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Abstract

Precision agriculture relies on Unmanned Ariel Vehicles (UAVs) for high-resolution
crop monitoring, but conventional multirotor platforms are limited by short flight times,
typically 20 to 30 minutes per battery cycle and the propellor downwash disturbing the
crop and the image they are meant to capture. This paper presents the design and initial
testing of a buoyant UAV that addresses these problems at once. The platform uses a
2.0 m diameter, 0.5 m height toroidal lenticular envelope filled with hydrogen, supported
by a concentric carbon fibre structure and propelled by three brushless motors.
Hydrogen was chosen as the lifting gas because it delivers roughly 8 % more specific
lift than helium, it also costs five to ten times less and is far more readily available; the
safety implications are addressed through envelope-material selection, gas-cell
construction and operational procedure. We derive a closed-form analytical formula for
the envelope volume of the chosen geometry, present a complete mass and lift budget,
and document the built and first flight of sub-scale and full-scale prototypes. With the
envelope sized to V = 0.9529 m3, hydrogen buoyancy carries 86 % of the all-up mass of
1106 g, leaving the propulsion system to supply only the small residual thrust required
for flight and control. The result is a development pathway towards a hover endurance
well beyond the current multirotor norm, with negligible downwash and low altitude
near canopy flights over crops.

Keywords: Buoyant UAV, Hybrid airship, Hydrogen lifting gas, Toroidal lenticular envelope,
Precision agriculture

Nomenclature:

D = Major axis (outer) diameter of envelope (m)
Dgap = Central bore diameter (m)

L = Gross aerostatic lift (g)

L, = Net effective lift margin (g)

Ltail = Tail (parabolic section) length (m)
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Lyross = Computed gross lift (g)

Lip = Total radial half-length from axis to tail tip (m)

M = Molar mass of the lifting gas (hydrogen, 2.01588 x 1072 kg/mol)
P = Ambient atmospheric pressure (Pa)

R = Profile radius of the semicircular nose (m)

R, = Universal gas constant (J/(mol-K))

T = Ambient temperature (K)

t = Maximum height / minor axis of envelope (m)

u = Integration substitution variable (m)

v = Generic enclosed volume of a solid of revolution (m?)
Viose = Volume contribution from nose (semi-circular) region (m?3)
Viait = Volume contribution from tail (parabolic) region (m?)
Viotal = Total enclosed gas volume (m?)

w = Total system mass (kg)

x = Radial coordinate measured from the central axis of revolution (m)
X = Radial distance from axis of revolution to nose center (m)
y(x) = Envelope profile half-height at radial distance (m)
Ynose(x) = Profile half-height in the nose region (m)

Yeait(x) = Profile half-height in the parabolic tail region (m)

(03 = Finenessratio=D/t

Pair = Ambient air density (kg/m?)

Phe = Helium gas density (kg/m?)

Oh2 = Hydrogen gas density (kg/m?)

1. Introduction

Precision agriculture has become one of the most active application areas of small UAVs, with
reviews confirming that UAV remote sensing now exceeds what satellites can provide for early
crop diagnostics [1]. Two limitations still dominate the workflow, and both stem from the same
airframe. The first is endurance: a standard quadcopter provides approximately 20 minutes of
hover per battery cycle, with recent measurements putting the figure at 18 minutes as tested
by [2]. The second is propellor-induced downwash. Yang et.al. [3] quantified the effects for a
six-rotor agricultural platform and found it enough to motivate explicit standoff distances in
operational guidelines and the closer the multirotor gets to the canopy, where the highest
value measurements lie, the worse the wash gets.

A lighter than air (LTA) platform inverts both problems. A sealed envelope of low-density LDPE
material carries most of the airframe weight, so the motors run at a small fraction of their rated
thrust at hover. The platform is built around three deliberate choices: a toroidal lenticular
envelope that packs the buoyant volume into a flatter, aerodynamically isotropic shape with a
central bore for vertical lift provided by the motor mounted in the centre. Second being
hydrogen used as the lifting gas, which delivers about 8% more specific lift than helium and
costs a lot less too [4,5]. Third being a three-motor configuration propulsion system mounted
on a concentric carbon-fibre ring frame.

This paper derives a closed-from analytical formula for the envelope volume, presents a
complete mass and lift budget for the platform (computed both rigorously against International
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Standard Atmosphere (ISA) and conservatively against 1 g per litre rule), compares candidate
envelope materials, documents the build, and first flight of a working prototype.

2. Literature Review

2.1 Lenticular and Disk-Shaped Airships

The lenticular family covers any disk-shaped solid of revolution, and its appeal for airships is
twofold: the shape is aerodynamically isotropic in yaw (a useful property for slow station-
keeping in variable wind), and it packs a large gas volume into a flat profile that is
comparatively easy to manufacture. Kanoria et al. [6] ran a parametric CFD study across
fineness ratios from 1 (sphere) to 7 (flat disk) and identified ® = 5 as the drag-optimal point,
with envelope-volume reductions of around 50% at equivalent payload compared with a
spherical envelope. The historical record reinforces the engineering case: the CNRS Pégase
stratospheric lenticular airship, with its hexagonal geodesic cell structure and large-scale
wind-tunnel validation [7], and the Russian DKBA-27 “Anyuta”, a 16-meter lenticular hull
capable of a 100 kg payload [8], demonstrated that the form factor scales from indoor
prototypes up to full-size cargo lifters. At the small-scale end, the OSIRCA platform from IIT
Bombay [9] showed that a 2 m oblate spheroid airship could be built from radio-frequency-
sealed coated-PVC petals and flown indoors with three-motor thrust vectoring, a direct
heritage line for the present work The modern hybrid-airship literature, well surveyed by
Bock et al. [10] and reviewed in depth by Manikandan and Pant [11], confirms that lenticular
multi-lobed hulls remain technically attractive whenever a combination of static lift and
dynamic-lift augmentation is needed.

2.2 Small Hybrid LTA UAVs

Compact buoyant UAVs are a niche but rapidly maturing category. The S-CLOD platform of
Song et.al. [12,13] is the closest direct precedent of the present work, a 35-micron PET
torus, approximately 2 m in diameter, holding 1.3 m?® of helium and achieving about 63
minutes of sustained flight against a 20-minute quadcopter baseline. The same group has
since extended the architecture to a torus-type omni-directional blimp using tilting actuators
[14]. The Georgia Tech Miniature Autonomous Blimp (GT-MAB) of Cho et.al. [15] sits at the
opposite end of the size envelope: an 85.9 g spherical helium blimp with 12.1 g useful
payload and a flight time of up to two hours per charge, controlled by a switched autopilot
and, in later work by Seguin et al. [16], localized onboard by a convolutional neural network.
Pursuing a more radical propulsion approach, Yamada et.al [17] built ZeRONE, a roughly 90
cm helium drone that uses piezoelectric microblowers to eliminate rotor blades altogether.
Across this small fleet, the consistent finding is that the buoyant-versus-thrust trade favours
buoyancy as the platform shrinks: smaller motors at lower throttle settings beat larger motor
at higher settings, and endurance follows directly.

Marcias and Lee [2] provide the cleanest quantitative benchmark for a hybrid architecture: by
mounting a helium filled balloon to a quadcopter, they raised the endurance of the combined
system from 18 minutes (quadcopter alone) to 46 minutes, a factor of 2.56. Their
comparison between fixed-angle and ball-and-socket joint coupling is also a useful design-
trade reference. The point that follows from all these prior platforms, and that present paper
builds on is that helium delivers the endurance gain at a substantial recurring cost.
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Replacing it with hydrogen offers an 8 % lift bonus and an order-of-magnitude cost
reduction, which is the trade we take in this work.

2.3 Hydrogen as a lifting gas

After the Hindenburg disaster, hydrogen was effectively displaced by the helium in Western
airship operations. In the modern context where helium is both expensive and supply
constrained, the case for hydrogen has been revisited carefully. Bock and Kinkler proposed
a hydrogen-filled lenticular hybrid airship as a multi-mode platform [4], and the standard
engineering treatment by Khoury and Gillett in their reference text on airship technology [18]
gives the gas-handling and envelope-design framework that any modern hydrogen LTA
design should follow. NASA'’s Ballon Program Office returned to hydrogen for scientific
ballooning in 2025 and quotes two numbers directly relevant to the present work: a typical 5
- 10 x cost reduction relative to helium, and an approximately 8 % gain in available lift at
equivalent envelope conditions [5]. The dominant hazards for a sealed hydrogen envelope
are not in-flight combustion (which would require both an ignition source and an oxidant
inside the envelope) but ground handling, leakage into confined spaces and rapid venting on
rupture, all of which amenable to standard operating procedure, and all of which are
addresses in Section 8.

3. Design Requirements

The platform was specified to support a near canopy precision-agriculture sensing mission:
low-altitude hover above an open agricultural field, a few meters above the canopy, with
sufficient endurance to cover a representative field in a single shortie and sufficient capacity
for a multispectral sensor. The hover speed ceiling is set to preserve image quality and
minimize crop disturbance, the envelope diameter capped at 2.0 m, so the platform fits
within standard row-crop inter-row spacings, and all up mass is held below 1.2 kg. Table 1
summarises the resulting requirements: the 90-minute maximum endurance target is set
deliberately at roughly twice the 46-minute figure achieved by the helium assisted hybrid
quadcopter [2].

Table 1 Key design requirements

Design requirement Value Units
Payload (sensors + camera) 0.5 | kg
Maximum hover endurance 90.0 | minutes
Maximum hover speed 5.0 | m/s
Operating above crop canopy 1.0t05.0 | m
Maximum envelope diameter 2.0
Maximum envelope height 0.5
Maximum all-up mass 1.2 | kg
Target buoyancy to weight ratio >20.85] -
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4. Envelope Geometry and Volume Derivation
4.1 Profile definition

The envelope is a solid of revolution generated by rotating a cross-sectional profile about the
central vertical axis. The profile has a semicircular nose of radius R, centred at a radial offset
x. from the axis, and a parabolic tail that runs from the joining at x = x. out to a sharp tip at
x = Ly The parabolic tail is chosen because it is tangent to the nose at the join (so there is
no curvature discontinuity) and because the gentle adverse pressure gradient on the
parabolic afterbody suppresses the trailing-edge separation that would otherwise dominate
the drag of a blunt-ended disk. Figure 1 shows the cross-section with the three governing
parameters R, x. and Lyy;; = Lyjp — X -

0.6

Leail

044 (Tail Extension)

0.2 1
R
{Profile Radius)

0.0 4
Center (xc, 0)

Vertical Distance (m)
CENTRAL AXIS OF REVOLUTION

—
Xe

0.4 |(Offset Factor)

—0.6 4
[#Xi] 0:? 0L1- UTE 0.8 1.0
Horizontal Distance (m)

Figure 1 Cross-section of the envelope geometry

4.2 Profile equations

The profile height y(x) is piecewise. Across the semicircular nose region, x € [Dgzap, C]-
Ynose(X) = \/[Rz - (x - xc)z] 2
Across the parabolic tail region, x € [x, Ly |:
x—x)\’
Ytait(x) =R !1 - (L—C 3
tail

Equation (3) is tangent to the nose at xc and pinches to a point at x = L;;,,, which is the sharp
tip condition that minimises trailing edge separation.
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4.3 Volume derivation

The enclosed volume is computed by the shell method. A thin cylindrical shell at radius x
with height 2y(x) and thickness dx contributes, 2m - x - 2y(x) - dx, so the total volume is

V = 4n fx - y(x) dx (4)

decomposed into nose and tail contributions, Viotar = Viose + Viait-

The nose volume is obtained most cleanly from Pappu’s second theorem. The cross section

. .. RZ ., - . . 4R .
is a semicircle of area T[T . it's centroid lies at radial distance x, — P from the axis and

revolves through 2m (xc — g). Multiplying:

4
Viose = T*R?x, — (§> nR? (5)
The tail volume comes from substituting Equation (3) into Equation (4) and integrating from
X 10 x; + Ligi;- With substitution u = x — x, the integral closes in elementary form:

8
Viait = TRLtqi [(g) Xc+ Ltail] (6)

Adding (5) and (6) gives a single closed form expression for the envelope volume:

Viotar = TR [(nRxc ~(5)R%) + Lea ((2) xe + Lmu)] &

with R the nose profile radius, x, = Dgz"” + R the offset, and Ly;; = L¢ip — %, the tail length.

Equation (1) is the central design loop kernel of this paper: given a target lift, an inversion of
(1) return the envelope dimensions directly rather than via iterative back solving from the
buoyancy equation.

4.3 Numerical verification

The design inputs for the prototype are D = 2.0 m, t = 0.5 m and Dy4,,= 0.1542 m, giving
fineness ratio @ = % = 4 (close to but slightly below the drag optimum @& = 5 of [6], chosen to
keep the envelope height down for ground handling). Substituting these into Equation (1):

(n x 0.25 x 0.3271—(%) 0.252)

Viotas =T X 0.25 X ) = 0.9529 m?3 (7)

+0.6729 x ((g) x 0.3271 + 0.6729

This matches the CAD measurements of 0.9529 m® shown in Figure 2 to four decimal
places, confirming both the derivation and the implementation. The principal geometric
parameters are summarised in Table 2.
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Figure 2 CAD drawings of the proposed design

Table 2 Principal geometric parameters of the envelope

Parameter Value | Units
Major axis diameter, D 20| m
Maximum height, t 0.5 m
Fineness ratio, @ 4.0 | -
Profile radius, R 0.25 | m
Central bore diameter, Dyq,, | 0.1542 | m
Centre offset, x, 0.3271
Half length, L;;, 1
Tail length, L4 0.6729 | m
Envelope volume, V;yta: 0.9529 | m®

5. Hydrogen Lift Calculation

Aerostatic lift follows Archimedes’s principle: the gross lift produced by a sealed envelope of
volume V is the product of IV and the density difference between the displaced air and the

contained gas,

L=V- (pair - pHZ)

At ISA sea level conditions (288.15 K, 101.325 kPa) the ambient air density is p,;, = 1.225
kg/m?3. The hydrogen density at the same conditions, computed from the ideal gas law with
molar mass M = 2.01588 g/mol and the universal gas constant R, = 8.314 J/(mol-K), is

(8)
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_PM _101325x 201588 x 107 _ ke ©
PH, =R TT 7 (8314 x 288.15) o m?

giving a specific lift of 1.225 — 0.0852 = 1.140 kg/m?3. For the envelope of volume 0.9529 m?
from the Equation (7), the gross lift therefore

Lgross = 0.9529 x 1.140 = 1.086kg = 1086 g (10)

For helium at the same conditions (py. = 0.169 kg/m?, scaled from the 0 degree C reference
value), the same envelope would deliver 1.225 — 0.169 = 1.056 kg/m® = 1006 g i.e. about 80
g less, confirming the 8 % advantages quoted by NASA in [5].

In practice the realised lift sits a few percent below the ISA-rigorous figure. Three effects
account for the gap: industrial-grade hydrogen is typically 99.9 % rather than 100 % pure,
the envelope warms under solar load (which reduces gas density along with ambient
density, but not by the same fraction), a small pressure differential at inflation reduce the
effective net buoyancy. A conservative engineering rule of thumb used widely in the LTA
systems is “1 g of lift per litre of envelope volume,” which of the present envelope evaluates
to 953 g. We size the platform against this conservative figure in what follows: 133 g
headroom between conservative and rigorous values is treated as a margin against in-flight
envelope warming and gas-purity loss. Table 3 summarises the lift figures.

Table 3 Hydrogen lift budget at ISA sea-level conditions

Parameter Value | Units
Envelope volume 0.9529 | m?
Ambient air density (ISA SL) 1.225 | kg/m?
Hydrogen Density (15° C, ideal gas) 0.0852 | kg/m?
Specific Lift 1.140 | kg/m?
ISA-rigorous gross lift 1086 | g
Engineering 1 g/l lift (design figure) 953 | g
Helium lift at the same conditions (for reference) 1006 | g
Hydrogen-over-helium advantage +8.0 | %

6. Envelope Material Selection

Five criteria drove the material selection. The envelope must have low gas permeability,
particularly for hydrogen, which is a smaller molecule than helium and diffuses
correspondingly faster through many polymers. It needs UV and weather resistance for
outdoor use. It needs to be heat-sealable, since adhesive bonding adds mass and weak
points. It needs to be usable at the lower temperatures.

Dhawan and Jindal’s review of polyurethane in LTA systems [19] is the cleanest single
reference for the trade. Polyurethane (PUR) is the strongest all-round flexible-polymer
candidate: low gas permeability, good UV resistance, excellent bendability and excellent
low-temperature behaviour. Chatterjee et al. [20] showed that adding a few percent of
montmorillonite nanoclay or graphene to PUR and cut gas transmission further still by

8
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lengthening the diffusion path that a permeating molecule has to transverse. Adak and
Joshi’s [21] chapter on coated and laminated aerostats textiles in the border reference for
multilayer hull constructions, including the BoPET (biaxially oriented polyethylene
terephthalate) and PVF (Tedlar®) options that improve UV performance at the cost of
bendability. PET specifically has been validated on small drones such as the S-CLOUD
platform of Song et al. [12,13] who used 35-micron PET sealed at about 210° C and held it
for over an hour in flight.

For the hydrogen-specific permeability question, Checchetto [22] measured light-gas
transport (H,, He, N,, CO,) through LDPE between 295 K and 350 K and reported
permeability coefficients that are within roughly a factor of two of those for helium which are
close enough that the engineering implications for a 90 minute sortie are negligible. Lee et
al. [23] compared volumetric permeation of H,, He, N,, O, and Ar through polyethylene at
elevated pressure and confirmed the same broad ranking. Ultra-thin biaxially-oriented PET
(BoPET) and aluminized mylar films represent further lightweight options within the same
family, as suggested by Adak et al. [24]. Table 4 summarises the comparison drawn from
these sources.

Table 4 Candidate envelope material comparison (synthesized from [19], [22], [21], [23])

Material H2 UV/weather | Bonding Flex Heat Mech. Low
barrier fatigue | seal | Properties temp

PUR Low Good Excellent | Good Yes | Fair- Good | Excellent

PET Low Fair Fair Fair No Fair Fair

PVF Low Excellent Poor Excellent | No Fair Poor

PVC Fair Good Excellent | Good Yes | Excellent Poor

LDPE Fair Fair Poor Excellent | Yes | Fair Good

For the prototype, LDPE was chosen on the grounds of cost, availability and fabrication

ease. It seals reliably at 110-130° C using an impulse sealer, comes in commercial widths up
to 6 m, offers serviceable hydrogen-barrier over a single sortie. For the production platform
we intend to move to a PUR- based multilayer envelope along the lines of [20,21], which will
improve both gas-retention and UV-resistance at the most of higher unit price.

7. Mass Architecture

7.1 Component mass budget

Table 5 gives the full mass breakdown of the prototype. The propulsion choice is three T-
motor FG60 Pro IV 2306.5 brushless motors at 1950 KV, driven by an F45A 4-in-1 ESC and a
F7 flight controller with MPUG000 IMU which is deliberately overspecified for the residual
thrust requirement: the same hardware will support the wind-disturbance margin once
outdoor operations begins. The 1300 mAh 4S LiPo battery and 80 g of trim ballast complete
the airframe-side mass, and the 500 g payload allocation is sized for a representative
multispectral camera and IMU/GPS package.
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Table 5 Component mass breakdown of the buoyant UAV

Component Specification Qty | Total Weight (g)
Payload Cameras, sensors, mount 1 500
Brushless motors T-Motor F60 Pro IV 2306.5, 1950 KV 3 924
Flight controller F7, MPUG000 IMU 1 5.1

ESC (4-in-1) F45A 4-in-1 1 9.2
Battery 1300 mAh, 4S LiPo (14.8 V), 120 C 1 150
Envelope LDPE thin-film, heat-sealed 1 190
Carbon-fibre frame | Concentric inner + outer ring 1 78.8

Trim ballast Adjustable 1 80
All-up mass, W - - 1105.5

Mass Breakdown

H Brushless Motors

u Flight Controller
m Electronic speed controller (ESC)
m Battery

m Envelope

® Structural frame

® Payload and Ballast

Figure 3 Mass breakdown of the buoyant UAV by component group

Payload and ballast account for 52.5 % of the 1105.5 g all-up mass: battery and envelope
add another 17.2 % and 13.6 % respectively: the carbon fiber ring is 7.1 % and the entire
propulsion stack (three motors plus the 4-in-1 ESC) sits under 9.2 % and the flight controller
at under 1 %. For comparison, the scaling laws fitted by Ardelean et al. [25] across small
unmanned wingless rotorcraft put the typical payload mass fraction at 15-30 % of all-up. The
present platform is well above the range because hydrogen buoyancy is doing the work that
a multirotor’s structure and propulsion would have to do.

10
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7.2 Buoyancy & thrust balance

With the conservative engineering lift ligure of 953 g against the 1105.5 g all up mass,
hydrogen buoyancy covers 86.2% of the system weight. The propulsion system needs to
supply only the residual 153 g of vertical thrust at hover which is distributed across three
motors, that is roughly 51 g per motor, far below the rated output of F60 pro IV. Using the
ISA-rigorous lift figure of 1086 g instead, the residual drops to only 19 g (about 6 g per
motor), reflecting how closely the platform sits to neutral buoyancy under best-case gas-
purity and temperature conditions. The realised hover throttle in the field will sit between
these two figures, with the precise value depending on ambient temperature, residual
envelope air and inflation pressure. Either way, hover sits at a very low throttle setting, and
the corresponding battery current draw is what gives the platform its endurance advantage
over a conventional multirotor. Table 6 collects the buoyancy and thrust figures.

Table 6 Buoyancy and thrust balance

Parameter Value Units
Envelope volume 0.9529 | m?
Design gross H: lift 953 | g
ISA rigorous gross Hg lift 1086 | g
All-up mass, W 11055 | g
Buoyancy ratio (ISA-rigorous) 98.2 | %
Residual hover thrust =19-153 | g
Thrust per motor =6-51|¢

7.3 Structural concept

The structure is two concentric carbon-fibre tubular rings. The outer ring runs around the
envelope’s maximum diameter circumference and gives the envelope its peripheral shape: it
also carries the two outboard brushless motors and the ESC. The inner ring sits inside the
central bore (Dgap = 0.154 m) and carries the vertical lift motor, the flight controller and the
battery, holding the centre of mass on the axis of revolution. Carbon-fibre tube was chosen
on strength-to-weight grounds. The combined inner + outer ring mass is 78.8 g, which is 7.1
% of all up mass which is well below structural fraction of a comparable multirotor at the
same payload and broadly consistent with the structural scaling reported for OSIRCA [9] and
for small rotorcraft generally [25]. Full structural finite-element analysis under combined
buoyancy, payload and wind-gust loading is under way and will be reported separately.

11
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7.4 Wiring and electrical layout

Figure 4 shows the electrical layout of the prototype. The 1300 mAh 4S LiPo battery supplies
14.8 V power directly into flight controller and the 4-in-1 ESC, which together form the two
power distribution nodes of the system. The ESC drives the three brushless motors over
three phase output, one phase set per motor, with each motor receiving an independent
throttle control. The flight controller, send the throttle commands to the ESC and controls the
two vectoring servos, each mounted under the motors directly. Tilting the outboard motors
with these servos rather than relying on differential thrust alone gives the platform finer pitch
and yaw authority at low residual thrust. All signal and power leads are planned to be routed
along the inner carbon-fibre ring and held by short cable ties at each motor and servo
mounts to prevent any contact with the envelope wall.

+14.8V/GND

.

ESC (4-in-1)
FABA 4-in-1

3-phase
all motars

Mounted under both
motors for vectoring

...................... Servo Right Servo Left
Vectoring Servo Vectoring Servo

Figure 4 Electrical layout of the buoyant UAV

8. Hydrogen Safety Considerations

Choosing hydrogen over helium imposes a real engineering responsibility, and it is worth
saying clearly what the hazards are and what they are not. The Hindenburg image looms
large in public imagination, but the dominant failure mode for a sealed hydrogen envelope is
not in-flight combustion, it requires both an ignition source and an oxidiser inside the
envelope, neither of which is present during normal operation. The real risks are
concentrated at three points in the operational cycle: ground handling and inflation, gradual
permeation and accumulation in enclosed spaces, and rapid venting following an envelope
rupture. Each of these has a well-established mitigation, and the modern airship and
scientific-balloon community has codified them as seen in Khoury and Gillett's reference text
[18] for the airship-engineering treatment and NASA's 2025 return-to-hydrogen briefing for
the scientific-ballooning position [5].

For the present platforms, the operational measures we have adopted are:

¢ Inflation is carried out outdoors only, on open grounds, with no overhead structure
and a clearly demarcated 5 m seclusion zone enforced during gas transfer.

12
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e Industrial- grade hydrogen (= 99.9 % purity) is used to minimize combustible mixture
formation during routine inflation: the regulator is fitted with a one-way check valve to
prevent back-flow.

o The envelope is heat-sealed in single passes and pressure-tested before inflation:
pinhole leaks are identified by soap-water swabbing. A static-vent step before each
sortie displaces any residual air left over from manufacturing.

o All operations are conducted indoors in a large, well-ventilated space with
mechanical air change adequate to keep any localised hydrogen concentration well
below the lower flammability limit, never in small or unventilated rooms.

With these measures in place, the operational risk profile is no more onerous than the
standard practice for hydrogen filled meteorological balloons, which are released routinely by
national weather services across the world. The cost and availability arguments documented
in [5], specifically that hydrogen is five to ten times cheaper than helium and is available
worldwide, make the hydrogen choice both economically and logistically defensible. Bock
and Kunkler reached the same conclusion for a much larger lenticular platform a decade
earlier [4].

9. Prototype Build and Initial Flight

9.1 Sub-scale validation prototype

Before committing to the full-scale build, we built a sub-scale prototype to shake out the
control and integration questions cheaply. Rather than designing one from scratch, we
started from a commercially available toy blimp, which gave us a ready-made thin film
envelope and a small electronics package (motors, receiver and battery holder) at very low
cost. The toy as supplied was structurally broken on arrival and it was not possible to buy
another as it was very old and very hard to find due to its age and would have not flown in its
original form, so the entire airframe was rebuilt. The original frame was discarded, a new 3D-
printed PLA frame was designed, and the motor orientation was changed from the toy’s
layout to the configuration that matches the full-scale platform. The salvaged envelope is the
primary gas cell, and a small secondary balloon mounted on top is used as a tuneable trim
volume whose inflation level dials the buoyancy margin exactly against the as-built airframe.
Control is by the original hobby RC receiver, powered by CR123A cell, with one motor
handling vertical motion and the other two handling pitch and yaw. Structural mass excluding
the envelope is about 63 g: envelope plus trim balloon adds a further 10 g, bringing the total
to 73 g. The sub-scale prototype confirmed that a buoyant platform can hover and
manoeuvre with minimal onboard mass, and it gave us the control mapping we needed for
the full-scale build.

13
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Figure 5 Sub-scale validation prototype

9.2 Full-scale prototype

The full-scale prototype was assembled to the principal dimensions of Table 2. At the time of
the first flight the outer carbon-fibre ring was not yet available, so the prototype was flown
with the inner ring and lift motors only: the two outboard motors were temporarily attached to
the envelope via fabric tabs. The build confirmed envelope to frame fit, motor and ESC
routing, and the placement of the battery and flight controller on the inner ring.

Figure 6 Initial Prototype

14
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Figure 7 Initial Flight

9.3 Initial flight observations

Initial indoor flight confirmed that first-principals design assumptions. The platform achieved
and held controlled hover, with manoeuvre authority adequate for slow transitional motion.
Lift was achieved by the central motor; pitch authority was noticeably softer than designed
because the outer ring was absent: installing it is expected to recover the designed pitch
stiffness. Yaw authority was adequate for the planned slow-cruise mission profile.
Quantitative endurance, current-draw and outdoor-wind characterisation are scheduled for
the next test campaign.

10. Conclusion and Future Work

We have presented the design and first prototype of a hydrogen-filled toroidal lenticular
buoyant UAV for near canopy precision-agricultural surveillance. The main outcomes are the
following: a closed-from analytical formula has been derived for the envelope volume of the
chosen geometry and verified against CAD measurement to four decimal places at ® = 4.0,
Vtotal = 0.9529 m>. With hydrogen as the lifting gas, the envelope delivers 1086 g of
theoretical lift at ISA conditions and 953 g under the conservative engineering rule used for
sizing, against an all up mass of 1105.5 g which means the buoyancy ratio sits between 86
% and 98 % depending on which lift figure is used, with the propulsion system left to supply
between 6 and 51 g of thrust per motor at hover. The 52.5 % payload and ballast fraction is
well above the 15 - 30 % typical of small multirotors. A working sub-scale and full-scale
prototype have demonstrated initial controlled hover.

The next milestone is straightforward and already under way. The outer carbon ring needs to
be fitted to recover the designed shape, the autopilot needs to be tuned for outdoor station
keeping, the drag coefficient at ® = 4.0 needs to be validated by CFD against the precedent
data of Kanoria et al. [6]; and the payload needs to be integrated and characterised in flight.
Once consistent indoor hover is demonstrated end-to-end, we move to outdoor field trials
over real crop canopies, where the wind-disturbance behaviour, the solar-warming response
of the envelope and the full-day endurance figure will be measured directly.
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