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PRECISE

@ PROBLEM: AUTONOMOUS AIR TRAFFIC CONTROL e THE CONTROL ARCHITECTURE

Dealing with a complex set of requirements to
manage the airspace traffic.
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Fig 1. Complex airspace for small drone operations

Challenge 1: How do we encode such rules mathematically?
Challenge 2: How do we use this formulation to control real world dynamical systems?
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Fig 2. Control architecture for mission specification and

SPECIFICATIONS IN SIGNAL TEMPORAL LOGIC(STL)

STL is a logic that allows the succinct and unambiguous speoﬂcatlon of a
wide variety of desired system behaviors over time. d; 4, 93 s
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Fig 3. Four UAVs reach-avoid mission sketch

CONTROL WITH SMOOTH ROBUSTNESS

The goal is to find the maximum robustness of STL formula ¢

P: max, po(x)
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Cannot maximize robustness as function is non-smooth due
to signed distance and discrete max/min (fig. 4).
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PLANNING IN SEQUENTIAL METHOD SEQUENTIAL METHOD VS. CENTRALIZED METHOD
Motivation: All at once planning method is not suitable for * Robustness slightly decrease « Planning time dramatically decrease
commercial application because it needs to share all mission Number of drones Number of drones
mfor.matlon. . | | Centralized Sequential Centralized Sequential
Possible Solution: Apply sequential planning method. Only one 0.4995 04075 , 16296 a6
mission information needs to be shared to avoid collision. ' | ' '
6 0.5 0.4907 6 100.778 60.623
Example of a 4 UAS reach-avoid mission formulating in 12 0 0 12 223,041 86.063
Sequential Method:
 Suitable for mission planning with priority
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EXPERIMENT N

Now
implementing
both indoor
and outdoor
experiments by
assigning
different tasks
to UAVSs.
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Fig 3. Crazyflies Indoor Using Vicon System Fig 3. Drone Outdoor Using Pixhawk Board and

e CONCLUSIONS

controller in a hierarchical control scheme.
« Seqguential planning method is a good way

guarantee.

« Robust for dynamical systems with STL specifications.

« Through simulations as well as experiments on actual
guadrotors, we show the applicability of a Real-time high-level

for commercial

application to protect privacy information without losing safety
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