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Abstract — Theideafor an interfaceallowing to com-
municatewith a computerby certain musclecontrac-
tions—i.e. by wilfully altering the muscletone—is pre-
sented. Sud a systemwould makeit possibleto per
form all sortsof computercontrollable actionsjust by
raisingtheeyebow;, i.e. almosteffortlessly Possibleap-
plicationsincludewriting e-mails,navigatingin a web
browseror workingwith varioussoftwase applications.
The musclecontractions can be detectedin a robust
way, almostinsensitiveto any kind of noise,soan in-
terfacedevice basedon the muscletone could also be
usedto control movingobjects,sut asa mobilerobot
or anelectricalwheelbair, which couldbeof greathelp
for personswith disabilities. Of course this might offer
an alternativefor able-bodiedpersonsaswell, eg. for
contolling homeentertainmenappliancedike TV sets
or CD players.

Keywords — Human-Computerinteraction, Brain-
Computernterface, EEG Analysis Biosignallnterpre-
tation, EMG Signal.

1 Introduction

The standardwvay of communicatingvith a com-
puteris by usingakeyboardanda mouse.Thisre-
quiresthereliableuseof the handsthough,andis
thereforeinappropriatefor personssuffering from
severephysicaldisabilities.

Someneurologicaldiseasesge.g. amyotrophic
lateral sclerosis(ALS), can end in a so-called
“locked—in” state a situationwherea patientsmo-
bile mind is lockedin an immobilebody. In ad-
dition to not being able to usetheir hands,those
patientsare unableto speak,so ary kind of voice
recognitionsystemcannotimprove their situation
either
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associatedvith differentbodily functions— repre-
sentalternativecommunicatiorchannels.

It will be shavn in this paperthataninterface
basedon musclecontractiongequiresthe reliable
control over one single muscleonly. If a patient
canproduceasimplemuscletensionatwill, e.g.by
clenchingthe teeth,raising the eyebrav or blink-
ing with theeye, he or sheis ableto usethekind of
systemdaid out here.

This meansthat such a systemrepresentsan
effective alternative for physically disabledpeo-
ple. In addition,aswill alsobe discussedelow,
a muscle-basedhterfacesystemcan be an assis-
tive device for able-bodiedpbersonswith anample
numberof possibleapplications.

Theremaindeof this paperis organizedasfol-
lows. Section2 containsa discussionof related
work andis designedo furthermotivatewhy there
is a needfor a new kind of biosignalsystem.Sec-
tion 3 presentshearchitectureof abiosignalinter-
facein generalandtheideafor a systembasedon
musclecontrol in particular Section4 thentalks
aboutpossiblgargetapplicationf suchasystem,
andsections concludeshepapemwith ashortsum-
mary andsomethoughtson future work.

2 Redated Work

A number of alternatve input methods, which
somehw deviate from the standardkeyboardand
mouseapproachhave beenreportedin the litera-
ture.

The purposeof ary suchdevice is to provide
away of communicatingwvith a computemwithout
the useof the hands. The input channelfor such
an alternatie interfaceis often basedon time se-



ries representingneasurementsf certainbiolog-
ical functions. The mostimportantbiosignalsin
this respectare relatedto brain-waves(measured
e.g. with an EEG machine)and eye movements
(which arethe sourceof EOGsignals).

The first and most popular example is rep-
resentedby a so-calledbrain-computerinterface
(BCI), i.e. a systeminspectingthe brain-electrical
activity (the EEG)of a subjectandgeneratingut-
put commanddasedon patternsrecognizedoy a
computer(theideahaving its originin [1]).

Thereare mary groupsof researcherslealing
with the developmentof a BCI, and the number
of such groupsseemsto grow every year (e.g.
[2,3,4,5,6)).

For instance,the group around Wolpawv and
McFarland[7, 8] developeda BCI basednthe 8-
12 Hz murhythmactiity in the EEG. They made
useof the fact that humansare able to (learnto)
controltheirmurhythm. Theamplitudesof themu
rhythmrecordedrom subjects’scalpsweretrans-
lated into one- or two-dimensionalcursor move-
ments(on avideoscreen)- with anaccurayg of at
most70%in thetwo-dimensionatase.

Anotherapproachis the work of Birbaumeret
al. [9] which recordsand analyzesthe EEG of a
subject. That device tries to detectslow cortical
potentials(SCP%) — representinga certainkind of
polarizationsin the EEG — and sincehumanscan
learnto regulatetheir SCP5 voluntarily after pro-
longedbio-feedbacktraining, the subjectcan in-
tentionally selectcharactersy varying his or her
brain-waves (seealso [10]). The systemis very
sensitie to noise,though,andalot of carehasto
betakenin orderto copewith that[11].

Pfurtschellerand his colleagueq12, 13] used
neuralnetwork classifiersto analyzethe subjects
EEG actvity. The network’s taskwasto find out
whichof threedifferentmovementsvasperformed
(or only “mentally” planned)y the subject.In or-
derto optimizeclassificatioraccuray, they hadto
discardEEG segmentscontaminatedby all sortsof
musclecontractionartifacts.

Andersonet al. [14] (seealso[15]) alsousea
neuralnetworkclassifierto determinevhich oneof
five differentmentaltasksa subjectis performing.
Their ideawasto enablethe subjectto commu-
nicatewith a computerby composingsequences
of mental states— the classificationaccurag of

73%o0r lessonuntrainedsegmentsavasratherpoor,
though.

Anyway, asthe EEG is extremely sensitve to
noise (even the slightestmavementof head,eyes
or facial muscles gventhe smallestchangein the
ervironment— e.g. anotherpersonpassingby, a
moving elevator several feet away — changegshe
EEG,which measuregxtremelytiny potentialdif-
ferencesconsiderably)an EEG-basedhterfaceis
not suitablefor movingapplicationginvolving the
subjectmaving too), suchasa wheelchaircontrol
system.The sensitvity of the EEG signalis docu-
mentedn the next section(fig. 2).

As alreadymentionedabove, anotherclassof
biosignalinterfaceds givenby systemsontrolled
by eye movements Degermanretal. [16] describe
a systemcalled“Eyegaze”thatenablegshe userto
selectcharactersdoy moving the eyes (which are
monitoredby a computerwith the help of a video
camera).Thesystenyieldsgoodresultsandwork-
ing with it is relatively simpleto learn,but its use
causes certainrisk of strain.

Tecceet al. [17] presenta characterselection
systembasedn EOGsignalgwhichdocumenthe
relative positionof theeyeballs). The averageper
formancereportedtherewas aboutone character
every 2.6seconds.

Much betterresultsyielded the eye-controlled
device describedn [18] (althoughit requiresaddi-
tional motor control over the eyelid). The system
determineghe line-of-sightof a subjectby exam-
ining the reflectionof his or her eye illuminated
by a nearinfrared light sourceandinvokescom-
mandswhen the subjectgeneratesan intentional
blink. Sinceposition and orientationof the head
are also takeninto 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 thusnotfreein usinghis or hereyesfor
controlpurposes.

3 System Architecture

Theideapresentedh this papelis relatedto thede-
velopmenif aninputdevice thatis bothanaid for



peoplewith disabilitiesand an easy-to-usepracti-
cabletool thatmight be usedfor controllinga mo-
bile robotor a moving wheelchaireventually, this
might even be an alternatve to the standardnput
methods- at leastconcerningsomespecificappli-
cations- alsofor able-bodiecpeople).

The goal is to devise a systemthat requires
as little physical effort as possible,while being
reliable, fast and practicableat the sametime.
It should have becomeclear from the discussion
above thatneitherEEG nor EOGsignalscansene
asthe basisfor sucha device. Instead,this pa-
perwill concentrat®n signalsrelatedwith muscle
contractionsandit will be demonstratedhat the
control over a single musclesufficesto operatea
correspondingpplication.

The basicarchitectureof a biosignalinterface
is illustratedin fig. 1. For instance,when talk-
ing aboutanEEG-basedCl, the Data Acquisition
componentefersto anEEGmachineecordingthe
brain-wavesof theuser(alsocalledsubjec} andto
the preparationof the EEG datafor the analysis
doneby the Signal Processingcomponent(prob-
ably involving a neuralnetwork classifier),while
theTargetApplicationmighte.g.bea“spelling de-
vice”.
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Figurel: BasicArchitecture

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

Unfortunately the resultingdevice would only
work — i.e. produceacceptableesults— if its user
satperfectlystill in front of thecomputer

Thereasorfor thisis thatthe EEGsignalis ex-
tremely sensitve to noisecausedoy musclecon-
tractionartifacts.Figure2 shovsanEEGtracethat
documentghis sensitvity. The subjectthis trace
originatesfrom doesnothing at the beginning of
therecording.

After about1.2 secondsthe subjectis asked
to slightly turn the head. This tiny movementre-
sultsin a hugeburst of activity with amplitudesof
morethantentimesas high asin the uncontami-
natedportion (notetherathercoarsescale).

—— 1.00seconds

Figure2: EEG TraceContaminatedby Muscle
ContractionArtifact

The phenomenonof such movement-related
bursts considerablydisturbs EEG analysis,since
the resulting signal has nothing to do with the
users thoughts(asthe EEG signal usually does).
The problembecomegparticularly obvious when
looking at the frequeng spectrumwhich is often
choserfor representinghe EEG signal. As canbe
seenin fig. 3, the spectrumbelongingto the con-
taminatedsignalcontainsnumerougeaksat vari-
ouslocations.
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Figure3: Frequeng Spectrunof Contaminated
Signal

Fig. 4 — shaving the 10 Hz a-rhythm (which
is dominantin the artifact-freeEEG signalwhen



theeyesareclosed)-clearlydemonstrateshy the
contaminatedignalis simply useless.
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Figure4: Frequeng SpectrumShawving
a-Rhythm

Thereforejn orderto reliably employan EEG-
basedsystemits userwould eitherhave to becom-
pletelyunableto produceary artifacts,or heor she
wouldhaveto totally renounceary disturbingmus-
cle contraction(which, by the way, alsoincludes
talking). Consequentlyan EEG-base®BCl does
notreally seento bea perfectlypracticableool.

On the other hand, it is extremely simple to
distinguish noise-free phasesin the EEG from
artifact-relatedphases,merely by looking at the
“EEG curwe”. Artifact detectioncan simply be
done by inspectingthe amplitude of the signal,
sincethatis muchlowerin theartifact-freeEEG.

This obsenation is the foundationof the idea
introducedhere. Insteadof dealing with (gen-
uine) brain-waves, the EEG signal is searched
for (wilfully generated)muscle contractionarti-
facts. Alternatively, the EMG signalof the subject
(recordedwith a dedicatedEMG machine)could
beanalyzedlirectly — sinceintentionallyproduced
contraction@reaccompaniedy similarly obvious
amplitudechangesn the EMG signal.

In order to facilitate the detectionof muscle
contractionsthe userchoose®neparticularmus-
cle he or shecanactivatereliably andfast,andan
EEG (or EMG) electrodeis placeddirectly above
thatmuscle.

Theanalysisof thebiosignalis doneasfollows.
The outputs(t) of the primary acquisitiondevice
(i.e.theEEG-or EMG-machinejs fedinto acom-
puter which obsenesthe amplitudeA of the sig-

nal and determineswvhetheror not this amplitude
exceedsa certain(userspecific)thresholdr’.

If the amplitude of the signal exceedsthe
thresholdonceasdepictedn fig. 5a(whichis sim-
ilar to asingle“mouseclick”), thecomputermegis-
tersane; event

In addition, if a seconde; eventis registered
directly after the first (with a time interval of less
thant, in between)thosetwo eventsareregarded
asanew one(whichis similarto a“doubleclick”).
This new event— denoted:; — may be seenin fig.
5h.

Actually, in orderto makethe systemmorein-
tuitive for the user ane; eventis registeredat the
onset(therising edge)of the event, andtherising
edgeshortlyafterane; eventis regardedastheon-
setof aney event.
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Figureb: DetectableEvents

The detectionof thesetwo eventsis all thatis
neededto communicatewith the computer— in-
volving theselectionof oneof atotal of five “com-
mands”(alsocalledstates.

For this, the input streamis analyzed(so that
only a sequencef e; ande, events— interrupted
by non-event phases- remains)and the statedi-
agramthatis depictedn fig. 6 decideson whatto
doif aneventis generatedby theuserof thesystem
(thenameof the statesarejust defaults).

At the beginning, the systemis in the “HAL T”
state, until an e; event occurs, after which the
first “STRAIGHT” stateis entered. By gener
ating e; events, the user can then cycle through
the “STRAIGHT”, “LEFT", “STRAIGHT", and
“RIGHT” states, and he or she can return to
“HALT” in ary statejust by generatinganothere,
event.
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Figure6: StateDiagram

As aresult,the currentstatecanbeusedto con-
trol all sortsof outputsignals— it is e.g.possible
to makethe computemwrite characterswordsand
even entirelettersif the input signalis processed
in suchaway. Consequentlya severely disabled
personcanwrite e-mails,i.e. have a “social life”,
justby raisingthe eyebrow.

4 Possible Target Applications

An exampleapplicationfor an EMG-basednter-
face hasalreadybeenmentioned: a spelling de-
vice. As demonstrateth [19], it is possibleto use
the streamof contractioneventsasa substitution
for thestandarkeyboardandmousenputdevices.
The input device illustratedthereallows “typing”
atarateof about4—5 characterper minute,while
atthesametime beingalmostinsensitveto noise.

The tool might be combinedwith a word pro-
cessolto yield even betterresults.Admittedly, the
“typing rates”aremud lower thanwhat might be
reachedoy an able-bodiedpersonwith a standard
keyboard sothis particularapplicationspecifically
addressepersonswith disabilities.

Anotherexampleapplication— also represent-
ing anassistve device for disabledndividuals—is
given by a control systemfor an electricalwheel-
chair(seeg[20]).

Here, the default state namesdirectly corre-
spondto therespectie movementdirectionsof the
wheelchair Theresultingsystems easyto useand
quickly adaptabléo differentusergor, in thiscase,
wheelchairdrivers).

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

personse.g.for emulatingheinfraredremotecon-
trol of the TV ortheCD player andaspeciahead-
setwould evenallow operatingatouchtonephone
by “frowning”.

Finally, by building a menu-drven system
aroundthe EMG control output — probably em-
ploying a strateyy similar to the spelling system
mentionedabove (whichinvolvesmoving avirtual
objectonthecomputerscreen)- it becomepossi-
ble to operatecomple applicationge.g.to “surf”
the internetby navigating in a web browser)with
the help of simplemusclecontractions.

5 Conclusions

The ideafor an alternative interfacehasbeende-
scribed,which allows the interactionwith a com-
puter by controlling ary muscleof one’s choice.
Sincethedetectionwhetheror notamuscleis con-
tractedis almostunafectedby arything else but
that muscle(e.g. ary movementinvolving differ-
entmuscles)the prospectie device is very robust
andpracticable.

Thereis a wide rangeof possibletamget ap-
plications,somerepresentingn aid assistingdis-
abledpeoplein usinga computeyothersconstitut-
ing an alternatve for everyonewho wantsto con-
trol somethingwith thehelp of acomputer

Since a device relying on musclecontraction
signalscan be operatedin an easyand effortless
way, is almostindependentf ary undesirednter-
ferenceandrequiresat mostthreeelectrodegone
for measuringpnereferenceandthe groundelec-
trode), it is imaginablethat even able-bodiedsub-
jectsusethedevice in anumberof applications.

Examplesincludea phoneheadseallowing to
dial by “frowning” or an “eyebrav-operated”in-
frared remotecontrol for the homeentertainment
center

To summarizethereseemso beahugenumber
of possibleusesof the ideapresentedhere. Future
tasksshoulddealwith the identificationof further
possibilities, the realizationof promisingapplica-
tions,andthetestingof their usefulness.
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