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Sensor Network Platform Positioning with 
Cyclic Pursuit

K.S. Galloway1,2,  E.W. Justh2,3,  P.S. Krishnaprasad1,2

Pursuit is often viewed as a competitive phenomenon, whether 
it is observed in the biological setting or in the context of 
unmanned vehicle maneuvers or weapons engagements. 
Here, we demonstrate that pursuit can actually serve as a 
building block for cohesion, generating complex group behavior 
on a larger scale through local interactions of individual agents. 
The resultant group behavior could serve as the basis for 
positioning a formation of vehicles carrying elements of a 
mobile sensor network. In the particular case, we investigate 
an n-agent cyclic pursuit scheme (i.e. agent i pursues agent 
i+1, modulo n) in which a constant bearing angle pursuit 
strategy (as formulated by Wei, Justh, and Krishnaprasad, 
2008) is employed by agents modeled as unit mass particles 
traveling at constant speed in the plane. We demonstrate the 
existence of a 2n-dimensional invariant submanifold within the 
state space and derive necessary and sufficient conditions for 
the existence of rectilinear and circling relative equilibria on that 
manifold.

ri = position of ith particle
xi = unit tangent vector
yi = unit normal vector 
ui = steering (curvature) control

System Model

Constant Bearing (CB) Pursuit

CB Control Law

Abstract

Introduce a cost function to indicate “distance” 
from desired CB pursuit state:

Cyclic Pursuit

Reduction by the Symmetry Group SE(2)

Reduced Shape Dynamics on CB-

Relative Equilibria

Ongoing & Future Work
• Investigation of stability/convergence properties of 
relative equilibria and particular invariant manifolds

• Characterization of system behavior for parameters that 
do not satisfy the conditions of Proposition 1.1 or 1.2

• Examination of the effects of time-varying bearing angle 
offsets 

In an n-agent cyclic pursuit scheme, 
each agent (e.g. unmanned vehicle, 
fish, etc.) pursues the next agent in the 
group, with agent n pursuing agent 1. 

Example: For three agents using exact classical pursuit (i.e. 
velocity is directed towards the pursuee’s current position), 
it can be proved that they will meet simultaneously at a 
Brocard point of the initial triangular configuration.  

It’s possible that certain 
group behaviors in biology 
(e.g. circling movement of a 
school of fish) are based on 
a cyclic pursuit scheme. 

In our scheme, the agents use a constant bearing (CB) 
pursuit strategy, maneuvering to maintain a specified “target 
bearing” (i.e. the angular offset between their velocity vector 
and the line-of-sight to the pursuee.)

desired CB pursuit angle

Rotation matrix: rotates vector xi by      
radians in the CCW direction

Attainment of CB 
pursuit state

Control Law for CB Pursuit

control gain “perp” notation indicates 
CCW rotation by 

Under the CB control law, the cost function evolves according to

and the CB- submanifold (defined below) is invariant.  

Since our dynamics (1) and control law (3) are SE(2)-invariant, we 
can define a new set of “shape variables” that depend only on 
relative state: 

Additional 
relationships:

On the invariant CB- submanifold, we have

which yields a set of reduced “shape” dynamics given by 

Initial analysis and simulations suggest that the CB-

submanifold is attractive on a large region of the state 
space, and therefore we focus our analysis on these 
reduced dynamics.

1Electrical and Computer Engineering, 2Institute for Systems Research, 3Naval Research Laboratory 

Equilibria of the shape dynamics 
=

Relative equilibria for the full system dynamics

Sensor  network 
formation
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- Velocities aligned
- Formation “shape” determined 
by 

(5)

Rectilinear relative equilibrium

- Platforms travel on a common 
circular trajectory
- Formation “shape” determined 
by 

Circling relative equilibrium
r1

r2

r3

x1

x2

x3

y1

y2

y3



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


