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Motivation



Figure 1 : Search and rescue mission. Topological map for a manned vehicle and an AUGV in a flooded area between the Seine and the Vanne rivers near Troyes, France. (Villages in red circles have to be visited.) June 26, 2018
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Path-Planning & Scheduling • Optimal Resource and Technical Control (ORTAC) as a constraint optimization problem. • Search for a path (timed waypoints in a topological map) for multiple coordinated agents, while optimizing a cost function: Speed, security, #targets, visibility, shear, #actions. 5 (20)
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Certainty Model v (Fv) x(u) …



• Flow conservation at vertex v:



∀ u ∈ Edges, x(u)∈ {0, 1} An agent traverses edge u ⇔ x(u) = 1



∀ v ∈ Vertices, ∑



∈



( )



( )



=∑



∈



( )



In(v) = 



… Out(v)



≤ 1



N instead of 1 (Fv > 1): more than one agent on vertex v.



• Variables: – – – –



Average velocity V on an edge u; Duration D of traversal of an edge u; Stand-by S on a vertex v; … and for resource consumption, security and observability.



June 26, 2018
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Temporal Uncertainty • The pass-by time T at a waypoint becomes uncertain at planning time: Confidence intervals. T ∈ [Tmin ; Tmax]



• Semantics: If the realization (i.e., at execution time) of T is within its confidence interval, there is consistency with the other uncertain passing times of other agents on other vertices. • Uncertainty on (i) the duration of traversing an edge, (ii) the average velocity of traversing an edge, and (iii) the coordination between two agents passing on two waypoints. before after simultaneous disjunct support synchro compound



// Temporal coordination // Logical coordination



• Data: – Relative uncertainty on the start time. – Maximum on the relative uncertainty on velocity of a agent on an edge. June 26, 2018
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Model for Temporal Uncertainty • Model of velocity on an edge (v,v’): 







(v,v’) ≤ V(v,v’) ≤ (v,v’) ≤ V(v,v’) + ∆ V(v,v’) + ∆ (v,v’) ≤







(v,v’) (v,v’) (v,v’)



// Confidence interval on velocity V(v,v’) on an edge. // Upper bound on confidence interval // Lower bound on confidence interval (∆ < 0)



• Model of duration on an edge (v,v’): 



(v,v’) ≤ D(v,v’) ≤ , ′ = (v,v’) , ′ = (v,v’)







(v,v’) (v,v’) + r(v,v’) (v,v’) + r’(v,v’)



// Confidence interval on duration D(v,v’) // r(v,v’) is ignored (non integer values). // Idem.



• Model of pass-by time on a vertex v: (succ(v)) ≤ (v) + (v) + (v) + (v) + (v, succ(v)) ≤







(v, succ(v)) // Uncertainty never decreases. (succ(v))



• Model of coordination between agents A and B on vertices: Tmin(A) < Tmin(B) /\ Tmax(A) < Tmax(B) Tmax(A) + D (A) ≤ Tmin(B) Tmin(A) = Tmin(B) /\ Tmax(A) = Tmax(B) Tmin(B) > Tmax(A) + D(A) \/ Tmin(A) > Tmax(B) + D(B) June 26, 2018



// (weak_)before A B, or (weak_)after B A // strong_before A B, or strong_after B A // simultaneous A B // disjunct A B
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Example •



Excerpt of trace for a medical visit: coordination constraint simultaneous between agent1 @ vertex 11 and agent2 @ vertex 12 in a topological map with 74 edges and 22 vertices. --- Unit : agent1 Absolute uncertainty on node 2 : -2 =< 0 =< 3 Absolute uncertainty on node 11 : 10 =< 32 =< 35 Absolute uncertainty on node 16 : 55 =< 77 =< 80 Absolute uncertainty on node 17 : 59 =< 81 =< 84 Absolute uncertainty on node 18 : 65 =< 87 =< 90 Absolute uncertainty on node 19 : 71 =< 93 =< 96 --- Unit : agent2 Absolute uncertainty on node 1 : -2 =< 0 =< 3 Absolute uncertainty on node 4 : 2 =< 4 =< 7 Absolute uncertainty on node 10 : 5 =< 7 =< 10 Absolute uncertainty on node 12 : 10 =< 12 =< 35 Absolute uncertainty on node 13 : 16 =< 18 =< 41 Absolute uncertainty on node 19 : 82 =< 84 =< 107 Absolute uncertainty on node 20 : 88 =< 90 =< 113
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Performances The total CPU time is the sum of the certainty CPU time and the uncertainty one.



Figure 2.a. : Recon village after flooding.



Figure 2.c. : Reinforce UN in town. June 26, 2018



Figure 2.b. : Suspect sites inspection.



Figure 2.d. : secure humanitarian area. Workshop SPARK, ICAPS'18
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Conclusion • Planning & scheduling as a constraint optimization problem. • A discrete representation of uncertainty by confidence intervals, with coordination among multiple agents. • Limited performance loss on cases of realistic size. • Application for AUGVs in humanitarian scenarios. • Future work: – Planning and execution: connecting ORTAC to a wargame. – For real: On the AUGV eRider.
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THANK YOU FOR YOUR ATTENTION!
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