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Motivation

Particles systems can add nice realism to
an environment

Fairly simplistic "rules"

No collision detection

NPCs can be implemented in a similar
fashion

Complex behavior  more-complex rules

Combination of "standard" and special
purpose algorithms
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Sample Uses of AI in Games

Bad guys guarding something

Bad guys looking for you

Bad guys trying to beat you to something

Bad guys trying to beat you (literally)

Good guys working with you

Other people just minding their own
business
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Flocks, Herds, and Schools

A flock consists of a group of discrete
boids moving in a visually complex
fashion.

There appears to be some central
control, but evidence indicates that the
motion is just the aggregate result of
individual object motions.

Problem
How do we simulate the motions of a flock in
games?
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Behavioral Systems

Special instance of particle systems

Flock is a group of objects that exhibit
the general class of polarized (aligned),
non-colliding, aggregate motion.

Boid is a simulated bird-like object, i.e.,
it exhibits this type of behavior. It can be
a fish, dinosaur, etc.

Allow each object to determine its own
behavior

R.W. Lindeman - WPI Dept. of Computer Science 6

General Approach

Each boid maintains
An internal state

A set of bahaviors

Fits very nicely into a C++ (Java, etc.)
class

Each boid is an instance of this class

Three main behavioral rules
Separation

Alignment

Cohesion
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Three Rules

Separation
Steer to avoid crowding

local flockmates

Alignment
Steer towards the average
heading of local flockmates

Cohesion
Steer to move toward the

average position of
flockmates
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Three Rules, Restated

Avoid collisions with neighbors and
obstacles

Attempt to match velocity (speed and
direction) of neighbors

Attempt to stay close to neighbors

These are not orthogonal
Collision avoidance helps establish a
minimum distance to neighbors

Velocity matching maintains it
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Boid Brain

Each boid has access to whole scene

Each one only considers flockmates in
neighborhood

Typically defined using a radius

Think of fish in murky water, birds in fog
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More Rules?

What else could you do with this?
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More Rules?

Seek and flee
Food vs. Food?

Pursue and Evade

Wander

Arrival

Containment

Wall following

Path following

Leader following
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Problems with Behavioral

Techniques

Trade control for automation
Difficult to get exact desired effect

Solution: Follow the leader
How to define leader

Solution: Use only for background
Use something else for foreground characters

Need to consider every boid
O(n2) complexity!

How can we fix this?
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Behavioral Systems: Examples

Bats and penguins in Batman Returns

All battle scenes in Lord of the Rings

Most battle scenes in Star Wars

Add some stochastic behaviors in order
to deter uniformity

R.W. Lindeman - WPI Dept. of Computer Science 14

References
W. T. Reeves, "Particle Systems - A Technique for Modeling a

Class of Fuzzy Objects", Computer Graphics, vol. 17, no. 3, pp

359-376, 1983.

C. W. Reynolds, "Flocks, Herds, and Schools: A Distributed

Behavioral Model", Computer Graphics, vol. 21, no. 4, pp 25-34,

1987.

http://www.red3d.com/cwr/boids/

http://www.red3d.com/cwr/steer/

http://www.siggraph.org/education/materials/HyperGra
ph/animation/particle.htm

http://www.devmaster.net/articles/particle_systems/



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


