
Morphable Crowds
Supplemental Material

Figure 1: The synthetic crowds (Right) learned the spatial arrangements and loco-
motion styles from the real crowds (Left). These show lining up at a ticket booth
(Up) and spectating at a performance (Bottom).
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Figure 2: The formation model of various crowd styles. The top eight crowd data
were captured from real human/animal video and the bottom five were from syn-
thesized crowd simulation. The ants video at the top used courtesy of BioTracking
project at Georgia Institute of Technology.
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Figure 3: Smooth transition from Stagger to Horizontal.

Two-Way Blending. Our system allows any pair of morphable models to
be interpolated to produce their intervening crowd styles with arbitrary affine
weights. Smooth transition from a source to a target can be easily produced by
gradually increasing the blending weight for the target crowd from zero to one.
Figure 3 shows the process of transitioning from randomly distributed, staggering
folks to a horizontal line formation.

3



Figure 4: Three-way blending.

Multi-Way Blending. We can blend more than two crowd models simulta-
neously (Figure 4). The user simply pick a point in the triangle palette to decide
the blending weights of three example data. The agents in the synthesized crowd
then change their formations and locomotion styles gradually to make transition
in the crowd style palette. A variety of new crowd styles can be produced by
mixing many morphable models. We implemented a painting interface to create a
crowd of agents with mixed styles and personality (Figure 5). The user selects the
style in the palette and creates a group of agents in that style using the paint brush
metaphor.
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Figure 5: A crowd painting interface based on three-way blending. The bottom-
right triangle palette represents a spectrum of intermediate crowd styles of three
example crowds. Stroking a brush creates a set of agents in the stroke shown as a
pink disk.

Painting Crowds. We implemented a painting interface to create a crowd of
agents with mixed styles and personality(Figure 5). The user selects the style in
the palette and creates a group of agents in that style using the paint brush.
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Figure 6: Spatial transition.

Spatial Transition. Smooth transition of crowd styles allows multiple crowd
styles to be laid out seamlessly in space. We partitioned a rectangular ground
vertically into three subregions (Figure 6). Three crowd styles (Chat, Aggres-
sive, Horizontal) were associated with the subregions. The Chat model generates
a near-stationary, clustered distribution of agents. The Aggressive model gener-
ates a randomly distributed, fast-moving agents. The Horizontal model generates
lines of agents moving in moderate speed. The morphable models are smoothly
blended along the boundary of subregions to visualize the transition between dif-
ferent styles.
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Figure 7: Collision avoidance.

Collision avoidance. Our simulation algorithm can readily prevent the col-
lision between agents and with obstacles (see Figure 7) as long as the agents are
not tightly packed. Handling tightly packed pedestrians is beyond the scope of our
work. Our simulation algorithm avoids collisions by rejecting any trajectory seg-
ment on a collision course and searching an alternative until it find a collision-free
trajectory. Therefore, the algorithm would slow down for collision-prune, dense
crowds.
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Preprocessing analysis

Each crowd data is pre-processed to construct its generative model and they
took one or two seconds to generate one single crowd model. Another preprocess-
ing is to establish correspondences between formation distributions for crowds
blending. They took about one minute and detail timing information for each
example is exhibited as follows.

Examples Blending models
Finding

matching (sec)

Two-Way Blending Horizontal and Stagger 39.547

Stagger and Army 37.843

Army and Vertical 48.781

Hallway and Stroll 47.125

Stroll and Army 54.687

Army and Chat 61.078

Chat and Aggressive 50.156

Aggressive and Horizontal 84.453

Horizontal and Ants 78.781

Ants and Stagger 59.875

Three-Way Blending
 & Painting Crowds

Spatial Transition

Table 1: Pre-processing analysis for each example.
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Runtime analysis

Runtime process consists of generating an initial formation of given number of
agents and proceeding every agent by the length of a trajectory segment. Table 2
shows general and timing information for each example.

Lining 1 100 30 0.141 0.038

Spectator 1 100 30 0.031 0.013

Two-Way
Blending

Stagger to
Horizontal 2 20 60 0.001 0.061

3 15 20 0.001 0.121

3 376 10
Incremental

addition 0.089

8 3699 30 27.156 29.511

Many obstacles 1 170 20 0.094 0.752

One obstacle 1 135 15 0.063 1.161

Simulation
duration

(sec)

General Information

One Crowd
Synthesis

Three-Way Blending

Painting Crowds

Spatial Transition

Collision
Avoidance

Examples # of
motion data

# of
agents

Initial formation
generation

(sec)

Average
synthesizing

time (sec)

Time information

Table 2: Runtime analysis for each example.

9



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Cadmus MediaWorks settings for Acrobat Distiller 8.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


