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Abstract— Constrained battery life on current Unmanned
Aerial Vehicles (drones) limits the time they can operate
and distance they can travel. We address this challenge by
harvesting solar power to enable duty-cycled operation on a
palm-sized drone. We present a scaling analysis that suggests
that more solar power can be collected per unit mass of the
drone as scale reduces, favoring small drones. By charging from
the sun, the drone can operate for more than a single charging
cycle, enabling extended mission time, and long-distance travel.
To realize this, we design a high efficiency charging circuit and
introduce two innovations. The first is a photovoltaic array
that passively folds down while in flight to reduce air drag and
automatically opens during landing due to the ground effect.
The second is a sensor system and controller that autonomously
finds suitable charging sites that are flat and well-lit. The
drone can be fully charged in 3 hrs using the solar array and
charging circuit with an average efficiency of 90.84%. Each
charge enables a 4.7 min flight, allowing the drone to travel up
to 1.2 km in a day. We also discuss how this platform could be
used to take periodic measurements for smart agriculture or
wildlife tracking, rapidly deploy wireless networks, or deploy
microrobots in the future.

I. INTRODUCTION

Unmanned Aerial Vehicles, also known as UAVs or
drones, have begun to transform a variety of fields. They can
enable rapid surveys of large areas for smart agriculture [1],
[2], [3], wildlife conservation [4], and serve as a platform
for carrying novel sensors [5], to name a few examples.

Current UAV platforms however have short operational
lifetimes which limit their utility. This is due to the low
energy density of available battery technologies and the high
energy cost for flight. In this work we seek to address this
challenge by using miniaturization to reduce the latter and
using solar energy harvesting to recharge an on-board battery
(Fig. 1), significantly increasing the drone’s airtime [6].

To understand why solar power may be advantageous for
small robots, consider the physics of scale as robot size
diminishes. For a robot measuring ¢ from propeller tip to
propeller tip, its “scale” is £. A cube of length ¢ has surface
area 62, volume ¢3, and mass m = pf3 where p is its
density. Neglecting constants to emphasize scale effects, we
can say that area scales with 2 or area ~ 2, and volume
and mass ~ £3. Solar power favors small scale because of
its high surface-area-to-volume ratio: array area ~ ¢2 while
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Fig. 1: The palm-sized drone carries two lightweight solar panels, a
maximum-power-point tracking charging circuit, and a sensor package that
allows it to fly autonomously and detect suitable sites for charging.
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Fig. 2: Photovoltaic (PV) powered hovering favors small aircraft because of
physical scaling effects. PV size needed for continuous hovering flight in

% sun falls below robot size below about 1 g.

power needed varies with mass ~ 03 3 Therefore, the relative
amount of power available from solar photovoltaics scales as
01, favoring reduced scale. This trend can be observed in
physical drones: If drone mass, size, and photovoltaic size
required to power continuous hovering flight are plotted, they
follow equivalent power laws (Fig. 2). To create this plot, we
considered drones capable of sensor-autonomous hovering,
assumed % sun and 30% efficient cells.

Trend lines associated with these two scaling laws are
given by m = aof? and m = azf3. We fit free pa-
rameters «; and «s to mass m, characteristic length ¢,

3For small scale, power reduces slightly faster, making this conservative.
Assuming inviscid flow, helicopter disc-loading theory [7] dictates that
3 1
power p = (mg) 2 //2pA ~ £32, where g is the gravitational constant, p
is air density, and A ~ £2 is the area swept by the rotors.



[ Aircraft [[ Mass (g) [ Power (W) [ PV size (m) |

Aerialtronics Zenith [9] 6650 666 2.58
AscTec Firefly [10], [11] 1600 251.03 1.58
AscTec Hummingbird [12] 710 116.55 1.08
Parrot ANAFI [13] 320 47.95 0.69
Crazyflie 2.0 [14] 30 8.88 0.30
Nano-hummingbird [15] 17.5 3.27 0.18
Robofly-expanded [16] 0.5 0.22 0.05

TABLE I: PV cell size needed for continuous solar-powered hovering for
various UAVs. Power requirements were estimated using battery capacity
and flight time except for robofly-expanded and nano-hummingbird where
the power requirements were provided in the respective papers. The Robofly
mass is estimated for a configuration consisting of a 143 mg mecha-
nism [16], 100 mg boost converter [17], a 100 mg battery [18], and a
150 mg sensor package

and required photovoltaic array size ¢, (where ¢, is the
length on one side of a square array) for all data points
k according to as = argmin Xy (log(aof?,) — log mk.)2
and a3 = argmin % (log(asfy) — log mk)g. The trend
lines suggest that array size needed for continuous flight
falls below vehicle size at around 1 g. For this analysis,
we neglected photovoltaic mass because we anticipate that
drones will be powered by ultra-thin photovoltaics that have
been realized in the laboratory as thin as 1-10 um [8].

We observe that while there still exists a gap between
currently available drone platforms and the light-weight high-
efficiency solar panels required for continuous flight, this is
a similar challenge seen in battery-free internet of things
(IoT) sensors. Radio communication often dominates the
power budget of these devices, however many IoT radios
support ultra low power sleep modes that allow for duty-
cycled operation at very low average power. In this work we
take inspiration from this approach to design a system that
uses solar recharging to enable duty-cycled operation of a
palm-sized drone. We present an end-to-end system design
for duty-cycled recharging including a solar power harvester
and battery charging circuit, a passive hinge mechanism to
allow the panels to fold up upon take-off and re-extend
for charging upon landing, and a computationally efficient
method for safe landing site detection. This approach allows
for extended flights, periodic operation, and enables robust
operation in a variety of light conditions.

Designing this system requires addressing a number of
challenges. While miniaturization reduces the power required
to fly, small drones such as the CrazyFlie also have a limited
payload of 15 g. To operate within these constraints, we
designed a lightweight solar cell array and harvesting circuit
with maximum power point tracking (MPPT) that weighs
1.83 g. The charging circuit has an 90.84% average charging
efficiency across varying light levels. We performed tests in
real-world outdoor lighting conditions with varying sunlight
intensity due to intermittent clouds and show that the battery
can be fully recharged in 3 hrs.

In addition to minimizing weight, we must also consider
the physical attachment of the solar cell to make sure the
drone can still take off and perform flight control. Attaching
large, flat solar arrays can affect airflow of the propellers
and the robot’s stability. To enable takeoff and controlled,

stable flight, we design a light-weight mounting structure that
enables maximal airflow and a passive hinge mechanism that
allows the solar array to fold inwards on takeoff and deploy
again upon landing.

To demonstrate end-to-end operation, we also consider
the landing sequence required for recharging. We develop
a computationally efficient means of surveying a landing
site for safety to enable automated landing to recharge upon
reaching a low battery threshold.

II. RELATED WORK

While tethered powering [19], [20] of UAVs can help
mitigate the low battery capacity problem for surveillance in
a small area, the drone’s movement is severely restricted by
the tether. Wireless power transfer [21] using stationary [22]
or mobile [23], [24] base stations, as well as networks of
base stations [25], requires the drone to search for and
align with charging pads, which necessitates bulky sensors
and computational capabilities for autonomous drones or
pre-computed fixed locations, in addition to planning for
the mobile base stations [24]. Similar requirements arise
for autonomously docking robots to electrical outlets for
charging ground robots [26], [27] or hot-swapping UAV
batteries [28]. Solar-assisted flight has been explored for
larger drone platforms [29], [6] however their size (> 1.6 m)
significantly increases their cost, and their size limits utility
for many applications. Additionally these designs are fragile
as they use large arrays of unpackaged monocrystalline solar
cells, and are cannot perform agile maneuvers due to their
large flat form factor.

While fixed-wing aircraft possess the appropriate flight
power, size and weight to be continuously powered by ex-
isting solar panels [30], they cannot be used for applications
that require hovering flight. A prototype for a fixed wing
aircraft which can be reconfigured as a drone was developed
in [31]; however, experimental validation of the system’s
transition between states was not demonstrated in-flight.

III. SYSTEM DESIGN

Our end-to-end system to enable duty-cycled recharging of
a drone consists of three main components: a solar array and
charging circuit to harvest energy, an attachment mechanism
and hinge to hold the solar cells, and a computationally
efficient method for safe landing site detection that can run
onboard the drone. We explain the design of each of these
components in detail below.

A. Components

We design our platform around a 21 g palm-sized drone
platform (Crazyflie 2.1 [32]). While this small drone lies
slightly above the 1 g threshold for continuous solar powered
flight (Section I), augmenting it with solar power harvesting
can enable periodic flights for sensing tasks, longer flight dis-
tances by pausing to recharge, and operation in the absence
of power infrastructure.



Component [[ Weight (g) |
Drone 21.12
Two solar Panels [MPT4.8-75] 3.96
Mounting mechanism 0.83
Charging circuit 1.83
Battery 8.16
Optic flow deck 1.73
Multiranger deck 2.30
BH1750 light sensor 0.80

[ Total || 40.73 ]

TABLE II: Weights of the components used in this work
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Fig. 3: Charging circuit schematic

To design this system we require a thin, lightweight
photovoltaic array and charging circuit. To build this we use
thin film, flexible. amorphous silicon cells (Powerfilm Inc.).
The cells are 200 pum thick which makes them lightweight.
Additionally, their flexibility makes them robust to damage.
Each cell measures 94 mm x 73 mm and supplies power at
up to 0.13 W/g in 1 sun. Each panel is rated for an operating
current of 50 mA, an operating voltage of 4.8 V, and an open-
circuit voltage of 7.4 V. Combining two of these cells would
give a maximum power of 0.48 W and allow for recharging
the drone in 3 hrs.

The output of solar cells however varies with amount of
sunlight available, and non-ideal power sources like solar
panels have characteristic voltage-current curves [33]. Ex-
tracting maximum power from a solar cell requires control-
ling its voltage by actively varying the load, in this case
the battery charging rate. Additionally, the solar cells output
4.8 V while a fully charged LiPo battery has a maximum
voltage of 4.2 V. To optimize battery charging, we design a
harvesting circuit that achieves both voltage conversion and
load variation for maximum power point tracking (MPPT).

We design this circuit using an Analog Devices LTC3130
buck converter which can tolerate input voltages up to 25 V
which covers the full output range of the solar cell, and it can
be configured to perform MPPT. The high voltage allows for
a number of potential solar cell configurations of different
sizes in series or parallel. Because our design uses two cells
which will be placed flat on either side of the drone and will
likely operate in similar light conditions, we connect them
in parallel to allow the MPPT controller to regulate them to
the same voltage.

While the buck converter chip produces an output ca-
pable of charging the battery, in low lighting conditions
when the solar cell output falls too low, we need a so-
lution to prevent battery discharge. To protect against this
undervoltage condition, we added an N-channel MOSFET
(IRLRO24NTR, International Rectifier) with a smart diode
controller (LM74610, Texas instruments) to function as an
ideal diode. This overcomes the disadvantage of forward
conduction voltage drop in case of Schottky diodes and also
the addressees the inefficiency of PFETs at handling high
load current at low input voltages. No overcurrent protection
was required since the maximum possible current from our
solar array is 200 mA, which is significantly lower than
the maximum 2 C charging rate allowed for the 240 mA
battery on the drone. Fig. 3 shows the schematic of the full
charging circuit. The complete fabricated circuit measures
39 mm x 21 mm and weighs 1.83 g. Table II shows the all
of the components used in this work and their corresponding
weights.

B. Folding solar panel mounts

In addition to designing a charging circuit to harvest
power, our solar array and charging circuit need to be
mounted to the drone as well. This introduces a number of
challenges. We observed that if the cells are placed above or
too close to the propellers, they significantly reduce airflow
and therefore lift. One solution is to create a frame that holds
the panels further away from the propellers. We observed
however that mounting a mass this far from the center of the
robot causes instability during takeoff. Although the mass
is within the payload specs of the drone, in a series of 12
tests it was only able to successfully lift off 25% of the time
(see results). Additionally, we observed that the drone was
unstable and quickly crashes.

To address this we designed a passive hinge mechanism
that allowed the solar panels to fold downward as soon as
the drone lifts off. Folding in this way reduces the horizontal
surface area and hence the total drag. In addition to folding
inward, the panels passively fold back out when the robot
lands. We designed the mechanism so the robot could take
off at 70% thrust. This was calculated after accounting for
the weight of the circuitry, solar array, and the recommended
payload capacity of 15 g of the drone.

We mounted two solar panels to the sides of the drone,
using lightweight beams to hold them 4.5 cm away from the
drone to avoid blocking the the downwash of the propellers.
The beams were constructed from 2.3 mm balsa and ma-
chined using a CO4 laser. They were bonded to the drone’s
motor sleeves using hot-melt glue (ethyl vinyl acetate). We
created a flexure joint between the balsa structure and the
PV array using adhesive-backed polyimide film (Kapton).
This hinge was placed as high as possible to minimize the
vertical distance between the center of pressure of the folded
PV panels and the drone’s center of mass. This minimizes the
torque that occurs due to drag as the drone moves laterally.

The complete panel mounting solution is shown in Fig-
ure 4. The beams were interlocked using a press fit into a
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Fig. 4: Solar panel support structure and mechanism by which they fold downward during flight, mounted on the Crazyflie model [34]. (a) On the ground,
the panels lay flat to collect the sun. Inset shows press-fit mechanism used to interlock balsa support structure. (b) Upon takeoff, flexure-based hinges allow
the panels to fold downward, facilitating stable flight by reducing the drone’s moment of inertia.
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Fig. 5: A sequence of frames taken from a video of a single flight in which
the drone took off and then subsequently landed after performing a short
automated maneuver in the air. (a—c) During takeoff, the photovoltaic panels
fold down passively. (d—f) During landing, the panels fold out automatically
as well due to aerodynamic pressure under the drone due to the ground
effect. Note that the landing sequence occurs over a much shorter period of
time.

small V-notch inspired by techniques in wood-working that
leverage the pliability of the wood to create press-fit joints
without the need for fasteners. We then reinforced the joints
with a thin layer of cyanoacrylate glue. We added small feet-
like projections to the base of the distal ends of the panels
to ensure they were level when the drone is on the ground.

To open the panels when the drone lands, we take advan-
tage of the ground effect, which is an increase in air pressure
that occurs below the drone when it is near the ground. This
causes the panels to push outward as the drone descends, so
that they lie flat upon landing.

C. Safe Landing Procedure

The section above describes a mechanical design that
enables safe liftoff and flight with the solar array, however
because the solar cells are folded inward and the flight time
is shorter than the charging time, our system also requires a
safe landing strategy. Before landing the drone must be able
to detect obstacles at the landing site.

A flat terrain check for drone landing has previously
been demonstrated using a camera and LIDAR [35], [36],
however these systems required components that are far too

heavy for a palm-sized drone. Moreover, these methods are
computationally intensive.

Our solution instead consists of a simple strategy of
collecting distance measurements using a downward facing
VL53L1X time-of-flight rangefinding sensor already present
on the drone. The drone performs a small maneuver over the
ground and decides whether the terrain is safe by analyzing
the standard deviation of those measurements. [37] uses a
similar method but requires human operators to select the
threshold. We chose a fixed threshold of 15 mm based on
experiments performed on various surfaces.

Additionally to maximize the charging rate we would like
to land the drone in a location with a minimum threshold
light intensity, so that it avoids shaded areas. The threshold
was chosen to be 1000 lux for indoor experiments and
100,000 lux (1 sun) for outdoor experiments. To do this, we
use a light intensity sensor (BH1750, ROHM Semiconductor)
along with a driver developed in [38]. We choose a final
landing site that has a light intensity above the desired
threshold as well as one that is determined to be flat as per
the standard deviation of the downward-facing time of flight
sensor measurements.

IV. RESULTS

The video accompanying the paper shows the flight per-
formance and landing site selection algorithm. We evaluate
each component of our system below.

Solar charging. To evaluate the solar cells and charging
circuit described in section III to charge the drone’s LiPo
battery, we placed the solar array and charging circuit flat
on the ground outdoors under sunlight with light intensity
varying with the time of day and presence of clouds to
measure performance in real world light conditions. We
measured the current and voltage at the input and output
of the charging circuit using digital multimeters (Fluke 287)
and measured light intensity using a digital lux meter (Fluke
941) placed next to the panels, every 5 min. While data
was collected manually for these experiments future versions
could integrate voltage, current and light sensing with the
drone telemetry. Fig. 6 shows the battery voltage, charging
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Fig. 8: Plot of battery voltage with thrust levels

current output to the battery and sunlight intensity variation
for one complete charge. The total charging time for this test
was 3 hrs 3 min. Using the input and output power measure-
ments, we calculate the charging circuit’s efficiency shown
in Fig. 7. While the efficiency varies with light intensity, it
is consistently above 60%, with an average 90.84% for the
experiment. We note that solar cell output scales non-linearly
with light intensity, and expect the charging time to be even
lower for bright, sunny days due to more light as well as
increased charging efficiency at higher light levels (fig. 7.)
The maximum recorded light intensity over the experiment
was 117800 lux and the average intensity was 107162 lux
(just over 1 sun).

We also evaluated different solar array sizes to provide
empirical measurements of the scaling trends described in
Fig. 2 and demonstrate potential solutions for drones with
higher payload capacity. We performed these experiments in
real outdoor lighting conditions, tabulating the average light
intensity along with these results in Table III. The results
show the charging time could be decreased to less than
1.5 hrs. This suggests a higher duty cycle is possible on clear
days. The scaling when doubling the array size by using four
MPT4.8-75 cells is approximately linear as expected. We
note, however, that charging with the larger MPT6-75 cells
was measured under lower light due to weather constraints
resulting in only a small decrease in charging time.

Flight performance. We next evaluated the drone’s ability
to take off while carrying the PV cells. As shown in Fig. 5,
the drone is able to lift off and the cells fold downward. We
performed 12 flights on a drone equipped with the hinge-
based panel folding mechanism. We observed consistent,
stable flight and autonomous maneuvers in all trials at speeds
of up to 1.4 m/s. To determine if folding is needed, we
performed 12 additional flights on a drone in which the cells
held rigidly outward. The drone was only able to successfully
take off in 3 out of 12 trials (25% success rate). This is
due to disruption of airflow and higher drag when panels
are oriented laterally under the rotors as well as the large
torques caused by mounting panels away from the center of
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Fig. 9: (left) Measured flatness over various surfaces. Moving clockwise from the top the surfaces are: terrazzo tiles, short grass, concrete paver tiles, gravel.
(right) Automated landing site suitability detection. The drone searches for a site with enough light (a black background under the trajectory indicates
insufficient light, < 1000 lux) that is flat. It also avoids nearby obstacles by detecting them with laterally-oriented laser rangefinders (red background under
the trajectory). Once the light intensity is greater than the chosen threshold (white background), the drone moves in a square trajectory around the area to
be tested for flatness. If the standard deviation of the time of flight measurements over the square is greater than a heuristic threshold, it keeps searching
for another landing area. Finally, the drone lands when it has found a suitable site.

[ Panels [ Mass (g) [ Average light intensity (x 107 lux) [ Average charging efficiency [ Charging time (min) ]
two MPT4.8-75 3.96 107.16 90.84% 183
four MPT4.8-75 7.92 71.41 89.61% 84
four MPT6-75 9.20 65.74 86.94% 80

TABLE III: Time taken to recharge a battery from 3.3 V to 4.2 V for different cell configurations and lighting conditions

mass which disrupt the controller and cause instability.

To estimate total flight time of the drone, we recorded the
battery voltage starting from full charge for two fixed thrust
levels as well as the thrust required to hover with and without
the solar array. Data was recorded using the python library
provided by the drone manufacturer [39] which also contains
logging functionality. Fig. 8 shows the resulting discharge
curves. At the hover thrust required when lifting, the drone
can fly for about 4.7 min. When flying at maximum velocity
this enables flight distances of approximately 400 m.

Landing site selection. We demonstrated that it is possible
for the drone to use its on-board sensor suite, plus a light
sensor, to detect suitable landing sites. Fig. 9 shows an
example of our algorithm in operation. Our system detects
whether there is light present and whether the terrain is
flat enough to ensure that the drone can take off again
and the panels will lie flat. Fig. 9 shows example flatness
test trajectories on different terrain such as grass and rocks,
including an example trial in which the drone automatically
rejected two sites because they were too dark or had uneven
terrain (wooden block placed as an obstacle) . To initiate
the autonomous landing sequence, a conservative threshold
of 2.8 V was used based on the discharge curve at 100%
thrust (fig. 8). The drone records battery voltage on-board.
Since any non-zero thrust induces a voltage sag, choosing
a threshold based on the 100% thrust curve ensures that
transient voltage sags due to thrust changes during hovering
do not cause an accidental early landing decision. Another
strategy to minimize transients can be to calculate a moving

average of the last few voltage measurements.

The flat site selection process described in this work
was designed considering the limited payload, power and
computational capabilities of the platform and hence has
some limitations. Firstly, since flatness is measured with
a downward facing time-of-flight sensor, any factors that
might cause changes in the drone’s height (for example
payload near maximum payload limit, low battery, etc) will
be registered as unflat terrain. Secondly, while executing
a reference trajectory like a square used in this work, the
localization estimate is obtained from the drone’s estimator
based on measurements from an inertial measurement unit,
an optic flow sensor and a downward-facing range finder.
This position estimate performs poorly on plain, featureless
surfaces, or surfaces with repetition as can be seen in the
case of concrete paver tiles in fig. 9. For better location esti-
mation, ultra-wide bandwidth based location estimation [40],
SteamVR based localization [41] and MotionCapture local-
ization [42] are supported by the drone manufacturer with
the platform firmware [43].

V. CONCLUSION

This paper presents a drone recharging system using
thin, lightweight solar panels, enabling duty-cycled operation
without any human intervention. This approach avoids the
need for a complex autonomous battery replacement system
and associated planning and docking. We demonstrate an
end-to-end design including a 1.83 g, 90.84% efficient power



harvesting circuit, passive folding mechanism to enable sta-
ble flight with the solar array, and landing site selection algo-
rithm. The solar panels and mounting mechanism constitute
about 11.7% of the total mass of the platform. We show this
system can fully charge the drone within 3 hrs 3 min in real
world light conditions to enable a 4.7 min flight.

Our results support two main conclusions. The first is that
solar power favors small size. And the second is that it is
possible, though appropriate design of a deployable photo-
voltaic array, charging circuit, and landing site selection, for
small robots to operate for much longer than is possible on a
single battery charge. This serves as an important milestone
toward battery-free, indefinite-time flight for aerial robots.

A number of advancements will facilitate drones with
indefinite flight time. The first is to integrate more advanced
photovoltaic cells. For example, 2.5% duty cycle demon-
strated in this work could be dramatically increased by using
technologies such as triple-junction Gallium Arsenide cells
(e.g. MicroLink devices) which can exceed 30% efficiency
and are only 40 p m thick. Such cells provide a power density
exceeding 1 W/g, which is greater than 7x that of the cells
used in this work. This and future advances in photovoltaics
allow us to move along and adjust the PV cell size line shown
in Fig. 2. Second, there is room to improve the efficiency of
the vehicle such as by using brushless motors and a lighter
airframe. Lastly, our results suggest that a move to still
smaller drones such as the insect-sized 150 mg UW Robofly
[16] will allow operation at the left side of the intersection
of the two lines in Fig. 2. In that regime, it may be possible
to fly indefinitely with a PV array that is smaller than the
physical dimension of the robot.

The system we demonstrated here could be used for a
variety of applications in its current state. Specifically, solar
power harvesting can enable long distance flights and remote
operation with zero power infrastructure. We highlight three
potential applications below.

Smart agriculture and aerial surveys. Emerging smart
agriculture technologies such as Microsoft FarmBeats [1]
requires capturing aerial images of a farm. This system
would allow a single, low-cost drone to periodically fly and
survey a field without any infrastructure, enabling use in a
variety of environments including in developing countries
with unreliable power. Additionally, the drone could either
log data to an SD card [44], or transmit it using low-power
wide-area network (LPWAN) technologies. These radios can
transmit up to 17 km, weigh 613 mg, and can consume
tens of milliwatts on average, which is significantly lower
than flight [45]. This system would allow a drone to travel
6 times the distance with two 3-hour recharges (typical in
one day). Flying at its default maximum velocity of 1.4 m/s
the drone could travel about 1.2 km per day, which would
allow it to traverse large farms or perform persistent aerial
surveys needed for wildlife tracking [4]. Between flights the
system can also double as a traditional IoT sensor node.
Many environmental sensors are lightweight (< 1.5 g), and
low power (< 1 mA) allowing them to run with minimal
impact on charging: a temperature / humidity / pressure /

VOC sensor (Bosch BME680 [46], ~17 mg, 3.7 pA), light
sensors (On Semi LV0O104CS [47], 1.4 mg, 70 pA, [48]), a
CO; gas sensor (Sensirion SCD40 [49], 0.55 g, 0.5 mA),
electrochemical gas sensors (SPEC Sensors 100-102 [50],
1.4 g, 10-50 uW), a camera [51] (24 mg, <2 mW), a pressure
sensor (Bosch BMP388 [52], 6.3 mg, 3.4uA).

Wireless network deployment. This system could also be
used for rapid deployment of a wireless network in an
emergency scenario. For example, if drones were equipped
with a LoRa chipset that can weigh as little as 613 mg [45],
they could be programmed fly to different locations. Upon
landing, the solar power could be used to power the radios.
Microrobot deployment. This platform could also be used
to enable deployment of microrobots in the future. For
example, the drone could fly to a remote location and deploy
one or a number of terrestrial or aerial microrobots to explore
the environment. The large drone could act as a power source
to recharge the small robots using its comparatively large
area solar panels and serve as a communication base station
to relay messages.
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