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Breathingis a critical bodyfunctionandits motionis atelltale sig-
naturefor theliving. However, in animation respirationandits de-
formationof the torsohave remainedstylistic andareoften overly
simple or ignoredentirely We presentan anatomicallyinspired,
physically basednodelof thehumantorsofor thevisualsimulation
of respirationusinga mixed systemof rigid anddeformableparts.
Our systemcombinesa customdeformablesimulationsystemthat
preseresvolume basedon pressurewith an available rigid-body
dynamicssolver.

The visual motion of humanbreathis derived from two actively
moving musclegroups- the diaphragmand the intercostalmus-
cles attachedto the ribs. Thesetwo active componentdead to
the movementof the chest,shouldey armsandabdomerandeven,
throughthe spine, the involuntary motion of the headassociated
with breath.In theribcage theinnerandouterintercostaimuscles
betweertheribs changethe shapeof theribcageoverall anddrive
passie deformationof mary of thechestandback's musclesThe
diaphragmworks with the rib musclesto expandthe lung cavity.
The movementof the abdomenwall surroundingthe gut is indi-
rectly drivenby the pumpingof the diaphragmandstorespotential
enepgy throughinhalationto resethediaphragnduringexhalation.
For moreon respiratoryphysiology, seeMines[1993].

Figurel: Simulatedmpactof constantolumegut.

Our breathingsystemexclusively usesforces,computedrom sim-
ple spring-muscleslementsto drive themovementof rigid andde-
formablecomponentsAnd, throughrealisticinsertionpointsthese
non-compresse muscleselementgthat pull, but not push,)help
to constrainthe possiblemovementsandyield an easilycontrolled
rigid-body systemfor theribcage.We synthesizehe motionof the
abdomenwall by modelingthe gut asa deformableincompress-
ible volumeasseenin Figurel. For deformationthe systemcom-
putestheassociatedpring-muscléorcesfrom theabdomeranddi-
aphragnmusclegroupsandappliesthemto a distribution of point
massegplacedat the springintersections.With volume presera-
tion, the gut-bodysimulationdeformsthrougha balanceof surface
tensionandinternalpressurdorces,emulatingthe physical nature
of thehumangut asit movesduring breath.More on anatomically
basedsolumesis describedy Teranetal. [2003].

We control activation for musclegroupsby changingthe relative
contractionas a time-varying parametetbasedon the frequengy
of the desiredbreath. The intercostalsand diaphragmare con-
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trolled uniquelybasedon their neuralpathways' differing connec-
tion pointswith the spine[Mines 1993] and, as such,we supply
two uniquepatterngfor therib anddiaphragncontraction For the
diaphragmpftenreferredto asa pumpor aplunger a stepfunction
createdhedesiredresponseFor theintercostalsput-of-phasesine
curvesleadto visually pleasingsmoothoscillationsfor 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 details and animationscan be found at our website
(www.cs.ucredu/gl/breath.html). In addition, at a fundamental
level, we wish to revitalize the biological importanceof deforma-
tions of the trunk which, in its purestform is a living andintegral

componenbf thewholebody Throughthis methodologywe have

showvn that several hundredunique string-like muscleselements,
likethoseof theintercostalscanactin unisonbasedn simpleacti-

vationinputsto performcomplex movementdor theoverallchange
in shapeof the ribcageduring breath,for example. We anticipate
that this work will enticeotherresearchero considerthe physi-

cally modelingof the humanbody from the inside out, basedon

anatomicaform.
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Figure 2: Skeletonwith rigid-body (secondary)klementsfor the
shouldersandarms.Deformablesecondarglementsarealsoadded
for the pectoralsandshouldersseenin top middleimage.



