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Onboard Time-Optimal Control for Tiny Quadcopters
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ABSTRACT

Time-optimal model predictive control is impor-
tant for achieving fast racing drones but is com-
putationally intensive and thereby rarely used
onboard small quadcopters with limited compu-
tational resources. In this work, we simplify
the optimal control problem (OCP) of the po-
sition loop for several maneuvers by exploiting
the fact that the solution resembles a so-called
’bang-bang’ in the critical direction, where only
the switching time needs to be found. The non-
critical direction uses a 'minimum effort’ ap-
proach. The control parameters are obtained by
means of bisection search schemes on an ana-
Iytical path prediction model. The approach is
compared with a classical PID controller and
theoretical time-optimal trajectories in simula-
tions. We explain the effects of the OCP sim-
plifications and introduce a method of mitigat-
ing one of these effects. Finally, we have im-
plemented the ’bang-bang’ controller as a model
predictive controller (MPC) onboard a Parrot
Bebop and performed indoor flights to com-
pare the controller’s performance to a PID con-
troller. We show that the light novel controller
outperforms the PID controller in waypoint-to-
waypoint flight while requiring only minimal
knowledge of the quadcopter’s dynamics.

1 INTRODUCTION

Unmanned air vehicles (UAV) are used in an increas-
ing variety of applications [1]. Several applications, such
as emergency response or race tasks require the drones to
fly as fast as they can. Autonomous drone racing has re-
cently emerged as a discipline to boost the development of
fast-flying robots [2—4].

Traditionally the problem of time-optimal control gener-
ation is solved offboard as available hardware lacks the com-
putational performance to quickly solve the Optimal Con-
trol Problem (OCP) onboard a quadcopter [5]. Fast flight is
achieved by tracking these trajectories with high-performance
controllers [6].
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Recent work demonstrated efficient trajectory optimiza-
tion for snap and leveraging differential flatness to derive the
corresponding control inputs [7, 8]. However, the snap op-
timization method does not optimize for minimum-time. In
fact, the total flight time must be predefined and the dynam-
ical limits of the quadcopter are not taken into account. In-
cluding time and dynamic feasibility constraints in the opti-
mization process increases the computational complexity of
the problem [9]. On the other hand, [10] defines a sequen-
tial quadratic programming problem to simultaneously opti-
mize control inputs for action and perception objectives. Al-
beit that in this work the reference trajectories are precom-
puted. [11] has extended on this work and demonstrated a
pipeline that is fully embedded and is efficient enough to be
implemented as a robust MPC. While the results are great,
this comes at a very high computational cost. To address
this, optimal control has also been approximated with deep
neural nets, which are lighter than the original optimization
[12-14]. This approach is powerful but very data intensive.
Model predictive control remains very computationally ex-
pensive and few onboard implementations exist for very light
drones [11, 15]. In this category, classical control remains
common [16].

For a lot of trajectories, the time-optimal solution sim-
plifies to a well-timed maximal control deflection. This pa-
per therefore, proposes a light strategy to approximate time-
optimal control by computing this timing onboard (See Fig-
ure 1).

Figure 1: A comparison of a circular flight path between
the proposed controller (green) and a classical PID controller
(red)

Section 2 shows that the time-optimal position control
simplifies to a bang-bang action on the attitude under well-
selected conditions. In Section 3 we derive the differential
equations that drive the proposed light MPC controller. Sim-
ulation results are presented in Section 4. Section 5 augments
the model for the latency in attitude. Section 6 shows the re-
























