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Lab

UCLA experience
Timeline

Design competition advertised as an undergraduate research experience to the
UCLA’s engineering honor society Eta Kappa Nu and the IEEE local student
chapter during the Fall of 2016.

5 junior students (4 EE and 1 CS) were recruited: Jeffrey Chen, Alexander Fong,
Mignon Huang, Leon Ho, Nicholas Chung.

1 student had attempted to build his own drone in the past and 2 students had
some embedded systems experience.
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Lab

Verifying what?

The online design competition is built on waypoint navigation for quadcopters.

Students did not write code for the quadcopters. Instead, they provided a list of
waypoints to the existing flight controller.

Hence, we focused on verifying the controller rather than its implementation.
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Lab

Verifying what?
Why verifying the controller?

The controller was “verified” through extensively simulations.

Flight tests also performed, but we would like to weed out as many bugs as
possible before flight tests.
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Verifying the controller

What is the specification?

If written in LTL:
L0 ∧3(L1 ∧3(L2 ∧3L3))...

The undergraduate students were not amused!

Instead, we considered the simpler problem of verifying how each waypoint was
reached.
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Lab

Reachability analysis

Consider a takeoff maneuver (lifting the quadcopter from z = 0 m to z = 10 m).

How well does the controller perform if there is vertical wind?

This is a reachability analysis problem.

This is how the controller performs in the absence of wind:
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Reachability analysis

Consider a takeoff maneuver (lifting the quadcopter from z = 0 m to z = 10 m).

How well does the controller perform if there is vertical wind?

This is a reachability analysis problem.

This is how the controller can perform in the presence of wind:
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Reachability analysis

Consider a takeoff maneuver (lifting the quadcopter from z = 0 m to z = 10 m).

How well does the controller perform if there is vertical wind?

This is a reachability analysis problem.

Over-approximation of the reachable set computed by SpaceEx:
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Lab

Lessons learned

Undergraduate students are not ready for formal specifications, e.g., in temporal
logic.

They are very comfortable with reachability analysis when presented as an
extension of simulation.

The problem does not seem to reside with the concepts but with the
mathematical formalism.

We are considering making reachability analysis a pre-requisite to qualify for the
final competition demonstration.
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