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Breathingis a critical bodyfunctionandits motionis a telltalesig-
naturefor theliving. However, in animation,respirationandits de-
formationof thetorsohave remainedstylistic andareoftenoverly
simple or ignoredentirely. We presentan anatomicallyinspired,
physicallybasedmodelof thehumantorsofor thevisualsimulation
of respirationusinga mixedsystemof rigid anddeformableparts.
Oursystemcombinesacustomdeformablesimulationsystem,that
preservesvolumebasedon pressure,with an availablerigid-body
dynamicssolver.

The visual motion of humanbreathis derived from two actively
moving musclegroups- the diaphragmand the intercostalmus-
cles attachedto the ribs. Thesetwo active componentslead to
themovementof thechest,shoulder, armsandabdomenandeven,
throughthe spine,the involuntary motion of the headassociated
with breath.In theribcage,theinnerandouterintercostalmuscles
betweentheribs changetheshapeof theribcageoverall anddrive
passivedeformationsof many of thechestandback'smuscles.The
diaphragmworks with the rib musclesto expandthe lung cavity.
The movementof the abdomenwall surroundingthe gut is indi-
rectly drivenby thepumpingof thediaphragmandstorespotential
energy throughinhalationto resetthediaphragmduringexhalation.
For moreon respiratoryphysiology, seeMines[1993].

Figure1: Simulatedimpactof constantvolumegut.

Our breathingsystemexclusively usesforces,computedfrom sim-
plespring-muscleselements,to drivethemovementof rigid andde-
formablecomponents.And, throughrealisticinsertionpointsthese
non-compressive muscleselements(that pull, but not push,)help
to constrainthepossiblemovementsandyield aneasilycontrolled
rigid-bodysystemfor theribcage.We synthesizethemotionof the
abdomenwall by modelingthe gut asa deformable,incompress-
ible volumeasseenin Figure1. For deformation,thesystemcom-
putestheassociatedspring-muscleforcesfrom theabdomenanddi-
aphragmmusclegroupsandappliesthemto a distribution of point
massesplacedat the spring intersections.With volumepreserva-
tion, thegut-bodysimulationdeformsthrougha balanceof surface
tensionandinternalpressureforces,emulatingthephysicalnature
of thehumangut asit movesduringbreath.More on anatomically
basedvolumesis describedby Teranetal. [2003].

We control activation for musclegroupsby changingthe relative
contractionas a time-varying parameterbasedon the frequency
of the desiredbreath. The intercostalsand diaphragmare con-
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trolled uniquelybasedon their neuralpathways' differing connec-
tion pointswith the spine[Mines 1993] and,assuch,we supply
two uniquepatternsfor therib anddiaphragmcontraction. For the
diaphragm,oftenreferredto asapumpor aplunger, astepfunction
createdthedesiredresponse.For theintercostals,out-of-phasesine
curvesleadto visuallypleasing,smoothoscillationsfor theribcage
motion.

We presenta high-level view of a more detailed implementa-
tion of breathingfocusing on the conceptsof modeling breath
which are quite independentof the type of model or simula-
tion. More detailsand animationscan be found at our website
(www.cs.ucr.edu/rgl/breath.html). In addition, at a fundamental
level, we wish to revitalize the biological importanceof deforma-
tionsof the trunk which, in its purestform is a living andintegral
componentof thewholebody. Throughthismethodology, wehave
shown that several hundreduniquestring-like muscleselements,
likethoseof theintercostals,canactin unisonbasedonsimpleacti-
vationinputsto performcomplex movementsfor theoverallchange
in shapeof the ribcageduring breath,for example. We anticipate
that this work will enticeotherresearchersto considerthe physi-
cally modelingof the humanbody from the insideout, basedon
anatomicalform.
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Figure 2: Skeletonwith rigid-body (secondary)elementsfor the
shouldersandarms.Deformablesecondaryelementsarealsoadded
for thepectoralsandshoulders,seenin topmiddleimage.


