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1. Introduction 

Stratospheric platforms are emerging systems based on challenging technology. The goal is to 
create a platform, payload, and mission design which are able to complement satellite services on 
a local scale. Applications are close to traditional satellite business in telecommunication, 
navigation, science, and earth observation and include for example mobile telecommunications, 
navigation augmentation, atmospheric research, or border control. Stratospheric platforms could 
potentially support monitoring activities related to safeguards, e.g. by imagery of surfaces, 
operational conditions of nuclear facilities, and search for undeclared nuclear activities. The 
detection concepts presented in this paper are intended to trigger further discussions between 
Astrium and interested parties. The concepts are by no means exhaustive or represent any kind of 
preference. 

2. Programmatic Motivation 

Stratospheric platforms are intended to be flown in an altitude band between 16 and 30 km. 16-20 
km are usually selected to take advantage of lower wind speeds - facilitating station keeping . An 
altitude below 30 km is preferable to limit the challenges to lift a reasonable payload mass with 
acceptable platform sizes.  

At 20 km altitude 90 % of the atmosphere is already below the stratospheric platform. Therefore 
this region is frequently referred to as near space environment. It is therefore straight forward to 
use space qualified technology since the environmental conditions are less harsh than the usual 
space conditions with regard to  

• radiation,  
• vacuum,  
• thermal management, 
• propulsion, 
• autonomous or remotely controlled operations, 
• maintenance. 
 
Platforms can be divided into lighter than air systems that receive their entire buoyancy from a gas 
cell that contains a gas, which is lighter than air, e.g. Helium or Hydrogen, or hybrid systems 
which substitute a small fraction of the lighter than air lift with an aerodynamic lift component that 
is generated by small wings and the propulsion system. 

Stratospheric platforms could substitute satellites, which are expensive and lack upgrade 
capabilities for new equipment. Furthermore they have practically an unlimited time over an area 
of interest – in contrary to low flying satellites. It is intended to keep the platforms operational and 
maintenance free on a 24/7 basis with an average deployment time of 3 years.  
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They will offer better resolution than geostationary satellites due to their close distance to the 
object under investigation. At the same time they are still enabling large observational areas to be 
covered. A platform located at an altitude of 20 km would have a horizon line at 250 km ground 
distance - larger in smooth terrain and smaller in rough terrain. 

 
Figure 2-1: Operational Aera Coverage (example) 

Potential customers like Armed Forces, National Agencies and commercial customers have 
indicated interest in the use of stratospheric platforms for various reasons. Most entities are 
looking for cheaper alternatives to communications and surveillance satellites or new approaches 
to existing issues with current technology. From a customer perspective the stratospheric platforms 
would offer the following potential advantages: 

• Lower operational cost than satellite or UAV (Unmanned Aerial Vehicles) constellation (fleet 
required) 

• Faster deployment than satellite constellation 
• Repositioning capability and ability to loiter as required 
• Persistent long-term real-time services over a fairly large regional spot 
• Surge capability: Able to extend capability (either monitoring or communications) 

incrementally, e.g. by deploying additional High Altitude Platforms 
• Ability to service / update / reconfigure payload 
• Close range - for both monitoring and communications: 
• Monitoring from e.g. 20 km distance, compared with about 450 km for a Low Earth Orbit 

(LEO) satellite. Furthermore the platforms facilitate very high spatial resolution. 
• Extremely high overall payload and power capacity and can replace extensive ground 

infrastructure (e.g. telecoms masts) 
• Stratospheric platforms can also enable or support large antennas (high resolution), high power 

microwave (less atmosphere) and energy collection and transmission (electric power support 
of high altitude UAVs). 

 

3. Stratospheric Platform 

Stratospheric platforms can be divided into lighter than air (LTA) systems that receive their entire 
buoyancy from a gas cell that contains a gas, which is lighter than air, e.g. Helium or Hydrogen, or 
hybrid systems which substitute a small fraction of the lighter than air lift with an aerodynamic lift 
component that is generated by small wings and the propulsion system. 

Astrium Space Transportation has opted for the lighter than air (LTA) approach since it offers 
more flexibility with regard to the power storage and distribution since it is not necessary to invest 
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any power into the generation of lift. All power will be available for the payload and the essential 
system and operations requirements. 

 

Any LTA system can be characterized by the following key components 

• a lift generating hull 
• a power generating and storage system 
• a propulsion system 
• and the payload 
 

 
Figure 3-1: Stratospheric Platform, Key components 

The lift generating hull can be made either without any internal structure, often referred to as 
blimp, or with an internal structure. The later approach is divided into semi-rigid or rigid designs. 
In all cases the hull material has to fulfil at least the following functions 

• enclosing the lifting gas volume, i.e. indirectly defining the payload mass 
• interact aerodynamically with the external airflow environment 
• support the power generator at its surface 
 

All these functions require that the material is lightweight and of substantial tensile strength. 
Various materials have now left the laboratory level and have entered into the small scale 
manufacturing status.  

The power generating system is usually considered to be a photovoltaic array. The array will 
generate the power that is consumed in real time as well as an equal energy amount for storage 
such that night time operation is enabled. However recent developments in the field of 
thermoelectric generators have opened alternative approaches to the power generation issue. In 
contrary to a photovoltaic array which converts light into electrical power the thermoelectric 
generator is operated on temperature differences between a hot and cold area. Recent laboratory 
results are indicating performances, which are even better than those of photovoltaic arrays. 
Generating more power with fewer power generators would immediately increase the mass budget 
available for the payload or energy storage system. 

It should be emphasized at this point that while the power generation is at least in principle 
answered, the power storage question is still an open race between 

• regenerative fuel cells 
• and energy storage in accumulators of various materials and physical principles 
 

Traditionally hydrogen/oxygen regenerative fuel cells have been considered as the primary choice 
for large scale onboard energy storage. Its mode of operation is as follows 

Power Generator 
Hull 

Payload (external) 

Payload (internal) 
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• electricity generated by the stratospheric platform is used to split water into hydrogen and 
oxygen, which is then stored in pressure tanks 

• during nigh time operations the hydrogen and oxygen is converted back into electricity by a 
fuel cell, which converts the hydrogen and oxygen back into water and the cycle start again on 
the next morning 

 

It is however apparent that this approach requires two times the conversion of energy, electric to 
chemical and chemical back to electric with its associated conversion losses. The global quest for 
electrical mobility has therefore put pressure onto this scheme due to the development of 
lightweight, rather high energy density, accumulators like, lithium-ion accumulators etc. Various 
other accumulator types are now entering the stage with even higher energy densities than those 
considered up to now. Consequently the traditional fuel cell approach is now re-evaluated. 

The propulsion system of a stratospheric platform represents a new operational requirement, which 
is not encountered in low flying LTA systems like Zeppelins. In contrary to the short term 
operation combustion engines of the low flying LTA systems, it is required that the engine is 

• all electric 
• very efficient 
• operational under low environmental pressures and 
• maintenance free for years 
 

All these attributes have only been realized in electrical motors that were build for space applications like 
the International Space Station (ISS). It is rarely noticed by the public that the ISS has huge electrical 
motors to continuously turn the solar arrays and waste heat radiators towards the sun or away from it, 
respectively. This has to be done in a thermal environment that is changing along the 90 minute orbit 
almost every minute. The masses to be moved are however in the order of several metric tons. A failure 
of these motors would not only have a significant impact on the mission goals but would also endanger 
the crew. Failure is therefore not an option. Space propulsion technology and methodologies therefore 
represent an essential component for any stratospheric platform. 

 
Figure 3-2: International Space Station 

Finally the payload is a key element of a stratospheric platform since it determines the mission 
profile and purpose of the entire system. 

electrical motors 
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4. Payload 

Today's safeguard sensor payloads are either airborne or space borne and suffer from  

• dynamical constrains (orbital or vehicle speed, i.e. time over area of interest) 
• resolution constrains ( size of antenna/optics on vehicle, i.e. small aperture) 
• energy constrains (vehicle power generator size or storage, i.e. limited time over area of 

interest or limited capabilities) 
 

The above constrains are leading to a limited selection choice with regard to detection schemes 
that are suitable for safeguard objectives. What if more bulky equipment, or larger antennas or 
more power consuming schemes could be used, which were previously considered impossible to 
be implemented? 

The detection of weak electromagnetic/nuclear signals is a traditional domain of the scientific 
communities in the fields of 

• astrophysics 
• geosciences 
• elementary particle physics 
• and medicine 
 

The following brainstorming is intended to trigger discussions within the safeguard community 
whether the capabilities of a stratospheric platform would have the potential to change/supplement 
the monitoring approaches implemented so far. 

As a first example for a new detection approach we would like to consider gravitational field or 
wave detectors, which are now either in operation or under preparation within the space/ 
astrophysical community.  

First generation detectors have been used from low earth orbit satellites to detect small deviations 
in the gravitational field of earth. Their current geoid resolution is in the order of magnitude of 1-2 
cm vertically at 100 km spatial resolution from a distance of 260 km above ground. What would 
be its resolution capability from 20 km altitude? How would heavy nuclear material and/or its 
shielding deform the geoid? 

 
Figure 4-1: Detection of nuclear material via gravitational properties 

Second generation gravitational wave detectors are based on interferometric principles. A typical 
example for such a detector is the Laser Interferometer Space Antenna (LISA), which is a 
planned space mission to detect and accurately measure gravitational waves from astronomical 
sources. LISA is a joint effort between the United States space agency NASA and the European 
Space Agency (ESA).  
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Such detectors sense the distortion of space by gravitational wave which are transmitted by any 
object with mass. The direct detection of gravitational waves is one of the most challenging goals 
of today's experimental physics. Laser-interferometric detectors will reach a relative sensitivity 
which allows them to detect a nucleus over a distance of one kilometer. This technology shows 
therefore the potential to detect heavy objects that are of interest to safeguard. The downside of 
this detector type is that its interferometer arms require several hundred meters of length, which is 
unrealistic for aircraft or spacecraft approaches - but not for stratospheric platforms. 

Elementary particle physics would be another playground of new detection schemes. Various detection 
schemes have been developed to detect directly the primary or secondary emissions from elementary 
particles and nuclear materials. A good example for the detection of cosmic gamma rays entering the 
atmosphere of earth is via their elementary particle cascade - airshower - and its associated secondary 
emission of Cherenkov radiation. Sensitive ground detectors have been developed during the last decades 
that could be implemented - pointing downward - on a stratospheric platform. It is obvious that 
implementation limits exist on an aircraft or spacecraft with regard to the size of the antenna, which is 
necessary to achieve the required sensitivity. Whether the emission of secondary emissions from nuclear 
material is sufficient to be detected needs to be analyzed by the relevant experts in the near future. The 
questions to be addressed are  

• which detection scheme is best 
• required sensitivity,  
• wavelength etc. 
 
The above scheme requires in any case that the electromagnetic signature of the material is not 
obscured by any kind of shielding. In the later case it appears to be better to follow an indirect 
approach by looking out for the bremsstrahlung generated by - airshower produced - muons, when 
they are impacting into the shielding. The natural muon flux (10000/m^2 * min) represents a 
natural probe that does not require any energy consuming onboard equipment on the stratospheric 
platform and is also not involving any active directed energy system, which would be subject to 
international regulations dealing with health etc. 

 

 
Figure 4-2: Detection of nuclear shielding via secondary mission 

Last but not least another approach maybe to utilize the magnetic field background of earth just as 
the elementary particle concept presented in the paragraph above is relying on the utilization of 
natural background radiation. Superconducting magnetomer - SQUID devices - are nowadays 
routinely employed for biomedical purposes. The strength of biomagnetic signals is many orders 
of magnitude smaller than even the earth’s magnetic field, which is 1/2 Gauss or 50 microtesla.  
The signal strengths associated with biomagnetism are femtotesla, 1 fT = 10-15 tesla.  Nuclear 
material or its shielding will distort the natural magnetic field, like any other electrical conductor, 
when moving through the field. A large SQUID on a stratospheric platform could potentially pick-
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up such distortions and by means of post-processing discriminate nuclear and non nuclear 
material. 

 
Figure 4-3: Detection of nuclear material via geophysical properties 

The above examples serve to illustrate new detection potentials when utilizing a stratospheric 
platform. These examples are neither exhaustive nor do they claim to be the most suitable ones. 
They are listed here to trigger the discussion on these approaches and further options. 

 

5. Conclusion 

The expanding utilization of nuclear material for various purposes will require more and more 
safeguard activities. Autonomous detection schemes, which could monitor large areas without an a 
priori knowledge concerning the location of nuclear material, would significantly ease the work 
load of field officers. The 24/7 operation would contribute to the improvement of global nuclear 
safety. The operation in or near areas with suspected undeclared material activities or near the 
operators country -Homeland Security - represent viable options to tackle safeguards mission. 


