


preserves battery charge. But while the MiniHawk-VTOL

has energy self-sufficiency, it is not designed to maximize

the performance and payload for the Solar-VTOL paradigm.

Furthermore, it lacks a waterproof avionics compartment or

other means to accommodate waterborne operations. This

paper introduces the successor to the MiniHawk-VTOL: The

Gannet Solar-VTOL prototype, shown in Figure 1, which

is designed specifically for amphibious migratory long-term

autonomous missions.

This paper is organized as follows: Section II addresses

similar and previous work. Section III presents the high-

level vehicle design process and performance estimations.

Section IV presents experimental results with the currently

developed vehicle. Finally, Section V summarizes the work

presented.

II. RELATED WORK

The migratory recurrent mission profile exists in the inter-

section between the HALE, Solar-recharging VTOL and Am-

phibious sub-fields in aerial robotics. Airbus® Zephyr™ [9]

and ETH AtlantikSolar Project [10±12] are mentioned above

as examples of the HALE sub-field, providing insight into

the design of an efficient fixed-wing solar platform. An ex-

ample of a solar-recharging seaplane is demonstrated by The

University of Michigan Flying-Fish [21] in 2010, and more

recently a fully-aquatic amphibious UAV is demonstrated by

[22], providing details on constructing a sealed electronics

capsule for an amphibious UAV. Solar-recharging VTOLs

are demonstrated by The University of Minnesota [23, 24]

and alluded to in the design for a tiltrotor by [25]. The only

known true peer to the Gannet in terms of attempting to

perform an amphibious migratory Solar-VTOL mission is

the Sherbrooke University SUWAVE [26, 27], as shown in

2017 and 2020.

III. SYSTEM DESIGN

The Gannet was selected for and designed to provide the

best VTOL payload ability for the least power required while

also maximizing the solar collection potential of the vehicle

and also remaining relatively simple to build. The envisioned

full demonstrator will be capable of performing long±range

transoceanic autonomous flight using amphibious features in

the design that protect critical avionics and systems. The

following sections discuss the design procedure and the

implementation elements.

A. Design Process and Performance Estimation

1) Flight Performance: The Gannet was selected by an

iterative design process, in which multiple aircraft candi-

dates were developed in simulation, using the XLFR5 Low-

Reynolds simulation suite, and analysed for performance.

These notional aircraft were prescribed variations in sizing

and scale across various planform types such as Plank

Flying Wing, Swept Delta Wing, and Conventional Sailplane,

among others. All candidates were required to host the same

standardized and persistent payload: An essential equipment

set comprised of an autopilot, GPS, Power Management

System, telemetry and control systems, and battery.

Each candidate had airfoil selections constrained based on

the requirement of the planform, such as the case of the Plank

Flying Wing and Swept Delta Wing requiring reflex in the

airfoil to reduce pitching moment. Stability and trim were

equalized across all cases, with each candidate compared in

stable level flight. Trim was forced by changing the simulated

center of mass or longitudinal control surface deflection to

induce a desired pitching moment, such that the static pitch

equilibrium occurred at roughly the same angle of attack

across all candidates.

Fig. 2. Final Candidates in XFLR5: Laysan (green and blue, left) and
Gannet (orange, right).

Eventually, the candidate pool was down-selected to only

two planforms: a Sailplane-like candidate defined as the

ªLaysanº, and a Swept Delta Wing identified as the ªGan-

netº. Both simulated models are shown in Figure 2. The

power required for level flight was calculated for each can-

didate, with extra drag assigned based on wing area. Figure 3

shows the Pitching Moment, Lift-Drag Relationships and

Power Required for the Laysan and Gannet candidates.

Observe that the Laysan has the lowest absolute power

requirement, but that both aircraft are similar in best range

and wind penetration (similar L/D). Note that both of these

candidates are immune to the imperative of having to stay

aloft through the night, and thus, both can utilize a reduced-

aspect-ratio wing which allows for a higher cruising speed,

which allows for a greater wind penetration ability when

compared to HALE aircraft in the same size class.

2) Solar Power Performance: For each of these two

remaining candidates, the wing size and shape were adjusted

to support an array of 28 Maxeon C60 solar cells. This

cell count was arrived at as a compromise between aircraft

size and power input-to-output ratio as informed by the

previous aerodynamic power requirement estimations. With

the wing area and expected solar contribution fixed, and

the estimated flight power requirements, estimated cruise

speed, and aircraft mass known, it was possible to perform a

numerical simulation of the aircraft behavior in a migratory

mission. The typical output of our migratory mission simula-

tion tool is shown in Figure 4 and Figure 5, with the former

showing the ideal performance for flight at the equator at

the spring equinox with no clouds, and the later providing a

more realistic simulation for typical conditions at 35◦ North

Latitude with realistic cloud cover.
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