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Figurel: Our biomechanicasystemcomprisesa skeleton,musclesneuralcontrolsystemandexpressve face.

Abstract

Unlike thehumanface the neckhasheenlargely overlookedin the
computergraphicsliterature, this despiteits complex anatomical
structureandtheimportantrole thatit playsin supportingthe head
in balancewhile generatinghe controlledheadmovementghatare
essentiato somary aspectof humanbehaior. This papermales
two majorcontritutions.First,weintroduceabiomechanicamodel
of the humanhead-neclsystem.Emulatingthe relevant anatomy
our modelis characterizethy appropriat&kinematicredundang (7
cervical vertebraecoupledby 3-DOF joints) and muscleactuator
redundang (72 neckmusclesarrangedn 3 musclelayers). This
anatomicallyconsistenbiomechanicamodel confrontsus with a
challengingmotor control problem,even for the relatively simple
taskof balancingthe massof the headin gravity atopthe cervical
spine. Hence,our secondcontrikution is a novel neuromuscular
controlmodelfor humanheadanimationthatemulategherelevant
biological motor control mechanismsIncorporatinglow-level re-
e x andhigh-level voluntarysub-controllerspur hierarchicalcon-
troller providesinput motor signalsto the numerousnuscleactua-
tors. In additionto headposeandmavement,t controlsthetoneof
mutuallyopposedeckmusclego regulatethestiffnessof thehead-
neckmultibody system. Employing machinelearningtechniques,
theneuralnetworkswithin our neuromusculacontrolleraretrained
of ine to efciently generatehe online poseandtonecontrol sig-
nalsnecessaryo synthesizea variety of autonomousnovements
for thebehaioral animationof thehumanheadandface.

CR Categories: 1.3.7 [ComputerGraphics]: Three-Dimensional
GraphicsandRealism—Animation

Keywords: neckanimationbiomechanicainodeling hierarchical
neuromusculacontrol,neuralnetwork learning,facialanimation

www.cs.ucla.edu/sunghee
Twww.cs.ucla.edu/dt

1 Intro duction

Biomechanics-basednimationresearchcontinuesto expand its
horizons. In the importantareaof humanmodeling, substantial
effort hasbeendevotedto the physical simulationand control of
completeanthropomorphicgures (seee.g.,[Faloutsosetal. 2001;
Hodginset al. 1995]). In an effort to improve realism,researchers
have also beendeveloping increasinglysophisticateciomechan-
ical modelsof individual body parts,suchas hands[Tsanget al.
2005; Albrecht et al. 2003], torsos[Zordan et al. 2004], and es-
pecially faces[Sifakis et al. 2005; Kahleret al. 2001; Lee et al.
1995]. Pacingthis progressmultiple efforts have beendirectedat
the modelingof individual muscledIrving etal. 2004; Ng-Thow-
Hing 2001;ChenandZeltzer1992],thepreferredclassof actuators
for usein biomechanicamodeling.

Given the voluminousliterature on humanbody and facial mod-
eling, it is surprisingthatthe neckhasbeenlargely overlooked in
computergraphics. This may be duein partto the compleity of
cervicalanatomyandbiomechanics.Yet the realisticmodelingof
the neckis a signi cant problemin humananimation,becausehe
neckdetermineghe globalmovementof the headandfacerelative
to thebody Indeed the neckplaysa crucialrole in supportingthe
massof thehead balancedn gravity, atopthe cervicalspinewhile
generatinghe controlledheadmovementsthat are essentiato so
mary aspect®f humanbehaior.

In this paper we introducethe rst biomechanicaimodel of the
humanhead-necknusculoskletalsystemfor computeranimation.
In particular we modelthe headandeachvertebrain the cervical
spineasa dynamicrigid body with appropriatemassdistribution
andthreerotationaldegreesof freedom(DOF), couplingthebones
with joints to emulatethe biological assemblyof interest. There-
sultingarticulatedmultibody systems actuatedy contractilemus-
cles.Eachactuatotis alsomodeledbiomechanicallyasa simpli ed
Hill-type musclemodel,which is frequentlyusedin biomechanics
researchThe compleity of the musculoskletalmodel,especially
its kinematicandmuscularedundang, whichimitatesthatof its bi-
ological counterpartconfrontsus with a challengingcontrol prob-
lem. We believe thatthe bestway to tacklethis problemis via an
approachinspiredby biological motor control mechanismsall the
more so becaus@ur long-termgoalis to createlifelik e characters
thatareableto synthesizea broadrangeof humanmotions.Hence,



