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Biomechanical Mo deling and Neuromuscular Control of the Neck

Sung-HeeLee� DemetriTerzopoulos†

Universityof California,LosAngeles

Figure1: Ourbiomechanicalsystemcomprisesaskeleton,muscles,neuralcontrolsystem,andexpressive face.

Abstract

Unlike thehumanface,theneckhasbeenlargelyoverlookedin the
computergraphicsliterature, this despiteits complex anatomical
structureandtheimportantrole thatit playsin supportingthehead
in balancewhile generatingthecontrolledheadmovementsthatare
essentialto somany aspectsof humanbehavior. This papermakes
twomajorcontributions.First,weintroduceabiomechanicalmodel
of the humanhead-necksystem.Emulatingthe relevant anatomy,
ourmodelis characterizedby appropriatekinematicredundancy (7
cervical vertebraecoupledby 3-DOF joints) andmuscleactuator
redundancy (72 neckmusclesarrangedin 3 musclelayers). This
anatomicallyconsistentbiomechanicalmodelconfrontsus with a
challengingmotor control problem,even for the relatively simple
taskof balancingthemassof theheadin gravity atopthecervical
spine. Hence,our secondcontribution is a novel neuromuscular
controlmodelfor humanheadanimationthatemulatestherelevant
biological motor control mechanisms.Incorporatinglow-level re-
�e x andhigh-level voluntarysub-controllers,our hierarchicalcon-
troller providesinput motorsignalsto thenumerousmuscleactua-
tors. In additionto headposeandmovement,it controlsthetoneof
mutuallyopposedneckmusclesto regulatethestiffnessof thehead-
neckmultibody system.Employing machinelearningtechniques,
theneuralnetworkswithin ourneuromuscularcontrolleraretrained
of�ine to ef�ciently generatetheonlineposeandtonecontrolsig-
nalsnecessaryto synthesizea variety of autonomousmovements
for thebehavioral animationof thehumanheadandface.
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1 Intro duction

Biomechanics-basedanimationresearchcontinuesto expand its
horizons. In the importantareaof humanmodeling,substantial
effort hasbeendevoted to the physical simulationandcontrol of
completeanthropomorphic�gures (see,e.g.,[Faloutsosetal. 2001;
Hodginset al. 1995]). In aneffort to improve realism,researchers
have also beendeveloping increasinglysophisticatedbiomechan-
ical modelsof individual body parts,suchashands[Tsanget al.
2005; Albrecht et al. 2003], torsos[Zordan et al. 2004], and es-
pecially faces[Sifakis et al. 2005; Kähler et al. 2001; Lee et al.
1995]. Pacingthis progress,multiple efforts have beendirectedat
themodelingof individual muscles[Irving et al. 2004;Ng-Thow-
Hing 2001;ChenandZeltzer1992],thepreferredclassof actuators
for usein biomechanicalmodeling.

Given the voluminousliteratureon humanbody and facial mod-
eling, it is surprisingthat the neckhasbeenlargely overlooked in
computergraphics.This may be duein part to the complexity of
cervicalanatomyandbiomechanics.Yet the realisticmodelingof
theneckis a signi�cant problemin humananimation,becausethe
neckdeterminestheglobalmovementof theheadandfacerelative
to thebody. Indeed,theneckplaysa crucial role in supportingthe
massof thehead,balancedin gravity, atopthecervicalspinewhile
generatingthe controlledheadmovementsthat areessentialto so
many aspectsof humanbehavior.

In this paper, we introducethe �rst biomechanicalmodel of the
humanhead-neckmusculoskeletalsystemfor computeranimation.
In particular, we modelthe headandeachvertebrain the cervical
spineasa dynamicrigid body with appropriatemassdistribution
andthreerotationaldegreesof freedom(DOF),couplingthebones
with joints to emulatethebiologicalassemblyof interest.The re-
sultingarticulatedmultibodysystemis actuatedby contractilemus-
cles.Eachactuatoris alsomodeledbiomechanicallyasasimpli�ed
Hill-type musclemodel,which is frequentlyusedin biomechanics
research.Thecomplexity of themusculoskeletalmodel,especially
its kinematicandmuscularredundancy, whichimitatesthatof itsbi-
ologicalcounterpart,confrontsuswith a challengingcontrolprob-
lem. We believe that thebestway to tacklethis problemis via an
approachinspiredby biologicalmotorcontrolmechanisms,all the
moresobecauseour long-termgoal is to createlifelik e characters
thatareableto synthesizeabroadrangeof humanmotions.Hence,


