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Introduction

» Efficient algorithms fomultiple vehicle path
planningare crucial folcooperative control
systems

» Need to take into account vehicle dynamics,
mission parameters and external influences

» Example: Gdo-Formationmaneouvre




o

. The Go-To-Formation Maneouvre

« An initial formation pattern must be established before mission start
» Deploying the vehicles cannot be done in formation (no hovering capabilities)
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o

. The Go-To-Formation Maneouvre

+« Need to drive the vehicles to the initial formation in a concerted manner
» Ensure simultaneous arrival times and equal speeds

» Establish collision avoidance through maintaining a spatial clearance
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' Polynomial Path Planning

» Dispense witlabsolute timen planning
a pathp@) (¥ X ).&

« Establishtiming laws |
of nominal speevith. |

» Spatial and temporal .[{
decoupledand captui .|

» Choosen(y ami)
« Path shape&hanges with only varylrrg




Polynomial Path Planning

» Polynomial for each coordinat&?) =& . a, ¢
with degree determined by the number of
boundary conditions

» Temporal speed and acceleration constraints
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Cost Function Considerations




Cost Function Considerations

» A path iseasiblelf it can be tracked by a venhicle
without exceedin@min, Ymex 8nax  ANKLex

« It can be obtained byninimizing the energy

consumption
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» Subject totemporal speed and acceleration
constraints




Multiple Vehicle Path Planning

» Instead of trying to minimize the arrival time

Interval, we carix arrival times to be exactly

equaland still get different path shapes
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Multiple Vehicle Path Planning
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from which thespatial pathsare computed

» The result is in turn used to computelocity an
acceleration

« Optimization is done usingjrect search




Spatial Deconfliction
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Deconfliction

° Spatlaldeconﬂlctlonxmin an subject to
p(Q)- AJP2*BO . o
"= Lo L0(0 ) Bo,, o,
» Fortemporaldeconfliction the constraint
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» Simultaneous arrivadt timet® = arg ming wJ
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Environmental Constraints

» Incorporatedthroughbarrier function
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» Pathplanningwith currentsfor more energy
efficient paths(insteadof solelyrelyingon path

following controller)

» Pathplanningwith communicationconstraints
for rangekeepingwithin the group
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Time-Coordinated Path Following

» Closedform solutionto problems of operoop

path planning and trajectory tracking

» Usingvirtual time g=t/t, i[0,1with
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Time-Coordinated Path Following

» Pathfollowingcontrol strategye, () Jp;(Y) -p(g (D)

» Guaranteeghat"t =0,gt) =dt) vehicles and j
are deconflictedandthat they follow their

trajectoryif g(t) =t

« Atime coordinationcontrol law canbe found so
that the missionremainsonearoptimalad  they
presenceof disturbances
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« Algorithm makes use of currents to minimize expected energy usage

» Solid lines %, dashed lines %,..and dotted lines %, andv,.,
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« Algorithm makes use of currents to minimize expected energy usage

» Solid lines %, dashed lines %,..and dotted lines %, andv,.,
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« Communication constraints with and without spatkdconfliction
» Communication break distand®mand80m



Conclusions

» Recent improvements of the planner include
currentsand communication constraints

» Thereby enhances usability fonission planning

» Barrier function approach allows for LJINE 0
the path limits(useful for obstacle avoidance)

» Algorithmeasily adaptabléor arbitrary number
of vehicles




' Future Work

« Running timancreases exponentiallyith
number of discrete pointg usedifferent
optimization approaclkand/or different means of
path description

« Incorporatereal vehicle dynamiasstead of
approximation through constraints

« Improvecommunication constraint
» Use more sophisticateenergy usagequation
» Allow for specification of vehickub-groups




Thank you for your attention!
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