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Editorial
 

Dear Readers,
After a year as President of the 
International Association for the 

Advancement of Space Safety (IAASS), 
I would like to take this opportunity to 
tell you all how proud I am of the work 
that is performed by our Association 
and the international recognition it is 
gaining at the highest levels. From our 
new offices in the heart of the ESA Busi-
ness Incubation Centre in Noordwijk, 
Netherlands we have redefined six pri-
ority focal areas for IAASS, as explained 
in the accompanying figure.

At our 7th IAASS Conference in Fried-
richshafen, Germany, we focus on these 
areas with dedicated panel sessions 
on each. In addition, specific panels of 
note include Possible Suborbital Regu-
latory Regimes, New Global Initiative for 
Planetary Defence, and Collision Risk 
Avoidance at Launch in order to foster 
discussions on these subjects.

This year, the Association launched 
the Journal of Space Safety Engineer-
ing to disseminate technical knowledge 
between our conferences. In March, 
we held our first summit with the Inter-
national Space Safety Foundation in 
Washington, D.C. with the aim of con-
ducting open discussions on how to 
continue our activities in a coordinated 
and complementary manner. As part of 
our next conference, we are proposing 
a reorganization of our Technical Com-
mittees in light of the experience gained 
to date and in order to improve efficien-
cy. We are now finalizing our first pro-
fessional training catalog around all the 
topics for which we are recognized so 
as to promote, as widely as possible, an 
international safety culture in the space 
business.

On the technical side, we have been 
heavily involved in proposing possible 
regulatory frameworks and guidelines 
for human suborbital flights, and we are 
supporting the International Civil Avia-
tion Organization (ICAO) in launching 
the first learning group on the topic. Our 
proposal to develop a specific algorithm 
for calculating collision risk to aviation 
from reentering space debris and falling 
meteorites is ready; all that remains is to 
find the necessary funds to start it.

For all of the above reasons, the 
United Nations Economic and Social 
Council (ECOSOC) has granted Special 
Consultative status to our Association, 
a preliminary step to being recognized 
as an Observer at the Committee on 
the Peaceful Uses of Outer Space (UN 
COPUOS). We will soon be able to in-
tensify our participation in UN COPUOS 
subcommittees and strongly promote 
our ideas at the international level.

What does the future hold? Well, 
we will continue our efforts to stream-
line and consolidate the organization 
around our key areas of expertise. We 
have in the past focused our attention 
on disseminating the existing body of 
space safety knowledge through the 
production of unique textbooks. This 
will continue, with our 2013 book Safe-
ty Design for Space Operations being 
translated into Chinese and prepara-
tion ongoing for a new textbook, Space 
Safety and Human Performance. We will 
also be looking to create more technical 
reports from our committees in the form 
of guidelines outlining internationally 
shared best practices. We will continue 
and enlarge our offering of professional 
training courses to meet all space safe-
ty needs. We intend to strengthen our 
position as a major player on the issue 

of human suborbital spaceflight safety, 
a forerunner to becoming an author-
ity on risk assessment and design for 
safety. 

All of this will only be possible if we all 
continue to be involved, motivated by 
our mission to make space safer, as a 
great many of you have been doing for 
countless years now. Please accept my 
warm and sincere thanks to all of you, 
and my special thanks to the Editors of 
this magazine that is helping to spark 
new vocations and wider interest in 
space safety!

Isabelle Rongier
IAASS President
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Suborbital Spaceflight 
and Decompression Risk

By Tommaso Sgobba



In aviation there are three classifica-
tions of decompression events:

1. An explosive decompression occurs
in less than half a second. This usu-
ally only occurs in small aircraft flying
at very high altitudes.

2. A rapid decompression is more com-
mon and is usually associated with
larger aircraft. Decompression oc-
curs in a matter of seconds and it is
normally associated with a bang and
a sudden fogging of the cabin air.

3. A slow or subtle decompression oc-
curs over a longer time with a grad-
ual change in air pressure. It can be
difficult to recognize before the alarm
sounds and oxygen masks deploy
from the cabin ceiling.

Deceptive 
Dangers of Slow 
Decompression

Asudden failure of a pressurized 
cabin is generally very danger-

ous but immediately recognized. It is 
accompanied by a good deal of noise 
as the higher pressure air in the cabin 
rushes out until the pressure equalizes 
with the external ambient pressure. This 
may be preceded by a loud popping 
sound. Dust and debris will be rushed 
toward the opening along with escap-
ing pressurized air. Items (and human 
beings) could be sucked outside the 
aircraft as happened to an Aloha Air-
lines B-737 in 1988. 

Slow decompression of a pressur-
ized cabin may not be recognized until 
an automatic alarm sounds and oxygen 
masks deploy for passengers. Pilots 
have been known to lose precious min-
utes looking for a false alarm instead 
of immediately donning their oxygen 
masks. In those minutes, the most in-
sidious effects of hypoxia would affect 
the eyes and brain. The retina of the 
eye is more demanding of oxygen than 
any other organ of the body – even than 
the brain, which demands 30% of the 
overall supply. Vision would begin to 
degrade, especially at night. 

Hypoxia 
and Vacuum 
Exposure

In the operation of aerospace and 
other systems, oxygen is dangerous 

if not available in the right quantity. Too 
much and anything can become flam-
mable, too little and you get deadly 
hypoxia. In addition, exposure to low  

atmospheric pressure, like in vacuum or 
near-vacuum conditions, adds its own 
deadly consequences.

Let’s talk first about hypoxia, how 
it can develop and how it can impair 
one’s judgment at the precise time it is 
most needed. 

The oxygen from air passes into our 
bloodstream through small sacs in our 
lungs called alveoli. Usually the partial 
pressure of oxygen in the alveoli (i.e., 
the pressure of the oxygen component 
of the gas mixture) is 14% (160 mmHg) 
when the air we breathe is at the usual 
one atmosphere (760 mmHg) at sea-
level. The higher we climb into the at-
mosphere surrounding Earth, the lower 
the partial pressure of oxygen is in the 
alveoli. At a certain point we get oxygen 
starvation, also called hypoxia. 

Without supplemental oxygen at suf-
ficient pressure, the pilot gradually laps-
es into incompetence while maintaining 
an absolutely euphoric faith in his or her 
own ability. When blood oxygen satura-
tion is down from the normal 97% to a 
dangerous 85%, colors fade and vision 
dims. There is a serious degradation of 
judgment, memory, and thought. 

Too much 
oxygen and 
anything is 

flammable, too 
little and you get 
deadly hypoxia The next time you take a flight, you might want to pay attention to those safety instructions.  

Credits: Miikka H/Flickr

Space Safety
        Magazine   
Space Safety

Magazine      

4

Science and Technology Fall 
 2014



NASA’s 2009 astronaut class learns to recognize hypoxia in an altitude chamber at the US Navy Aviation Survival Training Center.
Credits: US Navy

Atmospheric pressure table

The impairment of judgment leaves one 
feeling just fine and confident in one’s 
performance. Gradually one becomes 
more euphoric, belligerent, or disorient-
ed and behaves irrationally, unreliably, 
and dangerously. Unconsciousness 
and death then follow. 

Aviation medicine defines the "time 
of useful consciousness," that is, how 
long after a decompression incident 
pilots will be awake and be sufficiently 
aware to take active measures to save 
their lives. Above 15,000m, the time of 
useful consciousness is 9 to 12 sec-
onds, but an explosive or rapid decom-
pression will cut this time to about 5 
seconds due to the startle factor and 
the accelerated rate at which an adren-
aline-soaked body burns oxygen. But 
in spaceflight, hypoxia is only one haz-
ard of a decompression event. There is 
also the impact of full-body exposure  
to vacuum.

According to NASA (NASA SP-3006), 
the following should be expected for 
vacuum exposure after loss of con-
sciousness: 

“In rapid sequence thereafter, pa-
ralysis will be followed by general-
ized convulsions and paralysis once 
again. During this time, water vapor 

will form rapidly in the soft tissues 
and somewhat less rapidly in the ve-
nous blood. This evolution of water 
vapor will cause marked swelling of 
the body to perhaps twice its nor-
mal volume unless it is restrained by 
a pressure suit. Heart rate may rise 
initially, but will fall rapidly thereafter. 
Arterial blood pressure will also fall 
over a period of 30 to 60 seconds, 
while venous pressure rises due to 
distention of the venous system by 
gas and vapor. Venous pressure will 
meet or exceed arterial pressure 
within one minute. There will be virtu-
ally no effective circulation of blood.” 

Coping with 
Decompression 
in Aviation

The chances of depressurization 
problems in aviation are very low 

but not rare: 310 cases were reported 
between 1998 and 2008. 

The main approach to cope with de-
compression scenarios in aviation is 
rapid descent to a safe altitude.

The higher an airplane flies, the more 
efficient flying becomes because of 
reduced drag. Nevertheless, there is 
a maximum possible altitude called 
absolute ceiling that is the altitude 
where maximum engine thrust available 
equals minimum thrust required and the 
rate of climb becomes zero. In reality, 
the maximum altitude of an airplane is 
not dictated by its inability to fly higher 
but by its ability to make a fast descent 
to the safe (no hypoxia risk) altitude of 
3000m in case of decompression 

Altitude
(meter)

Atmospheric Pressure 
as % of 

Sea-Level Pressure

0 (sea-level) 100%

2,500 74%

5,000 53%

12,500 18%

25,000 2.5%

50,000 0.8%

75,000 0.02%

100,000 ≈ 0
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of the fuselage. As soon as the pilot is 
alerted of an air leakage, he or she has 
to don an oxygen mask and perform the 
rapid descent maneuvers defined by the 
manufacturer. The performance of the 
pressurization system and the air vol-
ume of the cabin (as well as the window 
size assumed to have failed) dictate the 
time available before reaching the hy-
poxia critical level and consequently 
the maximum altitude an airplane is al-
lowed to fly. The pressurized volume of 
the Boeing 747 is around 700m3 and the 
maximum altitude to which it is certified 
to fly is 13,700m. Dangerously low lev-
els of oxygen can be almost instantly 
reached if the pressurized volume of the 
cabin is small, as is the case for military 
fighter airplanes. Military pilots continu-
ously wear oxygen masks during flight 
because they would have no time to 
don them in a depressurization event. 
Business jets have generally a small 
pressurized volume, around 30m3, but 
are allowed to fly at high altitude if they 
can operate an “Automatic Emergency 
Descent” that would automatically take 
the aircraft to 3000m in an emergency, 
thus allowing an incapacitated pilot to 
recover from hypoxia. 

Decompression 
in Orbital Flight

On June 25, 1997 a Russian Progress 
cargo spaceship collided with the 

Russian Mir space station. The Spektr  

module was punctured and the space 
station started to decompress. Follow-
ing procedures, the module was iso-
lated (and never used again) and the 
station recompressed. 

With 840m3 of pressurized volume, 
the International Space Station (ISS) is 
the largest volume and mass ever flown 
in space. Onboard ISS, detection and 
response to depressurization is execut-
ed by software. The safety of the crew 
during a decompression scenario is en-
sured by the automatic software along 
with planned crew responses. The as-
tronauts are trained to assess the criti-
cality of the rate of decompression and, 
if time allows, they would attempt to 
find and isolate the leak. All equipment 
and instruments inside the habitable 
module of ISS are designed to sustain 
decompression and repressurization 
loads without causing secondary fail-
ures that could harm the crew or dam-
age the station. As for Mir, the immedi-
ate response for a rapid decompression 

is to isolate the affected module by clos-
ing the hatches. The ISS crew enjoys a 
short-sleeve environment, with use of 
pressure suits reserved for launch and 
reentry phases. 

Historically, there have been two peri-
ods where a pressure suit was not used 
in orbital flights. In the Soviet space 
program, the Voskhod and the early 
Soyuz flights did not make use of pres-
sure suits due to extreme mass and 
volume limitations. This changed after 
three cosmonauts died on Soyuz 11 
due to a valve malfunction that caused 
decompression of the capsule. In the 
US Shuttle program pressure suits were 
not introduced until after the Challenger 
disaster, when recommendations from 
the Challenger Accident Investigation 
Board were implemented in conjunc-
tion with a new crew bailout scenario at 
7600m for emergencies.

How Fast Will 
a Suborbital 
Spaceship 
Decompress?

As we have seen, dangerously low 
oxygen concentration and pres-

sure can be almost instantly reached 
if the volume of a pressurized cabin is 
small and the delta pressure is high. 
The situation is extreme in near vacuum 
conditions where the external pressure 
is essentially zero. It should be noted 
that higher delta pressure also results in 
higher nominal leak rates and tends to 
exacerbate leaktightness deficiencies. 
The pressurized volume of suborbital 
vehicles currently under development 
are tiny, a maximum of 35m3. It would 
takes less than 50 seconds to reach a 
hypoxia critical level due to a 1cm hole, 
and the pressure drop would be essen-
tially instantaneous for larger breaches. 
It is estimated that from the time a rock-
et motor of a suborbital winged vehicle 
ignites to the time the vehicle will be 
back gliding or descending lower than 
3000m, there will be about 20 minutes 
during which nothing can be done to 
abort the flight and descend to a safe 
altitude. 

Considering the experimental nature 
of suborbital spaceflights, the use of 
pressure suits should be made manda-
tory for crews and, perhaps, optional 
for passengers based on their informed 
decision.

The Space Shuttle Inflight Crew Escape System involved crew members sliding down an 
extendable pole and freefalling with a parachute.  –  Credits: NASA

In suborbital 
flight there 

are 20 minutes 
when abort and 

descent are 
impossible

Space Safety
        Magazine   
Space Safety

Magazine      

6

Science and Technology Fall 
 2014



No Romance on Mars
 

By Tereza Pultarova

The Mars Desert Research Station in Utah is based on a concept of a realistic mission to Mars.  –  Credits: Filip Koubek



“The bottom 
line is that, like 

hunger and 
thirst, sex is a 

basic biological 
motive„

Jason Kring, 
human factors researcher

Imagine the following scenario. The 
first batch of Martian colonists has 
settled on Mars. There are only ten 

of them currently residing on the Red 
Planet, both men and women, living to-
gether in a confined station only a few 
meters across.

They see each other first thing in the 
morning, they share their meals, they 
work together, they have only each other  
to talk to and spend their free time with. 
The contact is incredibly close and in-
tense – it’s no surprise that they soon 
start feeling like much more than just 
co-workers, more like a family, as if they 
have known each other for ages. 

Add the pressure of the hostile alien 
environment and the notion that any-
thing can go wrong at any time making 
them dependent on each other for their 
very lives, and you get an intensity of 
emotions that one would hardly ever 
experience on Earth and that may bring 
about some surprises even for these 
well trained, rational astronauts. 

At the end of the day, they are not ro-
bots. One can’t blame them for having 
basic human needs – like the occasion-
al hug (even little monkey babies have 
been scientifically proven to require a 
warm mother’s touch to develop nor-
mally) and, of course, sex (even though 
NASA strictly prohibits that).

“The bottom line is that, like hunger 
and thirst, sex is a basic biological mo-
tive,” Jason Kring, human factors re-
searcher at Embry-Riddle Aeronautical 
University, said in an interview with the 
Sunday Telegraph in 2008. “The poten-
tial round-trip mission to Mars could 
take three years. It doesn’t make sense 
to assume that these men and women 
are going to have no thoughts of it for 
three years.”

Kring suggested a solution that he 
said was frequently used by polar ex-
plorers: temporary relationships with 
colleagues that end with the mission.

“You have an exclusive relationship 
with them for six to nine months but 
when the expedition is over, so is the 
relationship and you return to your nor-
mal lives and families,” Kring told the 
Sunday Telegraph. 

And that’s what some in our fictional 
crew did. 

It worked well for a while, until about 
halfway through the mission when 

Space Safety
Magazine     

7

Profile Fall 
 2014



one of the Martian couples started fall-
ing apart. What exactly happened was 
that Astronaut A discovered his space-
girlfriend Astronaut B was spending a 
suspicious amount of time with Astro-
naut C while growing increasingly dis-
tant towards himself, even refusing to 
have sex under the pretext of a severe 
headache or fatigue. 

Having received some troubling news 
from Earth the very same week (his 
mother was diagnosed with cancer) and 
already feeling tired, lonely, and border-
line depressed, Astronaut A snapped 
and attacked his love rival. The fist fight 
resulted in some damaged scientific 
equipment (non-critical) and a broken 
jaw for Astronaut C. 

Lisa’s Story

All of us who work in environments 
with people have seen examples 

of this happen in our workplace where 
two people date, have a relationship, 
which then ends and afterwards it can 
become uncomfortable or even a cause 
for conflicts,” Kring tells Space Safety 
Magazine.

“On the other hand, astronauts se-
lected for the American astronaut group 
go through a lot of screening, physical, 
but also some psychological screening. 
There is a high degree of professional-
ism in these astronauts. These men and 
women have spent their entire careers 
through education and training to get 
to this point, when they get the chance 

to go to Mars or to the International 
Space Station and the mission impor-
tance is going to outweigh any issues 
they might have with their romantic re-
lationship,” Kring says. 

Such an explanation would have 
sounded quite satisfying if it hadn’t 
been for that notorious precedent – the 
tragic Lisa Nowak story. 

With a plot of which any psychologi-
cal thriller writer need not be ashamed, 
the story, detailed on front pages of 
newspapers around the world, involves 
two astronauts, a NASA collaborator, 
and an unsuccessful murder attempt. 

How the hell could that have hap-
pened? NASA officials must have been 
asking when they watched how Lisa 
Nowak – the focused, talented, good-
looking flight engineer – plummeted 

from the pedestal of an American na-
tional hero and crumbled into a pitiable 
mental wreck. 

Unbeknownst to NASA, Lisa, a seem-
ingly happily married mother of three, 
had fallen for fellow astronaut trainee 
William Oefelein and enjoyed a secret 
two-year affair with him. However, not 
long after her triumphant July 2006 re-
turn from the International Space Sta-
tion where she spent 13 days as part 
of the STS-121 mission operating the 
Space Shuttle’s robotic arm during sev-
eral space walks, Oefelein dumped her 
for US Air Force cadet Colleen Shipman. 

Despite the confident and at-ease 
persona she outwardly projected, 
something cracked and barely seven 
months after her return Lisa found her-
self driving 1,500km from Houston to 
Orlando, Florida where she attacked 
Shipman with pepper spray, wearing a 
wig and a hooded trench coat. Police 
later found in her car a BB pistol and 
ammunition, a 2-pound drilling hammer, 
black gloves, rubber tubing, and plastic 
garbage bags. 

It may be convenient to blame the 
faulty Lisa for the disgrace, the re-
grettable stain on the squeaky clean 
reputation of the US astronaut corps. 
But how can we be so sure that this 
scenario can’t happen to anyone else, 
given just the right amount of pressure 
and the correct trigger? At the end of 
the day, as did every other astronaut, 
Lisa too passed the rigorous psycho-
logical testing of NASA’s astronaut se-
lection process.

“I think it is 
really important 

to avoid 
any romance 
in the crew 

because it can 
create tension„

Lucie Poulet, HI-SEAS and 
MDRS crew member

Lisa Nowak – the fallen American astro-
naut.  –  Credits: NASA

Lucie Poulet, greenhab officer of Crew 135 at MDRS.  –  Credits: Filip Koubek
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Simulation 
Experience

Ithink it is really important to avoid 
any romance in the crew because it 

can create tension,” says Lucie Poulet, 
a 28-year old aerospace engineer and 
participant in a four-month Mars analog 
mission at the HI-SEAS habitat in Ha-
waii. “Most people don’t handle very 
well romance in such an isolated envi-
ronment and when things go wrong be-
tween the two people it can really cre-
ate tensions in the group itself.”

Poulet may have reason to be so 
sceptical about Martian romance. Just 
one month before the start of her HI-
SEAS experience, she took part in an-
other simulation – a two-week stay at the 
Mars Desert Research Station (MDRS) 
as part of Crew 135 (of which the author 
of this article was also a member). 

Surprisingly, the short-term mission 
proved to be more stressful in many as-
pects than the long term one and only 
one week after it began, the strain took 
its toll on the crew. 

“In HI-SEAS, we had more time to 
settle the experiments and collect the 
results, the workload was spread over 
a longer period of time and therefore 
the levels of work-related stress were 
lower at HI-SEAS than at the Mars Des-
ert Research Station,” Poulet says. “At 
MDRS, we all were quite stressed most 
of the time.” Combine that with the fact 
that, unlike in HI-SEAS, the crews of 
MDRS were completely self-selected 
and not subject to any psychological 
evaluation, and it may not be surpris-
ing that some individuals could turn into 
psychological ticking time bombs. 

At the core of Crew 135’s near dis-
integration was a romantically involved 
couple. One half of the couple, unbe-
knownst to the rest of the crew, turned 
out to have a tendency to somewhat 
volatile emotions, perhaps related to 
insecurities in the relationship or some 

earlier traumatic experiences. 
The couple didn’t form during the 

mission but arrived already together. 
From early on, the other crew members 
noticed a certain tendency of the cou-
ple to isolate themselves from the rest, 
spending most of their time exclusively 
in each other’s company (quite a feat in 
the confined environment of the Utah-
based station, which doesn’t provide 
much room for privacy).

Looking back, there probably were 
some signs of tension between the 
affected crew member and the rest 
of the team. However, at the time, no 
one considered those signs discon-
certing and all were taken completely 
by surprise when the crew member 
suddenly packed his baggage and left 
the station without saying a word. The 
crew finished the mission short of one  
person.

“I think people have to be really care-
ful. If things go wrong in a relationship, 
they have to be adult enough so it 
doesn’t create a problem in the mission 
itself,” comments Poulet. “They should 
be able to continue as if nothing had 
happened and that can be really diffi-
cult. I hope that the crew which is se-
lected to go to Mars is mature enough 
to be able to do that. If you engage in a 
relationship with one of your crew mem-
bers during a Mars mission, you have to 
be conscious that if things go bad, you 
will have to take everything on yourself 
and not share it with your crew mates 
because it could ruin the mission.”

While it may be rather simple to 
avoid exes of all kinds on Earth, it’s 
absolutely impossible in a confined 
space station.

“At MDRS, 
we all were 

quite stressed 
most of the 

time„
Lucie Poulet, HI-SEAS and 

MDRS crew member

Lucie Poulet and Crew 135 Commander Ondrej Doule during an EVA.  –  Credits: Filip Koubek

Crew 135 inside the MDRS.  –  Credits: Filip Koubek
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How to  
Avoid Romance 
on Mars

Would a unisex crew be safer than 
a mixed one, then, despite the 

talk of the better productivity of com-
bined teams? As both Lucie Poulet and 
Jason Kring note, even a unisex crew 
wouldn’t, by default, be immune to ro-
mantic relationships. 

“I don’t think the solution is going with 
the all-male or all-female crew either,” 
Jason Kring says. “I think it just has to 
be accepted that these are adults and 
if they are in a space vehicle for a long 
period of time that there is probably a 
chance of some relationships forming 
and those may not end well. But my 
hope is that every single person in that 

crew would agree that they will do what 
is the best for the mission, even with 
that potential problem.”

It is not known whether NASA changed 
its psychological evaluation processes 
following the Lisa Nowak affair. How-
ever, as Jason Kring says, there are 
too many qualities required from an 
astronaut candidate; making sure they 
are not attracted to any of their crew 
members is probably not very high on 
NASA’s selection check list. 

“If you are selecting people for a long 
duration mission, either for a flight to 
the International Space Station or for a 
round trip to Mars, the primary consid-
eration is always the technical expertise 
of the individuals as well as how well 
the crew gets along in terms of team 
performance,” Kring explains. 

“For a mission to Mars in particular, 
you would also look for people who are 
very content in a very boring environ-

ment and by that I mean that I don’t 
want someone who needs a lot of stim-
ulation, who needs to see new things. 
You want people who are introverted, 
who would be OK to stay for months 
inside a small spacecraft during the 
journey to and from Mars. And I think 
you would also need people who are re-
laxed and are not going to be too wor-
ried about an environment that might 
be too cluttered or not quite in order. 
Someone who is obsessive compulsive 
over cleanliness or order may not do 
well in this environment.”

NASA plans to send humans to Mars 
sometime during the 2030s. The highly 
advertised Mars One one-way mission 
wants to achieve this feat in only ten 
years, which still leaves enough time to 
fine-tune the psychological personality 
mix. Omitting this important step could 
easily turn a very expensive mission 
into a cheap soap opera or, in the worst 
case, into a psychological thriller.

“There is 
probably a 

chance of some 
relationships 
forming and 

those may not
end well„

Jason Kring, 
human factors researcher

Journalist Tereza Pultarova in a Mars mission simulation.  –  Credits: Filip Koubek

Astronauts in space live in extremely close quarters.  –  Credits: NASA

Crew 135 cameraman Filip Koubek plant-
ing a flag on “Mars.”  –  Credits: Filip Koubek
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Disaster Playground: 
The Edge of Space Fiction 
with Nelly Ben Hayoun

By Nikita Marwaha

Dr. Peter Jenniskens, meteor showers specialist at the SETI Institute, and Director Nelly  
Ben Hayoun during disaster communication training at Disaster City, TEEX, Texas. 
Credits: Nelly Ben Hayoun/Nick Ballon

You might have heard of French 
director and designer of expe-
riences Nelly Ben Hayoun from 

her past creative concoctions such as 
the International Space Orchestra and 
her musical collaboration in space with 
Beck and Bobby Womack. Design-
ing immersive experiences is her forté 
and her latest creation, Disaster Play-
ground, is no exception. This creative 
platform explores the theme of cata-
strophic asteroid collision – both in real-
life and Hollywood movies – dancing 
on the edge between space and fiction 
through an immersive exhibit and a fea-
ture film. Disaster Playground questions 
the notion of disaster and investigates 
the human response and cross-cultur-
al reactions to the threat of potentially 
hazardous asteroids. I recently spoke 
to Nelly about this exciting new project.

“I am looking at designing ‘extreme 
experiences’ for the public in order for 
them to question what the future of 
space exploration might be, how could 
they make dark energy in their kitchen 
sink, and other surreal experiences,” 
explains Ben Hayoun. She also incor-
porates real-life space scientists and 
thinkers in her work. “Disaster Play-
ground is a critical platform that engag-
es the main actors of the project to re-
flect on their practice and get members 
of the public to engage with what the 
craft of space exploration is, who are 
the people 'making' it, and where is this 
all going?”

The Real 
Armageddon 

Disaster Playground: The Feature 
Documentary is about the scien-

tists monitoring and planning the de-
flection of hazardous near Earth ob-
jects (NEO). It addresses the complex 
decision-making process of protecting 
the Earth from NEO impacts and the 
associated challenges. The plotline of 
the film follows the progress of NASA’s 
actual asteroid impact procedure. It de-
picts the chain of command required 
when there are only a few experts who 
understand the technology needed to 
tackle the threat of an asteroid collision 
with Earth. 

“It is about the design of emergen-
cy procedures, nailing down who is in 
charge, who defines the procedures 
when things go wrong, and according to 
which rationale,” explains Ben Hayoun.

Ben Hayoun was inspired to cre-
ate this film in response to pop culture 
views of space disaster such as the 
portrayal in the blockbuster Armaged-
don. In the film, Hollywood relied on 
Bruce Willis and a giant drill to save the 
world. How realistic is this and what is 
really needed to save our civilization 
from the next major asteroid impact? 
This is where Disaster Playground picks 
up the story, in what Ben Hayoun has 
dubbed space fiction. 

“We are looking at the pop culture as 
a start and then we engage with the re-
ality of each event, the real people who 
are the real Bruce Willis - thus the term 
space fiction,” she says. “The film aims 
to get you to engage critically with the 
human condition in place in the space 
program, the craft, the real people doing 
it, their quirkiness, their sometimes im-
perfect reactions, and their successes.”

The Stars  
of the Show

World-renowned space experts 
from NASA and the SETI Insti-

tute, as well as an all star team of com-
posers, writers, and international col-
laborators, joined forces on this project. 
Names such as Dr. David Morrison, 
Director of the Carl Sagan Center and 
the SETI Institute; Dr. S. Pete Worden, 
Director of NASA Ames Research Cen-
ter; Dr. Jacob Cohen, Chief Scientist at 
NASA Ames Research Center; and Dr. 
Jill Tarter, outgoing Director of the SETI 
Institute all reenact moments of discov-
ery and key events from their research. 

“Each of these scientists has a role in 
some form or shape with the chain of 
commands or the development of emer-
gency responses...they informed the film 
and perform their role in the film,” says 
Ben Hayoun. “Basically, Disaster Play-
ground is their film but it is directed 

Disaster 
Playground 

investigates the 
human response 

to the threat 
of potentially 

hazardous 
asteroids 

Space Safety
Magazine     

11

Media and Entertainment Fall 
 2014



to us. It is about sharing the experience 
of dealing with such decisions as: ‘Shall 
we send that asteroid there or there? 
Where shall we move it?’”

The Theater of 
Cruelty

Ben Hayoun has been called the 
“Willy Wonka of design and sci-

ence” and her bold design practice has 
gathered the attention of many – includ-
ing WIRED magazine, which awarded 
her its 2014 Innovation Fellowship. She 
carefully crafts creative modes of com-
munication to explore the depths of 
design using the theme of space. She 
takes inspiration from French philoso-
pher and socialist Jean Baudrillard and 
his text America, as well as dramaturges 
such as Antonin Artaud who introduced 
the concept of the Theater of Cruelty. 

Ben Hayoun wanted to explore the 
moral ambiguity of using catastrophe to 
spark interest in space. The explosion 
of the Space Shuttle Challenger, for in-
stance, created an iconic image. That 
billowing stream of smoke and flame 
symbolized a horrific loss of life and se-
vere misstep in the US space program, 
but it also reignited public interest in 
that program. 

“Our interest for such mortal catas-
trophe can be identified as a perverse 
human curiosity,” notes Ben Hayoun. 
“We believe that this perversity cap-
tures one crucial element of what the 

viewer wishes to see: how technology 
and humans can beautifully ‘fail’ and, in 
turn, cause us to reflect on the making 
behind our discoveries.” She uses just 
that phenomenon in her work, exploring 
the situations created when existential 
danger threatens. “I believe that, by tak-
ing an extreme approach, you really get 
the audience to actively engage with a 
cause or an area of research and that 
is what motivates me when it comes to 
space exploration.” Ben Hayoun hopes 
that engaging the public will lead to in-
creased support for space. “I want to 
see the next woman on Mars or on an 
asteroid, and without public backing 
that will not happen.”

The Disaster 
Playground 
Media

The theatre in which Disaster Play-
ground is exhibited blends the vari-

ous media forms the project assumes: 
documentary feature film, book, and 
exhibition. A visitor walking into the 
exhibit experiences live reenactments, 
journeys through landscapes, and in-
teracts with props ranging from model 
spacecraft to live goldfish. “Each of the 
media is connecting various audiences: 
the film audience, the digital audience, 
the academic audience, the scientific 
audience, the graphic audience, the 
design audience...each of these audi-

ences is very different and so are their 
needs. This project is engaging the 
public at various levels with various out-
comes and each are tailored for them,” 
Ben Hayoun explains.

These elements work individually and 
together to produce the final creative 
platform that is Disaster Playground. 

Reigniting Every 
Kid’s Dream

The importance of sharing the space 
program's catastrophes and fail-

ures is the driving force behind Disaster 
Playground. Utilizing the perverse hu-
man curiosity and interest in mortal ca-
tastrophe is a beautifully twisted meth-
od through which we can learn from our 
failures and reflect on our discoveries.

Ben Hayoun’s primary goal is out-
reach. Whether as Designer of Experi-
ences at the SETI Institute or sitting 
on the International Astronautical Fed-
eration Space Outreach and Education 
Committee, Ben Hayoun strives to en-
gineer situations that generate disorder 
and critical thinking. She aims to recon-
nect the public with the dream and the 
vision behind space exploration – one 
experience at a time.

Disaster Playground was previewed 
at the Victoria & Albert Museum as part 
of the London Design Festival Digital 
Weekend event in September 2014 and 
will be part of Future Fictions, Exhibition 
at Z33, House for Contemporary Arts 
in Hasselt, Belgium October 5, 2014 
through January 4, 2015. The feature 
film will be launched in March 2015.
For updates visit: 
www.disasterplayground.com and 
www.nellyben.com.

Apollo 9 astronaut and B612 Foundation Chairman Emeritus Rusty Schweickart catches a 
model of Itokawa, the asteroid famously visited by Japanese probe Hayabusa, on set with 
Ben Hayoun.  –  Credits: Nelly Ben Hayoun/Nick Ballon

Ben Hayoun 
explores the 

moral ambiguity 
of using 

catastrophe  
to spark interest 

in space
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Losing an Aircraft
in Today’s World

By Stuart Baskcomb

Aircraft take advantage of LEO, MEO, and GEO satellite systems to stay 
in touch and on-track. — Credits: Cmglee Geo Swan/Wikipedia

Like many people, I have discussed 
the MH370 loss with colleagues 
and friends fairly regularly over the 

past weeks. It never takes long for one 
of us to ask how we can lose an aircraft 
in today’s world where surveillance is 
never far from peoples’ minds, but for 
its ubiquity rather than its absence. 

The previous high-profile loss, Air 
France flight 447 in June 2009, started a 
push for new technology and regulations. However, because 
of the relatively low probability of losing an aircraft, perhaps 
global tracking has not been considered urgent or received 
the strong financial and political incentives and concerted ef-
fort needed to make it ubiquitous. The lack of urgency would 
seem to fly in the face of the historical record: there have been 
eleven accidents over water since June 2009 and only one of 
the black boxes has been recovered! Following the disappear-
ance of MH370, it looks like the momentum for change has 
finally arrived.

Today’s Tracking Technology 

Aircraft today already carry equipment to determine their 
own positions via GNSS (Global Navigation Satellite Sys-

tem) and ELTs (Emergency Locator Transmitter). One such 
GNSS, GALILEO, will also include SAR (Search and Rescue) 
receivers to improve coverage/response time and location ac-
curacy of ELTs.

In anticipation of future regulatory mandates (e.g. 2017 in 
Europe), over 90% of all commercial aircraft are also already 
fitted with equipment for ADS-B (Automatic Dependent Sur-
veillance-Broadcast). ADS-B transponders connect with the 
relevant avionics systems (GNSS, pressure altimeters, etc.) 
and regularly broadcast the aircraft’s positional information, 
readable by anyone with the right receiver. Currently, the re-
ceivers are ground-based and therefore cannot provide cover-
age in remote oceanic and continental regions.

Both MH370 and AF447 were equipped with ADS equip-
ment. The MH370 broadcasts stopped for some reason, pos-
sibly disconnected intentionally (pilots can pull circuit break-
ers as part of their fault-finding and isolation procedures). 
But even with regular positional broadcasts from the AF447, 
it took nearly two years of searching and a bit of luck – as-
sumptions revisited, “friendly” seabed terrain – before it was 
discovered. The AF447 was previously the most expensive 

aviation search operation, with an esti-
mated final bill of $44 million. This is the 
same estimated cost for the first month 
of the MH370 search and, as of the time 
this goes to press, there is still no end in 
sight. With two Australian ships costing 
over $850,000 a day for example, it is 
difficult to even guestimate the final bill. 

For next generation ADS-C (C for 
Contract), satellite technology is al-

ready in place and offered by companies such as Inmarsat. 
It can help with tracking but its main purpose is maintenance 
support. Aircraft require a modem onboard, but can transmit 
much more than just positional data. ADS-C presents the 
heady prospect of on-ground experts assisting the aircrew in 
real-time and maybe even preventing an accident in the air. 
However, cost can become an issue for airlines, especially for 
very frequent transmissions.

Space-based technology can already play a role in captur-
ing the position of all aircraft anywhere in the world using ex-
isting aircraft equipment. Future upgrades may make that role 
a more prominent one.

There were 11 
accidents over water 
since 2009, but only 
1 black box recovered
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A Beijing-bound flight operated by Ma-
laysia Airlines disappeared from air-traffic 
control radar on March 8, 2014 about an 
hour after taking off from Kuala Lumpur. 
Just a few minutes after the reassuring 
“Good night Malaysia” was heard from the 
cockpit, someone or something disabled 
the Aircraft Communications Addressing 
and Reporting System (ACARS) as well as 
the aircraft’s radar transponder. The plane 
never checked in with controllers after en-
tering Vietnamese airspace and what was 
supposed to be a rather uneventful flight 
turned into the biggest aviation mystery of 
all time.

Proba-V carries the first satellite ADS-B receiver and antenna array. — 
Credits: ESATomorrow’s Tracking Technology

ADS-B receivers installed on satellites will allow aircraft po-
sitions to be tracked in areas that are out of range from 

today’s ground stations. 
A recently-formed consortium (too young for an official 

name yet) is developing an ADS receiver payload as part 
of a European ADS-B satellite constellation. This organiza-
tion includes Thales Alenia Space Deutschland (TAS-D), SES 
TechCom, and German Aerospace Center DLR. TAS-D holds 
all the patents for satellite ADS-B equipment and plans to 
market a solution by 2020. 

Hannes Griebel, Head of the Satellite ADS-B Development 
Program at TAS-D, told me that they currently plan a dedicat-
ed satellite constellation with ADS-B as the primary payload. 
“This is more expensive, but preferred from a certification 
point of view. For example, would a satellite with a failed sec-
ondary payload be replaced if the primary is working fine?” 
Griebel also told me that the real challenge has been the  

environment. For example, the receiver needs to “degarble” 
all the overlapping messages received from multiple aircraft: 
“Imagine you are stood in the pitcher position of a baseball 
stadium. Now try to listen to every conversation between all 
the spectators.” The computing power needed to degarble is 
nothing compared to a gaming PC. However, your gaming PC 
would not work for long, if at all, in space. 

DLR is currently one year into a two-and-half year flight 
test program with the very first satellite ADS-B receiver and 
antenna array onboard ESA’s Proba-V satellite. According to 

Toni Delovski, DLR’s ADS-B-over-Satellite 
Project Manager, the testing has so far 
been a success and “proof of concept” for 
ADS-B receivers in a LEO satellite system 
has been achieved.

Using existing aircraft transponders is 
key to getting space-based ADS-B off the 
ground. This presented one challenge  

Space-based Automatic Dependent Surveillance-Broadcast keeps 
aircraft connected where there are no ground receivers in range.
Credits: TAS-B



The transmission dead-space directly above an aircraft, known as the Cone of Silence, 
increases in radius with altitude. This creates a gap that becomes increasingly disruptive the 
further the receiver is from the transmitter, with a receiver altitude of 36,000 km effectively 
suspending radar transmissions for 10 hours. — Credits: DLR

The real challenge is operating an 
ADS-B receiver reliably in space
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I was surprised by  
the maturity of the technology 

already available

with respect to the “cone of silence,” the area directly above 
an aircraft where its transponder signal cannot be seen. 
Delovski explained to me how DLR’s experiments on ESA’s 
Proba-V have characterized the cone of silence: “A LEO 
satellite traveling at 7km/s at an orbit of between 600 and 
700km above sea level closes the gap so quickly that the 
delay in receiving data is negligible.” That gap expands as 
the distance between the receiver (satellite) and transmitter 
(aircraft) increases and as the relative velocity between re-
ceiver and transmitter decreases. This constraint provides 
LEO satellites with one advantage over using a GEO satel-
lite system which is at a greater distance and relies on the 
aircraft’s velocity alone to close the gap. At the GEO satellite 
orbiting height of 36,000km, the gap would be a not-insignif-
icant ten hours.

After initially leading the ADS-B space race, Europe is now 
playing catch-up. In America, Aireon is scheduled to launch 
Iridium NEXT’s LEO satellites between 2015 and 2017. These 
will include ADS-B receivers (based on TAS-D’s patented 
design), albeit as a secondary payload. Such competition is 
both financially and technologically advantageous for the air-
line industry: two independent systems offer a back-up op-
tion, as well as choice.

The Hurdles of Global Tracking

Providing coverage of the remote parts of the Earth is one 
challenge that satellite technology can solve. There are 

others.
According to a recent European Union report, the cost 

of satellite data transmission is around $0.50 per message  

(a decrease of 90% since 2009) and is expected to become 
cheaper. The cost of a position report via the Iridium network 
can be as low as $0.05 per report, using a GNSS sensor by 
Spidertrack, for example. 

The size of a potential aviation disaster search area drives 
how frequently an aircraft should broadcast its position. 
AF447 was actually close enough to land to be reporting its 
position every ten minutes. The ACARS messages received 
before the incident reduced the effective reporting frequency 
to five minutes. However, the search area was still 17,000 
square kilometers and it took nearly two years of search-
ing! A positional accuracy of 6 nautical miles is the expected 
minimum to be required from regulatory bodies and this will 
require a reporting frequency of around one minute. DLR’s 
testing on ESA’s Proba-V has shown the update rate of sat-
ellite ADS-B can achieve this comfortably. In order to have 
reliably good data, a downlink every fifteen seconds is being 
proposed. In addition, Griebel advised, the raw data received 
by a satellite ADS-B every second or less can be analyzed 
following an incident to provide a more precise search area.

With nearly 100,000 flights every day, what about band-
width? According to Griebel, this is not even a concern in 
high density air traffic areas (where ground-based systems 
are operating satisfactorily anyway), let alone in the low den-
sity areas where satellite ADS-B will excel: “A single downlink 
(one aircraft) is only about 200 bytes of data. Existing phone 
services require much greater capacity.” 

However, if the aircrew can disconnect the system, all this 
capability will not avoid a repeat of the MH370 case. One 
solution here is an RLS (Return Link Service) which could al-
low the satellite control center to remotely switch on the air-
craft transponder when required. However, this would need 
a change in aircraft systems and therefore will need to be 
mandated before it becomes reality. And before it can be 
mandated, it will need to be argued that the increased risk of 
a pilot-independent system on every aircraft is outweighed 
by the advantage of mitigating the rare event of a deliberate 
disconnection.

What’s Next?

The political will in the face of the public attention to the 
MH370 loss, on top of the multi-million dollar search cost, 

has certainly helped push the introduction of aircraft track-
ing up the agenda. ICAO is leading the regulation aspects 
and held a Special Meeting on Global Flight Tracking of Air-
craft in May 2014. Whilst regulations must remain unbiased 
to the type of technology to be used as means of compliance, 
space-based technology will play a key role in the solution.

I started my research for this article with the surprise shared 
by many, of how we can lose an aircraft today. Maybe work-
ing inside the industry meant I was not quite as surprised as 
the general public. However, what has surprised me more is 
the level of maturity of the technology already available and 
(sometimes) in use. This provides a great foundation to make 
the necessary improvements and evolve with the emerging 
satellite technology.

Stuart Baskcomb is a partner in Delta System Solutions GmbH, 
providing specialized consultancy in safety engineering and 
management from Munich, Germany. He has spent nearly twenty 
years in aviation and safety, working for companies such as BAE 
Systems, Airbus, and Rolls-Royce. 

Testing with Proba-V’s ADS-B has provided proof of concept for the 
satellite-receiver approach. — Credits: DLR
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Inmarsat:
Arming Against Tragedy

By Tereza Pultarova

The evolution of the MH370 search area. — Credits: Furfur and Pechristener/Wikipedia with 
translation by A. Klawitter

All eyes were on British satel-
lite operator Inmarsat when it 
announced results of a never-

done-before analysis at the end of 
March 2014. Looking at regular pings 
between Inmarsat’s network and the 
still airborne MH370 – a sort of confir-
mation of being aware of each other’s 
existence – the company’s analysts managed to determine 
the approximate location of the last received ping. Despite 
the fact that the exchange didn’t contain any location data, 
Inmarsat considerably reduced the size of the enormous 
haystack in which search teams from more than 20 coun-
tries were looking for the symbolic needle – the remnants of 
a Boeing 777-200ER. 

“We looked at the Doppler effect, which is the change in 
frequency due to the movement of a satellite in its orbit. What 
that then gave us was a predicted path for the northerly route 
and a predicted path for the southerly route,” Chris McLaugh-
lin, senior vice president of external affairs at Inmarsat, told 
Guardian in March. “That’s never been done before; our engi-
neers came up with it as a unique contribution. Subsequently, 
we worked out where the last ping was, and we knew that the 
plane must have run out of fuel before the next automated 
ping,” he said.

The doomed MH370 was carrying Inmarsat’s equipment 
supporting the company’s Classic Aero service. A standard in 
aviation, Classic Aero enables transmission of data from the 
Aircraft Communications Addressing and Reporting System 
(ACARS) via Inmarsat’s geostationary satellite constellation. 

The data usually include information about the plane’s on-
board systems, its altitude, heading, speed, and location. 

In case of the ill-fated MH370 someone or something dis-
abled ACARS about an hour after take-off. The regular data 
transmission ceased; however, the system itself kept syn-
chronizing with the satellites on a regular basis as long as the 
computer remained powered. 

In an interview with Guardian, Chris McLaughlin likened 
Classic Aero to a smartphone and ACARS to an app – even 
with the app disabled, the phone keeps performing some 
regular functions. 

Satellite operator Inmarsat kept receiving regular pings from 
Flight MH370 for about eight hours after it went silent, mean-
ing the aircraft must have remained airborne with at least 
some electrical systems functioning. The telecommunications 
company later performed an unprecedented data analysis that 
helped narrow down the area of the probable crash in the south-
ern Indian Ocean.

“There is no need 
to wait for another 

technology, we 
can provide basic 

tracking with what 
we have today”  

Inmarsat COO Ruy Pinto 
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Free Satellite Tracking for Everyone

Since MH370’s disappearance, Inmarsat has kept a high 
profile. In early May, ahead of a meeting organized by the 

International Civil Aviation Organization (ICAO) to discuss 
global aircraft tracking, Inmarsat announced it will offer a 
basic free tracking service via its satellite fleet to all aircraft 
around the world already carrying its equipment. 

“There is no need to wait for another technology,” Inmarsat’s 
Chief Operations Officer Ruy Pinto told E&T Magazine in May. 
“We can provide solutions that are avail-
able today. Most of the technology has 
been available since the Air France trag-
edy in 2009 and what we are trying to do 
now is to remove what some may con-
sider a commercial barrier to speed up 
the uptake of satellite-based positioning 
services in the aviation community.”

Some 11,000 transoceanic airplanes 
around the world, nearly 90 percent of 
the global long-haul fleet, already carry 
Inmarsat’s gear – either Classic Aero or its more powerful and 
modern sibling Swift Broadband. 

While Swift Broadband offers aircraft positioning services 
by default, Classic Aero would require a software upgrade. 
Inmarsat offers to pay for that upgrade and says there is no 
additional investment required on the part of the airlines. 

Swift Broadband, awaiting certification next year, is usually  

carried on top of Classic Aero. Aircraft traveling on busy 
transatlantic routes between Europe and North America are 
mandated to use satellite tracking systems, such as those 
provided by Swift Broadband. In the rest of the world, how-
ever, the decision is mostly upon the airlines and their willing-
ness to invest. 

Inmarsat is now working with ICAO, a UN body responsible 
for developing aviation standards and regulations, and the 
International Air Transport Association representing industry 
members to determine how frequently the free positioning 

data should be transmitted to ensure 
ground controllers have sufficient con-
trol over the aircraft’s whereabouts.

“We think that every 15 minutes 
would be a reasonable interval for a 
free tracking service,” says Pinto. “The 
bandwidth available on both Classic 
Aero and Swift Broadband would be 
more than enough to accommodate 
such a service. Where there may be a 
need for some upgrade is Inmarsat and 

its distributors who would have to upgrade some of their 
ground systems to be able to provide the data seamlessly to 
the airlines.”

Unlike conventional radar-based tracking, Inmarsat’s satel-
lites offer not only global coverage but also system redun-
dancy – the company has enough satellites in orbit to cover 
for any unexpected failures without customers noticing. 

Satellites offer not 
only global coverage 

but also system 
redundancy

The unmanned Bluefin 21 submarine scoured the area pinpointed as 
the likeliest resting place of Flight MH370 but found no trace of the 
aircraft. — Credits: US Navy
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Streaming Black Box Data

Inmarsat, confident in its capabilities, has gone even further 
and proposed using its existing systems to address anoth-

er painful problem that has come to light in the wake of the 
MH370 loss. 

To understand the causes of most aviation disasters, inves-
tigators need to get hold of flight data recorders and cock-
pit voice recorders, better known as black boxes. Those two 
shoebox-sized devices usually hold all keys to explaining the 
most mind-boggling disasters. Unfortunately, as the case 
of French AF447 in 2009 as well as the recent MH370 have 
shown, those vital keys could lie buried at the bottom of the 
ocean at depths of several kilometers. 

With AF447, it took search and rescue teams two years 
to retrieve the black boxes from the bottom of the Atlantic 
Ocean. The situation around MH370 portends that the re-
corders may not be discovered at all. 

To help searchers in their efforts, the black boxes are equipped 
with locator beacons transmitting an acoustic signal on frequen-
cies between 10 and 40 kHz. The signal propagates in water and 
can be intercepted at distances up to ten 
kilometers – that’s obviously not much 
if you need to scour thousands or even 
tens of thousands of square kilometers of 
the ocean and only have 30 days to do 
so as black box batteries are designed to 
last exactly that long. 

In the search for AF447, the signals 
were not intercepted at all and sophis-
ticated mathematical analysis had to 
be employed to determine the location 
of the aircraft’s wreckage. In the case 
of MH370, the search teams had a bit 
more luck – several signals consistent 
with those of the black boxes were in-
tercepted towards the end of the 30-
day period of the beacon’s battery life. 
In spite of that, underwater search of 
the area pinpointed as the most likely 
resting place of the aircraft rendered no 
positive results. 

A sensible approach to prevent such a scenario from re-
peating in future would be to stream some black box data in 

real time via satellites to provide investigators with vital clues 
immediately after an accident. 

The technology enabling such stream-
ing exists and the only thing seemingly 
holding it back are standards and regu-
lations. 

 “We are now working with the regu-
latory bodies such as ICAO and IATA, 
as well as with the airlines, trying to 
define that service, the subset of data 
to be streamed, and how it could be 
implemented in Classic Aero and Swift 
Broadband,” Pinto told E&T Magazine. 

“Swift Broadband would obviously 
allow transmitting a bigger set of data 
than Classic Aero, but both are suffi-
cient to provide a basic service, which, 
however, would not be a part of the free 
tracking offer.”

According to Inmarsat’s proposals, 
the data wouldn’t be streamed continu-
ously but only after a trigger signaling 
unusual behaviour of the aircraft. Such 

a trigger could be either conveyed by the aircraft’s onboard 
computers or by ACARS. Apart from system failures, situa-
tions such as sudden veering off course could activate the 
emergency data transmission. 

Data from both the flight data recorders and cockpit voice 
recorders would be streamed in such situations. The latter, 
however, poses certain privacy concerns as pilots may not be 
particularly keen on the prospect of their superiors possibly 
eavesdropping on them. 

However, Inmarsat believes that potential data misuse 
shouldn’t be a showstopper. “We would have to invest into 
and adapt our systems to address the privacy concerns. Ei-
ther the data could be automatically erased after a certain time 
or it could have a very limited access and not be available to 
normal operations,” Pinto told E&T Magazine. “There are ways 
in which you can address privacy concerns, similar to secure 
connections that you can see on the Internet. However, these 
mechanisms would have to be mandated by the regulation.” 

Obviously, Inmarsat is not the only company that could 
possibly provide such services. Its competitors, American 
Iridium and United Arab Emirates Thuraya, will most likely 
delve into black box data streaming as well.

“We are 
transmitting black 
box data only after 
a trigger by some 

unexpected changes 
to the airplane 

status, so bandwidth 
is not an issue”  

Inmarsat COO Ruy Pinto 

The flight data recorder of French Flight AF447, which was lost in 2009. 
The precious black box was retrieved two years later from a depth of 
nearly 5km. — Credits: BEA ecpad

Alphasat, one of the latest additions to Inmarsat’s geostationary 
satellite fleet. — Credits:  ESA
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“While ELTs are 
rugged, there 

are risks that are 
difficult to avoid” 

Steven Lett, Cospas Sarsat

Cospas-Sarsat: 
Life-Saving Beacons 
Fail to Save By Tereza Pultarova

There were four of them aboard the ill-fated Boeing 777-
200ER: a portable device – to be triggered manually from 
the cockpit, a fixed gadget in the rear of the aircraft that 

activates automatically upon impact or when in contact with 
water, and two additional devices at the emergency slides. 
At least two of those Emergency Locator Transmitters were 
supposed to transmit the 406MHz frequency signal used by 
the international Cospas-Sarsat search and rescue constel-
lation to locate and assist vehicles or individuals in distress. 
But the SOS signal from the missing Malaysia Airlines Flight 
370 never came. 

Since its inception in the late 1970s, the Cospas-Sarsat 
program, currently operating search and rescue devices 
aboard six low Earth polar orbiting and six geostationary sat-
ellites, has helped to save the lives of about 35,000 people 
around the world. 

Though the majority of accidents resolved with the con-
tribution of Cospas-Sarsat happen to ships cruising the 
world’s oceans, about 13% of the SOS calls come from air-
craft accidents. 

“Cospas-Sarsat has been instrumental in the location and 
rescues involving about 25 aircraft with over 10 passengers 
aboard,” says Steven W. Lett, Head of Secretariat at Cospas-
Sarsat. “The reason that this number is not greater is because 
most large aviation accidents happen near airports, or are 
easily seen in urban or suburban areas, so satellite-derived 
alert and location data is unnecessary,” he says, explaining 
that the constellation more frequently contributes to the res-
cue of small aircraft that more commonly disappear above 
uninhabited areas and are not as carefully tracked as large 
commercial jets. 

Hijack or Beacon Malfunction?

According to recommendations of 
the International Civil Aviation Or-

ganization, all aircraft flying over the 
oceans and remote land areas should 
be equipped with at least two Emergen-
cy Locator Transmitters. The ultimate 
enforcement of that recommendation, 
however, is in the hands of regional civil 
aviation authorities. 

Unfortunately, as the case of MH370 
shows, having the beacon installed 
doesn’t necessarily save the situation. 

Following the aircraft’s disappearance, some speculated 
the plane might have been hijacked and have landed, taking 
the missing emergency beacon signal as evidence. Experts 
were sceptical about such an explanation, saying it wouldn’t 
have been the first case of an Emergency Locator Transmit-
ter malfunction. 

In fact, as Cospas-Sarsat confirmed, when the Air France 
Flight 447 crashed in the Atlantic in 2009 killing all 228 pas-
sengers and 12 crew members aboard, its Emergency Loca-
tor Transmitter didn’t produce any signal either. 

“While aircraft emergency locator transmitters (ELT) are built 
to very rugged specifications, there are risks of failure that are 
difficult to avoid,” Lett explains. “One of those explanations 
is the detachment of the ELT antenna from the airframe in a 

crash. Without an antenna, the ELT can-
not transmit effectively. Also, like almost 
any other radio equipment, an ELT can-
not transmit under water. The water ab-
sorbs the signal.”

It takes about 50 seconds after the 
ELT activation to commence the emer-
gency signal transmission, as the 
transmitter’s electronics need to stabi-
lize first. 

“There were cases in the past when 
a helicopter or an airplane simply 

A scheme of the Cospas-Sarsat system. — Credits: NOAA
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When AF447 
crashed in 2009, its 
ELT didn’t produce 
any signal either.

The disappearance of Flight MH370 spurred conspir-
acy theories. With the complete lack of hard evidence 
about the ultimate crash, some thought the plane 
might actually have landed. One piece of information 
in particular was frequently pointed to as a proof for 
such a scenario – the fact that the plane’s Emergency 
Locator Transmitter, designed to activate upon im-
pact, failed to send an emergency message. 

sank like a stone and the beacon didn’t have a chance to acti-
vate,” Milan Cermack, CEO of Swiss company Applied Space 
Technology and adjunct professor at the International Space 
University in France and Memorial University in Canada, told 
E&T Magazine after the MH370 disappearance. 

Designs exist allowing the beacon to detach from the sinking 
wreckage and remain floating on the water’s surface in order 
to commence and continue the emergency signal transmis-
sion. However, until the as-yet unexplained loss of the Malay-
sian plane, there was no substantial push in the aviation com-
munity to implement such solutions in commercial airliners.

Cospas-Sarsat says the next generation of its beacons 
would be able to begin transmission within three seconds, 
improving the chances of fast sinking vehicles being located. 

Rescue Goes International

The International Cospas-Sarsat Programme was founded 
in 1979 by Canada, France, the United States, and the 

former Soviet Union. Since then, more than 20 countries have 
joined the program as ground infrastructure providers, with a 
further eleven states using the system’s services. 

The system of search and rescue 
payloads piggy-backing on meteoro-
logical satellites consists of GEOSAR 
and LEOSAR segments. LEOSAR com-
prises six satellites in low Earth po-
lar orbits. As the low Earth orbit (LEO) 
satellites don’t provide constant cover-
age of the whole globe, the system is 
reinforced by six geostationary satel-
lites forming the GEOSAR. These sat-
ellites don’t allow independent beacon 
position determination but bring the advantage of complete 
global coverage.

Although some of the modern beacons are able to trans-
mit their exact location using GPS coordinates, the Cospas-
Sarsat beacons are usually located by analyzing the Doppler 
Effect affecting the beacon’s frequency as intercepted by the 
LEOSAR satellites. 

“Independent calculation of a beacon’s location presently 
requires signal reception by LEOSAR satellites and, at any 
given instant, those satellites cover only a portion of the 
Earth,” Lett explains. “The GEOSARs provide continuous 
global coverage between approximately ±70 degrees lati-

tude, but they cannot be used to inde-
pendently calculate a beacon location.”

To improve coverage, Cospas-Sarsat 
is currently in the process of placing ad-
ditional search and rescue instruments 
on medium Earth orbit (MEO) satellites 
to be launched as part of the GPS, Gali-
leo, and GLONASS constellations. 

“MEOSAR will provide constant glob-
al coverage with dozens of satellites, al-
lowing precision independent-location 

calculation, without a location needing to be reported by the 
beacon, with only a single signal burst from the ELT,” Lett ex-
plains. “That means a high probability of detecting and locat-
ing a beacon within a few seconds of activation with increas-
ing precision of location over time.”

As the causes of the MH370 disappearance are not 
known, it is hard to establish why the emergency beacon 

failed. Cospas-Sarsat said that according to 
available data, the ill-fated aircraft must have 
traveled within the range of two GEOSAR satel-
lites, with EUMETSAT’s Metop-A and Metop-B 
LEO spacecraft passing over the region around 
the time of the crash. With MH370 already the 
second case of a large aircraft disaster suf-
fering an apparent beacon malfunction, there 
certainly may be reason to give the beacons 
another look.

Satellite-enabled Emergency Locator Transmitters are mandatory on 
most aircraft. — Credits: Cosy-ch/Wikimedia

Most accidents of large commercial aircraft happen in the vicinity of 
airports, thus Emergency Locator Transmitters usually don’t play a 
crucial role in locating the disaster. — Credits: James Gordon
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Eyes in Space: 
When Satellites 
Search for a Plane By Merryl Azriel

“This is the first time 
that the Charter 

was activated for a 
missing aircraft” 

Chaohui Guo , CNSA

This TerraSAR-X image acquired March 13, 2014 was provided under 
the International Charter Space and Major Disasters. It highlights the 
challenge of spotting debris in the ocean’s vast expanse. 
Credits: DLR, Astrium Services/Infoterra GmbH

It turns out that satellites are not well 
suited to spotting aircraft. 
A little thought will reveal that this is 

not an entirely surprising conclusion. 
Aircraft are small and fast. They are not 
constrained to defined routes. To ef-
fectively find a given plane, mid-flight, 
without advanced notice, one would 
need to effectively image the entire 
globe, constantly, at high resolution.

“[It is] extremely difficult to task a 
satellite for capturing an image over a 
flying object without knowing several hours in advance its ex-
act location,” says Hervé Jeanjean, Earth Observation Expert 
at French space agency Centre National d’Etudes Spatiales 
(CNES). “And even though an image is taken over an aircraft, 
it is almost impossible to identify the type of aircraft. It would 

require an extremely powerful system 
with a huge constellation of several 
hundred of satellites able to refresh ob-
servations every 10 to 30 minutes and 
everywhere at a resolution below one 
meter.” That pairing of refresh rate and 
resolution simply does not exist in to-
day’s satellite fleet.

Where to Search

It’s somewhat easier to locate the wreckage of an aircraft 
than it is to find the aircraft whole and in flight. Assum-

ing the absence of highly active seas, wreckage does not 
move too quickly. Fuel and oil that leak out of the aircraft can 
spread in a large slick that can be captured via radar. But as 
the disappearance of Malaysia Airlines Flight 370 on March 
8, 2014 showed all too well, there remains the problem of 
where to look.

“You have to decide whether you look at a big area with a 
lower spatial resolution or at a small area with higher spatial 
resolution,” says Jens Danzeglocke of the Earth Observation 
Division at German Aerospace Center DLR Space Administra-
tion. He refers to radar satellites such as TerraSAR-x, Radar-
sat-2, and the newly-launched Sentinel-1 that have the ability 
to image at multiple resolutions – but not all at the same time. 
“This is quite a problem when you want to make radar obser-
vations in a case like the one of the missing airplane. On the 
one hand, floating debris of the plane will not be very big, so 
you might not be able to find it using a low spatial resolution. 
On the other hand you do not really know where to search.”

Jeanjean highlights the same problem. Take, for example, 
a satellite such as Pléiades which collects sub-metric opti-
cal imagery. “Pléiades’ acquisition capacity is about 1 mil-
lion km²/day/satellite,” he explains. When it comes to a vast 
ocean search, that barely scratches the surface.

Space and Major Disasters

This was exactly the challenge that puzzled the Interna-
tional Charter Space and Major Disasters. The Charter is 

“a worldwide collaboration among space agencies to make 
satellite data available for the benefit of disaster management 
authorities during the response phase of an emergency,” ex-
plains China National Space Administration (CNSA)’s  
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Three days into the search, China, the home 
country of the majority of the doomed aircraft’s 
passengers, requested activation of the Inter-
national Charter Space and Major Disasters, 
hoping satellites could capture the aircraft’s 
wreckage. However, none of the objects spotted 
by the satellites, floating in the southern Indian 
Ocean, have been confirmed to have originated 
from the missing aircraft. 

“It is unlikely that 
[Earth observation] 

satellites will be 
able to better track 

aircraft in the  
near future” 
Hervé Jeanjean , CNES

2014 Charter activations throughout the world by classification. 
Credits: OpenStreetMap/International Charter Space and Major Disasters

Executive Secretariat representative Chaohui Guo. Interested 
space agencies (primarily) are Charter Members who volun-
teer their space assets for use during an activation. Authorized 
Users, such as civilian disaster response agencies, activate 
the Charter when they need to call on Members for assistance. 

On March 11, 2014 the China Meteorological Administra-
tion activated the Charter with respect to the disappearance 
of MH370. From the very first, this was an unusual activation. 
“The Charter was activated more than 480 times in the past 
14 years, but this is the first time that the Charter was acti-
vated for a missing aircraft,” says Guo. “Usually, the Charter 
covers major natural disasters such as floods, earthquakes, 
forest fires, landslides, etc.” Technological disasters are pro-
vided for in the Charter, but such activations are uncommon 
and are almost always related to oil spills.

“The Charter has created scenario guidelines for these kinds 
of disasters, but we do not have a scenario guideline for miss-
ing aircraft,” explains Guo. After all, how do you ask for im-
ages of a disaster when you don’t know where the disaster is?

That uncertainty was why it took four days after the disap-
pearance for a Charter activation to be requested and ac-
cepted. When the first estimates as to the aircraft’s location 
were available, the Charter Members thought they might 
have a hope of quickly locating the missing craft. But the area 
of interest kept changing – and growing – as time went on.  
“Because of the quite large and indefi-
nite area, the areas of interest were dif-
ficult to define, especially when the 
search area was over the south Indian 
Ocean,” Guo says. 

No Plane in Sight

Although some agencies continued 
to provide imagery through May 1, 

the activation was formally closed on 
March 25. As of the time of writing, the 
plane’s location remains undiscovered.

So did something go wrong in this 
case or were there simply no clues to 
find? “To our knowledge, all has been 
done to the maximum extent possible,” says Jeanjean, but 
Secure World Foundation’s Brian Weeden isn’t so sure. In a 
panel discussion held May 8 on the role of satellites in avia-
tion safety, Weeden pointed out that there is little-to-no pub-
lic information about the ability of military satellites to detect 

aircraft like MH370. With governments loathe to reveal their 
capabilities, it could be in their interest to refrain from divulg-
ing any details about what they can and cannot see. 

It seems unlikely that secret military satellite images exist 
that pinpoint the location of MH370. If there are, the Charter 
won’t tell us – it consists of Earth observation missions from 

the civilian world employing civilian, or 
at most dual-use, satellites. 

The International Charter Space and 
Major Disasters is not the only intergov-
ernmental mechanism to call on space 
assets after a disaster. “In Europe, the 
Copernicus program is operating a ser-
vice for managing emergency situations 
with the provision of damage-extent 
maps over areas affected by disasters,” 
says Jeanjean. Other initiatives using 
satellite-based Earth observation data 
include SERVIR in the US, Sentinel 
Asia, and the UN-Spider platform. 

But no matter how much data one 
can gather, physical and technological 
limits still apply. “With respect to Earth 

observation from space, it is unlikely that satellites will be 
able to better track aircraft in the near future,” says Jeanjean. 
“In most cases, getting an image for a non-predictable event 
is opportunist.” 

We tend to think of satellites as the “eye in the sky” watch-
ing everything on Earth’s surface, but as 
the still-mysterious disappearance of 
MH370 demonstrates, satellites can’t, in 
fact, see it all.

This TerraSAR-X radar image of the 2010 Deepwater Horizon oil slick 
is more typical of the events for which the International Charter Space 
and Major Disasters is activated. — Credits: DLR

X I

Space Safety
Magazine      

SPECIAL REPORT

LOSING AIRCRAFT IN THE SPACE AGE
Space Safety

Magazine     
Fall 

 2014



Staying in Touch
By Nikita Marwaha

Graphic Design by Kristhian Mason
Technical Advice from Vito Mitaritonna

Aircraft communication with satellites takes place both from the air and the 
ground. Ground stations relay signals to and from the aircraft — allowing the 
satellite to communicate with the plane and consequently determine its location.
A telecommunication satellite can “see” in an arc that stretches north and south 
of its fixed position — yet without GNSS data the satellite can only say how far 
away the plane’s electronic “ping” is, not where it is coming from.

Aircraft communication with satellites takes place both from the air and the 
ground. Ground stations relay signals to and from the aircraft — allowing the 
satellite to communicate with the plane and consequently determine its location.
A telecommunication satellite can “see” in an arc that stretches north and south 
of its fixed position — yet without GNSS data the satellite can only say how far 
away the plane’s electronic “ping” is, not where it is coming from.

Radar
Primary radar detects and measures the approximate position 
of aircraft using reflected radio signals sent via radar. 
Secondary radar relies on targets being equipped with a 
transponder and requests additional information from the 
aircraft such as its identity and altitude.
Primary radar. – Credits: Bukvoed/Wikipedia

Global Navigation Satellite Systems (GNSS)
GPS and other GNSS are used to show pilots the position of their aircraft on a 

map. There are two GPS receivers on a plane, the left and right receivers, which 
are independent and supply very accurate positional data to the Flight Management 
Computer (FMC). In the event of a failure of the GPS system, the Inertial Reference 

System (IRS) calculates data including the airplane’s position, acceleration, track, 
vertical speed, ground speed, wind speed, direction, and attitude for the FMC.

GPS satellite. – Credits: NASA
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Satcom
Aircraft use satellites to stay in touch 
when out of reach of ground networks. 
Communication satellites in low Earth orbit 
(LEO) or geosynchronous Earth orbit (GEO) 
can serve this purpose. Polling signals are sent 
from the ground station to the satellites, which 
relay them to the aircraft. When an aircraft responds, it is 
known as a “handshake.”  Information transferred during these 
communications contains a unique code that identifies the 
plane, determining approximate aircraft location to enable more 
efficient communication delivery.
GEO satellite Inmarsat 4 with Northrop Grumman Astro Mesh 
Deflector. – Credits: Inmarsat

Radio
High frequency radio is used to keep in touch 
with air traffic control and other aircraft once an 
aircraft is more than 240km (150 miles) out to 
sea, since radar coverage fades.
Radio antenna. – Credits: Leon Brooks/public-
domain-image.com
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Making 
Air Travel Safer 
with Satellites By Colin Brace and Phillip Keane

In all of the mystery surrounding the 
disappearance of Malaysia Airlines 
Flight 370, one thing can be said for 

sure: that the flight lost all contact with 
Air Traffic Control (ATC) approximately 
38 minutes after takeoff from Kuala 
Lumpur. At 1:19 am local time the last 
voice contact was made with the air-
craft. The final words from the cockpit 
were a brief farewell from the aircrew: 
“'Good night Malaysian three seven zero.” 

In a time of increasing connectivity, it may seem peculiar 
that ATC systems still rely on radio communications alone. 
The European Space Agency is one organization that is look-
ing towards a more integrated and autonomous solution that 
could reduce the risk of such communications losses and in-
crease efficiency of ATC systems in the future.

Outgrowing Radio

On a busy day, more than 33,000 flights cross European 
airspace,” points out Oscar del Rio Herrero, of the Eu-

ropean Space Agency. “These numbers are expected to 

steadily increase. By 2030, the number 
of yearly controlled flights is estimated 
to reach 17 million, with 55,000 flights 
criss-crossing the continent on busy 
days. But while the number of flights is 
steadily growing,” he adds, “the way air 
traffic is managed has not progressed 
as quickly.” 

Air traffic management (ATM) is han-
dled today, as it has been for many de-

cades, by radio contact between pilots and air traffic con-
trollers. Aircraft are tracked by radar when over land and in 
coastal areas, and flight paths are negotiated by radio. How-
ever, once an aircraft heads out over the ocean ATM is no 
longer possible until it reenters continental airspace. This 
means that flight paths cannot be easily adjusted in response 
to weather and other factors, and that wide buffers must be 
maintained between aircraft flying in a given oceanic corridor. 

Another limitation is that management of European air traf-
fic, like that of much of the world, has not yet been fully in-
tegrated.  The continent’s ATM is organized on the basis of 
more than sixty different sectors, all controlled individually, 
meaning it is highly fragmented. Forecasted growth is threat-
ening to saturate the current system.

Time to Modernize

In recognizing the need to modernize Europe’s ATM, 
the European Commission initiated the Single Euro-

pean Sky (SES) Policy. Part of the policy includes its 
technological pillar – the Single European Sky ATM 
Research Programme (SESAR). SESAR aims to de-
velop a high-performance ATM system to enable the 
safe and environmentally-friendly development of air 
transport. It will represent a major paradigm change, 
as ATM would henceforth be managed through data 
links with air traffic controllers, with voice as a back-
up. SESAR’s ambitious goals are to save between 8 
and 14 minutes of flight time per flight, as well as up 
to 500 kg of fuel and up to 1575 kg of CO2 emissions 
on average. The organization also aims to cut ATM 
service costs by half.

Iris is intended to provide a validated satellite-based com-
munication solution in support of European air traffic man-
agement. — Credits: ESA

“The way air traffic 
is managed 

has not progressed” 
del Rio Herrero , ESA



Space Safety
Magazine      

X I V

SPECIAL REPORT

LOSING AIRCRAFT IN THE SPACE AGE
Space Safety

Magazine      
Fall 

 2014



Established in 2007, Iris is the European Space Agency’s 
program to develop a comprehensive satellite ATM system 
for SESAR based on a global communication standard. It is a 
long-term undertaking with significant challenges. 

“There are two aspects which make this such a complex 
endeavor,’’ says del Rio Herrero.  “First, you have many ATM 
stakeholders. You have the airspace users – the airlines – as 
well as service providers, the various regulatory entities, and 
the industry associations, all of whose requirements need 
to be considered. The second is the safety dimension,” he 
continues. “This is of course extremely important, but it does 
make the process time-consuming. International standards 
govern everything that is airborne.”

“ATM depends on standards, used worldwide,” del Rio 
Herrero explains. “It’s what makes moving forward such an 
exciting and difficult challenge.” 

At the technical level, Iris requires 
innovative developments to meet the 
stringent performance requirements 
of future ATM safety communications. 
“This means an extremely robust com-
munication system with guaranteed 
service under all flight conditions on a 
24/7 basis,” he says.

There are also the business con-
straints of the airlines, which require 
drastically reducing the costs of aircraft 
terminals and communication services 
when compared to today’s most advanced satellite commu-
nication technology. “Airlines do not want safety equipment 
that requires major modifications during the aircraft’s opera-
tional lifetime, which is on average about 25 years,” del Rio 
Herrero observes.

Satellite ATM for All

In April 2014, British satellite operator Inmarsat announced 
that it will be offering a free global airline tracking service 

over the Inmarsat network, riding a wave of renewed inter-
est in improving aviation safety following the loss of flight 
MH370. “Since it is estimated some 80% of the commercial 
airline fleet traversing the world’s oceans is already using 
Inmarsat’s satellite services for fleet management, this is a 
first important step toward the universal adoption of satellite-
based ATM,” says del Rio Herrero.

As part of incrementally working towards the long-term Iris 

goals, ESA is already working with Inmarsat in the Iris Precur-
sor communications service to adapt the widely-used Swift-
Broadband system to provide initial ATM services over con-
tinental airspace. The target date for the deployment of this 
interim solution is 2018. The Iris Precursor will then evolve 
into the full Iris service by 2028, in line with long-term objec-
tives of SESAR, to enable full 4D trajectory management over 
all airspaces across the globe. By then, digital data links be-
tween controllers and cockpit crews are expected to become 
the standard, with voice communications kept as backup.

del Rio Herrero believes that commercial airlines will even-
tually have two satellite links. The first will be a lower-speed 
but extremely robust L-band link for mission-critical commu-
nications related to ATM. The second will be a much faster 
but less robust Ka- or Ku-band link which will be used for 
non-critical traffic, including passenger broadband services 
(on-board WiFi).

 “Robust satellite communications will open up a world of 
possibilities,” says del Rio Herrero. “It will enable all kinds of 
interesting ATM applications improving capacity and safety, 
and reducing costs and emissions.”

A Connected MH370

What impact would Iris have had on the mystery of 
MH370? If nothing else, the proposed new system could 

have maintained contact with the flight as it left Malaysian air-
space. Beyond that, nothing is certain, but the advantages of 
a satellite based ATC system seem extensive nonetheless. 
Use of real-time, four dimensional trajectory management will 
allow operators to save fuel, money, and time while increased 

safety can be assured for both pilots 
and air crew. Air Traffic Controllers al-
ready carry extremely high workloads 
in what is arguably one of the highest 
pressure careers out there; any system 
that streamlines the process and allows 
staff to focus on other critical tasks is a 
good thing. 

Colin Brace is a writer and editor for ESA’s 
Telecommunications and Integrated Appli-
cations Directorate.

Oscar del Rio Herrero of ESA’s Iris program. — Credits: Anneke Le Floc'h/ESA

Establishing satellite communication and data link standards will 
bring about a paradigm shift in air traffic connectivity. — Credits: ESA

“Robust satellite 
communications  

will open up a world 
of possibilities” 

del Rio Herrero , ESA
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Space Debris and 
Meteorite Forecast 
for Safer Aviation By Matteo Emanuelli

An international group of researchers is developing an un-
usual forecasting tool – a program that would be able 
to predict where and when a meteorite or a reentering 

satellite could hit an aircraft. As fictional as it may sound, the 
risk of an object from space striking a commercial airliner while 
hurtling through the atmosphere, though slim, is realistic and 
capable of producing the most catastrophic consequences. 

Being well aware that even the least probable of possibili-
ties can sometimes become a reality (such as aircraft disap-
pearing under mysterious circumstances), a team of experts 
led by the International Association for the Advancement of 
Space Safety (IAASS) has launched a project called ADMIRE 
for Aviation - (Space) Debris and Meteorites Integrated Risk 
Evaluation. Its goal is to make space debris and meteorite 
forecasting an integral part of aviation safety procedures, 
similar to detailed weather information. 

“The Shuttle Columbia's falling debris in 2003 was a serious 
and real risk for aviation,” said Tommaso Sgobba, head of the 
ADMIRE project and IAASS Executive Director. “That close-call 

highlighted the need to understand and man-
age the weekly risk of space reentries.”

The risk posed by space debris and mete-
orites to air traffic is generally perceived to 
be very low, therefore there have been few 
attempts to properly quantify it. However, 
there have been moments when major trag-
edy was avoided by no more than sheer luck. 
On December 19, 1996, a Chinese passen-
ger plane was forced to make an emergency 
landing after the exterior glass of the cockpit 
window was cracked by an unidentified fly-
ing object at an altitude of 9,600m. More re-
cently, on March 27, 2007, an Airbus A340 of 
LAN Airlines spotted wreckage from what was 
thought to be the Russian Progress 23P cargo 
ship reentering the atmosphere. The aircraft, 

flying between Santiago, Chile, and Auckland, New Zealand, 
was carrying 270 passengers. The pilot estimated the debris 
was within 8km of the aircraft and reported hearing a sonic 
boom as it passed. Russian authorities dismissed the space 
debris hypothesis, instead blaming a meteorite. Either one 
could have been fatal.

The Shuttle Columbia Disaster 
and Its Heritage

Talk with anyone in the reentry safety business and it will 
not be long until the Shuttle Columbia disaster comes up. 

A few months after the accident, NASA Administrator Sean 
O’Keefe testified before the US Senate that “in as much as 
this was tragic and horrific for the loss of seven very impor-
tant lives, it is amazing that there were no other collateral-
damage efforts as a result of it. No one else was injured.”

Columbia debris (in red, orange, and yellow) detected by National Weather Service radar 
over Texas and Louisiana. The airliners were not aware of falling fragments and risked 
collisions. — Credits: National Weather Service
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In fact, in the 40 minutes required for the majority of the de-
bris from Columbia to fall to the Earth’s surface, as many as 
nine civil aircraft flew through the falling debris. Although no 
damage to any of those aircraft was reported, a study con-
ducted by ACTA, Inc. of Torrance, CA showed, using data re-
trieved from the accident investigation, that the probability of 
one of these aircraft being struck by a piece of falling debris 
could have been as high as 1 in 10 to 3 in 1,000. The analysis 
assumed, per current standards, that any impact anywhere 
on a commercial transport by debris of mass above 300 
grams would produce a catastrophic accident: all people on-
board would be killed.

The Shuttle Columbia tragedy began at about 60km of al-
titude and led to a “progressive breakup” in which primary 
structural failure was followed by smaller pieces (thermal tiles, 
fragments of the cargo bay doors, etc.) continuing to shed 
off of larger pieces (landing gear, turbo pumps, etc.) during 
the fall. Large pieces were less susceptible to wind and drag, 
falling down quickly and reaching the ground within three to 
five minutes. Smaller pieces became instead entrained in the 

wind as they fell and some of them 
even developed a small amount of 
lift. As a result, these pieces took 
about 40 minutes to reach the 
ground. Although small and light, 
some of these pieces were large 
enough to substantially damage 
aircraft. Smaller pieces, assumed 
to be harmless to aircraft, remained 
airborne for over two hours. 

The Columbia accident high-
lighted the need to select vehicle 
reentry trajectories that minimize 
the risk to ground populations 
and the need to take measures 
to keep air traffic away from fall-
ing debris. Moreover, it started 
a chain of events that demon-
strated the need for a deliberate, 
integrated, and international ap-
proach to public safety during re-
entry operations, particularly for 
the management of air traffic and 
space operations. Prior to this ac-
cident, neither the Federal Aviation 
Administration (FAA) nor NASA 
took active precautions to pro-
tect uninvolved aircraft from the  
potential hazards of Shuttle debris 
during a planned reentry.

Meteorites
Space debris are not the only objects entering the atmosphere. 
About 30x106 to 40x106 kg of outer space matter is intercepted 
each year by our planet. Most of this material vaporizes when 
it goes through the atmosphere. Although the reentering space 
debris flux is better known than entering meteorite flux, the 
space debris reentry risk is lower. It has been estimated there are 
13,680 atmosphere entries of potential dangerous-for-aviation 
meteorites while there are “only” 2,267 space debris reentries.
“The explosion of stony meteoroids in the upper layers of the 
atmosphere produces a high number of smaller debris which 
have high density and velocity,” says Bruno Lazare, Safety 
Advisor at CNES. “The fragmentation of space debris is less 
energetic and creates generally a lower amount of small 
objects. Furthermore, artificial objects are less massive and 
have lower terminal velocity than meteorites.” 



Reentry

Solar panels fail Subsequent breakup

Major breakup

Ground footprint
2000 km

18 km
70 km

Above: Dimensions of airspace affected by a spacecraft reentry event. 
Below: Possible downrange impact points from observation prior to breakup. Since debris travels at 
orbital speed (~7.6 km/second), there is an uncertainty in the reentry point of approximately ±2740 
km. However, without special tasking, good estimates of final orbits are generally not computed 
within one hour of reentry even to this precision. — Credits: IAASS

Air traffic collision 
risk from debris 
and meteoroids 
has never been 

quantified
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Computer model of a commercial transport aircraft used to assess debris impact.
Courtesy of Paul Wilde, Ph.D., P.E.

“The impact of the Columbia accident on aviation safety 
cannot be overstated,” says Dr. Paul Wilde, FAA technical 
advisor, who provided technical support to the Columbia Ac-
cident Investigation Board. “In the wake of the accident, mul-
tiple US agencies collaborated to develop consensus based 
aircraft protection standards and models to characterize air-
craft vulnerability to launch and reentry debris.”

Following the Colombia accident, the FAA established 
procedures to be used as a real-time tactical tool in the 
event of a Columbia-like accident to identify how to redirect 
aircraft around space vehicle debris. The tool developed for 
the purpose was called Shuttle Hazard Area to Aircraft Cal-
culator (SHAAC). SHAAC used a simplified Shuttle debris 
catalog to predict the size and location of debris footprint 
providing information to define the airspace containing the 
falling fragments.

Although the Shuttle retired from service in 2011, the pro-
cedure developed for it can be reused for the increasing num-
ber of commercial space transportation 
systems that will carry out routine subor-
bital operations, launches to orbit, and or-
bital reentries in the coming years. Across 
this range of vehicles, the available reac-
tion time between space vehicle breakup 
and entry of debris into the US National 
Air Space (NAS) can range from zero (if 
the vehicle is in the air traffic environment 
at the time of the failure) to upwards of 90 
minutes (if the vehicle is nearly in space 
and at orbital speed at the time of failure).

Air traffic operators will require depend-
able information and procedures to cope 
with the sudden onset of such an event 
and with the short lead-time that will be 
available until debris enters the airspace. 
To address those operational needs, 
FAA has been working on a systematic, 
standardized space vehicle debris threat 
management process that can be applied 
to the variety of space vehicles that will 
eventually operate in the NAS in the US. 

A 300g object hitting a 
commercial aircraft would 

produce a catastrophic failure

Forecasting Space Debris Reentries 

The procedures established after the Space Shuttle Co-
lumbia accident to clear the airspace in case of a space 

vehicle breakup are only feasible for controlled reentries 
such as those typically performed for crewed missions, or at 
the end of mission by cargo vehicles that carry spare parts, 
consumables, and other items to the International Space 
Station. In such cases, specific maneuvers are planned ei-
ther to bring the vehicle intact to a preplanned location, at 
sea or on land, or to direct the debris field, following frag-
mentation/explosion, away from inhabited areas, such as 
into the South Pacific Uninhabited Area. 

According to The Aerospace Corporation, there are about 100 
large man-made space objects that reenter the Earth’s atmo-
sphere randomly each year and then fragment and explode dur-
ing the atmospheric descent. Forecasts of the time and location 
of such uncontrolled reentries may have errors of several thou-
sand kilometers and are available only minutes before reentry. 

In addition to large objects, there are several thousand of 
smaller space debris, results of on-orbit fragmentations due 
to explosions or collisions that reenter annually. Very little is 
known about them in terms of further fragmentation or demise.

Dr. Russell Patera of The Aerospace Corporation analyzed 
the risk from falling space debris to passengers aboard com-
mercial aircraft using statistical data and information associ-
ated with different commercial aircraft. The analysis was car-
ried out only for flights within, from, and to the US in 2006. 
Patera computed the risk for aircraft from a typical flux of 
space debris with a realistic distribution of inclinations; ac-
cording to his estimation, the annual risk of collision for all US 
aviation traffic due to space debris is 3x10-4.

Annual meteorite flux, which is the frequency of falling meteorites, is 
estimated as a function of their mass. These values are based on the 
analysis of meteorites found on accumulation sites and on the analysis 
of data recorded by observation cameras. — Credits: IAASS
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ADMIRE 
will assess 

aviation collision 
risk in real-time

A Threat in Need of Assessment

Arange of natural and manmade debris populating the 
space around Earth periodically enters the atmosphere, 

representing a hidden source of risk for aviation. Due to the 
relative speed of these objects and aircraft construction, a 
collision between relatively small fragments and aircraft, al-
though assumed very remote, has an intrinsically high poten-
tial for multiple casualties. 

Although there are a number of methodologies and tools to 
assess the risk for the public on the ground due to a reentering 
space debris event, there is nothing available for assessing 
the risk to aviation from combined space debris and meteor-
oids fluxes. The annual risk for passengers due to an airplane 
being hit by reentering space debris or by a meteoroid has 
never been precisely quantified. Moreover, there are no meth-
odologies for real-time risk assessment that can be used by 
air traffic control authorities and civil protection organizations 
to activate emergency plans for impending reentries. 

This is where IAASS, along with ACTA, Stanford Uni-
versity, Astos, HTG, French Space Agency CNES, the 
Paris Observatory, the Italian National Research Council,  
and Polytechnic University of Milano, 
comes in. These organizations part-
nered to develop an advanced tool 
that will enable assessment of the risk 
to aviation due to reentering space de-
bris and meteorites. In short, ADMIRE 
will enable the evaluation of aviation 
risk not only on a single-event or an-
nual basis but as an ongoing real-time  
assessment. 

ADMIRE Applications

The ADMIRE project has already aroused the interest of 
the FAA and of its European counterpart, Eurocontrol. 

After a year-long definition phase, it is ready to bid for US 
and EU funding. 

“The conceptual phase of the ADMIRE project is com-
plete and we are ready to proceed with full development,” 
says Sgobba.

Specifically designed to estimate the annual integrated 
debris and meteorite impact risk to aviation for regions 
of highest air traffic, such as Europe, East and West US, 
China, and Japan, ADMIRE intends to provide specific 
vulnerability models to help aircraft manufacturers miti-
gate the risk to aircraft in case of impact with a reentering 
object. Moreover, the determination of the total reenter-
ing flux could help insurance companies develop more 
accurate risk assessments for the aviation and liability of  
space assets.

According to Sgobba, ADMIRE is also going to as-
sess the compliance of new space systems with re-
entry safety requirements, taking into account densi-

ties and vulnerabilities of ground 
population and aviation traffic as  
separate factors.

By integrating space debris reentry 
predictions with up-to-date aviation 
traffic density maps, ADMIRE can be 
expected to become a fundamental 
tool for civil protection and air traffic 
control authorities to make quick de-
cisions for accident prevention.

Global air traffic paths. The image clearly shows that Europe, US, East China, and Japan are regions where the air traffic density is heightened. 
ADMIRE will focus especially on these regions to provide the aviation risk coming from space objects. — Credits: Michael Markieta/Arup
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Rauli Mård 
Somewhere (front cover) depicts Finnish art-
ist Rauli Mård’s imagining of the lost Malay-
sia Airlines Boeing 777. Mård aptly describes 
himself as an analog artist in a digital time, 
combining his fascination with American 
military jetplane design – “ever since the 
F-4 Phantom” – and his love of the fine art 
heritage. Mård’s painting process begins 
with a precise outline followed by a detailed 
build up, using water-soluble crayons with-
out water, layered in thin, partly transpar-
ent layers on black cardboard. He has always 
liked strong-colored skies and large canvas-
es: “Somewhere is 40x60 inches. I couldn’t 
imagine any smaller size!”

Contact rauli@raulimard.com 
or visit www.raulimard.com 
to purchase the original.

mailto:rauli@raulimard.com
http:/www.raulimard.com
http:/www.iac2015.org
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MESSAGE FROM THE CHAIR

Greetings and Welcome to the first issue of the IAASS Professional Training 
Courses Catalog.

The IAASS has had a long history of Professional Technical Training with train-
ing being one of the principle objectives since its inception in 2004. The first 
course was held in conjunction with the 2nd IAASS Conference in Chicago, 
Illinois and since then we have conducted or sponsored courses around the 
world. 

This catalog contains courses that are offered either on a scheduled or  
on-demand basis. 
On-demand courses are performed on request of an organization (compa-
ny, university, agency, etc.) according to two possible schemes: exclusive or 
sponsored. In the case of exclusive course, it is up to the organization to 
identify and register participants, and to provide the course venue. No exter-
nal participants are admitted. Instead in the case of on-demand sponsored 
course, the organization will buy a minimum number of seats in the course 
and allow IAASS to bring additional external participants.  

The instructors, drawn from the membership of the IAASS, are leaders in their 
respective fields of knowledge. 

If there are subjects, related to Space Safety, that are not listed; please feel 
free to contact us via the IAASS web site at www.iaass.space-safety.org.

Information on the current course offerings is contained on Page 19, with the 
most up-to-date information on the IAASS web site.

Thank-you for your interest and see you in class!

Paul Kirkpatrick
Chair IAASS Professional 

Training Committee

Tell me and I forget, 
Teach me and I may remember, 
Involve me and I learn.

Benjamin Franklin

“
”

Paul Kirkpatrick
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COMMERCIAL HUMAN SPACEFLIGHT SAFETY
Code 001

The Challenge
The course is designed to provide the participant with an un-
derstanding of established safety practices and processes 
that could be used for design, manufacturing and operations 
of commercial human sub-orbital and orbital vehicles.

Scope of the course 
At the end of October 2013 the US FAA (Federal Aviation Ad-
ministration), Office of Commercial Space Transportation (AST) 
released a draft document on “Established Practices for Hu-
man Space Flight Occupant Safety with Rationale”. The issu-
ance of the document was meant to continue a conversation 
between FAA-AST and the commercial space transportation 
industry, and other stakeholders on commercial human space 
flight occupant safety. AST has developed the document to 
share thoughts about established practices for human space 
flight occupant safety. Ultimately, the goal is to gain the con-
sensus of government, industry, and academia on established 
practices as part of the FAA-AST mandate to encourage, fa-
cilitate, and promote the continuous improvement of the safe-
ty of launch and reentry vehicles designed to carry humans. 
The established practices in the document cover occupants 
from when they are exposed to vehicle hazards prior to flight 
through when they are no longer exposed to vehicle hazards 
after landing. 

Through this IAASS course the participant will acquire a de-
tailed understanding of concepts and requirements in the 
above FAA-AST document and in the IAASS safety standard 
IAASS-ISSB-S-1700-Rev-B and supporting guidelines, and 
will familiarize with safety analysis techniques that can be used 
for their correct and consistent implementation.

Target Audience
• Design and operations engineers and managers new to space 

safety principles, processes and established practices.
• Safety managers and engineers with no previous experience

in space projects.

What You Will Learn
• Why safety management is important.
• The safety culture and philosophy.
• The established safety practices.
• Hazard analysis principles and techniques.
• How interpret standards and guidelines
• Lessons learned from space accidents

How You Will Learn It
• Verbal instructions using Power Point Presentations.
• Videos & Photographs.
• Case studies.
• Group exercises & problem solving.

Why You Need to Know this
• To implement cost/effective safety-by-design measures
• To understand the significance and procedures of safety

management.
• To know the experts point of view.

What You Will Take With You
• A set of available standards and practices
• A CD-ROM with all the above.
• A Certificate of Course Completion

Course Duration
3 days
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COURSE AGENDA

DAY 1

09:30 Welcome and Course Introduction

09:45 General Introduction
- The space environment
- Key concepts in systems engineering
 & Configuration Management 
- Key safety definitions
- Space operations safety 

11:00 Coffee break

11:15 Sub-orbital and orbital vehicle top hazards 

11:30 Sub-orbital flight mechanics 

13:00 Lunch break

14:00 Sub-orbital flight mechanics
(Continued)

15:00 Propulsion safety

16:00 Coffee break

16:10 Propulsion safety
(Continued)

17:10 Safety-by-design Process 

18:30  Adjourn

DAY 2

9:00 Hazard Identification and Control

9:45 Preliminary Hazard Analysis

10:30 IAASS Safety Standard & Guid.

11:00 Coffee Break

11:15 IAASS Safety Standard & Guid.

11:45 FAA Approach to Identification of 
Established Practices

12:30 Overview of Technical Safety Requirements 
& Established Practices

13:00 Lunch Break

14:00 Overview of Technical Safety Requirements
& Established Practices (Continued)

15:00 Exercise

16:15 Coffee Break

16:30 Exercise

17:30 Subsystem/System Hazard Analysis 
& Operating Hazard Analysis

18:30 Adjourn

DAY 3

9:00 Writing Hazard Reports 

10:45 Safety Verifications Practices

11:15 Coffee Break

11:30 Medical Considerations

12:00 Exercise – Preparing a Safety Case for 
Sub-orbital Vehicle

13:00 Lunch Break

14:00  Exercise (Continued)

16:00 Student Presentation of Safety Case

17:30 Attendance Certificates and End of Course
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LAUNCH SAFETY ANALYSIS
Code 002

The Challenges
The course is intended to provide the participant with an 
understanding of analyses for launch and re-entry safety, 
understanding the significance and procedures of range 
safety processes; and identifying resources for implement-
ing launch re-entry safety. The participant will gain an un-
derstanding of hazards associated with space launch and 
re-entry operations, the data required to quantify the haz-
ards, methods for quantifying the risks from these opera-
tions, and effective means for mitigating the risk.

Introduction 
Over the last fifty years the methods for understanding and 
managing the risks associated with the launch and re-entry 
of space systems have evolved significantly. These advances 
have been driven by a combination of larger and more com-
plex space launchers and decreased buffer between popu-
lated areas and launch sites. Improved risk management has 
resulted from increased computational capacity and more re-
fined modelling. The result has been an outstanding record 
of protecting the public from the inherently dangerous opera-
tions of launching and re-entering of space systems.

Scope of the course
This course teaches the principles of launch and re-entry 
safety analysis and risk management:

• Risk Concepts
• Risk Mitigation Concepts
• Mathematical/Statistical Principles
• Computation/Presentation of Risk
• Risk Analysis Modelling
• Evaluating Catastrophic Risk

• General Launch Risk Analysis Procedure
• Impact Point Prediction and Impact Dispersions
• Impact Dispersions of Normal and Malfunctioning Vehicles
• Aircraft Probability of Impact and Vulnerability
• Impact Probabilities for Planned Jettisons
• Introduction to Debris List Development
• Failure Rate and Failure Mode Development
• Introduction to Exposure and Vulnerability
• Acceptable Risk
• Controlled Re-entry Risk Analysis Methods
• Uncontrolled Re-entry Risk Analysis Methods.

What You Will Learn
The following concepts will be learned:
• Approach to managing risks associated with launch and re-

entry operations
• Definition of risk and risk measures (individual, collective,

catastrophic)
• Process to perform quantitative flight safety risk analyses
• Sources of debris dispersion and methods of modelling
• Modelling impact probability distributions and computing

probability of impacting people, buildings, ships and air-
craft

• Consequence analyses: approaches to modelling vulner-
ability of people,

• Structures, ships and aircraft and the consequences of im-
pacting inert and explosive debris

• Concepts for mitigating risk, such as mission/vehicle de-
sign, ship and aircraft

• Management, and flight termination system design.

In addition this course is an enhanced version of the course 
first taught at US ranges and later in conjunction with IAASS 
conferences. Significant enhancements over the original 
course include: 
a) introduction to considerations of range safety system design
b) updated material on characterizing vehicle breakup
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c) updated material on characterizing vehicle failure prob-
abilities and response modes, and

d) extended sample analysis integrated into the course.

Target Audience
• Engineers and Project Managers involved in launchers and

spacecraft design & development
• Engineers and Managers with range safety responsibilities
• Safety Engineers performing and reviewing launch flight

safety analyses

Prerequisites
Background in mechanical engineering or physics equivalent 
to a BS. Familiarity with matrix and vector operations.

Instructor
The course will be taught by Jerry 
Haber. Mr. Haber has over 30 years 
of experience leading risk analysis 
model development efforts, devel-
oping risk acceptability standards, 
and performing flight safety risk 
analyses for the full spectrum of U.S. 
launch vehicles and missiles. He 
has developed guidelines for flight 
safety risk analyses for U.S. National 
organizations and a leader in the de-
velopment of U.S. consensus risk 
acceptability standards for launch and re-entry risks. He ana-
lyzes the safety and risk mitigation strategies for a wide variety 
of launch and re-entry systems. He has developed methodolo-
gies that address the range of needs from screening analyses 
to detailed evaluations of complex systems. 

Mr. Haber is the author or co-author of numerous technical pa-
pers and reports. He has also co-authored the Elsevier gradu-
ate level textbook Safety Design for Space Operations.

How You Will Learn
• Verbal instructions using Power Point presentations
• Videos & Photographs
• Case studies

What You Will Take With You
• Data, model results and tools
• CD of comprehensive briefing slides
• Certificate of Course Completion

Course Duration
3 days

Jerry Haber
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SPACE SYSTEMS RE-ENTRY SAFETY ANALYSIS
Code 003

The Challenges
The course is intended to provide the participant with an un-
derstanding of how to perform analyses for assessing the safe-
ty risk of space systems re-entry operations. Such analyses 
should be performed during the early stage of design as they 
may drive the decision to include controlled re-entry capabil-
ity, to modify components design and materials selection to 
enhance demise to meet applicable regulatory risk thresholds, 
and consideration of alternative launch facilities and orbital 
inclinations. The participant will gain an understanding of the 
hazards, methods for quantifying the risks from re-entry opera-
tions and effective means for mitigating the risk.

Introduction 
As the orbits of non-functional satellites, spent launch vehicle 
stages and other pieces of debris decay, they lose altitude and 
enter denser regions of the atmosphere where friction with atmo-
spheric gases at high velocity generates a tremendous amount of 
heat. As a result, a major portion of the hardware (between 60% 
and 90%) will typically burn up. However, some components and 
parts can and do survive the re-entry heating. As the empha-
sis on accelerating removal of space debris from LEO orbit has 
gained acceptance to reduce collision risk and orbit pollution, the 
need to control the safety risk of re-entering space objects has 
come in focus and will very much impact the overall design of fu-
ture spacecraft and launch vehicles upper stages. Estimating the 
re-entry risk with sufficient precision becomes a key design tool.
Over the last fifty years the methods for understanding and man-
aging the risks associated with the launch and return of space 
systems have evolved significantly. These advances have been 
driven by a combination of larger and more complex space 
launchers and payloads, increased space launch traffic, growing 
populations on Earth, and decreased buffer between populated 
areas and candidate launch sites and re-entry areas. Improved 
risk management has resulted from increased computational 
capacity and more refined modelling. The result has been an 
outstanding record of protecting the public from the inherently 
dangerous operations of launching while much remains to be 
done for the re-entry of space systems.

Scope of the course 
This unique course teaches the principles of re-entry safety anal-
ysis and risk management: 
• Risk Concepts
• Risk Mitigation Concepts
• Mathematical/Statistical Principles
• Computation/Presentation of Risk
• Risk Analysis Modelling
• Risk Analysis Procedure
• Evaluating Catastrophic Risk
• Impact Point Prediction and Impact Dispersions
• Consequence Modeling for Impacting Debris
• Acceptable Risk
• Characterizing Populations at Risk

- Exposure &Vulnerability
• Managing Ship and Aircraft Risk
• Re-entry Breakup and Demise
• Re-entry Risk Analysis Methods

- Uncontrolled
- Controlled

What You Will Learn 
• Approach to managing re-entry risks:
• Definition of risk and risk measures (individual, collective,

catastrophic)
• Process to perform quantitative flight safety risk analyses
• Sources of debris dispersion and methods of modelling
• Modelling impact probability distributions and computing

probability of impacting people, buildings, ships and aircraft
• Consequence analyses: approaches to modelling vulnerabil-

ity of people, structures, ships and aircraft and the conse-
quences of impacting inert and explosive debris

• Concepts for mitigating risk, such as mission/vehicle design,
ship and aircraft traffic management

In addition the results will be reviewed of the benchmarking ex-
ercise, performed by the IAASS Working Group, of existing risk 
assessments tools in US and Europe

This course is an enhanced version of the course first taught at 
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US Launch Ranges and later given internationally in conjunction 
with IAASS conferences. Enhancements include: 

a) focus on re-entry risks analysis as design driver
b) re-entry breakup and demise
c) extended sample problem

Target Audience 
• Engineers and Project Managers involved in spacecraft and

launchers design & development
• Engineers and Managers involved in space operations (e.g.

SSA), or with operational safety responsibility
• Safety Engineers performing and reviewing re-entry flight

safety analyses

Prerequisites
Background in mechanical engineering or physics equivalent to 
a BS. Familiarity with matrix and vector operations. 

Instructors 
The course will be taught by Jerry 
Haber and by Randy Nyman. 

Mr. Haber has over 30 years of ex-
perience leading risk analysis model 
development efforts, developing risk 

acceptability standards, and performing flight safety risk analyses 
for the full spectrum of U.S. launch vehicles and missiles. He has 
developed guidelines for flight safety risk analyses for U.S. Na-
tional organizations and a leader in the development of U.S. con-
sensus risk acceptability standards for launch and re-entry risks. 

Mr. Nyman with 30 years of engi-
neering practice, has made major 
contributions in re-entry risk, breakup 
modelling and toxic risk modelling. 

The instructors are authors/co-au-
thors numerous technical papers 
and reports. They have co-authored 
the Elsevier graduate level textbook 
Safety Design for Space Operations.

How You Will Learn 
• Verbal instructions using Power Point presentations
• Videos & Photographs
• Extended sample problem

What You Will Take With You 
• Data, model results and tools
• CD of comprehensive briefing slides
• Certificate of Course Completion
• Sample Problem Workbook

COURSE AGENDA
DAY 1

09:00 Welcome & Course Introduction 

09:15 General:
- Risk management concepts 
- Risk measures 
- Debris Risk Modelling Approaches 
- General/Debris Risk Analysis 

10:45 Coffee Break 

11:15 Fundamentals: 
- Debris Footprint Analysis Methodology 
- Population Library 
- Consequence Modelling for Inert Debris 

13:00 Lunch Break 

14:15 Protection Standards 
- Risk Acceptability 
- Ship Protection 

18:00 Adjourn 

DAY 2

09:00 Aircraft Risk Management 

10:00 Coffee Break 

10:30 Re-entry Risk 
- Risk Modelling Functions 
- Breakup and Demise Part 1 

12:30 Lunch Break 

14:00 Re-entry Risk
- Breakup and Demise Part 2 
- Random Re-entry Risk 
- Planned Re-entry Risk 

DAY 3 

09:00 Extended Sample Problem 

18:00 Certificates of Completion for Re-entry Risk Course 
Adjourn

Jerry Haber

Randy Nyman

I XProfessional Training Courses Catalog

Space Safety
Magazine     

Fall 
 2014



IAASS-GP-01082014

ISS PAYLOADS DESIGN AND OPERATIONS SAFETY
Code 004

The Challenge
The course is designed to provide the participant with an under-
standing of safety requirements, procedures and processes that 
are used for design and operations of payloads for the Interna-
tional Space Station.

Scope of the course 
This course is designed as a guide to the ISS payload/cargo safety 
review process. The student will gain an understanding of the ap-
plicable safety documents and key safety technical requirements, 
of payload/cargo safety as it relates to the overall development and 
integration process, how the payload/cargo safety review process 
works, and the roles and responsibilities of the various players. In 
addition the student will be instructed in the hands-on fundamentals 
of hazard analysis, hazard documentation, and presentation to the 
Payload Safety Review Panel. 
Through this IAASS course the participant will acquire a detailed 
understanding of concepts and requirements in the above FAA-
AST document and in the IAASS safety standard IAASS-ISSB-S-
1700-Rev-B and supporting guidelines, and will familiarize with 
safety analysis techniques that can be used for their correct and 
consistent implementation.

Target Audience
• Safety engineers and managers, system engineers, QA person-

nel, project managers responsible for development, integration
and operation of payloads/cargo for ISS;

• Other technical discipline personnel who contribute to the design
and operations of ISS payload/cargo and need to understand the
process by which hazards are identified and controlled.

What You Will Learn
• Why safety management is important
• The safety culture and philosophy
• The safety documentation
• Where to find requirements
• Basic hazard analysis techniques.
• How to identify hazards

• Common mistakes
• The Phased Review Process
• How to prepare for the Safety Panel Meeting

How You Will Learn It
• Verbal instructions using Power Point Presentations
• Videos & Photographs
• Case studies
• Group exercises & problem solving
• Preparing/completing forms
• Mock presentation to safety panel

Why You Need to Know this
• To design your payload/cargo for safety
• To understand the significance and procedures of the safety process
• To identify resources for implementing payload safety
• To know what the ISS Payload Safety Review Panel (PSRP)

expects from you
• To get safety certification to fly

What You Will Take With You
• The course binder with the presentation charts.
• A selected set of documents
• A CD-ROM with all the above.
• A Certificate of Course Completion.

Course Duration
3,5 days

Instructors
T. Sgobba (ESA Ret. – Flight Safety Chair)
P. Kirkpatrick (NASA – Ground Safety Chair)
Larry Gregg (Lead Instructor for NASA Safety Traing Center)

Tommaso Sgobba Paul Kirkpatrick Larry Gregg
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DESIGN AND OPERATIONS OF COMPOSITE 
OVERWRAPPED PRESSURE VESSELS Code 005

The Challenge
High performance Composite Overwrapped Pressure Vessels 
(COPVs) have been utilized in the aerospace and automotive in-
dustries for many years, providing an inherently safe, lightweight 
and cost effective storage source for pressurized fluids. COPVs 
are commonly used for gas and propellant storage in spacecraft 
and launch vehicles. The consequence of a COPV rupture can 
include the release of caustic fluids, loss of necessary fluids and 
the release of stored energy equivalent to several pounds of trini-
trotoluene (TNT) depending on the quantity, pressure and fluid 
contained in the COPV.
In the aerospace sector, the development of a commercial space 
industry has reinforced the need for light and low cost yet safe 
and reliable pressure vessels. In the automotive sector, new de-
mands for alternative fuel vehicles driven by changes in the en-
ergy sector have given rise to opportunities for durable and low 
cost, and also safe and reliable pressure vessels, particularly for 
hydrogen and compressed natural gas.
Safety and high reliability are achieved by adhering to rigorous 
processes throughout the life cycle of a pressure vessel, includ-
ing the design, manufacture, testing, handling, and operation 
phases.

Scope of the course 
This course will provide an introduction to the basic principles 
governing the design and operation of Composite Overwrapped 
Pressure Vessels (COPV). The comprehensive overview of current 
technological understanding will provide both engineering mechan-
ics fundamentals and practical applications drawn from experience 
to educate program managers, design engineers, ground and flight 
operators, safety analysts, quality engineers and users/customers.

Course Description 
Fundamental to the use of COPVs in space applications is the rel-
evant failure modes and the design techniques introduced to en-
sure safe operation. Flight safety can only be properly understood 
through appropriate engineering design and quality throughout the 
vessel lifecycle from design, qualification, manufacturing, accep-

tance testing, handling and finally operational use. Each step of 
the product lifecycle has relevant safety considerations, which will 
ultimately affect the likelihood for catastrophic failure resulting in 
loss of life during operations. 
This course has been developed based on requirements devel-
oped for space applications for COPVs. The relative requirements 
are documented in NASA-developed standards applicable to US 
and international partners for use on the International Space Sta-
tion, as well as for future programs such as the NASA Commercial 
Requirements. These various standards reference the appropri-
ate AIAA requirements and these will be directly addressed in this 
course. The course is directly relevant to individuals concerned 
with COPVs in automotive applications. The failure modes are 
common across these industries. However, there is a difference 
in usage and need for robustness of typical pressure vessels and 
a difference in materials commonly selected for these products. 
Consequently there are different standards and approaches to 
certification. The class will explore these differences. 
Participants in this workshop will gain appreciation of a wide range 
of epoxy-matrix composites that are used in overwraps based on 
fibers such as: S-glass, aramids (e.g., Kevlar®49), carbon (e.g., 
T1000), and PBO (e.g., Zylon®), and also various current liner ma-
terials including metals such as aluminum, stainless steel, titanium 
and Inconel, and polymers such as high density polyethylene. At-
tention will be paid to the potential effects of processing variables 
(e.g., heat treatment, welding, annealing) on ultimate liner perfor-
mance as influenced also by the fiber used in the overwrap. 
Various steps in the COPV design and manufacturing processes 
will be discussed, particularly aspects strongly influenced by end-
use requirements and vessel geometry (cylindrical vs. spherical). 
To manufacture the overwrap, both wet filament winding and pre-
preg winding methods will be discussed, including their respective 
pros and cons and their relative importance in various designs. 
Another topic discussed will be the potential for liner distortion 
and buckling during winding, the consequences and candidate 
countermeasures to protect this phenomenon from occurring. Ad-
vantages and risks in bonding the overwrap to the liner will be 
discussed with respect to the overall design and potential failure 
mechanisms. Autofrettage and proof-testing will be discussed in 
terms of plastic yielding of the liner that induces a significant com-
pressive stress component beneficial to improving fatigue life. In 
this context, the Bauschinger effect on the final liner stress state 
and the potential for liner buckling will also be discussed. 
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The relevant analysis and test methods used to demonstrate com-
pliance to appropriate certification standards are presented. These 
include factors of safety set to mitigate against stress rupture fail-
ure modes of the overwrap and Leak-Before-Burst liner/overwrap 
concepts and demonstration, and finally FEA/NDE approaches to 
establish Safe Life with respect to risk of liner fatigue failure from 
crack initiation and growth. 
Current non-destructive evaluation (NDE) techniques will be dis-
cussed as are used to detect flaws and damage in the liner and 
overwrap. NDE methods for detecting flaws and small cracks in 
liners include: visual, dye penetrant, X-ray, ultrasonic, eddy cur-
rent, and borescope inspection. NDE methods for the overwrap 
include: Acoustic emission, Flash/Infrared thermography, laser 
shearography, digital image correlation of overwrap strains, and 
Raman spectroscopy to measure residual fiber stress. 
There will be hands-on experience in computational design tools 
used to analyze COPV. Each participant will receive a licensed 
student version of the Abaqus FEA product suite (from Dassault 
Systèmes). Through structured learning example programs, users 
will gain an appreciation for stress distributions in the compos-
ite overwrap layers and the liner, and will gain an appreciation of 
analysis tools used to prevent metal liner failure due to fatigue in 
the parent material and any weld regions. These workshops will be 
made available to students to follow on their own.

Target Audience
• Engineers and Managers who are interested in the latest tech-

niques for COPV design, development manufacturing and test-
ing

• Quality and Safety Assurance practitioners with no previous
COPV experience

• Ground operators and those who write design requirements for
COPV safe handling

.

What You Will Learn It
• Failure modes in COPVs and requirements for safe operation in

space environments
• Designing for Maximum Operational Pressure and Relevant Fac-

tors of Safety
• Approaches to Liner Fatigue Modeling under Pressure Cy-

cling
• Liner Buckling: Models, Trigger and Methods of Prevention
• Composite Stress-Rupture Phenomenon and Reliability Model-

ing
• Nondestructive Evaluation (NDE
• Considerations for Ground Operations and Damage Control Miti-

gation Techniques.

How You Will Learn It
• Interactive Verbal instruction using Power Point
• Videos and Photographs.
• Case studies
• Interactive experience with Finite Element Analysis simulation

with the Abaqus FEA program.

What You Will Take With You
• The course book with all presentations and documents
• Student version of Abaqus FEA (of Dassault Systèmes)
• Certificate of Course Completion

Course Length and Duration
32 hrs in 5 days

Instructors
The course instructors are internationally recognized experts in the 
field of COPV Design and Operations: 

S. Leigh Phoenix (PhD Cornell) is 
professor of Mechanical and Aero-
space Engineering at Cornell University 
(USA), where he has been on the fac-
ulty since 1974, and teaches courses in 
composite materials, solid mechanics 
and applied mathematics. Much of his 
research involves micromechanically–
based statistical modeling and experi-
ments on long-term reliability of fibrous 
composites (e.g., aramids, carbon, S-
glass, PBO) under high stress in diffi-
cult environments. Examples include 
composite-overwrapped pressure vessels, pressurized hydraulic 
lines and wind turbine blades. He also models ballistic impact into 
fibrous materials in support of developing improved materials and 
architectures for soft body armor, flexible composite panels and 
military and police helmets. 
In 1983 Phoenix received the Fiber Society Award for Distinguished 
Achievement in Basic or Applied Fiber Science, and in 1992 he won 
the ASTM Harold DeWitt Smith Award in fiber mechanics. In 2005 
he was awarded the NASA-NESC Engineering Excellence Award for 
his pressure vessel work in support of the Shuttle’s Return to Flight. 

Michael T. Kezirian (PhD MIT) is an 
Associate Technical Fellow with the 
Boeing Company. He has brought ex-
tensive experience in composite mate-
rials, propulsion systems and system 
safety to address safety concerns for 
the Space Shuttle and Space Station 
Programs. Currently, he is supporting 
the Boeing Commercial Crew Develop-
ment (CCDEV) Program on the design 
of the CST-100. As an Adjunct Asso-
ciate Professor of Astronautical Engi-
neering at the University of Southern 
California, he teaches a graduate elective, Safety of Space Sys-
tems and Space Missions. Previously, he taught undergraduate and 
graduate classes in Polymer Science and Spacecraft Dynamics. 
Dr. Kezirian is Associate Fellow of the AIAA and Fellow Member of 
the IAASS. In 2009 he was awarded the NASA Astronaut Personal 
Achievement Award (Silver Snoopy). Dr. Kezirian is the editor-in-
chief of the newly introduced, Journal of Space Safety Engineering, 
published by the IAASS.

S. Leigh Phoenix

Michael T. Kezirian
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COURSE AGENDA
Day 1
Afternoon

1. General introduction to geometry and structure of high-
pressure COPV
a. Definitions and Examples
b. Spherical and Cylindrical COPV architecture and wind pat-

terns
• Overwrap wind patterns and implications

c. Overwrap materials: Kevlar®, carbon, S2-Glass, Zylon®
• Associated fiber properties

d. Liner materials: aluminum, titanium, Inconel, stainless steel,
HD polyethylene
• Corresponding mechanical properties

e. Manufacturing processes: wet winding, prepregs and pre-
preg winding, elevated temperature curing,

f. Manufacturing: autofrettage

2. COPV safety considerations
a. Consequences of Failure

• Calculating potential blast energy
• Blast Fragmentation Analysis
• Effects of contained gases, loss of life support atmo-

sphere
• Effects of combustion and fire

b. Failure modes:
• Liner fatigue (parent material and welds)
• Composite Stress Rupture
• Collateral damage/impact damage
• Liner failure during autofrettage or first pressurization
• Liner buckling

3. Certification standards
• NASA Requirements
 Commercial Crew Requirements (ESMD-CCTSCR-12.10)

and flow down to CCT-REQ-1130 and others
 ISS Visiting Vehicle Requirements (SSP 50808 and

30558/30559)
 Unmanned Programs

• AIAA USA Standard (S-081, S-081a and future versions)

Day 2
Morning

4. COPV Safety test and analyses
a. Analyses 

• Leak Before Burst and Safe Life
• Establishing material allowables

b. Test requirements
• Autofrettage and proof testing
• Burst Tests
• Cycle Tests
• Vibration and Thermal/vacuum Tests

c. Qualification and Acceptance Test Programs
• Establishing fiber variability within a lot and between lots
• COPV unit and lot acceptance testing
• Acceptance criteria

Day 2
Afternoon

5. Damage Control Plans
a. Visual Inspection Considerations
b. Handling and Transporting Considerations
c. Protective Devices

6. Ground Safety Considerations
a. Ground Processing Requirements
b. Range Safety Considerations
c. Considerations for Risk to Ground Personnel and Exposure

to the Public

7. Design Considerations
a. Basic Concepts and Definitions

• Elastic vs. Plastic Response of composite
b. Introduction to orthotropic elasticity of a lamina

• Unidirectional composite forms (tow, band, lamina)
• Definition of various moduli and Poisson’s ratios
• Layered composite stiffness properties
• Through thickness compression (important to thick over-

wraps)
c. Thermal effects in overwrap mechanical response

• Thermal expansion coefficients (fibers, liners and COPV)
• Effects of temperature excursions on overwrap and liner

response

Day 3
Morning

8. Winding pattern design
a. Implications on overwrap shear stress profiles within layers

and between layers
b. Isotensoid and other dome designs in cylindrical pressure

vessels
c. Theoretical models for liner and overwrap response
d. Shear stress behavior and influence on the liner
e. Potential for delamination and debonding
f. Effects of winding pattern on impact damage sensitivity

9. Autofrettage, purpose and risks in implementation
a. Effect on stress state
b. Role of Bauschinger effect
c. Connection to buckling risk and fatigue risk

Day 3
Afternoon

10. Approaches to liner fatigue modeling under pressure
cycling
a. Advanced fracture mechanics approaches, modeling fa-

tigue crack growth (connection to Safe Life and Leak Before 
Burst concepts)

b. Description of NASA-developed NASGRO, fracture me-
chanics and fatigue crack growth analysis software

c. NDE methods for detecting small cracks and flaws (prob-
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abilities of detection) 
d. Strain-life models (Morrow, Fatemi-Socie)
e. Cyclic stress-strain laws (Ramberg-Osgood)
f. MLE-based statistical analysis approaches, reliabil-

ity modeling, test data generation, including size effects,
uncertainty

Day 4
Morning

11. Liner buckling 
a. Mechanical models (including effects of autofrettage)
b. Bonded vs. unbonded liners
c. Triggers and methods of prevention
d. Rippling effects from wrap pattern imprint

12. Overwrap stress-rupture phenomena and reliability
modeling
a. Fiber Strand and Vessel (including sub-scale) Testing
b. Phenomenological power-law/Weibull models and relating

strength and life in one parameter set
c. Mechanism of stress rupture based on fiber Weibull flaw

statistics and micromechanical matrix creep
d. Material data bases, data generation and, uncertainty quan-

tification in reliability prediction
e. Temperature and size effects in stress-rupture modeling

and accelerated testing
f. Relevance of Safety Factors as provided in standards

Day 4
Afternoon

13. Nondestructive evaluation (NDE) of liner, and crack and
flaw detection techniques
a. Visual (dents, scuff marks)

b. Dye penetrant methods
c. X-ray and ultrasonic
d. Eddy current
e. Borescope based profilometry

14. Overwrap NDE to detect broken tows, wraps and de-
lamination
a. Acoustic emission during proof testing or autofrettage
b. Flash/infrared thermography
c. Laser shearography
d. Digital image correlation of overwrap strains during proof

(or burst testing) and high resolution video byproduct
e. Visual and ultrasonic techniques

Day 5
Morning

15. Special Considerations: Operating COPVs in the Space
Environment: Protecting against Micro Meteoroid and Orbital
Debris (MMOD); End of Life and Disposal of Pressure Vessels
which Have Stored Hypergolic Fluids

16. Special Topic - USC Rocket Propulsion Laboratory: Experi-
ences Modeling a Composite Combustion Chamber

17. New concepts in pressure vessel standards: proposed
changes to AIAA S-081b and ISO 1119-x including the newly
introduced ISO 11119-4

18. Standards for the Automotive Industry. Comparison of
standards applicable for transport on public roads for stored
hydrogen and compressed natural gas with standards in the
aerospace sector.

19. Summary - revisit failure methods, and traceability to certifi-
cation standards and importance of design considerations

Computational Workshop:
Students will be provided the student version of Abaqus FEA (Das-
sault Systèmes (3DS) ) and workbooks on the Wound Composite 
Modeler (WCM). Results of Abaqus simulations are used throughout 
the course.

Computational Workbook A
In this workshop, the user step through the process of generating 
an axisymmetric model of a COPV and post processing the results 
using the Wound Composite Modeler (WCM). The model will consist 
of both helical and hoop layers.

Computational Workbook B
In this workshop, the user steps through the process of generating a 
three-dimensional model of a COPV and post processing the results 
using the WCM.

Computational Workbook C
The focus of this workshop is the use of the WCM as a COPV de-
sign tool. The WCM will be used to gauge the effect of parameters 
such as wind angle, number of layers, and liner materials on the 
stresses during operations (changes in COPV pressure).

Computational Workbook D
This workshop explores the concept of autofrettage. An autofret-
tage analysis will be performed to demonstrate how tensile stresses 
in the liner may be reduced in order to extend the fatigue life of a 
COPV.
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QUALITY ASSURANCE (QA) FOR SPACE PROJECTS
Code 006

The Challenges
The course is designed to provide the participant with an under-
standing of basic principles of Quality Management, Quality As-
surance and Quality Control, as they are usually applied to space 
projects. (The course material copyright is owned by IAASS).

Scope of the course
• The key role of management in setting quality objectives for the

organisation, how to establish policy, goals, organisation and al-
locate responsibilities.

• Key principles of quality control/assurance, and their evolution.
Measuring the quality and promoting improvements.

• Formal quality systems. European (ECSS), NASA requirements
standards, international standard (ISO).

• The need for a Quality and relationship to contractual QA Plans.
Conducting internal and external quality audits.

• Quality in design. Specifications, the V-cycle, support to Projects
Reviews.

• Managing the non-conformities resolution process.
• The importance of alerts systems.
• Quality Assurance. Quality records, process control, workman-

ship standards, traceability, inspections, measuring equipment
calibration system.

• Statistical methods in brief.
• Space environment effects on materials. Including materials

used in space, requirements and testing, materials evaluation,
and process control.

In summary, the participant will acquire an understanding of quality 
principles, requirements and techniques, and how to apply them 
for achieving product conformity, customer satisfaction and for in-
creasing productivity.

Target Audience
• Managers and engineers new to quality principles and pro-

cesses.
• QA managers and engineers with no previous experience in

space projects

What You Will Learn
• Why Quality is important.
• The Quality culture, philosophy and organisation.
• The Quality standards.
• Basic principles and techniques.
• How to satisfy the Customer
• Common mistakes.

How You Will Learn It
• Verbal instructions using Power Point Presentations.
• Videos & Photographs.
• Case studies.
• Group exercises & problem solving.

Why You Need to Know this
• To prepare and implementing cost/effective QA plans
• To understand the significance and procedures of quality assurance.
• To identify and justify resources for implementing a quality system.
• To know what ESA expects from you.
• To convince your management of the benefits.

What You Will Learn
• The course binder with the presentation charts.
• A set of ECSS standards.
• A CD-ROM with all the above.
• A Certificate of Course Completion.

Course Duration
3 days

Instructors
Tommaso Sgobba (ESA Ret. - PA/QA Manager)
Stefano Cruciani (EN9100 Lead Auditor)

Tommaso Sgobba  Stefano Cruciani
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COURSE AGENDA
DAY 1

09:30 Course Introduction

09:45 General Introduction
- The space environment
- Some key concepts in system development
- Consideration on failures and causes
- What is Product Assurance?

11:15 Coffee break

11:30 Basic concepts
- What is Quality?
- Evolution of quality systems

13:00 Lunch break

14:00 Basic values and principles

15:00 Main elements and techniques (Part I)
- Organisation

15:45 Coffee break

16:00 Main elements and techniques (Part I) (Continued)
- Manual, procedures, plans and records

17:30 Adjourn

DAY 2

09:00 Main elements and techniques (Part 1) (Continued)
- Audits
- Non-conformance control
- Training
- Qualification/Certifications

10:45 Coffee Break

11:00 QA standards

12:30 Lunch break

13:30 Non-Conformance control [Exercise]

15:15 Coffee break

15:30 Main elements and techniques 
- Inspection
- Metrology/Calibration

17:30 Adjourn

DAY 3 

9:00 QA during major project phases

10:45 Coffee break

11:00 ECSS-Q-20B

11:30 Special techniques
- Statistical techniques

12:30 Lunch break

13:30 Special techniques (Continued)
- Cost of Quality
- Alert systems

15:15 Coffee break

15:30 Audit [Exercise]

16:45 Space environment effects on materials
- Materials used in space
- Requirements and testing
- Evaluation of materials
- Processes for space

17:30 End of QA course
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CONFIGURATION MANAGEMENT FOR SPACE PROJECTS
Code 007 

The Challenges
The course is intended to provide the participant with an under-
standing of how to conduct the technical-administrative disci-
pline of Configuration Management (CM). The course will be held 
in two parts. First part will be a generic, common sense approach 
to CM based on more than three decades of CM experience 
gained by the instructor. The second part will compare the lessons 
learned in part one with the ECSS CM standard ECSS-M-ST-40C. 
The participant will gain an understanding of the principles and 
procedures applied through CM to space projects; the interdisci-
plinary activities between CM and other project activities; and will 
get an idea of CM requirements tailoring for the level of project  
complexity.

Introduction 
The technical-administrative discipline Configuration Management 
was born in the post WWII era when technical system’s complexity 
increased. Driver for CM establishment were the US armed forces fol-
lowed by NASA in the second half of the fifties. CM at these days was all 
mechanical and electrical oriented and so were the CM practitioners.  
This proved later on to become a problem when electronics and, 
in conjunction with this, software started to take more and more 
share within systems. As software is a non-tangible product, CM 
procedures had to be rethought.
The next break in CM proceedings was caused by the proliferation 
of Personal Computer. While configuration status was mainly done 
by use of file cards for less complex projects, mainframe computer 
were utilised to manage configuration metadata of bigger systems. 
Nowadays, almost every CM exercising organization utilizes either 
tailored off-the-shelf, or self-developed programs for accountabil-
ity of configurations controlled by them.
Whereas CM for software (and firmware embedded code) at com-
ponent and unit level has, due to its unique processes, mostly been 
established as an independent discipline, the battle at the level of 
software integration with hardware is still going on.

Scope of the Course
This course lectures the five plus one CM functions:

• Configuration Identification
• Configuration Control
• Configuration Status Accounting
• Configuration Verification & Audit
• CM Planning and Organizing

plus
• CM of Digital Product Data

and the principles for implementing these functions.

What You will Learn
• How to structure and document a system.
• How to control the evolution of such a system.
• How to enable the reporting of a certain configuration at a certain 

point of the product’s life-cycle.
• How to verify that a desired configuration state has been achieved.
• How to plan a CM organization and how to anchor it in contract

language.
• How to manage the configuration of digitized product definitions.

Target Audience
• Engineering manager and project engineers involved in space-

craft and launcher development and design.
• Engineers and project staff involved in production planning and

control.
• Engineers and technicians responsible for verification of product

compliance with documented requirements and design.

Prerequisites
Engineers or technicians with good skills in reading and under-
standing of technical documentation (specifications, drawings/
lists, diagrams).
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How You Will Learn
• Verbal instructions by use of Power Point presentations.
• Shown samples of configuration controlled documents.
• Shown samples of configuration reports.

What You Will Take With You
• CD of Power Point presentation
• Certificate of Course Completion

Instructor
The course will be taught by Mr. Wolfgang Weiss.

Mr. Weiss has over 35 years of experience in CM matters from big 
size projects such as the Boeing E-3 “AWACS” to medium size, 
multi-national missile projects such as the RIM-116 “RAM”, to 

small projects such as aerospace com-
ponents. 
Mr. Weiss was contracted by ESA in 
the early 90s for developing an ESA 
standard CM discipline including a set 
of 8 ESA PSS type of documents. Due 
to the switch from ESA PSS to ECSS 
standards, these PSS’s were not for-
mally released but did provide a sound 
basis for developing ECSS-M-40A.

Mr. Weiss was co-author of ECSS-M-
40A and -40B, participant in authoring 
of various US military CM and TDM standards of the past, and is 
voting member of the SAE (formerly EIA, GEIA, TechAmerica) G-33 
committee on CM.

COURSE AGENDA
DAY 1

09:30 Welcome and Course Introduction

09:45 Configuration Management (CM) Basics
- Explaining Configuration Management
- Policy and Principles of CM

11:00 Coffee Break

11:20 The five plus one functions of CM
- Configuration Identification
- Configuration Control
- Configuration Status Accounting
- Configuration Verification & CM Process Audit

13:00 Lunch Break

14:00 The five plus one functions of CM (cont’d)

16:00 Coffee Break

16:20 The five plus one functions of CM (cont’d)

17:30 Adjourn

DAY 2

09:00 CM Planning and Organizing

11:00 Coffee Break

11:20 CM of Digital Product Definition Data

13:00 Lunch Break

14:00 Change Control/CCB Exercise

16:00 Coffee Break

16:20 Project activities with significant CM involvement

17:00 Tailoring of CM requirements

17:30 Adjourn

DAY 3 

09:00 Space Project CM at ESA
- Understanding ECSS-M-ST-40
- Walking through the standard

11:00 Coffee Break

11:20 Comparing the ECSS requirements with Day 1 lessons
- Discussing the differences and evaluating them
- Tailoring to suit the project size and needs

13:00 Launch Break 

14:00 Space Project CM at NASA
- Understanding NASA-STD-0005 and the SAE/EIA- 
 649 Set of Documents
- Walking through the standards

15:00 Summary of the CM Course – the lessons learned

16:00 Course ends

Wolfgang Weiss
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IAASS-GP-01082014

Calendar & Venues 2014-2015

Code Frequency Next course dates Next course venue Registration Fee (*)

C001 On-demand 1-3 December 2014
ALTEC S.p.a. 
Corso Marche 79 
Turin - Italy

€ 1650

C002 On-demand (**) TBD TBD € 1850

C003 On-demand (**) 15-17 October 2014
NATO Joint Air Power 
Competence Centre (JAPCC) 
Kalkar – Germany 

€ 1850

C004 Annual & On-demand 3-5 March 2015
RUAG Schweiz AG 
Ch. de la Vuarpillière 29 
1260 Nyon - Switzerland

€ 1600

C005 On-demand (**) TBD
Athlone Institute of Technology, 
Dublin Rd Athlone - Ireland 

€ 1650

C006 Annual & On-demand 23-26 June 2015
Athlone Institute of Technology, 
Dublin Rd Athlone - Ireland

€ 1550

C007 Annual & On-demand TBD
Athlone Institute of Technology, 
Dublin Rd Athlone - Ireland

€ 1550

(*) To download Registrations Form and for further information visit: 
http://iaass.space-safety.org/events/courses/

(**) Restrictions on students attendance from non-NATO countries may apply

NOTE: Institutions and Corporations registering more than 6 student for a course can offer to host the course at their premises. 
Concurrently they would agree to allow access to external students registered by IAASS up to a maximum of 20 students in 
total for the course. 

Discount Policy

Beneficiary Discount Discount Conditions

IAASS individual member € 100 Cannot be combined 

IAASS instit./corporate member 

€ 100
15%
20%
30%

For individual student dents (cannot be combined)
- For a group of 6 students
- For each additional student > 6 ≤ 12
- For each additional student > 12

Institutions/Corporations 
(non-IAASS member) 

10%
15%
25%

- For a group of 6 students
- For each additional student > 6 ≤ 12
- For each additional student > 12

IAASS members & 
SGAC members younger than 35 y/o

30% For individual members (cannot be combined) 
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Safety Design for Space 
Systems
Elsevier 2009

Progress in space safety lies 
in the acceptance of safety 
design and engineering as an 
integral part of the design 
and implementation process 
for new space systems. 
Safety must be seen as the 
principle design driver of 
utmost importance from 
the outset of the design 
process, which is only 
achieved through a culture 
change that moves all 
stakeholders toward front-
end loaded safety concepts. 
Superb quality information 
for engineers, programme 
managers, suppliers and 
aerospace technologists.

Safety Design for Space 
Systems, Chinese Edition
2011

Progress in space safety lies 
in the acceptance of safety 
design and engineering as an 
integral part of the design 
and implementation process 
for new space systems. 
Safety must be seen as the 
principle design driver of 
utmost importance from 
the outset of the design 
process, which is only 
achieved through a culture 
change that moves all 
stakeholders toward front-
end loaded safety concepts. 
Superb quality information 
for engineers, programme 
managers, suppliers and 
aerospace technologists.

Space Safety Regulations 
and Standards
Elsevier 2011

Space Safety Regulations 
and Standards is the 
definitive book on regulatory 
initiatives involving space 
safety, new space safety 
standards, and safety related 
to new space technologies 
under development. More 
than 30 world experts come 
together in this book to share 
their detailed knowledge 
of regulatory and standard 
making processes in the 
area, combining otherwise 
disparate information into 
one essential reference 
and providing case studies 
to illustrate applications 
throughout space programs 
internationally.

Safety Design for Space 
Operations
Elsevier 2013

Safety Design for Space 
Operations provides the 
practical how-to guidance 
and knowledge base needed 
to facilitate effective launch-
site and operations safety in 
line with current regulations. 
With information on space 
operations safety design 
currently disparate and 
difficult to find in one place, 
this unique reference brings 
together essential material 
on: Best design practices, 
Advanced analysis methods, 
Implementation of safe 
operation procedures, 
Safety considerations 
relating to the general public 
and the environment in 
addition to personnel and 
asset protection, in launch 
operations.

ALSO AVAILABLE IN BOOKSTORES

Professional Training Courses Catalog

INTERNATIONAL ASSOCIATION 
FOR THE ADVANCEMENT OF
SPACE SAFETY



The modern space settlement 
movement began with 

Gerard O’Neill

An interior view of O’Neill’s cylindrical Island Three space colony structure, designed to 
house more than one million settlers.  –  Credits: Rick Guidice/NASA ARC

Living in Space
 

By Liam Ginty

Beyond O’Neill

While space settlement began in 
earnest with Gerard O’Neill, his re-
search and ideas led to a number of 
scientists expanding on the concept. 
During the 1970s dozens of books 
were written on the subject. Even after 
funding for space settlement research 
dried up, the ’90s saw a resurgence 
in public interest following the release 
of John S Lewis’s book, Mining the 
Skies. Many of Lewis’s ideas on aster-
oid mining were adapted to the ideas 
of space settlement. In recent times, 
one can trace the efforts of Plane-
tary Resources and SpaceX back to 
O’Neill’s vision for space settlement.

Humanity has always been 
pushed to achieve greatness 
by our need to explore the un-

known. This innate drive to discover 
has fueled the harnessing of fire and the 
splitting of the atom. It led us, eventu-
ally, to reach out to the stars and plant 
flags and robotic explorers on other 
worlds. It led to boot prints on the Moon 
and a construct the size of a football 
field hurtling around our planet at thou-
sands of kilometers per hour. Our desire 
to discover and exploit the unknown is 
arguably humanity’s greatest trait.

This desire has led us to a crossroads. 
Above us sits the vastness of space, 
seemingly devoid of all that makes life 
possible, but that perception is decep-
tive: the emptiness holds a wealth of 
resources we have only just begun to 
exploit. This could be ours, if we are 
brave enough to reach up and grasp it.

Settling Space

Humans have always dreamed of 
living among the stars, but the 

modern space settlement movement 
began with Gerard O’Neill. O’Neill was 
a physicist and space activist who, in 
1970, wrote a paper titled “The Coloni-
zation of Space.” In this paper, O’Neill 
laid out the basis of what would be-
come a massive worldwide movement 
to settle space itself. O’Neill’s main in-
sight was that the surface of a planet 
is not, in fact, the optimal place for an 
expanding technological civilization. 
His research highlighted the limits of 
living on and colonizing planets where 
we have finite resources and energy, 
are unable to launch large-scale space 
projects, and are left vulnerable to ex-
tinction events.

O’Neill and his students at Princeton 
proposed a second exodus. They de-
signed several habitats (or Islands, as 
O’Neill called them) that used centrifu-
gal force to simulate gravity, mirrors to 
bring in sunlight, and massive farming 
“pods” to grow food and keep livestock. 
These habitats also had zero gravity 
fabrication plants to take advantage 
of the many benefits of space fabrica-
tion, another topic O’Neill popularized. 
O’Neill’s Islands would ease the cost of 
building in space and would allow the 
construction of large scale projects, 
such as solar power arrays and solar 
shields to negate the effects of global 
warming. They would make exploration 
to the furthest reaches of the solar sys-
tem possible without the massive costs 
and infrastructure investments currently 
required to launch a mission from Earth.

The potential benefits of space colo-
nization are staggering. Early develop-
ments would allow us to mine nearby 
asteroids and possibly the Moon, giv-
ing us access to potentially limitless 
amounts of raw materials that we find 
quickly dwindling at home. A presence 
in space could also massively reduce 
the cost of exploration as vehicles 
would only need enough fuel to arrive at 
a colony – no need for food or water or 
supplies – bringing down launch mass 
and costs. 
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Later, as colonies grow in size, so will 
the possibilities. Establishing produc-
tion facilities in space might allow easy 
manufacturing of solar power plants 
that could beam enough electricity 
back to Earth to power the entire plan-
et. Solar shields could be built to de-
flect 0.1% of the Sun’s rays, cooling the 
Earth slightly and negating the effects 
of climate change. Shipyards could 
construct vehicles in space, allowing 
even cheaper exploration of our solar 
system and beyond, to say nothing of 
the wealth of telescopes, satellites, and 
other scientific projects that could be 
constructed at their destinations with-
out the hassle of launching them.

The initial risks would be high, as they 
are for any voyage into the unknown. 
Our ancestors tackled vast deserts, 
endless oceans and frozen tundras to 
reach the places we now call home. 
Many of those way stations seemed as 
uninhabitable and deadly then as space 
seems to us now. Currently, there are 
two outstanding environmental risks 
inherent in colonizing space: radiation 
and micrometeoroid impacts.

Radiation

Radiation is one of the greatest prob-
lems we face in attempting long 

term voyages into space. This isn’t be-
cause radiation is impossible to manage 
or instantly deadly, but is more a side 
effect of the restrictions imposed by 
launch costs. Effective radiation shield-
ing is heavy, and launching shielding 
materials would be cost-prohibitive.

Radiation exposure, surprisingly, 
would be a relatively short-term issue. 
While space is full of radiation, shield-
ing against it is a relatively simple and 
well-understood task. A couple meters 

of thick glass or water would effective-
ly neutralize the risk of radiation. Any 
colony constructed on the scale envi-
sioned by space settlement activists 
would also be large enough that the 
artificially constructed land, along with 
the atmosphere within, would provide a 
degree of protection from the harmful 
rays outside.

The threat of radiation would mostly 
affect the first people settling and build-
ing in space. It’s important to remember 
that radiation shielding is not difficult 
from an engineering point of view, only 
from an economic standpoint. Space 
habitats and long term constructions 
would need to use in situ materials, 
such as rocks and metals gathered 
from near Earth objects or the Moon. 
The risk lies mainly with smaller habi-
tats. Work camps, built quickly to house 
construction workers building larger 
and more stable habitats, would have 
much less shielding mass than a colo-
ny. They would therefore be vulnerable 
to space weather, such as coronal mass 
ejections and galactic cosmic rays. 
Coronal mass ejections occur fairly 

Cosmic rays 
are one of 

the biggest 
hurdles to 

space expansion

Modern asteroid mining initiatives may provide the impetus to take another look at space colonization.  –  Credits: Denise Watt/NASA ARC
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frequently, when the Sun shudders off 
intense bursts of solar wind, scattering 
massive amounts of charged particles 
across the solar system. Luckily, these 
events are relatively easy to manage. 
The crews of the International Space 
Station have experienced them fairly 
often, simply retreating to the more 
heavily shielded areas of the station to 
wait out the storm. It would be compar-
atively trivial to construct a small-scale 
habitat capable of withstanding even 
the worst solar winds.

Galactic cosmic rays are another sto-
ry altogether. These mysterious beams 
of charged particles are blasted at us 
from supernovae, and hit with more 
energy than those launched by the 
Large Hadron Collider. Cosmic rays are 
one of the biggest hurdles to our ex-
pansion into space. Shielding against 
them is notoriously difficult, with some  

shielding actually increasing the danger 
they pose. To make matters worse, they 
also have an EMP-like effect, caus-
ing ”soft errors” in delicate electronics, 
corrupting data, and interrupting CPU  
processes.

The good news is that there are so-
lutions to these issues. Conventional 
shielding does reduce the threat of cos-
mic rays significantly, and electronics 
can be radiation hardened to protect 

against interference. Intel is currently 
developing smart chips that can detect 
cosmic rays and correct CPU behavior 
when triggered. NASA and other groups 
have been researching active shielding 
for decades, but, as Shayne Westover 
of the Johnson Space Center puts it, 
“The concept of shielding astronauts 
with magnetic fields has been stud-
ied for over 40 years, and it remains 
an intractable engineering problem.” 
Electromagnetic shielding (attaching 
large superconducting magnets to a 
habitat) combined with minor conven-
tional shielding would, in theory, pro-
vide a perfect defense against all forms  
of radiation.

Micrometeoroid 
Impacts

The other major threat to space set-
tlers – micrometeoroid and space 

debris impacts – is another challenge 
that seems insurmountable, but can be 
overcome with time.

While Hollywood commonly presents 
the image of a giant asteroid smashing 
a fictional colony into a haze of metal 
shards and fire, the truth is that smaller 
chunks of debris, no bigger than a ten-
nis ball, pose a much higher threat to a 
colony. The Earth is surrounded by 

Active radiation 
shielding 

“remains an 
intractable 

engineering 
problem”
Shayne Westover, 

NASA Propulsion and 
Power Systems Engineer

A filament shot off the Sun in a 2012 coronal mass ejection captured by the Solar Dynamics 
Observatory.  –  Credits: NASA/SDO/AIA/GSFC

A NASA study found that ultra-light higher temperature superconductivity coils arranged 
with six coils encircling a central coil wrapped around a space habitat can reduce long-term 
radiation exposure to acceptable levels.  –  Credits: NASA
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rings of debris, both human-generated 
rubbish and tens of thousands of aster-
oids collectively known as near Earth 
objects (NEOs). While these NEOs 
are one of the biggest assets a space 
colony could exploit – the collective 
worth of their mineral content far ex-
ceeds Earth’s – they are also one of the  
greatest risks.

Unfortunately, there has been little 
research on exactly how dangerous 
the space outside of our atmosphere 
is. NASA maintains a series of projects 
and experiments called SpaceGuard 
to track and catalogue NEOs. Most of 
these endeavors are aimed at protecting 
Earth from asteroid impacts, but several 
have yielded other useful information. 

Gerard O’Neill compiled the data from 
these detectors and examined them for 
his book, The High Frontier. According 
to O’Neill’s estimations, a large space 
colony would have to wait almost a mil-
lion years to experience an impact from 
a large (one ton) asteroid. He goes on 
to say that high velocity, high frequency 
impacts would be a far greater concern, 
stating, “…there’d be a strike by [a small 
tennis ball-sized meteoroid] once every 
3 years.” The reason for the small num-
ber of impacts stems from the relative 
remoteness of the colony’s potential 
location: far enough away from Earth’s 
and the Moon’s gravity wells that most 
meteoroids would be swept away by 
these more massive bodies.

Much of the data O’Neill worked with 
has been supplanted by more up-to-
date information. The new data is signif-
icantly less optimistic, concluding that 
smaller impacts would happen once 
every year or so. Although these tennis 
ball-sized impacts still pose a large risk 
to the colony, from jamming the rotation 
motors and smashing radiation shield-
ing or the solar arrays to puncturing the 
habitat itself, these occasional risks are 
manageable with compartmentalization 

and proper safety policies. While Hol-
lywood would have us believe even the 
smallest puncture in the outer shell of a 
space station instantly leads to a mas-
sive decompression event, the reality is 
that it would take months for the atmo-
sphere to leak out of a reasonably-sized 
colony.

Dragons 
We Can Take

In truth, the real barriers to space 
colonization are not massive de-

structive asteroids or deadly invisible 
rays, they are political and economical. 
Since Senator Proxmire cut NASA’s re-
search funding into space colonization 
in the late ’70s, finding government 
grants to explore the possibilities of 
living in space has been nearly impos-
sible, and private companies have only 
just began exploring the potential. The 
technologies discussed in this article 
may seem fanciful but much of it is al-
ready possible and has been since the 
1970s. Humanity went from the Wright 
brothers to the Moon in only 66 years; 
in the time since, some would say we  
have regressed. 

As we can see, the threats of both 
radiation and micro impacts are very 
real: deadly, but manageable. Robert 
Zubrin once referred to the problems 
of zero gravity and cosmic radiation as 
“Dragons we can take on.” While he 
was discussing crewed Mars missions, 
the sentiment holds true for space col-
onization. The space above us seems 
hostile and uninhabitable, but these 
dragons, guarding a limitless expanse 
of riches, are just waiting to be slain.

It would take 
months for the 

atmosphere 
to leak out of a 

reasonably-sized 
colony

Colony Design

O’Neill sparked interest in space 
settlement mainly through the de-
signs of his proposed colonies. 
Named Islands One through Three, 
each one was a beautiful design in 
itself and fueled the imaginations 
of thousands. Several of O’Neill’s 
designs would end up featured in 
pop-culture; the recent film Elysium 
featured a modified Stanford Torus  
(Island Two) and several movies and 
famous illustrations feature O’Neill 
Cylinders (Island Three) prominent-
ly. Several other designs have since 
been proposed, such as the Lewis 
One and the Kalpana One.

Read more about space coloniza-
tion at www.spacesafetymagazine.
com/space-exploration/space-col-
onization

Damage to the Zarya module aboard ISS 
thought to be caused by a micrometeoroid 
with mass of less than a gram.
Credits: NASA

Exterior view of Kalpana One.  –  Credits: Bryan Versteeg/Spacehabs.com
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Space Medicine: 
Past, Present, Future

By Matteo Emanuelli

Space Medicine is a branch of 
medicine born in the 1950s to 
support human space explora-

tion. At first it dealt with the immedi-
ate impacts of microgravity on hu-
man physiology. As flight durations 
increased, so did understanding of 
longer term effects due to micrograv-
ity, radiation, and isolation. Medicine 
in space, like medicine on Earth, pro-
gresses step by step along with space-
flight capabilities to test the limits of 
our understanding and our bodies. 

At the dawn of the space age, the 
fast pace of space activities left very 
little time to develop a medical basis 
for the human space program. Con-
cepts such as life support, safety, and 
health were addressed on an a priori 
basis and were mainly founded on al-
ready established aviation medicine. 
Astronauts were military test pilots, a 
natural choice since the space race 
was driven mostly by political reasons. 
Later, doctors and scientists were in-
troduced to provide medical expertise 
onboard and to conduct experiments. 
Here we journey to the early days to 
explore space medicine’s origins, its 
evolution, and its future.

Space Medicine 
Past

Space medicine had to evolve quick-
ly to support the presence of hu-

man beings in space – an environment 
for which humans were not designed. 
Evidenced-based medicine, lessons 
from research, and clinical experience 
were the principal drivers behind the 
never-ending effort to secure astro-
nauts’ lives and understand how the 
space environment influences human 
physiology. 

Motion sickness was the first con-
dition to be treated, but as mission 
lengths increased more health condi-
tions had to be taken into account. 
Astronauts needed to be not simply 
healthy, but also alert and responsive. 
During the Mercury-Atlas 9 flight, the 
last of the Mercury Project flights, as-
tronaut Gordon Cooper took dextroam-
phetamine sulphate, a potent stimulant 
also known as a “go-pill.” The pill had 
been made available both in the space-
suit and in the survival kit, but Cooper 
was the first to try it during a flight. Unfortunately, common sicknesses 

followed the first space explorers. When 
the duration of spaceflights became 
significant, astronauts had to carry with 
them medicines to treat congestion of 
the upper respiratory tract, diarrhea, 
and fever. Drugs were intended mainly 
for contingency situations most likely 
to arise during the flight. The Apollo 
crews suffered various sicknesses, 
minor diseases, and other problems 
such as upper respiratory infections, 
viral gastroenteritis, fiberglass irrita-
tion, dermatitis, sleep difficulty, and the 
inevitable motion sickness. The only 
medical condition that was not treat-
able onboard was a case of transient 
arrhythmia during Apollo 15.

Later, during Skylab and the Space 
Shuttle program, trained physicians 
joined the astronaut corps, greatly en-
hancing the diagnosis capability and 
on-orbit medical research. 

The progression of space medicine is 
reflected in the equipment and tools car-
ried onboard spacecraft throughout 

Origins of Space Medicine

Hubertus Strughold was the first 
to coin the term “Space medicine,” 
in 1948. Strughold was a former 
Nazi physician and physiologist 
brought to the US after World War II 
as part of Operation Paperclip with, 
among others, Werner von Braun 
and Arthur Rudolph. Strughold be-
came the first professor of Space 
Medicine at the School of Aviation 
Medicine. He was later made di-
rector of the Department of Space 
Medicine at the same institution, 
which is now known as the US Air 
Force School of Aerospace Medi-
cine, at Brooks Air Force Base, 
Texas. After his death, Strughold, 
who played an important role in 
developing the pressure suit worn 
by early American astronauts, was 
connected to war crimes commit-
ted in the Dachau concentration 
camp and stripped of most of the 
honors acquired in his life.

Astronaut Scott E. Parazynski retrieves supplies from the Space Shuttle medical kit on the 
Space Shuttle Discovery during STS-95.  –  Credits: NASA 
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Project Mercury employed rudimentary medical kits with 
autoinjectors – syringes designed to deliver a single dose 
of motion sickness medication, a stimulant, or a vasocon-
strictor for treatment of shock. The single injection tubes 
were placed in a pocket of the astronaut’s space suit.

Medical kit with autoinjectors and scissors carried on the 
Mercury-Atlas 6 flight.  —  Credits: National Air and Space Museum, 
Smithsonian Institution

During Project Apollo, crews were video monitored from 
the ground for the first time. They received specific medical 
training prior to the flight to help them recognize the effects 
of spaceflight on their bodies. The medical equipment 
included medications and diagnostic equipment.

Apollo In-flight Medical Equipment Kit.
Credits: Eric Long,  National Air and Space Museum, Smithsonian 
Institution

During the Gemini missions, a change in astronaut bone density was observed 
for the first time. Astronauts’ vital signs were monitored with a special sensor  
assembly providing physiological data such ECG, breathing rate, and body 
temperature to medical personnel on the ground.

Gemini 7 astronaut James A. Lovell Jr. uses an oral temperature probe attached to his 
space suit. The probe allowed doctors to monitor body temperature at any time during 
the mission.  —  Credits:  NASA

Medical Kits through 
the US Space Program
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“The design and content of any medical suite 
is always an unfinished work in progress, 

with continuous updating based on science, 
research, mission objectives, vehicle constraints, 

training of the caregivers, and levels of desired care„
Dr. Craig Fischer, Flight Surgeon and Research Medical Officer at the launch and recovery sites 

for all manned launches and recoveries from Gemini IV through Apollo 15, 
and Operational Flight Surgeon for STS 1, 2, and 3.

Skylab was provided with a 50 kg Inflight Medical Support System 
(INMSS) containing equipment and medical kits with over 1300 dif-
ferent items, a manual with line drawings of complete intraoral radio-
graphs of each crewmember, illustrated diagnostic and treatment pro-
cedures and even, for the first time, a dental kit.

Skylab 2 commander Pete Conrad undergoes a dental examination by medi-
cal officer Joseph Kerwin in the Skylab Medical Facility.  —  Credits: NASA

The International Space Station maintains two separate but similar medical kits, 
one for the Russian segment of the station, derived from the Mir program, and the 
other for the US segment. The US kit is directly derived from SOMS augmented to 
include about 190 medicaments, labeled both in English and Russian. The crew is 
trained to deal with a range of medical emergencies that can arise during a typical 
six-month expedition aboard the station.

NASA astronaut Dan Burbank and Russian cosmonaut Anton Shkaplerov participate in a 
Crew Health Care System medical contingency drill in the Destiny laboratory of the Inter-
national Space Station.  —  Credits: NASA

The Shuttle Orbiter Medical System (SOMS) included medical supplies 
to care for minor illnesses and injuries for up to two weeks and devices 
to stabilize severely injured or ill crew members for return to Earth. Each 
mission had a trained physician or medic onboard.

The Emergency Medical Kit used onboard the Space Shuttle.  —  Credits: NASA
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the many programs, from Mercury to 
the International Space Station (ISS),  
passing through Gemini, Apollo, Sky-
lab, and the Space Shuttle programs. 
For each program, the medical kit 
was adapted to the crew size, sched-
uled activities, and duration of the  
mission. 

Space Medicine 
Today and 
Tomorrow

Current space medicine still relies on 
the possibility of returning home 

within a few hours; ISS is not equipped 
with facilities to conduct surgical opera-
tions in microgravity or with advanced 
diagnostic machines like those found 
in most hospitals of the world. Zero-
gravity, power requirements, and size 
are the most important limits preventing 
the direct transfer of medical technol-
ogy from ground applications to orbit. 
These same restrictions create incen-
tives to find innovative solutions. Efforts 
are now directed towards miniaturiza-
tion, teleoperated surgical robots, and 
new technologies to decrease conva-
lescence time and to prevent infections 
in support of today’s low Earth orbit 
outpost as well as future human plan-
etary missions. 

Surgery in Space

Virtual Incision (VI), a startup com-
pany founded in 2006 and based 

in Lincoln, Nebraska, has developed 
a fist-sized robot in conjunction with 
NASA that may be able to perform 
abdominal laparoscopic surgery on 
astronauts. The robot has two arms 
equipped with various tools to grab 
things, suture tissue, and cauterize 
wounds. A camera on top of the ro-
bot provides feeds to a control station 
where a human surgeon controls the 
procedure using joysticks. 

In space, even straightforward oper-
ations can be problematic since bodily 
fluids in microgravity could easily con-
taminate the module environment. In 
order to make possible surgical opera-
tions in space, researchers at Carnegie 
Mellon and the University of Louisville 
in Kentucky developed the Aqueous 
Immersion Surgical System (AISS). 

“AISS is a transparent box that cre-
ates a watertight seal when it is placed 
over a wound and pumped full of sterile 
saline solution,” George Pantalos, pro-

fessor of surgery and bioengineering 
at the University of Louisville told New 
Scientist in 2012.

The saline solution is held under 
pressure inside the AISS to prevent 
blood from seeping out of the wound. 
Airtight holes allow doctors to access 
the submerged wound using handheld 
instruments. The system can also be 
used to siphon and recycle blood by 
varying the pressure, which will be im-
portant for human space exploration as 
it is unlikely that future missions will be 
able to carry a blood bank. 

Recovery 
in Space

Space affects microorganisms such 
as viruses and bacteria as well as 

humans. Microgravity has been shown 
to increase the virulence of such or-
ganisms, increasing microbial growth 
rates, antibiotic resistance, microbial 
invasion of host tissue, and genetic 
changes within the microbe. Even the 
space modules on the ISS are not 

Space medicine instructor Tyler N. Carruth assists cosmonaut and Expedition 11 commander Sergei K. Krikalev in a medical training at 
Johnson Space Center.  –  Credits: NASA

Zero-gravity, power requirements, 
and size prevent transfer of medical 

technology from ground to orbit
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the compact MRI is less than 1 ton and 
costs only $200,000, making it much 
more space- and cost-effective. Since 
the compact MRI relies on a permanent 
Halbach magnet, which is much lighter 
than the traditional superconducting 
coil, it does not create any detrimental 
interference with the electronic equip-
ment aboard a spacecraft.

Until now, space medicine has been 
able to support a short-term human 
presence on the Moon and in low Earth 
orbit. The space medicine of tomorrow 
will be able to provide devices for ac-
curate diagnosis and for performing 
complicated surgical operations even 
in the absence of gravity, sustaining 
human life in the next stage of space 
exploration. In the meantime, space 
medical research focused on smart 
and miniaturized medical solutions is 
already improving the quality and the 
dissemination of cures and medical de-
vices on Earth.

For more on space medicine and its ap-
plications, visit www.spacesafetymaga-
zine.com/spaceflight/space-medicine.

ESA is developing a wearable augmented 
reality prototype for ultrasound examina-
tions but in practice could guide other pro-
cedures.  –  Credits: ESA

immune to microorganisms. Antibiotics 
and other drugs will have limited ef-
fectiveness on long-duration missions 
simply because any stocked medica-
tions will likely expire before a mission 
concludes.

After undergoing a surgery in space, 
it would be very important for an astro-
naut to recover as soon as possible to 
avoid dangerous infections due to in-
creased virulence of microorganisms. 
How can this be achieved without an-
tibiotics? Cold or non-thermal plasma 
could definitely do the job due to its 
exceptional sterilizing capacity. Cold 
plasma was found able to kill the vast 
majority of bacteria and to increase the 
rate of wound closures in laboratory 
conditions. In 2005 Mounir Laroussi, 
professor of Electrical and Computer 
Engineering at Old Dominion Univer-
sity, invented a 12 centimeter long por-
table device called a plasma pencil that 
produces a short plume of non-thermal 
plasma, able to operate for eight hours 
at a time. Although researchers have 
yet to discover the mechanism behind 
the effectiveness of cold plasma and 
its long-term effects, it appears to be 
a fundamental technology for future 
space medicine.

Diagnosis 
in Space

Before undergoing any surgery, 
whether on Earth or in space, diag-

nosis is always the first step to under-
stand the medical situation. To provide 
a diagnosis device suitable for space, 
researchers at the University of Sas-
katchewan, Canada, have developed 
a compact Magnetic Resolution Im-
ager (MRI). The machine is capable of 
producing detailed “sliced” images of 
human bodies or their parts, just like 
a conventional MRI. But whereas the 
conventional MRI weighs about 11 tons 
and costs about $2 million, the mass of 

ISS presents an 
opportunity to 
develop new 
and improved 
therapeutics

In-flight Medical events for US Astronauts from STS-1 through STS-89 – Adapted from Safe 
Passage: Astronaut Care for Exploration Missions.  –  Credits: Institute of Medicine
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India Puts Orbiter 
Around Mars, 
Agencies Take 
Notice

On September 24, the Indian Space 
Research Organisation (ISRO) success-
fully executed an orbit insertion maneu-
ver to place its Mangalyaan spacecraft 
into Mars orbit. Mangalyaan, commonly 
known as MOM for Mars Orbiter Mis-
sion, is equipped with five instruments: 
Mars Colour Camera, Thermal Infrared 
Imaging Spectrometer, Methane Sensor 
for Mars, Mars Exospheric Neutral Com-
position Analyser, and Lyman Alpha Pho-
tometer.  It has a highly elliptical orbit with 
a periapsis of 421.7km and apoapsis of 
76,993.6km, allowing MOM to capture re-
markable global images of the planet. 

With MOM’s successful insertion, ISRO 
became one of only four space agencies 
to reach Mars, joining NASA, Roscosmos, 
and ESA. At approximately $74 million, 
MOM is the cheapest Mars mission ever, 
designed in a short 18 months. This is a 
remarkable feat for a space agency’s first 
attempt at an interplanetary mission and 
immediately garnered international re-
spect for ISRO, which inked cooperative 

agreements with CNSA and NASA in the 
week leading up to and following the suc-
cessful insertion.

Rosetta 
Approaches 
Duck-like Comet 

On September 15, ESA announced the 
primary and backup landing sites – Sites 
J and C, respectively – for Rosetta’s Phi-
lae lander on Comet 67P/Churyumov-
Gerasimenko. Philae is expected to de-
ploy in a seven hour maneuver at 18cm/s 
on November 12. The landing is some-
what risky due to the rough surface of 
this comet, whose overall geometry has 
been compared to that of a duck. Even 
the primary landing site is not completely 
smooth, just the best available. At the re-
cent International Aeronautical Congress, 
DLR Philae Lander Manager Stephan Ula-
mec quipped that even the simulation had 
difficulty hitting the target site. “There are 
no boring spots,” he noted. 

The comet has already proven to be an 
interesting subject for study. In addition to 
the odd shape and evidence of a recent 
resurfacing event, Rosetta has recorded 
jets of released volatiles streaming out 

of 67P/Churyumov-Gerasimenko. Those 
releases can be expected to increase as 
Rosetta accompanies the comet closer to 
the Sun over the coming year.

ISS News: 
First Female 
Cosmonaut, Final 
ATV

The Soviet Union was the first nation to 
put a woman in space, but it soon deem-
phasized its female cosmonaut program. 
As a result, Elena Serova became just 
the fourth female cosmonaut in history 
and the first to serve on the International 
Space Station when she arrived on Sep-
tember 23. In a rare occurrence, she will 
be joined by another woman on ISS when 
ESA’s third and Italy’s first female astro-
naut, Samantha Cristoforetti, arrives on 
November 23.

Meanwhile, ATV-5 George Lemaître 
is living out its days as the final Auto-
mated Transfer Vehicle ESA will send to 
the station. ATVs have the largest carry-
ing capacity of any ISS supply vessel and 
have helped provide propulsive boosts 
during their stays. ATV-5 arrived at ISS 
on August 12 and is expected to deorbit 
on January 25, when it will be destroyed 
during atmospheric reentry. It will leave a 
legacy, though: the vehicle is equipped 
with a Reentry Breakup Recorder to doc-
ument its final, fiery experience. The data 
will be transmitted to the ground to help 
improve spacecraft reentry models. ATV 
also forms the basis for ESA’s Service 
Module to NASA’s Orion spacecraft.

Mars Orbiter Mission captured this global 
view of Mars with its Mars Colour Camera 
on September 28, 2014, from a distance of 
74,500 kilometers.  –  Credits: ISRO

Sublimating ices stream from the “neck” of the duck-like Comet 67P/Churyumov-Gera-
simenko, as seen from Rosetta’s navigation camera at a distance of 26.3km.  –  Credits: ESA
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