screen. Middle: medium target in 

target location two. Right: small target in target location three. The target 

has just been hit by the cursor and is therefore yellow. The number 

indicates the time-to-target in seconds. 
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One possible weakness of our design is that we set the 
criterion too low for passing training, so subjects had not 
reached a stable performance at 80% by the time they 
completed the post-test. This is presumably one reason why 
Subject 2 and 3 performed as low as 60% on post-test. 
Examination of the last stage of training revealed that these 
two subjects demonstrated higher performance levels just 
preceding post-test than during the post-test (67% and 64%). 
The numbers of trials contributing to the average training 
score were much higher compared to those contributing to 
the post-test score (95 and 75 versus 30) and therefore 
possibly represent more precise measures RI� WKH� VXEMHFWV¶�
abilities. Furthermore, it cannot be ruled out that subjects 
were experiencing mental and/or physical fatigue toward the 
end of the session which could also have deflated the post-
test scores. On a similar note, we are concerned that the 
format of our assessment procedure might have caused the 
subjects to feel unnecessary stress. In future protocols we 
plan to avoid a clear distinction between training and 
assessment in an attempt to remove the negative pressure we 
might have imposed on our subjects. 

,Q� IXWXUH� SURWRFROV� ZH� DOVR� LQWHQG� WR� LQWURGXFH� D� µQXOO-
WHVW¶�� ZKLFK� ZLOO� SURYLGH� DQ� HVWLPDWH� RI� VXEMHFW¶V�
performance rate during random (i.e. non-target directed) 
FXUVRU� PRYHPHQW�� $OWKRXJK� LQVSHFWLRQV� RI� WKH� VXEMHFWV¶�
accuracy scores during pre-test seem to suggest some level 
of control even before training, it is difficult to make this 
assessment without any knowledge of how many targets the 
subjects are likely to hit when they move in a random 
fashion. We expect that if individuals have the general ability 
to maneuver a cursor (albeit not in a controlled manner), 
then they will be able to hit some targets ± but the 
trajectories should be chaotic and TT higher compared to 
conditions under which they direct the cursor intentionally. 

As the subjects appeared to move around the screen with 
relative ease, it was not necessary to adjust the X- and Y-
effort settings more than once during training in this 
experiment. As explained above, the need to do so appeared 
when one subject developed difficulties moving to a specific 
target location during the first stage of training. It is unclear 
whether the adjustment was in fact necessary and if the 
subject would eventually have overcome his difficulties 
without system adaptation. There is some evidence to 
suggest that the power in the frequency spectrum shifts 
towards lower values during fatigue [9], [10] (later studies 
have disputed spectral shift as a general property of all 
fatigue [11]). If this shifting is the reason behind the sudden 
difficulty in reaching certain areas of the screen then it is 
surprising that it was only the subject who carried out the 
fewest trials that experienced it. Also, it is surprising that it 
happened so early in the experiment (10 minutes into 
training) and only once. An alternative explanation is that 
Subject 1 experienced some kind of learning interference 
[12] due to the format of the first stage of the training 
protocol. The concept of co-adaptation is generally well-
known and accepted within the BCI research community [2] 
and one important aim for the future is to develop devices 
which achieve optimized co-adaptation from an automated 
procedure.  

V. CONCLUSION 

The pilot study reported here demonstrates that subjects 

may be able to learn to navigate a cursor to goal targets by 

manipulating the sEMG signal recorded from one single 

muscle site located on the surface of the Extensor Pollicis 

Longus. This finding suggests that muscles other than the 

Auricularis Superior may be used to control our BMCI. 

Furthermore, our results show that subjects may be able to 

adapt to using preselected frequency bands, suggesting a 

flexible learning system. The pilot tests also highlighted 

improvements we should implement in our current protocol 

for future investigations. 
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