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Abstract – Theideafor an interfaceallowing to com-
municatewith a computerby certain musclecontrac-
tions– i.e. by wilfully altering themuscletone– is pre-
sented. Such a systemwould makeit possibleto per-
form all sortsof computer-controllable actionsjust by
raisingtheeyebrow, i.e. almosteffortlessly. Possibleap-
plicationsincludewriting e-mails,navigatingin a web
browser, or workingwith varioussoftwareapplications.
The musclecontractionscan be detectedin a robust
way, almostinsensitiveto any kind of noise,so an in-
terfacedevice basedon the muscletonecould also be
usedto control movingobjects,such asa mobilerobot
or anelectricalwheelchair, which couldbeof greathelp
for personswith disabilities.Of course,thismightoffer
an alternativefor able-bodiedpersonsaswell, e.g. for
controlling homeentertainmentapplianceslike TV sets
or CD players.
Keywords – Human-ComputerInteraction, Brain-
ComputerInterface,EEGAnalysis,BiosignalInterpre-
tation,EMGSignal.

1 Introduction

The standardway of communicatingwith a com-
puteris by usingakeyboardanda mouse.This re-
quiresthereliableuseof thehands,though,andis
thereforeinappropriatefor personssuffering from
severephysicaldisabilities.

Someneurologicaldiseases,e.g. amyotrophic
lateral sclerosis(ALS), can end in a so-called
“locked–in”state,asituationwherea patient’smo-
bile mind is locked in an immobilebody. In ad-
dition to not beingable to usetheir hands,those
patientsareunableto speak,so any kind of voice
recognitionsystemcannotimprove their situation
either.

Biosignal interfaces– allowing to control a
computerby intentionally alteringcertainsignals

associatedwith differentbodily functions– repre-
sentalternativecommunicationchannels.

It will be shown in this paperthatan interface
basedon musclecontractionsrequiresthe reliable
control over onesinglemuscleonly. If a patient
canproduceasimplemuscletensionatwill, e.g.by
clenchingthe teeth,raisingthe eyebrow or blink-
ing with theeye,heor sheis ableto usethekind of
systemslaid outhere.

This meansthat such a systemrepresentsan
effective alternative for physically disabledpeo-
ple. In addition,aswill alsobe discussedbelow,
a muscle-basedinterfacesystemcan be an assis-
tivedevice for able-bodiedpersons,with anample
numberof possibleapplications.

Theremainderof thispaperis organizedasfol-
lows. Section2 containsa discussionof related
work andis designedto furthermotivatewhy there
is a needfor a new kind of biosignalsystem.Sec-
tion 3 presentsthearchitectureof abiosignalinter-
facein generalandtheideafor a systembasedon
musclecontrol in particular. Section4 thentalks
aboutpossibletargetapplicationsof suchasystem,
andsection5 concludesthepaperwith ashortsum-
maryandsomethoughtson futurework.

2 Related Work

A number of alternative input methods,which
somehow deviate from thestandardkeyboardand
mouseapproach,have beenreportedin the litera-
ture.

The purposeof any suchdevice is to provide
a way of communicatingwith a computerwithout
the useof the hands. The input channelfor such
an alternative interfaceis often basedon time se-



ries representingmeasurementsof certainbiolog-
ical functions. The most importantbiosignalsin
this respectare relatedto brain-waves(measured
e.g. with an EEG machine)and eye movements
(whicharethesourceof EOGsignals).

The first and most popular example is rep-
resentedby a so-calledbrain-computerinterface
(BCI), i.e. a systeminspectingthe brain-electrical
activity (theEEG)of a subjectandgeneratingout-
put commandsbasedon patternsrecognizedby a
computer(theideahaving its origin in [1]).

Therearemany groupsof researchersdealing
with the developmentof a BCI, and the number
of such groups seemsto grow every year (e.g.
[2, 3, 4, 5, 6]).

For instance,the group around Wolpaw and
McFarland[7, 8] developeda BCI basedonthe8–
12 Hz mu rhythmactivity in theEEG.They made
useof the fact that humansareable to (learn to)
controltheirmurhythm.Theamplitudesof themu
rhythmrecordedfrom subjects’scalpsweretrans-
lated into one- or two-dimensionalcursormove-
ments(on a videoscreen)– with anaccuracy of at
most70%in thetwo-dimensionalcase.

Anotherapproachis the work of Birbaumeret
al. [9] which recordsandanalyzesthe EEG of a
subject. That device tries to detectslow cortical
potentials(SCP’s) – representinga certainkind of
polarizationsin the EEG – andsincehumanscan
learnto regulatetheir SCP’s voluntarily afterpro-
longedbio-feedbacktraining, the subjectcan in-
tentionallyselectcharactersby varying his or her
brain-waves (seealso [10]). The systemis very
sensitive to noise,though,anda lot of carehasto
betakenin orderto copewith that[11].

Pfurtschellerandhis colleagues[12, 13] used
neuralnetworkclassifiersto analyzethe subject’s
EEG activity. The network’s taskwasto find out
whichof threedifferentmovementswasperformed
(or only “mentally” planned)by thesubject.In or-
derto optimizeclassificationaccuracy, they hadto
discardEEGsegmentscontaminatedby all sortsof
musclecontractionartifacts.

Andersonet al. [14] (seealso [15]) alsousea
neuralnetworkclassifiertodeterminewhichoneof
five differentmentaltasksa subjectis performing.
Their idea was to enablethe subjectto commu-
nicatewith a computerby composingsequences
of mental states– the classificationaccuracy of

73%or lessonuntrainedsegmentswasratherpoor,
though.

Anyway, as the EEG is extremelysensitive to
noise(even the slightestmovementof head,eyes
or facial muscles,even the smallestchangein the
environment – e.g. anotherpersonpassingby, a
moving elevator several feet away – changesthe
EEG,whichmeasuresextremelytiny potentialdif-
ferences,considerably),anEEG-basedinterfaceis
not suitablefor movingapplications(involving the
subjectmoving too), suchasa wheelchaircontrol
system.Thesensitivity of theEEGsignalis docu-
mentedin thenext section(fig. 2).

As alreadymentionedabove, anotherclassof
biosignalinterfacesis givenby systemscontrolled
by eyemovements.Degermannetal. [16] describe
a systemcalled“Eyegaze”thatenablestheuserto
selectcharactersby moving the eyes (which are
monitoredby a computerwith thehelpof a video
camera).Thesystemyieldsgoodresultsandwork-
ing with it is relatively simpleto learn,but its use
causesa certainrisk of strain.

Tecceet al. [17] presenta characterselection
systembasedonEOGsignals(whichdocumentthe
relative positionof theeyeballs).Theaverageper-
formancereportedtherewasaboutonecharacter
every 2.6seconds.

Much betterresultsyielded the eye-controlled
devicedescribedin [18] (althoughit requiresaddi-
tional motor control over the eyelid). The system
determinesthe line-of-sightof a subjectby exam-
ining the reflectionof his or her eye illuminated
by a near-infrared light sourceand invokescom-
mandswhen the subjectgeneratesan intentional
blink. Sinceposition andorientationof the head
are also taken into account,the operationof the
device is very stable. However, it requiresa lot
of specialhardware.

Furthermore,an eye-controlleddevice is not
suitablefor e.g.a wheelchaircontrol either, since
the driver of a wheelchairhasto watchthe “traf-
fic”, andis thusnot freein usinghisor hereyesfor
controlpurposes.

3 System Architecture

Theideapresentedin thispaperis relatedto thede-
velopmentof aninputdevicethatis bothanaid for



peoplewith disabilitiesandaneasy-to-use,practi-
cabletool thatmight beusedfor controllinga mo-
bile robotor a moving wheelchair(eventually, this
might even be an alternative to the standardinput
methods– at leastconcerningsomespecificappli-
cations– alsofor able-bodiedpeople).

The goal is to devise a systemthat requires
as little physical effort as possible,while being
reliable, fast and practicableat the sametime.
It shouldhave becomeclear from the discussion
above thatneitherEEGnorEOGsignalscanserve
as the basisfor sucha device. Instead,this pa-
perwill concentrateonsignalsrelatedwith muscle
contractions,and it will be demonstratedthat the
control over a singlemusclesuffices to operatea
correspondingapplication.

The basicarchitectureof a biosignalinterface
is illustrated in fig. 1. For instance,when talk-
ing aboutanEEG-basedBCI, theDataAcquisition
componentrefersto anEEGmachinerecordingthe
brain-wavesof theuser(alsocalledsubject) andto
the preparationof the EEG data for the analysis
doneby the Signal Processingcomponent(prob-
ably involving a neuralnetworkclassifier),while
theTargetApplicationmighte.g.bea“spellingde-
vice”.

��

FeedbackBiosignals �
�

User

�
�

Data

Acquisition

Signal

Processing Application

Target

Figure1: BasicArchitecture

If onewantsto develop an interfacerequiring
aslittle physicaleffort aspossible– makingit suit-
ableto beusedby personswith severedisabilities
– it might be temptingto think of an EEG-based
BCI (sincegeneratingthe necessaryvariationsin
the brain-wavescausesthe leastpossiblephysical
effort – only involving mentalactivities).

Unfortunately, the resultingdevice would only
work – i.e. produceacceptableresults– if its user
satperfectlystill in front of thecomputer.

Thereasonfor this is thattheEEGsignalis ex-
tremelysensitive to noisecausedby musclecon-
tractionartifacts.Figure2 showsanEEGtracethat
documentsthis sensitivity. The subjectthis trace
originatesfrom doesnothing at the beginning of
therecording.

After about
�����

seconds,the subjectis asked
to slightly turn the head. This tiny movementre-
sultsin a hugeburstof activity with amplitudesof
more thanten timesashigh asin the uncontami-
natedportion(notetherathercoarsescale).

1.00seconds �
	��

Figure2: EEGTraceContaminatedby Muscle
ContractionArtifact

The phenomenonof such movement-related
bursts considerablydisturbsEEG analysis,since
the resulting signal has nothing to do with the
user’s thoughts(as the EEG signalusuallydoes).
The problembecomesparticularly obvious when
looking at the frequency spectrum,which is often
chosenfor representingtheEEGsignal.As canbe
seenin fig. 3, the spectrumbelongingto the con-
taminatedsignalcontainsnumerouspeaksat vari-
ouslocations.
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Figure3: Frequency Spectrumof Contaminated
Signal

Fig. 4 – showing the 10 Hz � -rhythm (which
is dominantin the artifact-freeEEG signalwhen



theeyesareclosed)– clearlydemonstrateswhy the
contaminatedsignalis simplyuseless.
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Figure4: Frequency SpectrumShowing
� -Rhythm

Therefore,in orderto reliablyemployanEEG-
basedsystem,its userwouldeitherhaveto becom-
pletelyunableto produceany artifacts,or heor she
wouldhaveto totally renounceany disturbingmus-
cle contraction(which, by the way, also includes
talking). Consequently, an EEG-basedBCI does
not really seemto beaperfectlypracticabletool.

On the other hand, it is extremely simple to
distinguish noise-freephasesin the EEG from
artifact-relatedphases,merely by looking at the
“EEG curve”. Artifact detectioncan simply be
done by inspectingthe amplitudeof the signal,
sincethatis muchlower in theartifact-freeEEG.

This observation is the foundationof the idea
introducedhere. Insteadof dealing with (gen-
uine) brain-waves, the EEG signal is searched
for (wilfully generated)musclecontractionarti-
facts.Alternatively, theEMG signalof thesubject
(recordedwith a dedicatedEMG machine)could
beanalyzeddirectly– sinceintentionallyproduced
contractionsareaccompaniedby similarly obvious
amplitudechangesin theEMG signal.

In order to facilitate the detectionof muscle
contractions,theuserchoosesoneparticularmus-
cle heor shecanactivatereliably andfast,andan
EEG(or EMG) electrodeis placeddirectly above
thatmuscle.

Theanalysisof thebiosignalis doneasfollows.
The output ������� of the primary acquisitiondevice
(i.e. theEEG-or EMG-machine)is fed into acom-
puter, which observesthe amplitude � of thesig-

nal anddetermineswhetheror not this amplitude
exceedsacertain(user-specific)threshold� .

If the amplitude of the signal exceeds the
thresholdonceasdepictedin fig. 5a(which is sim-
ilar to asingle“mouseclick”), thecomputerregis-
tersan ��� event.

In addition, if a second��� event is registered
directly after the first (with a time interval of less
than ��� in between),thosetwo eventsareregarded
asanew one(whichis similar to a “doubleclick”).
This new event– denoted��� – maybeseenin fig.
5b.

Actually, in orderto makethesystemmorein-
tuitive for theuser, an ��� event is registeredat the
onset(the rising edge)of theevent,andthe rising
edgeshortlyafteran ��� eventis regardedastheon-
setof an � � event.
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Figure5: DetectableEvents

The detectionof thesetwo eventsis all that is
neededto communicatewith the computer– in-
volving theselectionof oneof atotalof five“com-
mands”(alsocalledstates).

For this, the input streamis analyzed(so that
only a sequenceof ��� and � � events– interrupted
by non-event phases– remains)and the statedi-
agram that is depictedin fig. 6 decideson what to
doif aneventis generatedby theuserof thesystem
(thenamesof thestatesarejustdefaults).

At thebeginning, thesystemis in the “HAL T”
state, until an � � event occurs, after which the
first “STRAIGHT” state is entered. By gener-
ating ��� events, the user can then cycle through
the “STRAIGHT”, “LEFT”, “STRAIGHT . ”, and
“RIGHT” states, and he or she can return to
“HAL T” in any statejust by generatinganother� �
event.
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Figure6: StateDiagram

As aresult,thecurrentstatecanbeusedto con-
trol all sortsof outputsignals– it is e.g.possible
to makethecomputerwrite characters,wordsand
even entire lettersif the input signal is processed
in sucha way. Consequently, a severely disabled
personcanwrite e-mails,i.e. have a “social life”,
justby raisingtheeyebrow.

4 Possible Target Applications

An exampleapplicationfor an EMG-basedinter-
face hasalreadybeenmentioned: a spelling de-
vice. As demonstratedin [19], it is possibleto use
the streamof contractioneventsasa substitution
for thestandardkeyboardandmouseinputdevices.
The input device illustratedthereallows “typing”
at a rateof about4–5charactersperminute,while
at thesametimebeingalmostinsensitiveto noise.

The tool might be combinedwith a word pro-
cessorto yield evenbetterresults.Admittedly, the
“typing rates”aremuch lower thanwhatmight be
reachedby an able-bodiedpersonwith a standard
keyboard,sothisparticularapplicationspecifically
addressespersonswith disabilities.

Anotherexampleapplication– alsorepresent-
ing anassistivedevicefor disabledindividuals– is
givenby a control systemfor an electricalwheel-
chair(see[20]).

Here, the default statenamesdirectly corre-
spondto therespectivemovementdirectionsof the
wheelchair. Theresultingsystemis easyto useand
quicklyadaptabletodifferentusers(or, in thiscase,
wheelchairdrivers).

Moreover, thediscretecommand/stateoutputof
the EMG control might be usedby able-bodied

persons,e.g.for emulatingtheinfraredremotecon-
trol of theTV or theCD player, andaspecialhead-
setwouldevenallow operatinga touchtonephone
by “frowning”.

Finally, by building a menu-driven system
aroundthe EMG control output – probably em-
ploying a strategy similar to the spelling system
mentionedabove(which involvesmoving avirtual
objecton thecomputerscreen)– it becomespossi-
ble to operatecomplex applications(e.g.to “surf”
the internetby navigating in a web browser)with
thehelpof simplemusclecontractions.

5 Conclusions

The ideafor an alternative interfacehasbeende-
scribed,which allows the interactionwith a com-
puter by controlling any muscleof one’s choice.
Sincethedetectionwhetheror notamuscleis con-
tractedis almostunaffectedby anything elsebut
that muscle(e.g. any movementinvolving differ-
entmuscles),theprospectivedevice is very robust
andpracticable.

There is a wide rangeof possibletarget ap-
plications,somerepresentingan aid assistingdis-
abledpeoplein usinga computer, othersconstitut-
ing an alternative for everyonewho wantsto con-
trol somethingwith thehelpof a computer.

Sincea device relying on musclecontraction
signalscan be operatedin an easyand effortless
way, is almostindependentof any undesiredinter-
ference,andrequiresatmostthreeelectrodes(one
for measuring,onereference,andthegroundelec-
trode),it is imaginablethatevenable-bodiedsub-
jectsusethedevice in a numberof applications.

Examplesincludea phoneheadsetallowing to
dial by “frowning” or an “eyebrow-operated”in-
frared remotecontrol for the homeentertainment
center.

To summarize,thereseemstobeahugenumber
of possibleusesof theideapresentedhere.Future
tasksshoulddealwith the identificationof further
possibilities,the realizationof promisingapplica-
tions,andthetestingof their usefulness.
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