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Maritime vessels larger than 300 GT (Gross Tonnage) are 
required to have AIS transponders installed, which give 
vessel name, position, speed, course and cargo to neigh-
bouring vessels and to the shore-based AIS network.

AIS is a means to complement radar and standard VHF 
radio contact, for a ship to be able to identify other ships 
in its vicinity, and to report its own navigation data. AIS 
has been created as an approach to improving safety at 
sea and above all to help avoiding collision between ships 
mostly in very busy sea passages, and in coast-near waters. 
But it cannot - yet - be of help on e.g. transatlantic routes, 
when only land-based AIS receiver stations are used. For 
that application still complex Inmarsat communication is 
the system of choice.

The system has evident crucial qualities 
but only has a geographical reach lim-
ited by the curvature of the Earth, which 
corresponds to a maximum reach in 
the order of 40 nautical miles or around 
75 kilometers. This is the range and 

application the 
AIS system was 
designed for. Look-
ing ‘from above’ 
and from a much 
longer distance is 
evidently attrac-
tive, but with the 
enormous increase 
of overview comes 

technical problems, which are the reason for using the ISS 
as a test-bed in the improvement process.

Many factors play in: When used in its original applica-
tion, looking on a range of 40 nautical miles and in one 
plane only,  the number of vessels one can expect to see is 
limited. And likewise, movements take place in one plane 
as well, namely horizontally.
When looking down from an orbital height of about 350-
800 km - the latter being the altitude that test satellites 
have been using - several thousands of vessels can be 
identified at the same time, and this enormous increase in 
signal traffic is one of the problems. Basically the receiver 
gets overloaded, and cannot distinguish between different 
vessels. Another issue is that any one satellite orbiting in 

Test: ISS as platform for global tracking of maritime ves-
sels -  Automatic Identification System (AIS) Columbus AIS  (COLAIS)- is 

part of the trend of us-
ing the ISS as a platform 
to observe and monitor 
Earth. The Station’s orbital 
inclination of 51.6° and 
altitude of 350–460 km 
are different to those of 
most Earth observation 
satellites, offering other 
ground patterns over 
about 95% of Earth’s popu-
lation.

In 2009 ESA has also 
issued a Call for Ideas 
to gauge the interest in 
deploying remote-sensing 
instruments for global 
change experiments on the 
ISS. A dedicated AO will be 
released soon

AIS  Antenna for ISS 
before being unfoiled

AIS  Antenna

Typical AIS display onboard a ship - view here the Dover Strait

Automatic Identification System or AIS, has been around in coastal regions of the seas for quite 
some time. It registers and sends as a minimum basic data on identification, position and move-
ment of the ship it is mounted on. Information is sent via a VHF transmitter that receives this in-
formation from the navigation means of the ship. Also name of the ship and tonnage etc. can be 
programmed to be sent as a part of the data package that is transmitted every 30 seconds or even 
more often. The only problem is, that this information is communicated from vessel to ground 
stations and therefore is limited to a range of about 40 nautical miles.     
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the indicated range, will need in the order of 90 minutes 
before it is back to roughly the same point over the Earth, 
and in addition the orbit will not cover exactly the same 
area of the Earth, but will shift a bit for each orbit. Due to 
the Earth’s rotation, to fully cover all of Earth, a constella-
tion of satellites is needed. Communication from the ships 
is transmitted at regular intervals, each 30 seconds but is 
not synchronised with all other ships. This means that seri-
ous collisions could arise in terms of when the AIS receiv-
ing station receives the signals. This is another significant 
problem to deal with. 

Time Division Multiple Access - TDMA
This is what the basic techncial solution is called, illustrat-
ed in the figure below: The collision of radio traffic from 
more ships at the same time is handled in the TDMA 
fashion. This means that a slot is kept open, so to speak, for 
the next data bit to be received by the satellite from the 
same ship. This is the simple version of a somewhat more 
complex story,  but describing  the basic principle. 

Satellite operators and their activities
COMDEV, a Canadian provider of space based AIS by means 
of satellites with an orbital height of 800 km has been 
testing the capabilities. In the meantime the International 
Space Station has since June 2010 had the Norwegian and 
Luxemburg originating NOR-AIS and LUX-AIS receivers in-
stalled as a test-bed for their systems, with the objective of 
gaining data and experience with such a system placed on 
an orbiting station. Initially it was the plan that the project 
should run for one year, but it is still active.
These ESA related projects do however have a significant 
collaboration with COMDEV.  
As the ISS is man tended and has frequent crew and mate-

rial exchanges, the ISS represents a very flexible and adap-
tive platform, where new technology can easily be updated 
with relatively short notice. 

Norwegian and Canadian development 
The Trondheim-based company, Kongsberg Seatex and the 
Norwegian Defence Research Establishment - FFI, have in 
collaboration been asked to lead this study and to develop 
plans for the project. Kongsberg Defence & Aerospace 
Company (KDA) has been involved with payload manu-
facturing and product assurance. A Canadian satellite 
platform design will be adjusted to carry the Norwegian 
AIS receiver. The satellite dimensions are modest 20 x 20 x 
20 cm. “Modern technology has made it possible to build 
very small and capable satellites, which reduces the launch 
cost considerably,” says Terje Wahl at the Norwegian Space 
Centre.  

The technology applied
As one of the most important aspects of bringing AIS to 
Space has been to avoid having to impose changes to 
the ship-mounted transponders, which would have the 
effect that all transponders would have to be renewed, all 
changes have to be introduced on the AIS receiving and 
processing side. 

A set of new receivers from ESA/ESTEC
The ESTEC-developed receivers to solve these technical 
complications,  with a sensitivity three times better than 
the conventional AIS receivers plus a number of additional 
message de-colliding qualities is what is now being tested 
on the ISS. Additional onboard signal processing tech-
niques are implemented, which should alleviate the prob-
lems to a large extent and allow for the massive increase of 
ships to send simultaneously.
One aspect of the innovative changes introduced, is the 
mentioned Time Division Multiple Access (TDMA), where  
channels are sliced in time so that each vessel is assigned 
an approximately 30-millisecond signal slot to transmit in 
sequence. 

Signals from a computerised ocean
In order to arrive at a good estimation of how good or bad 
a new type receiver would be, a number of parameters 
need to be considered, e.g.
•	 How well one can simulate the situation where several 

thousand ships send signals; this requires that one 
tests a ‘computerised ocean’. Further,

•	 how well one can solve the additional passing of the 
radio signal through the atmosphere,

•	 how well one can solve the signal collision issue, and 
•	 how well one can solve the necessary latency and re-

emission of signals back caused by the necessary time 
for processing of the received data.

These are some of the aspects being focused on in the ISS 
test set-up.

The time resolution model being worked with as a guide-
line right now has as objective of within three hours to 
detect around 85-90% of all ships being overflown by the 
satellite or the ISS.

ISS is moving at around 8 km per second and that causes 
significant Doppler shift on the signals and with this a 
frequency shift. This issue also has to be dealt with, but as 
it happens, this even seems to become a slight advantage, 
as some of the signal overlapping goes away for the same 

ISS tracking a single ship over four months
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reason. 

The best orbit 
The ISS has an orbital height of around 350 km. This has 
the effect that less vessels will be in the ‘area-of-sight’ 
than from a satellite with a higher orbit. In addition the 
ISS does not have a limited life time issue as such, as the 
orbit is being boosted at regular intervals. For testing, 
therefore, the ISS is a comfortable place to be.
 
The simulation model
As indicated, the amount of single signals, i.e. ships, is 
the driving factor for the (over)loading of the receiver. 
The project team calculated that, in case 3000 ships 
would have to be considered within the 5000 km diame-
ter as the maximum, all would be tracked well up to 93% 
confidence. In the case of 5000 ships the fraction goes 
down to 68%. With 8000 ships the detection fraction 

would be as low as 41% and multiple overpasses would 
be needed to get full detection. 

Reality test with US Coast Guard in October 2010
During the month of October a test was performed. An 
AIS Search and Rescue (SART) which is a part of the stan-
dard equipment in the Global Maritime Distress Safety 
System (GMDSS) was placed on 27 and 28 October 2010 
approximately 2 nautical miles north coast of Puerto 
Rico.  Contrary to earlier tests, this test was setup in a 
very busy sea traffic zone and the objective was to test 
how well satellite detection on an AIS signal would be in 
such a situation.

The test was successfully completed, demonstrating 
that under these dense conditions a minimal structure 
could be identified by the AIS onboard the ISS. 
 

ATV-2 - few meters 
before docking to 
the Russian module 
Zvezda. Part of the 
navigation aligment 
system can be seen 
as two dark square 
structures above 
the central circular 
mating ring of the 
vehicle. These are 
visual targets for 

crew monitoring.
Courtesy of 

NASA.

http://www.esa.int/SPECIALS/ATV/SEMWX432VBF_0.html
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The tower has a total height of 146 metres and the fall 
height is 120 metres. Applying the physical equation for 
free fall, this all comes out as an undisturbed free fall of 
just under 5 seconds. 
But what can one learn during such a  short interval? 
Well, what has developed over the years is a setup of high 
sophistication that actually has allowed for quite exotic 
observations in the Bremen Drop Tower (BDT). 
 
As an indication of the importance the BDT has for ESA, 
ZARM in 2003 was introduced into the official ESA list of 
‘External Facilities’- a status that only very few facilities 
in Europe have today, demonstrating the importance the 
European Space agency has honoured the Bremen drop 
tower with. 

 
The inspiration for the drop tower 
was a 145 metres deep drop tube at 
NASA Glenn Research Centre, Cleve-
land, Ohio, that was able to provide 
a micro-g level of better than 10-5 g. 
Europe at that time did not have any 
equivalent to this very attractive op-
tion for ‘microgravity on Earth’.

Concept phase
The initial suggested length of the 
tube of a modest 73 metres quickly in-
creased in the early discussions to 93 
metres. And soon thereafter the final 
length of 120 metres was decided.  
In 1987 ZARM started the planning 
and construction of the drop tower, 
which could take up its operation in 

September 1990, to which the ZARM-FAB mbH was created, 
the Drop Tower Operation and Service Company. The origi-
nal scientific institute, now referred to as ZARM Research 
Institute, today consists of the departments following: 

•Fundamental Physics and Space Flight Technology, 
•Multi phase Flows and Measurement Techniques in Fluid 
Sciences, 
•Combustion and Aerodynamic,  
•Complex Fluids and Material Sciences  
 
These departments together represent about 2/3 of all 
ZARM institutions.  
The Drop Tower was finally inaugurated in 1990. In 1993, 
the first 1000 drops had been performed, in 1997, 2000 
drops, and in 2004 the number of experimental drops had 
reached 4000. 

ESA’s part of the BDT programme
On average, ESA funds some 70-100 drops per year, distrib-
uted on four  to five campaigns, dependent on the hard-
ware  readiness and availability of the experimenter team. 
The experiments are usually carried out in campaigns of 15 
to 25 drops each. 

How to prepare an experiment?
The ESA supported drop tower campaigns can have various 
goals and origins. Experiments pursuing scientific goals are 
received by the Agency in response to ESA AOs (Announce-
ments of Opportunity). These proposals can address “stand 
alone” drop tower experiments, where the drop tower is 
the only microgravity research platform considered to be 
used in the underlying science programme. Alternatively 
drop tower experiments complement, or serve as precursor 

Anniversary for a success -  
20 years of Zero-g in Bremen, Germany

25 years ZARM  - Zentrum fur angewandte 
Raumfahrt echnologie und  Mikrogravitation

The drop tower at ZARM was established based on the energy of a few enthusiastic 
people in 1985, as an institute under the University of Bremen, Germany. As Bremen since 
1961 had industries developing from aeroplane into aerospace business, a strong basis 
existed in the area for creating the drop tower facility. On 19 November 2010 the 20th  

Bremen Drop Tower and the 25th ZARM anniversaries were celebrated

Drop capsule ready to go at the top of the Bremen Drop Tower at ZARM
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programme to scientific investigations performed on other 
microgravity platforms, such as Parabolic Flights, Sounding 
Rocket Missions, FOTON/BION orbital flights or ISS Experi-
ments.
 
The cooperation agreement between ESA and the ZARM-
FAB includes experiment preparation advice by ZARM, 
as well as the entire chain of support from concept to 
finalisation. The experiment hardware itself is provided by 
the scientists or at least has to be procured from sources 
outside of ESA’s drop tower utiliza-
tion contract.

How does it work?
Inside the large diameter tower, a 
much smaller diameter drop tube - 
4 metres diameter and 120 long, in-
dicated in blue in the (fairly sketchy)
figure - is the ‘real’ facility. In that 
tube a vacuum better than 10 pas-
cal (Pa) or 10-5 bar can be created. A 
total of 18 pumps with a nominal 
capacity of 32 000 cubic meter/h 
need about 1.5 hours to reduce the 
shafts inner pressure to 10 Pa. 
 
The flight ready capsule, with a di-
ameter of 0.8 metres and lengths of 
1.6 metres or 2.4 metres with a total 
mass of some 500 kg is ready in po-
sition before shaft evacuation. The 
drop capsule is winched to the top 
and held by a sophisticated release 
mechanism. The challenge of this 
release mechanism is the neces-
sity to let  the capsule go, avoiding 
the induction of any mechanical 
disturbance.  

After release, the capsule starts a 
free fall of 4.7 seconds and arrives 
with a velocity of some 167 km/h 
at the 8 metres deep deceleration 
tank filled with polystyrene pellets. 
Despite of this ‘soft landing’ the 
capsule and its payload does experi-
ence a breaking impact of some 30 g.

After this, the shaft is flooded with air and the capsule re-
covered, allowing the experimenters to access the payload. 

A catapult almost doubles the micro-g time
In 1995 the catapult was con-
ceived. It was a way in which to 
expand the micro-g period to 
almost the double of a simple 
free fall. As well as the airplane-
produced micro-g via a parabola, 
this system should do the same. 
 
Luckily, the idea for the catapult 
existed already when the drop 
tower was first conceived: The 
engineers had under the tower 
left a sufficiently large chamber, 
in which the catapult could be 
integrated, 12 metres under-
ground, once the go-ahead had 

been given.

With this catapult payload capsules up to as much as 400 
kg total mass can be launched into the evacuated drop 
shaft from the bottom, accelerated by a pneumatic piston 
elegantly exploiting the difference in pressure between the 
evacuated shaft and over-pressurized air tanks. The result-
ing gigantic acceleration - leaving any Ferrari or Porche1 
in the dust, had they been there - is adjusted by a servo 
hydraulic breaking system that controls the piston velocity. 

Without this control, the capsule would 
potentially be propelled through the 
top of the tower. For the same reason 
energy absorbing arrangements are 
activated in the tower over normal top 
point of the parabola, should controls 
fail. Considering that not even the 
entire shaft length is used, one in this 
manner achieves a free fall period of 
impressive 9.4 seconds2 

Build a Drop Tower experiment !
As a basic rule, the drop tower utilisation 
programme of ESA’s Directorate for Hu-
man Spaceflight covers only the “Flight 
Ticket”. The experiment hardware is par-
tially provided by industrial or academic 
institutions. ESA-procured hardware 
used in the drop tower mostly represents 
breadboards which are usually part of 
hardware-development projects cov-
ered by dedicated contracts and grants. 
Prior to the facility production start 
potential users can get advice from 
ZARM experts on how to construct the 
payload. ZARM-FAB delivers the cap-
sule platforms for experimenters to 
instal the equipment in. Platforms are 
built as a ply-wood aluminium sand-
wich supposed to attenuate unavoid-
able vibrations upon capsule release. 
One to two weeks before a drop cam-
paign the pre-mounted hardware com-
ponents are usually integrated in coop-
eration with ZARM experts as well as 

additional help and service is provided as needed. 

Also available for diagnostic methods is a laser, installed 
in the tower top, whose beam follows the experiment 
capsule. Also cameras, temperature control and combus-
tion chambers are available. If one should need the incred-
ible microgravity quality of up to 10-9 g, a capsule can be 
provided with an evacuated inner chamber, in which the 
experiment is free-floating during the drop.
Upon completion of all pre-flight checks and approvals, the 
capsule is closed gas tight by an aluminium mantle and 
brought into the drop shaft. 
Until release of the capsule, the experiments can be 
externally powered . Launch is activated by the scientists 
themselves giving the command to perform the drop.  

1.  The capsule’s lift off velocity from the catapult piston is about 46.9 m/s, 
which is reached within 0.28 seconds. As soon as the capsule has left the 
piston, microgravity sets in and lasts for the ascent flight and the return 
fall, ending in the same deceleration tank used in the usual drop mode. 
The fastest top sports car reaches 28m/s (100km/h) in around 3 seconds.
2.  The free fall in principle starts as soon as the payload leaves the piston. 
This takes place well before the capsule reaches the top point of the pa-
rabola, which might not be evident, but in fact physically it is like that.
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Experiments performed in the Bremen Drop Tower

Selected  experiment types
Combustion - burning of an ethene flame: 
- Investigation of how conditions for soot formation and particle 

properties change under micro-g
 

Trans-critical droplet vaporization experiment
- Essential for investigation of the behavior of modern fuels

Methane flame under normal and microgravity
- Study of combustion and soot formation in low gravity

From dust to planets
- Studying potential mechanisms of early stages of planet form-
ing

Avalanches of granular matter under reduced gravity
- Investigation of landscape forming as an effect of gravity

Interactions in Cosmic and Atmospheric Particle Systems 
(ICAPS)/ ICAPS Precursor Experiment (IPE)
- Investigation of potential cosmic dust aggregation as precursor 
for planet and comet forming 

  

Laminar ethene diffusion flame normal gravity (left) 
and in microgravity (right) 
(Courtesy of Reimann and Will)

Methane flame under normal- (left) and microgravity 
(right).  Also measured but not shown: temperature, 
soot volume fraction (shown here), and primary par-
ticle diameter.(Courtesy of Reimann and Will) 

Vaporization of a suspended n-dodecane droplet in 
microgravity at subcritical conditions (upper image) 
and supercritical conditions (lower image). (Courtesy 
of ZARM).

Collision between two ~0.5-mm-sized dust aggregates 
at a velocity of ~4 mm/s. The two colliding aggregates 
are marked by an x. The time interval between the 
first five images (from top left to bottom right) is 54 
ms, the last three images have time intervals of 850 
ms between them. (Courtesy of Weidling, Güttler and 
Blum, unpublished data)

Avalanches of granular matter under reduced-gravity 
conditions. The image shows cuts through the run-out 
avalanches of glass beads at g-levels between 0.01 g 
and 0.3 g. The avalanche width is dependent on g-level. 
This figure was borrowed from Hofmeister et al.

ICAPS/IPE generated gigantic aggregates in a 
drop experiment. Horizontal image size is 10 
mm. (Courtesy of A. Vedernikov)

Illustration of the complexity of a fall capsule, here arranged 
in support of the CPS experiment: Experiment on Combustion 
Properties of Clouds, Particles and Spray (Courtesy of ZARM)

The ZARM Drop Tower naturally offers a maximum micro-g time 
of 4.74 sec. With the catapult illustrated above implemented, 
this can be brought to in the order of 9.3 seconds (drop capsule 
marked ‘ZARM’) Back to top 
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UPCOMING TOPICS
Partial Gravity Parabolic Flight Campaigns
The new parabolic Flight 
profiles will be offered 
on a campaign planned 
to fly in June 2011. This 
campaign will be a col-
laborative effort between 
ESA, CNES and DLR. There 
levels will be offered. 
Apart from the traditional 0-g, also Moon or 0.16 g 
level as well as Mars or 0.38 g levels will be flown. 

Mars 500 Science Update
At the time for the next newslet-
ter, the Mars 500 crew will be on 
their way back to Earth, as the 
last leg of the simulation study 
taking place in Moscow. Some 
preliminary result of the study 
will be provided.

MagISStra mission: Activities of ESA astronaut Nespoli 
onboard ISS, part 2.
End of May 2011 Paolo Nespoli will return to 

Earth from the ISS. The period for his stay 
has been remarkable in many ways. An 

update on his activities and achieve-
ments will be provided.
Outlook to Andre Kuipers’ mission 

to the ISS
 

After ESA astronaut Roberto Vittori’s short stay, ESA’s 
next ‘long-term-stay’ astronaut onboard the ISS will be 
Dutch Andre Kuipers. Kuipers will launch together with 

his crew mates Oleg Kononenko 
from Russia, and Don Pettit from 
NASA. They will go up onboard the 
Soyuz 29S. It will be Kuipers’ second 
mission planned for launch 30 No-
vember 2011 from Kazakstan
 

The Concordia Antarctic  
station over-winter crew 

Since November the new 
crew has been in Concordia. 
Data coming out from these 
experiments are very inter-
esting. Updates as well as 
an interview with a former 
resident will be brought in 
the next newsletter

Climate Change Research  
Announcement
The International Space Station will in the future 
become one of the platforms from which systematic 
monitoring of specific climate change 
aspects will be done. In close col-
laboration with Directorate for Earth 
Observation, Directorate for Human 
Spaceflight Operations is preparing 
a research announcement, to solicit 
proposals for how to best make use 
of this Space  platform in a low Earth 
orbit (LEO), to complement satellite-
based missions

MASER-12 ESA’s next Sounding Rocket 
mission
15 May 2008 MASER-11 launched from ESRANGE in 
Kiruna, Sweden. Now the next in turn is made ready. It 
has a planned launch in November 2011.  
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