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20 km

 Persistence and Proximity New Earth Observation Applications needs platforms that can stay on 
target for long time | day | week | month. 
They need Persistence

New Earth Observation Applications needs platforms that can have 
very high spatial and spectral resolution on the target. They need 
Proximity

New Telecommunication Applications needs platforms that can stay 
over the users for long time | day | week | month. They need 
Persistence

New Telecommunication Applications needs low latency that is 
directly related to the distance to the users. 
They need Proximity

High Altitude Platform Station
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Satellite Monitoring HAPS Monitoring Aircraft Monitoring

Global Scale Regional Scale Local Scale
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• In station-keeping mode: Persistent

• In mapping mode (on regional area like 
Campania): Within 48 hours

• WorldView-3:
• 1 day nadir 
• 4.5 days off nadir < 20°

• Sentinel-2
• 10 days or 5 days combining 

constellation

Revisit Time

Up to 20x15km• WorldView-3: 13.1km
• Sentinel-2: 290km

Swath

• Visible: up to 0.30cm (bands)
• Multispectral: up to 0.50m
• Hyperspectral: up to 0.70m
• Fluorescence: up to 0.8m
• Thermal LWIR: up to 1.2 m

• WorldView-3:
• 0.31m (pan)
• 1.24m (bands)

• Prisma:
• 30m (hyperspectral)

Resolution

Satellite Monitoring
Global Scale

HAPS Monitoring
Regional Scale
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Border Surveillance Crisis Management Persistency & Proximity

Environmental MonitoringPrecision Agricolture

Altitude of 18 km

Endurance > 4 month

150-250 kg MTOW

20-60 kg Payload

150-250 kg MTOW

20-60 kg Payload
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Stratospheric Platforms: A Historical Perspective (1/3)
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Teledyne-Ryan AQM-91A Compass Arrow   ̴1971

TECHNICAL NOTES:
Operational altitude: 78,000 ft.
Endurance: 4.5 hours
Range: 2,000 miles
Photography: Coverage of an area 1,720 miles long and 43 miles wide
Span: 48 ft.
Length: 34 ft.
Weight: 5,245 lbs.

Boeing Condor   ̴1988 

First aircraft to fly a fully automated flight from take-off to landing 
in 1988.
It set the world piston-powered aircraft altitude record of 20,430 m.
Record of endurance: 50 hours

Span: 205 ft.
Length: 66 ft.
Weight: 21,000 lbs.



Stratospheric Platforms: A Historical Perspective (2/3)
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Aurora Perseus  ̴ 1994
TECHNICAL NOTES:
Operational altitude: 18,000 m
Endurance: 24 hours

Aurora Theseus  ̴ 1996
TECHNICAL NOTES:
Operational altitude: 18,000 m
Endurance: 50 hours

NASA ERAST Program - ERAST was a multiyear effort to develop the aeronautical and sensor technologies for a new family of remotely 
piloted aircraft intended for upper atmospheric science missions

AeroVironment Pathfinder   ̴1993 

AeroVironment Centurion  ̴ 1998 

AeroVironment Helios   ̴2000 



Stratospheric Platforms: A Historical Perspective (3/3)
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NASA ERAST Program - ERAST was a multiyear effort to develop the aeronautical and sensor technologies for a new family of remotely 
piloted aircraft intended for upper atmospheric science missions



Stratosphere a Complex Environment
• Air Density only 10% respect Sea Level

• Temperature -70°

• First interaction of Ionizing radiation with atmosphere

• UV Radiation

• Ecc..
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Study on Operative Environment

16 m/s wind speed @20km

70% percentile in winter

90% percentile in outumn, 
spring and summer

Climatic Study on wind intensity

@ South of Italy latitude

ECMWF

The period considered for the analysis is 1987-2016, ie the last 30 years 
available for the ERA-Interim dataset. The analysis of a time period of at least 
30 years is recommended by the WMO (World Meterological Organization) for 
a correct climatic characterization.
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S- MTOW 65 kg /5kg Payload  
Wingspan 25 m    
T- MTOW 140 kg/ 20kg Payload  
Wingspan 33 m 

Project Loon

MTOW 100 kg
Payload  40 kg

Odysseus
MTOW 880 kg 
Payload  25 kg
Wingspan 74 m

Phasa-35
MTOW 150 kg
Payload  15 kg
Wingspan 35 m

State of the Art HTA

Hawk 30
MTOW 750 kg
Payload  45 kg
Wingspan 78 m 
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TLC : A 'super cell tower' in the stratosphere: AeroVironment and SoftBank's 5G vision

Hawk 30 - Sunglider

MTOW 750 kg
Payload  45 kg
Wingspan 78 m 

SoftBank
Invest 126 M dollar in HAPS
Development 

Aerovironment as supplier
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Project Loon

MTOW 100-190 kg
Payload  25-60 kg

Stratobus
MTOW  6900 kg
Payload   250 kg

Sceye
MTOW   1.200 kg
Payload  60 kg

State of the Art LTA
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MTOW 100-190 kg
Payload  25-60 kg
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State of the Art



Alphabet shutting 
down LOON 
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MTOW 100-190 kg
Payload  25-60 kg
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Some Results



MTOW 100-190 kg
Payload  25-60 kg
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Some Results



“On the capabilities and limitations of high altitude pseudo-satellites” 
Gonzalo et alt. 2018 Elsevier | Progress in Aerospace Science
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Lockeed Martin Hale-D       
(Failed)

SwRI – HiSentinel 80

Ballonet
Vs

No Ballonet

$36 Million

$11 Million

2 prototype
5 missions 

No Ballonet
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Facebook's Drone 
Crash 2016

Risks

Ministry of Defence’s Zephyr drone 
2 crashes in 2019

Helios Drone 
Crash 2003

2015

Lockheed Martin Airship HALE-D 
Crash - 2011
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Possible Applica ons
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Possible Applica ons
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Possible Applica ons: Earth Observa on
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Possible Applications: Earth Observation
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Possible Applica ons: Telecommunica ons
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CIRA's contribution to the state of the art 
of research on stratospheric platforms
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CIRA Activity on HAPS

2006-2008 
LVR –HALE project
Preliminary design of a HAPS
Joined-wing

2002-2010
Heavy Lift Stratospheric
Balloon Test

CIRA PRORA
2020-2026 
High Altitude Hybrid Airship Design, 
Realization and Flight-Demostration  
of a new concept of High Altitude 
Pseudo-Satellite
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Platform Requirements

Study on Application Requirements

Analysis of  Payload Requirements

Optical – Hyperspectral – Infrared  –  Radar – 4G/5G Tras

Platform Requirements

Payload range 15-80 kg 
Altitude 18-20 km
Energy System Rechargeable Batteries with Solar Energy 
Power Propellers powered by Electric Engines
Cruise Airspeed 16 m/sec
Night Duration 15 h 
Mass category < 150 - 350 Kg 
Mission Duration 4 months

Safety First

Easy Operation

Low Cost

Operative

Environment

Airworthiness 
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Hybrid Approach

• High Payload/MTOW
• Costs

• Low Mission Control
• No Long endurance

• High Efficency at low speed
• Intrinsically Safe

• Convenient only for high payloads
• Very complex ground operations

Zero
Pressure
Ballon

High Altitude Airship

• Relatively small dimensions
• Good Payload/MTOW

• Aeroelastic problems
• Convenient only for low payloads 
• Difficult take-off and landing

• Efficency at low speed
• Intrinsically Safe
• Relatively small dimensions
• Good for medium payload
• Easy Operation
• Complex stucture design/build 

Fixed Wing

CIRA Hybrid High Altitude Airship
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Morphing Configuration

OperationPhase 2 - HTA 

Phase 1 - LTA

Phase 3 - HTA 

Phase 4 - HTA 

Phase 5 - HTA 

40% Buoyancy- 60% Lift

Advantages in the employment of hybrid airships as HAPS26 | 01 | 2024          Piattaforme Stratosferiche: una nuova frontiera tecnologica e applicativa per i Sistemi Unmanned
              

V.Baraniello@cira.it



Key Technologies

•Inflatable Structures ;
•Membranes Laminates Material; 
•Solar Power generation;
•Energy Management and Storage;

•Electric Propulsion Systems;
•Innovative Payload;
•Avionics;
•Mobile ground segment.
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Weight,     BR

Lift
Buoyancy

CL

Airspeed
Wing Area

AR Span, 
chord

Altitude

Volume

Wing
thickness

Zero-Drag CoefficientInduced-Drag 
Coefficient

Required Power
and Thrust

Battery Propulsion
System

Solar Panel Other
Subsystems

Total Mass

Structural
mass

Airspeed

Helium Mass

Gravity

CIRA HAPS Conceptual Design

Design loop for 
• Fixed Wing
• Airship (no ballonet)
• Airship hybrid (no ballonet)

CFD

FEM

Stability

Carat. Material

MatLab 

 Conceptual design geometry modeler 

 Interface to:
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Inflatable Structures

Abaqus 
Simulation
Inflated 
Structures

MTOW 33.000 kg
Payload  10.000 kg
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Material

lunghzza 60m diametro 15.3mSkyShip 600

materiale 400gr/m2

3700Kg/mresistenza 37kN/m

Robot per la ricerca delle perdite nell’involucro

Helium leaks in one year up to 10-15% total volume

da 400gr/m2                    a 60gr/m2

Polyurethane                               Dyneema UHMWPE
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Energy subsystemsThin GaAS Flexible Solar Cells with energy densities greater 
than 1 kW per kg with efficiencies of 28-30%
Very high costs around 100 euros x Watt

GIGS Flexible Solar Cells with 10-15% efficiencies0.8-1.1 kW 
per kg | costs 30 euros per Watt

Electric motors Power on Weight approx. > 5 kW/kg

Battery Lipo-Me 500 Wh/kg 
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Conceputal Aerodynamic
Configuration definition

Inflatable structures FEM 
simulation

Preliminary aerodynamics 
CFD analysis with deformed 
surfaces

Inflatable structures 
scaled protype
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È ricercando l'impossibile che l'uomo 
ha sempre realizzato il possibile.

Mikhail Bakunin

Grazie per l’attenzione
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