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Polynomial time algorithm for
constant factor multi-robot motion
planning on grids under maximum
density [RSS’18]

Effective and Principled Algorithms
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Fast algorithms for continuous, high
density settings [WAFR18]
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Fast algorithms for dynamic settings
[RA-L/ICRA’20]

General Methodology for Path-Based
(Multi-Robot) Optimization

A Xp, goal
Z X = Z X =1, Z Xyl = Z X =0
veN(!) VEN(VEG) veN(!) EN(VE)
vv; € V/{w!,v4), Xpp; = x <1

VO € O,Lka = Z Z Xvyp; + Xv;,v;
V;€0y V;EN(v;)

Minimize Y0, o Xo,

[IROS’19, Best Student Paper Finalist,
Best Application Paper Finalist]



Optimal Multi-Robot Path and Motion Planning Computational Intractability

Planar Monotone 3-SAT Planar MPP
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MPP: (G, X;, X¢), seek collision free P = {p1, ..., Pn}

I © Min max time (makespan): min max time(p;)
I PEP p;€EP

i . H . ; ] ,
1 = Min total time: min 2ip;ep time(p;)
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Theorem. Optimal Planar MPP is NP-hard for min makespan,
min total time, min max distance, and min total distance
objectives [RA-L 16].
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| = We seek (near-) optimal solutions (ideally, 1.x in practice)
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Applylng global part|t|on & row yields 0(1) -optimal solutlon



Prior Work on Continuous
Multi-Robot Motion Planning

New WAFR Work: Maximum Density of 51% with Completeness Guarantee

P Opt. guarantee on discrete problem on triangular grid
A P Completeness guarantee on continuous problem
P Fast computation for continuous problem
P All with highest supported density in the literature
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23% maximum density
with provable optimality
guarantee [ISRR’15]
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veN(!) vENWG)

veN(w!) vEN(WG)

Vo, € V/[l, v}, Z Xy = z Yoy <1

VEN (V) VJEN (Vi)

VOk €0, Lka = z
Vi€Ok VjEN (V)

Xvyvj + X},

Minimize Yo, co X0,

Multi-robot motion
planning

A0
’A h
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Minimum constraint
removal

Reward collection
problems

P A good first option for your path-based optimization problems — give it a try!
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Polynomial time algorithm for
constant factor multi-robot motion
planning on grids under maximum
density [RSS’18]

Effective Algorithmic Solutions
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Fast algorithms for continuous, high
density settings [WAFR18]
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Fast algorithms for dynamic settings
[RA-L/ICRA’20]

General Methodology for Path-Based
(Multi-Robot) Optimization

A Xp, goal
Z X = Z X,,6 =1, Z X = Z X =0
veN(!) VEN(VEG) veN(!) EN(VE)
vv; € V/{w!,v4), Xpp; = x <1
EN(v;) v;EN(v;)

VO € O,Lka = Z Z Xvyp; + Xv;,v;
V;€0y V;EN(v;)

Minimize Y0, o Xo,

[IROS’19, Best Student Paper Finalist,
Best Application Paper Finalist]



