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Abstract
In this work we presentseveral visualizationapproachesfor analyzingacousticbehavior inside a room.Our
methodsare basedon theresultsof thephonontracingalgorithm.For a simulatedphononmapweexaminethe
in�uenceof theroomsurfacesonthewavefrontsduringtheirpropagationfromthesoundsource. Ourvisualization
is basedon individual phononandsurfacerepresentationsaswell asscattereddata interpolation.Additionally,
an observationof acousticbehaviorat differentpositionsinsidetheroomusingcoloredanddeformedspheresis
possible.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.7 [ComputerGraphics]:RaytracingI.6.3 [Simu-
lationandModeling]:Applications

1. Intr oduction

Whendesigninga concerthall, a theateror a classroom,in
additionto the visual effect the acousticaspectis very im-
portant.Nowadays,computer-basedsimulationsof acoustic
behavior insidea room areavailable[Kro68, Kul84, Vor89,
FCE� 98, KJM04, BDM� 05]. The questioncomesup for an
appropriatevisualrepresentationof thesimulationresults.
Stettneret.al. [SG89] visualizeroomacousticquality prop-
ertiessuchas clarity or spatial impressionby useof spe-
ci�c icons.Furthermore,they color theroomboundariesac-
cordingto the pressurelevel. Khoury et. al. [KFW98] rep-
resentthe soundpressurelevels inside the room by means
of color maps.Additionally, the authorsanalyzethe prece-
denceeffect (or ”law of the �rst wavefront”) by using iso
surfaces.Funkhouseret. al. [FCE� 98] usevisualizationof
sourcepoints,receiver points,pyramidalbeams,reverbera-
tion pathetc.in orderto understandandevaluatetheiracous-
tic modelingmethod.Thesystemalsoprovidesthepresen-
tation of power, clarity etc. A coupleof commercialsys-
tems[ODE, CAT, Bos] provide sometools for visualizing
computedacousticmetrics.In [BDM� 05] we have visual-
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izedthespacialpropagationof particlescalledphononsfrom
thesoundsourceusingspherescoloredaccordingto theiren-
ergy spectra.
Ourwork concentrateson thepresentationof thesimulation
resultsof our phonontracing algorithm [BDM� 05]. Here,
we introducevariousapproachesfor visualizingthephonon
map.First,we representtheindividual phononson their po-
sitionsat the room surfacescoloredaccordingto their en-
ergy spectra.This methodprovides insight how the room
in�uences the spreadsoundwaves.In orderto observe the
propagationof differentwave fronts for the �rst few re�ec-
tions,we visualizethemasdeformedsurfaces.For thevisu-
alizationof latere�ectionsanda time dependentlook at the
phononmap,scattereddatainterpolationisused.For therep-
resentationof acousticbehavior atacertainlistenerposition,
we usecoloredspheresdeformedaccordingto the received
sound.
The remainderof our paperis arrangedas follows. In the
next sectionwe will give a shortdescriptionof the phonon
tracingalgorithm.In section3 wewill presentourvisualiza-
tion approachesandprovideexamples.Thenwewill discuss
our resultsin thelastsection.
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2. PhononTracing

Photonmapping[Jen96] is often usedfor renderingphoto-
realistic images,supplementinguni-directional raytracing
by a variety of visual effects,like color bleedingandcaus-
tics.Weadoptasimilarapproachto thesimulationof sound,
namedphonontracing[BDM� 05], which is summarizedin
thefollowing.

2.1. Problemspeci�cation.

Oursimulationalgorithmrequiresthefollowing input infor-
mation:

� positionof soundsources
� emissiondistributionE of soundsource
� oneor morelistenerpositionsl i
� a triangulatedscenewith taggedmaterialmj
� anabsorptionfunctiona j : W7! (0;1] for eachmaterial
� anacousticBRDF for eachmaterial(if applicable)
� anenergy threshholde for terminatingthephononpaths

The output of our approachis a FIR �lter fi for eachlis-
tener's position l i correspondingto the impulse response
with respectto the soundsourceandthe phonon-mapcon-
taining for eachphononthe energy spectrumep, the tra-
verseddistancedp, the phonon's position pp at the re�ec-
tion point, its outgoingdirectionvp, numberof re�ections
np, andthematerialmp at thecurrentre�ection.
Our simulation algorithm containstwo steps,the phonon
tracingstepconstructsthephononmap,andthephononcol-
lection and �ltering stepcollectsthe phonon's contribution
to aFIR �lter for every listenerposition.

2.2. Phonontracing.

Every phononp emittedfrom the soundsourcecarriesthe
following information:

� anenergy spectrumep : W7! R+

� thedistancedp traversedfrom thesource
� thephonon's currentpositionpp
� thenormalizedoutgoingdirectionvp

Our absorptionand energy functions a j are represented
by ne = 10 coef�cients associatedwith the frequencies
40;80;160; :::;20480Hz. Thebasisfunctionsfor theenergy
spectrumare waveletsaddingup to a unit impulse.Every
phononis composedof differentfrequencies,which is more
ef�cient thantracingasinglephononfor eachindividual fre-
quency band.
Phononsareemittedfrom thesourcesaccordingto theemis-
sion probability distribution E andhave at startingpoint a
unit energy spectrumep;i = 1 (i = 1; :::;ne). At theintersec-
tion of thephononray with thescene,thephonondirection
dp is re�ectedwith respectto thesurfacenormalandtheab-
sorbedenergy is subtractedaccordingto the local material
mj , andthedistancedp is setto the traverseddistance.The

phononis �x ed at the intersectionpoint, contributing to a
globalphononmap.
If the maximal energy of the phononexceedsthe energy
threshold,i.e.maxf ep;ig

ne
i= 1 > e, thenext phononre-usesthe

pathandenergy of the precedingone,saving computation
time. It is startedat the currentpositionwith respectto the
outgoingdirectiondp andcontributesto thephononmapat
thenext surfaceintersection.If thethresholdis notexceeded
anda minimumnumberof re�ectionshave beencomputed,
thena new phononis startedfrom the source.After a pre-
scribednumbernp of phononshavecontributedontheglobal
phononmap,the tracingis terminated.The phononmapis
written to a �le for furthervisualizationpurposes.

2.3. Phononcollectionand �ltering .

Theremainingtaskof thephonontracingmethodis collect-
ing thephonon's contribution to a FIR �lter f for every lis-
tener's positionl . This �lter correspondsto the impulsere-
sponsefrom thesource,recordedat l , suchthatconvolution
with ananechoicsignal,reproducestheperceivedsignal.
In the caseof uniform absorptionfor all frequencies,the
contribution of a phononvisible from the listener is sim-
ply a scaled,translatedunit impulse(Dirac). The Dirac is
shiftedby thetime elapsedbetweenemissionandreception
of a phononand scaledby the phonon's energy ep;i mul-
tiplied by a gaussianweighting the distanceof the ray to
the listener. In classicalacousticraytracing[Kro68,Kul84],
a sphereis usedto collect rays at listenerposition.Using
a gaussian,however, providesmuchsmoother�lters, since
morephononrayscontribute to the �lter , weightedby their
shortestdistance.
In themoregeneralcaseof frequency dependentabsorption,
theunit impulseis subdividedinto waveletsrepresentingthe
individual frequency bands.The �lter becomesthena sum
of this waveletsscaledby ep;i and shifted by the elapsed
time. In our implementationweuse10 frequency bandsand
absorptioncoef�cients for the frequencieswi = 20� 2i Hz
(i = 1; :::;10). We constructband-pass�lters in spectraldo-
mainby meansof cosinefunctionsin orderto obtainquickly
decayingwavelets.The wavelets are achieved by inverse
FourierTransform.
Descriptionof ourphonontracingalgorithm,especially�lter
design,canbereadin moredetail in [BDM� 05].

3. Visualization Methods

The phononmapcharacterizesthe acousticbehaviour of a
sceneconsideringthelocationof a speci�c soundsource.It
consistsof the reverberationsof a unit pulse,comingfrom
different directionswith different time delaysand speci�c
energy distributions. How can we visualize this complex
information?
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(a) (b) (c)

(d) (e) (f)

Figure 1: Visualizationof particular phonons.First (a) andfourth (d) re�ection color codedusingtheoverall frequencyspec-
trum.First (b, c) andfourth (e, f) re�ection color codedusingthefrequencybandat 160Hzandat 10240Hz,respectively.

3.1. Visualizing Phononson Surfaces

The �rst method we have implementedto examine the
phononmapis the visualizationof certainphononsat their
positioninsidethegivenscene.Eachphononis renderedas
a sphereandis coloredaccordingto its spectralenergy. We
providetheoptionto considerall frequency bandsin totalor
eachof themseparately, whereaswe consider10 frequency
bandsassociatedwith the frequencies40;80;160; :::;20480
Hz. In the�rst casethespheresarecolorcodedby usingthe
RGB components,suchthat redcorrespondsto theaverage
of ep;8; :::;ep;10 (5120,10240,20480Hz),greencorresponds
to theaverageof ep;5; :::ep;7 (640,1280,2560Hz), andblue
to theaverageof ep;1; :::;ep;4 (40,80,160,320Hz).
In thesecondcase,consideringonly onefrequency band,we
colorcodedtheenergy of thisfrequency bandusingtheHSV
model.We interpolatethecolor of thespheresbetweenred
(full energy) andblue(energy equalszero)correspondingto
theenergy ep;i of the i-th frequency band.In orderto show
thephononsoutgoingdirectionvp we rendera conewhose
peakis rotatedtowardsvp. Thecolorof theconecorresponds
to thephononsenergy, too.
Sincethe numberof phononsin the phononmap is large
we renderonly phononswith a givennumberof re�ections
np simultaneously. With this approachwe examinehow the
surfacesof the consideredsceneaffect the overall acoustic
of theroom.Thephononmapcontainsfor eachphononthe
numberof re�ectionsnp, sowe displayonly thosephonons
with a certainnumberof re�ections, visualizing their fre-
quency spectrumandoutgoingdirection.
Figure1 shows an exampleof this visualizationapproach.

Thephononmapconsistsof onemillion phonons.In �gures
1 (a) and(d) theoverall frequency spectrumof thephonons
afteroneandfour re�ections,respectively, is depictedusing
theRGBcomponents.As wecanseein �gure 1 (a)thewalls,
the bottom and the canvas absorbhigh frequenciesbetter
thanlow frequencies(bluishcolor),whereasthedoor, for ex-
ample,re�ects all frequenciesequally. After four re�ections
at the scenesurfaceswe canobserve a shift towardslower
frequencies.TherepresentationusingtheRGBmodelshows
an averageof the energy spectrumat low, middle andhigh
frequencies.Slidingthroughthefrequency bandswecanob-
servetheabsorptionfor eachindividualfrequency band.Fig-
ure1 (b, e) shows theenergy at 160Hz and�gure 1 (c, f) at
10240Hz afteroneandfour re�ections,respectively. As we
cansee,afterfour re�ectionsthereareabout75%of theen-
ergy of thephononsat160Hz, whereastheenergy at10240
Hz is nearlycompletelyabsorbedby theroom.By depicting
theoutgoingdirectionwecanguesswhichobjectthephonon
will hit next.

3.2. WaveFront Visualization

In this sectionwe describean approachvisualizing wave
fronts re�ected at the room surfacesby useof triangulated
surfaces.In order to build thesesurfaceswe needto know
which phononsbelongto a commonwave front. Therefore
we subdivide thephononsin clustersof equalhistory, such
thatphononsin thesameclustersatisfythe following crite-
ria:

� equalnumbersof re�ectionsnp
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(a) (b) (c)

Figure 2: Clustered wavefront. (a) �r st re�ection color codedusingthe overall frequencyspectrum.(b) Traverseddistance
representedbyuseof cones.(c) �r st re�ection color codedusingthefrequencybandat 10240Hz.

(a) (b) (c)

Figure3: Clusteredwavefronts.First (a) andsecond(b) re�ectionsat thebottom.(c) Secondre�ectionsat thebottomre�ected
beforeat thewall andpowerwall,respectively.

� andfor eachre�ection:

– equalmaterialindicesmp (sameobjectof thescene)
– equalsurfacenormalsn at there�ection position

Consequentlyall phononsinsideaclusterhaveequalenergy
spectra.
In order to build the clusterwe needto tracethe phonons
backto thesoundsourceandcomparetheirhistories.This is
not a dif�cult tasksincethephononpi re-usesthepathand
energy of the precedingone (seesection2). For the same
reasonwe caneasilycomputethenormalof thesurfacehit
by pi as:

n =
�

vpi � ( ppi � s)=kvpi � ( ppi � s)k if npi = 1
vpi � vpi� 1=kvpi � vpi� 1k else

(1)

wheres is thepositionof thesoundsource.Thematerialin-
dex mp is storedin thephononmap.
We can constructthe surfaceof the wave front comming
from the soundsourceasa convex hull of phononson the
unit sphereandobtaintheneighborhoodrelationshipof par-
ticular phonons.This relationdoesnot changein time for a
setof phononsin thesamecluster, sothepolygonalrepresen-
tationof thewavefront mustbecalculatedonly once.For the
constructionof theconvex hull on theunit sphereproviding
a Delaunay-triangulationwe usetheCGAL library [CGA].
The wave front surfacesre�ected at the objectsinside the

consideredroom arebuilt by keepingonly trianglesof the
initial wave front whosevertices(phonons)residein theac-
cordingcluster. Figure4 shows thewave front comingfrom
the source.Whereit hits the canvas,for example(�gure 4
(b)), the facesthat now belongto the wave front of the re-
�ection at thecanvasareseparatedfrom theinitial surface.

(a) (b)

Figure 4: Wavefront traversedfrom the soundsource (a),
separatedafter re�ections(b).

Now wecanrendertheresultingsurfacesfor visualizationof
thewavefrontsre�ectedfrom thesceneobjects.To illustrate
wherethewave front hits theobject�rst andin whichdirec-
tion it propagatesweusethephononstraverseddistancesdp
to deformthesurface.First,wedeterminethemaximumtra-
verseddistancedmax of all phononsinsidethecluster. Then,
we renderthe phonons(which are the triangle verticesof
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thewavefront surface)in anoffsetfrom theaccordingscene
surface:

pp  pp + (1�
dp

dmax
) � n (2)

wheren is thescenesurfacenormal.Thisway, theoffsetbe-
tweenthe original surfaceandthe visualizedwave front is
atmostoneunit. Wecolorcodedthewave front surfacesac-
cordingto theenergy spectraof correspondingphonons.De-
pendonwhetherwewantto examineall frequency bandsin
commonor eachof themseparatelywe usetheRGB model
or theHSV modelasdescribedin theprevioussection.Fur-
thermore,we set the surfacetransparency accordingto the
averageenergy of thewave front.
For betterclarifying the propagation directionof the wave
fronts andthe traverseddistance,we provide the option to
draw coloredconesatthepositionof thephonons.Thepeaks
of theseconesarerotatedtowardsthephononsoutgoingdi-
rections.Their color correspondsto the traverseddistance
andis calculatedby useof theHSV modelasfollows:

(1� a ) � Hred + a � Hblue with a =
dp

lmax� np
(3)

wherelmax is themaximumdistanceof thescene.In thiscase
redcorrespondsto dp = 0 andblueto themaximumpossible
distancedependingon numberof re�ections np. Using the
aboveequationfor colormappingtheconeswecancompare
the traverseddistanceof wave fronts re�ecting at different
objectsfor a given numberof re�ections. Sincedisplaying
all wave front surfacesbecomescomplex, our implementa-
tion providesthealternative to selectwavefrontsby number
of re�ections,material(object)or history.
Figures2and3show examplesof thedescribedvisualization
approach.Theredcoloredspherein thecornerof theroom
representsthesoundsource.Figure2 depictsthewavefronts
of �rst re�ections commingfrom the bottom,the wall and
the canvas. In image2 (a) and (b) we seethe wave fronts
color codedusing the RGB model and overall frequency
spectrumas describedabove. We can seethat the bottom
andthe canvaspredominantlyabsorbmorehigh frequency,
whereasthewall absorbsmorelow frequencies.Figure2 (c)
shows the wave front surfacescolor codedby useof HSV
modelandthefrequency bandat 10240Hz. This frequency
bandis absorbedby thecanvasandbottom,but is re�ected
almostcompletelyby thewall.
The surfacesare deformedaccordingto the traverseddis-
tanceof thephononsbelongingto theclusters.Here,wecan
observewherethewavefrontshit theroomsurfaces�rst and
in whichdirectionthey will furtherspread.A representation
of the traverseddistanceby useof coloredcones(�gure 2
(b)) shows that the wave front propagatedfrom the sound
sourcehit thecanvasandthebottombeforethewall.
Figure3 presentsthewave front re�ecting at thebottomthe
�rst (a)andthesecondtime(b,c).Sincere�ectionscomming
from all objectsinsidethescenecanoverlap(�g. 3 (b)) we
provide theoptionto selectdifferentwavefronts.In �gure 3

(c) we seethesecondre�ection at thebottomre�ected �rst
atthewall andthecanvas,respectively. In thispicturewecan
observe how theenergy spectrumof thewave front changes
andhow it is split duringthere�ectionsattheroomsurfaces.
Thiswaywecanexaminetheinteractonof thesingleobjects
insidetheroom.
Since the wave front traversedfrom the soundsourceis
splittedaftereachre�ection, thevisualizationapproachde-
scribedin this sectionis applicableonly to the �rst few re-
�ections.

3.3. ScatteredData Inter polation

At higherre�ection orders,theclustersbecomesmallerand
smaller, until they containonly a singlephonon.In the fol-
lowing we develop a visualizationmethod for the entire
phononmapbasedonscattered-datainterpolation.
The goal of the interpolationis to get a continuousrepre-
sentationof theemittedenergy on thesurfacesof thescene.
First of all it is usedto visualizephononsnot belongingto
theearly re�ections of wavefronts,becausethesecannotbe
visualizedasclustersurfacesdueto theincreasingragmenta-
tion. Ratherthanvisualizingindividual re�ections,we look
at the phononmapfrom a differentviewpoint, namelydis-
cretetimesteps,i.e. "show theenergy emittedfrom the�oor
at 50 msec".This allows us to look at thechangein energy
commingfrom asurfaceover time.
The interpolationis donefor the energy andpathlengthof
the phonons.The direction is neglected,sinceit is not im-
portantfor thevisualizationdueto scattering.
Weuseaninversedistanceweightedmethodwith amodi�ed
versionof theFranke-Little [Nie93] weight functionwhich
usesvariableradii ratherthan a �x ed one dependingon a
givennumberof phononswhichneedto beconsidered.

F(x;y) := å m
k= 1

wk(x;y)� f (xk;yk)
å n

k= 1 wk(x;y)

wk(x;y) :=
�

(R� dk)+
R�dk

� 2

(R� dk)+ :=

(
R� dk R� dk

0 R< dk

(4)

with dk =
p

(x� xk)2 + (y� yk)2 andR beingthe distance
to thek-th nearestphonon.It is guaranteed,thata valuefor
eachpoint canbecalculated.
Dependingon what to visualize,differentkindsof phonons
areusedfor the interpolation,i.e. all phononswhich arere-
�ected at least5 timesor all phononspresenton a surface
for acertaintimestep.
The interpolationresultsare color codedcorrespondingto
section3.1. This meansusing RGB color when visualiz-
ing thewholefrequency spectrumandHSV for distinct fre-
quency bands.
As mentionedbefore,the interpolationis usedto visualize
latere�ections(np � 4).Thereforetheenergy of all phonons
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(a) (b) (c) (d)

Figure7: Energyon the�oor at timesteps20-23msecfor the160Hzband.

re�ected at leastn timesis usedto calculatethe energy for
thewholesurface.
It canbeseenin �gure 5 thattheresultis anenergy distribu-
tion for thewholesurfaceof anobject.In this case�gure 5
shows theenergy after the5th (a) and10th(b) re�ection on
the�oor for the2560Hzband.Comparing(a) and(b) it can
be seenthat after the 10th re�ection (d) the energy for the
2560Hzbandis quite low (bluish colors) comparedto the
5th re�ection (b).

(a) (b)

Figure 5: Energy on the �oor after the5th (a) and10th(c)
re�ection for the2560Hzband.

Whenvisualizingthephononmapwith respectto time, it is
possibleto look at a time span(i.e. 0-50 msec)or distinct
time steps(i.e. 15 msec).Figure 6 shows the averageen-
ergy between0-49(a)and50-100(b) msecfor the20480Hz
band.Comparingthe �rst (a) andsecond(b) 50 msecafter
theunit pulsethedifferencein energy for the20480Hzband
is clearly visible. For the �rst 50 msecthe main emission
of energy in the20480Hzbandcomesfrom right underthe
soundsource(greencolor) asfor thesecond50 msecthere
is almostzeroenergy on thewhole�oor (bluecolor).
An examplefor distincttimestepsis givenin �gure 7 (a-d),
wherethe changein emittedenergy for the 160Hzbandis
shown at20(a),21(b),22(c)and23(d)msec.
Having dealtwith the visualizationof the phononmapon
thesurfacein thelastsections,thenext sectionwill provide
informationaboutthereceivedenergy atdistinctlistenerpo-
sitionsthroughouttheroom.

(a) (b)

Figure 6: Average energy between0-49(a) and50-100(b)
msecfor the20480Hzband.

3.4. Listener-basedVisualization

The approachesdescribedabove visualizethe phononmap
consideringthesurfacesof theroomandtheiracousticprop-
erties.In this sectionwe presenta visualizationmethodde-
picting the received energy at a listenerposition.With this
approachwe candetectfrom which directionthe mosten-
ergy reachesthelistenerandvisualizetheenergy spectrum.
For this purposewe rendera triangulatedspheredeformed
accordingto the weightedphononsreceived at the listener
position.Thephononsarecollectedusingthecollectionstep
describedin section2. For eachphononwhich contributes
to the total energy at the listenerposition,we �rst calculate
the intersectionpoint pintersec of the ray from the centercs
of thesphereto thephononspostionpp with thesphere.We
increasethentheenergy esp andthedisplacementdispsp of
thepointsp of theintersectedtrianglewith minimaldistance
to pintersecasfollows:

esp  esp + f ac�

0

@
(ep;8 + ep;9 + ep;10)=3
(ep;5 + ep;6 + ep;7)=3

(ep;1 + ep;2 + ep;3 + ep;4)=4

1

A

dispsp  dispsp + f ac� 1
10 å 10

i= 1ep;i
(5)

esp 2 R3, dispsp 2 R if weconsiderall frequency bandsand

esp  esp + f ac� ep;i

dispsp  dispsp + f ac� ep;i

(6)
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(a) (b) (c)

Figure 8: Deformedspheresrepresentationat four listenerpositions.(a) color codedusingtheoverall frequencyspectrum(b)
by80Hzand(c) by1280Hz.

(a) (b) (c)

Figure9: Deformedspheresrepresentationat80Hzcollectedbefore(a)andafter(b)50msecatonelistenerposition.Deformed
spheresrepresentationat 5120Hzat threepositionin a roomwith a separatingwall with total absorption(c).

esp 2 R, dispsp 2 R if we look at a certainfrequency band.
Therebyf ac is thegaussiandistancedescribedin section2.
In orderto smooththesphererepresentationwe increasethe
energy of thepointssp j aroundsp if arccos(hcs � sp j ;cs �
spi ) < a for agivenanglea asfollows:

esp j = w� esp where
w = 1� (arccos(hcs � sp j ;cs � spi )=a )

(7)

Afterwards,we normalizethe energy andthe displacement
of the spherepoints.Thereforewe determinethe maximal
displacementdispmax andenergy emax (in all threecompo-
nents)of all points.Thenwenormalizethesevalues:

esp j  
espj
emax

dispsp j  
dispspj
dispmax

(8)

In order to considerocclusionof the listenerposition,we
scaletheenergy valuesof thespherepointssp j asfollows:

esp j  esp j �
n0

ph
nph

dispsp j  dispsp j �
n0

ph
nph

(9)

wherenph is thenumberof phononsin thephononmapand
n0

ph thenumberof phononswhichareseenfrom thelistener.
Now after the calculationof the displacementfactorsand

energy at eachpoint of thespherewe candeformandpaint
the spheresat given listenerpositions.The new positionof
thepoint sp j resultsin:

sp j  sp j + dispsp j �
cs � sp j

kcs � sp jk
(10)

The color of the spherepoints is calculatedby useof the
RGB (for overall frequency spectrum)or the HSV (certain
frequency band)model as mentionedin the previous sec-
tions.For assessingpurposeof theacousticquality at a lis-
tenerpositionit is importantto know at which time the re-
�ections arrive at the listener. For this reasonwe add the
feasibility to determinethe lower anduppertime limits for
phononselection.
The following �gures presentthe resultsof the introduced
visualizationapproach.Figure8 (a)show spheresat four po-
sitionsin theconsideredroom.Theenergy is collectedover
theentiretime interval. Thespheresaredeformedandcolor
mappedby usingtheoverallenergy spectrum.As wecansee
thatthemostenergy of low frequenciesarrivesat thelistener
from thebottomandtheceiling,sincethey donotabsorblow
frequencies.Whereasmiddleandhigh frequenciesreachthe
listenerfrom thewalls.Consideringtheenergy at80Hz (�g-
ure8 (b)) andat 1280Hz (�gure 8 (c)) we canobserve that
mostpart of the energy at 80 Hz re�ects at the bottomand
ceiling,andat1280Hz mostpartis re�ectedat thewalls.

c
 TheEurographicsAssociation2006.



E. Deines& F. Michel& M. Bertram& H. Hagen& G. Nielson/ VisualizingthePhononMap

The depictedspheresin �gure 9 (a) and (b) are deformed
andcolor codedusingthe energy at 80 Hz of phononsthat
reachedthe listenerpositionbeforeandafter 50 msec,re-
spectively. We canobserve that thewholeenergy of the re-
�ections at the room surfacesarrivesthe listenerbefore50
msec.In thiswaywecancomparetheamountof earlyto late
re�ections.
Figure9 (c) shows a roomwith a separatingwall with total
absorption.Thiswall preventsmostre�ectionsfrom thesur-
faceson the left sideof the roomto the right sideandvice
versa.We placeda listenerpositionbehindthewall andtwo
in thecornersof theroom.We visualizethespheresfor the
frequency bandat5120Hz.As wecansee,nore�ectionsare
received from the separatingwall andonly few re�ections
reachthelistenerfrom theleft andright roomsurfaces.

4. Discussion

In this work we have presentedvarious visualizationap-
proachesfor analyzingacousticbehavior insidea room by
useof the phononmap resultingfrom our phonontracing
algorithm.First of all we visualizedthe singlephononsas
color codedspheres.Theadvantagesof this approachis the
simplicity of the techniqueand the direct visibility of the
materialin�uence on the soundtraversedfrom the source.
A huge drawback is the lack of connectivity information
betweenthe phonons.This is overcomeby our secondap-
proach,the visualizationof wave fronts. Additionally this
method is a natural representationof the propagation of
sound.Due to increasingfragmentation,this methodcan
only beusedfor the �rst few re�ections.Also thereis only
limited time dependency. To visualizethe reverberationsof
higher order at the scenesurfacesand to include the time
dependency in the visualization,we usedscattereddatain-
terpolation.At themoment,we restrictedthis methodto the
surfacerepresentationandneglect the directionof the par-
ticular phonons.In thesethreepresentedmethodswe dis-
regardedthe situationat certain listenerpositions.There-
foreweintroducedthelistener-basedvisualizationapproach.
Thistechniqueallowsatimedependentview onthereceived
energy onacertainlistenerposition.
In total,theseapproachesgiveageneralideaover theacous-
tic behavior inside the consideredscenewhich can be de-
rived from the phononmap.Furtherwork hasto be done
in the areaof interpolationto incorporatethe outgoingdi-
rectionof thephononsso that it canbeusedin thesimula-
tion process.For abetterassessmentof hearingexperienceit
would be favorableto look at thedifferentacousticmetrics
at thelistenerpositions,aswell.
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