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1. Preface of the Federal Minister Alois Stoger

ustria is internationally recognized as aerospace nation and our contributions are

highly appreciated. Our domestic technologies have an excellent reputation and in

the meanwhile there is nearly no mission of NASA or ESA which is led without
technology and knowhow from Austrian universities, institutes and companies. The Federal
Ministry of Transport, Industry and Technology annually invests about EUR 65 million in the
field of aerospace technologies and research and herewith significantly supports the
faerospace communityo which has grown to
research guaranteeing over 1,000 jobs.

In this context it is an international distinction that in August 2015 the Austrian Space
Forum with international partners have organised a two-week Mars simulation on the ice and
rock glaciers in the Kaunertal valley in Austria and a small field crew will carry out experiments
in preparation of future Mars missions. At the same time it is a pleasure for me that my Ministry
together with the Austrian Space Forum organizes the Junior Researchers Program (JRP
AMADEE15) and within the framework of fti-remixed (www.ftiremixed.at). 12 young persons
between 16 and 19 years from Austria will participate in the Mars simulation AMADEE15
between 2 and 4 August 2015 and will experience this event first hand as journalists.

It is my special wish to gather young talents with innovative companies in
science and research and to let them contribute in the development of future
technologies of tomorrow. Since the start of the talent program 8,500 young persons with the
support of the Federal Ministry for Transport, Innovation and Technology have completed
this program and also this year again about 1,500 young persons will be able to have a special
look behind the scenes of research and technology.

I wish all participants of the international Mars simulation an exciting time and a
lot of success in their experiments and | have the pleasure to express my gratitude to Mr. Dr.

Gernot Grémer and to his team for the tireless commitment in the field of aerospace.

Federal Minister Alois Stoger

mor e
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2. Foreword of the Govenor of Tirol, Gunther Platter

s Governor of Tirol | am very pleased that Tirol is reaching for the stars with the
Mars field simulation AMADEE-15: The Austrian Space Forum chose the Kaunertal

glacier for fieldwork to find important insights for future manned missions to Mars.

I would like to emphasize the fact that linked to the field research is a scientific educational
project: twelve pupils between 16 and 19 years from Austria and Switzerland will work on the

mission for two days, thus getting hands-on experience in space exploration.

They will inspire other yohmBxpldradiona st dithemibterestsnador s f

research, technology and nature sciences.
I wish all participants two successful weeks at the Kaunertal glacier and | am convinced that

the scientific insights won from the AMADEE-15Mission will be an important contribution by

the Austrian Space Forum to manned space travel.

i\l

Gunther Platter
Governor of Tirol




3. AMADEE-15 at a glance
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In August 2015, the Austrian Space Forum and partners from 19 nations conducted a

two-week Mars field simulation mission in the Kaunertal glacier region, Austria.

Directed by a Mission Support Center in Innsbruck/Austria, a small field crew
performed experiments preparing for future human Mars missions in the fields of
engineering, planetary surface operations, astrobiology and geosciences.

Analog astronauts in spacesuit simulators, in partnership with robotic vehicles,
supported by an international Remote Science Support team emulated the exploration of a
Martian (rock) glacier.

The AMADEE-15 mission was organized by the Austrian Space Forum in the
framework of the PolAres research program in partnership with individuals and institutions
from 19 nations. This document describes the infrastructure of the mission and the general
mission sequence of events as well as lessons learned and the mission performance

metrics.

The aims of AMADEE-15 weret o é
1 Investigate the limitations and opportunities of studying a Martian (rock) glacier with
human explorers, using state-of-the art instrumentation.
9 Test novel mission support strategies, decision making workflows and near-real time
data analysis for flight planning.
1 Serve as a high-visibility showcasing of analog field research, including a dedicated

education and outreach component.

Science & Technology

Based upon a peer review process, a complimentary set of experiments was
selected. These experiments focussed on the geo-scientific exploration of a (rock) glacier,
astrobiology, mission operation aspects, spacesuit and robotic systems and the flight
planning and remote science support workflows pertinent to complex missions with time

delayed communication.



Observers from industry, space agencies and academia experienced AMADEE-15
first hand during two professional observer days at the Mission Support Center, at the test
site and also virtually.

Analog Astronauts

These carefully selected and trained individuals conducted most of the science field
activities, and they were also the public face of the mission, serving as STEM-ambassadors
for media and education activities. Analog astronauts are trained to conduct spaceflight-
simulations in Mars-like regions on Earth, testing and evaluating equipment procedures as
well as human factors and workflows relevant to human exploration. They contribute to the
development of spacesuit simulators and other relevant instrumentation and equipment.

AMADEE-15 was the first deployment of the five new ones of the class of 2015.

Outreach and Education

Within the Junior Researchers program, there was a significant emphasis on
education, where students interacted closely with the research teams. In cooperation with
science centers, the public participated virtually.

Based upon the experiences of previous OeWF expeditions, such as in the Northern

Sahara, Rio Tinto/Spain and others, the Austrian Space Forum received a global media

interest by the media in the mission - complemented by Social Media campaigns.




3.1 Synergies with NASA Design Reference Architecture 5.0

The NASA Design Reference Architecture DRA 5.0 defines a set of trade-off studies and

scenario for a human Mars mission. It identifies existing and desirable technologies that

would likely be used for such a mission and points out gaps and challenges that need to be

overcome beforehand. The following table highlights mission features that are relevant to the
OWEF in order to show how AMADEE-15 contributes towards the DRA 5.0.

Relevance for and contribution

Chapter Content .
by the OWF
. . . OWF shares the vision that humans
Explores the motives and vision driving ]
o i should go to Mars and focuses its
a human Mars mission (Section 2.2.2) )
work towards this goal
AMADEE-15 featured biological
Scientific goal I: Determine whether life | experiments which aimed at
ever arose on Mars (Sec. 2.2.3) detecting life in a Mars-like
environment (MASE, L.I.F.E.)
o ) AMADEE-15 included experiments
Scientific goal Ill: Determine the ] )
) o studying the geologic features of a
Goals and evolution of the surface and interior of _
o Mars-analog  glacier  (GPRoG,
Objectives Mars (Sec. 2.2.3)
LICHEN, WoRIS)
AMADEE-15 tested reliable and
robust exploration systems (PULI,
o o Cliffbot), resource-saving devices
Scientific goal IV: Objectives related to _
) ) (FOG-shower) and medical
Preparation for Sustained Human
technology (MaDe), promoted the
Presence (Sec. 2.6) ) ]
development of partnerships with
the industry and public engagement
through media initiatives
) OWF evaluation of mission planning
Gives a run-through of the proposed o
o ) ) ) ) for analog missions can help
mission design, including timetables for o )
optimize the proposed timetables for
procedures and sequences (Sec. 4.2) o
the surface activities.
OWF analog missions can hel
DRA 5.0 Mission Risk and Risk Mitigation | . 9 L . P
) ] identifying and mitigating EVA risks,
Overview Strategies lack robust assessments of

surface operations and EVAs (Sec. 4.3)

including their likelihood and

potential severity.

Flight Crew selection process not yet
determined, higher degree of autonomy

due to communication delay requires

OWF analog astronauts selection
and their performance during

simulations with comm. delay can




new type of personalities (Sec. 4.4)

help determine relevant character

traits in astronauts and what

expertises are required.

Mission operations for ground support
never featured communication delay
(Sec. 4.5)"

AMADEE-15

communication with 10 minutes

tested field-ground

delay each way (20 minutes for

signal round-trip)

Surface Systems

EVA systems that allow geologic work
to be conducted on the Martian surface
need to be developed (Sec. 6.4)

AMADEE-15 ran EVAs under Mars-
like conditions which focused on
geologic experiments and studied
terrain limitations

Surface mobility systems to assist
astronauts during their EVAs need to be
developed (Sec. 6.4)

AMADEE-15 tested several systems

which assisted the analog
astronauts during their EVAs by
exploring the environment (Bock,

Cliffbot, BCC)

EVA design and operational guidelines
are still subject of ongoing discussions,
such as EVA protocols and dealing with
time delay (6.4.1)

Evaluation of AMADEE-15 EVAs

can deliver answers to various

design problems, such as finding the
right

degree of autonomy for

astronauts or developing optimal

FCT/MSC procedures

Key Challenges

Mars crew needs to be able to

autonomously treat medical issues

(Sec. 7.1.3)

AMADEE-15
testing autonomous dental treatment
(MaDe)

ran an experiment

EVA productivity needs to be optimized
to maximize scientific gains of missions
(Sec. 7.3.2)

Evaluation of the planned vs.
OWF

missions improves productivity for

executed EVA usage of

future missions

Vertical sampling requires devices that

grant subsurface access (Sec. 7.3.3)

Ground-penetrating radar to map
subsurface structures in Mars-like
environments was tested during
AMADEE-15 can help determining

optimal drilling spots

Technologies that minimize planetary
contamination for future missions need
to be developed (Sec. 7.3.5)

Spacesuit simulator Aouda.X and
the MASE experiment explored

ways to avoid sample contamination

! Although this has been later addressed during field simulation, like during NASA D-RATS field

campaigns.

10




during EVAs

Outreach and
Strategic Public
Engagement
Opportunities

Long, costly and risky Mars missions
require public support at all times to
ensure mission sustainability and thus
need constant

public engagement

opportunities (Sec. 8.1)

As a citizen science organization,
OWF is experienced in reaching out
and engaging the public as well as
in attracting and working with

industrial and institutional partners

Guiding principle: Participation (Sec.
8.2.2)

OWEF invited the public to follow its
missions through livestreams, public
mission days, various contests and
a Junior Researcher Program which
invited students to visit the mission

Guiding principle: Connectivity (Sec.
8.2.3)

OWF establishes partnerships with
different actors of society through
outreach work, open access for
media, a Professional Observers
Program as well as working with

industrial partners

Guiding principle: Inclusion (Sec. 8.2.4)

AMADEE-15 united team members

with different professional
backgrounds from 19 nations under
a common vision, including non-

traditional space-faring nations.

3.2 AMADEE-15 performance indicators

In order to evaluate mission performance both within the analog missions of the Austrian

Space Forum as well as external Mars analog missions, the number of performance

indicators have been assessed post-mission.

Performance Indicator Value Comments

Team members 88 persons

Man-hours 3400 + 1800 = MSC + Field = Total
5200 hrs hrs

Average number of people in MSC per day 30 persons excluding visitors

Number of conducted experiments 11 SPTSP could not take

place
Number of industrial partners 13

11




Media activities

KPI Value Comments
website visitors +117% In comparison to the two
weeks in advance of
AMADEE-15
Total number of tweets using #AMADEE15 942 198 out of 942 came
(hashtracking.com) from the OeWF account
People reached via Twitter 1.173.935 Highly catalysed by ESA
and NASA Orion
Spacecraft account
support
People reached via Facebook 66.966
Facebook likes +2.26% In comparison to the two
weeks in advance of
AMADEE-15
Facebook posts 44 MARS2013: 111
Youtube videos uploaded 10 MARS2013: 3
Time frames
KPI Value Comments
Average deviation in Donning start planned vs. executed (min.) 21 Aouda X.
Average deviation in Donning start planned vs. executed (min.) 19 Aouda S.
Average deviation in Doffing end planned vs. executed (min.) 48 Aouda X.
Average deviation in Doffing end planned vs. executed (min.) 63 Aouda S.
Total time in SIM (h:min.) 46:12
Total EVA time (h:min.) 40:34
Time spent in EVA-mode in comparison to 24h (%) 15.2 11 days

12




Longterm development

As the overall aim of all OWF analog missions is the same, it is interesting to compare the

feedbacks from the previous missions. While some points were only related to the mission

specific terrain (i.e. Sandstorms), other points were definitely comparable.

Previous Mission

Previous issues and

challenges

Improvements during
AMADEE-15

Rio Tinto 2011

As only laptops were available, it
was difficult to repair the

hardware

Workstations with fixed

computers were installed

Rio Tinto 2011

No time delay in communication

Time delay in communication
(20 min.)

Rio Tinto 2011

Routines were not defined

SOPs were created and

trained

MARS2013

Eddy just showed one suit at the

same time

BMEs could observe both

suits simultaneously

Rio Tinto-MARS2013

BME questionnaire was not

practicable

BME questionnaire was
implemented without

problems

Rio Tinto-MARS2013

Problems with handovers

Handover reports introduced

Soft factors

Three Teleconferences and a three-day Dress Rehearsal block were held in advance of the

AMADEE-15 mission in order to train the MSC and field crew. In total over 100 people

participated in the AMADEE-15 mission. In comparison with that number, only few people

attended the training sessions.

Training

Participants

Number of participants from

previous trainings

Teleconference | 39 -
Teleconference Il No data available No data available
Teleconference Il 26 21
Dress Rehearsal 52 29

13



Mission goals

The AMADEE-15 mission managed to achieve its goals in the following ways:

Goals Achievement

Reach more people 1 Via print: 4-5 Million people
1 ViaTV: 3,8+ Million people
1 Via Facebook: 66.966 people
1 Via Twitter: 1.173.935 people

Raise awareness and increase brand 9 Junior researchers
reputation 1 Professional Observer program
1 sponsoring requests
Generate enthusiasm towards the idea f Fan art was created, pu
of sending humans to Mars am a Mar s-campagme er 0

1 Requests for internships saw a boost

t he
related questions from the public

AQuestion of dayo- i

Informing why analog field research

helps preparing for human spaceflight

AMADEE-15 answered questions regarding risks which

could occur and helped preparing for possible EVAs

Convey the professionalism &

expertise of the team

f
f
f

Professional observers program
publications

science workshop

Level of representativeness of the target site compared to the planetary surface:

The blinding of the remote science team was not an aim of AMADEE-15. Therefore one can

compare the already known geology of the Kaunertal glacier with the findings on Mars to

show the level of representativeness of the target site.

Alpine glaciers (Kaunertal) Mars
Rock glaciers \%
Glaciers \Y

14



4. Key team members

Project lead:

1 Dr. Gernot Groemer, Austrian Space Forum, Sillufer 3a, 6020 Innsbruck, Austria,
(gernot.groemer@oewf.org, Tel. +43 676 61 68 336)

Mission Support Center / Sillufer 3a, 6020 Innsbruck

1 Flight Directors:

0 Alexander Soucek (Lead FD, alexander.soucek@oewf.org)

o0 Clemens Plank (FD, clemens.plank@oewf.orq)

o0 Laura Zanardini (FD, laura.zanardini@oewf.orq)

Flightplan Team lead: Nina Sejkora (nina.sejkora@oewf.orq)

Remote Science Support Team lead: Dr. Anna Losiak (anna.losiak@oewf.org)

Ground support: Sophie Gruber (sophie.gruber@oewf.org)
IT/SDO: Berry Bishop (baz.bishop@oewf.orq)
Media officer: Monika Fischer (monika.fischer@oewf.org)

Safety Officer: Michael Klicker (Michael.klicker@oewf.org)

=A =4 =4 4 =4 =4

Site operator: Kaunertal Gletscherbahnen GmbH

1 Kaunertaler Gletscherbahnen liaison:  Marcus  Herovitsch,  Marketing

(m.herovitsch@tirolgletscher.com)

1 Operations Manager: Franz Wackernell (f.wackernell@tirolgletscher.com)

15
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5. Mission chronology

All milestones and deadlines were observed as designed in the AMADEE-15 roadmap about

one year prior to the mission begin.

When

1 12Jun2015
1 19Jun2015
1 27Jun2015
10-12Jul2015
14Jul2015

27Jul-31Jul:

01-02Aug2015

03Aug2015

03-14Aug2015

14-16Aug2015
Early/Mid 2016

What
Virtual training / Standard
Operating Procedures (SOP)

Dress Rehearsal

Mission Manifest Release Il

Deployment of field hardware
Finalizing MSC set-up

Media photo/film shootings
MSC internal Training

Public day
ALANDI NG DAY
1  Professional observers program

I Junior researchers program

Mission phase

Demobilization

AMADEE-15 Science Workshop

Comments
Via Mumble, 20:00-22:00 CEST
(=18:00-20:00 GMT)

Final training of all MSC and field crew
Mission content was frozen, changes
from then on needed to be authorized
via FP and FLIGHT.

Arrival of MSC teams and field crew in
Innsbruck

Filming, professional photography for
industrial partners, internal interviews.
Junior researchers programme
General public is allowed on-site,
Science & Family-programme, general
media interaction / press conference &
showcasing of research hardware
03Aug2015: Public Day, including
media activities, junior researchers
program and professional observers
program

04Aug2015: Professional observers
and junior researchers at MSC

Dismantling of hardware, return of h/w

16



6. Test site: Kaunertal Glacier Region

The Kaunertal valley is 28 km in length and
runs southeast from the town of Prutz (884
m) to the Kaunertal Glacier. A toll road leads
to the glacier site at 2750m altitude.

1 Closest Feichten
district: Landeck), 45 min by car to the

village: (Political
test site

T Test
46.86320, E 10.71401 (Base station)

M Altitude of test site; 2800 m a.m.s.l.

site center coordinates: N

(Base station; the highest points reached
during the simulation was at 2887 m).
nearest

9 Distance to airport/hub:

Innsbruck (2 hrs by car)

6.1 Base Station

Munich Viegna
eSalzburg
Kaunertal
X
Weat her was (

As predicted, the test site exhibited highly
dynamic and local weather conditions, ranging
between anything from warm, sunny conditions
to severe cold rain. Hence, a dedicated
meteorology team at the Mission Support
Center provided a prediction service.

Weather conditions:

I Temperature typically 6 - 16°C
i1 Precipitation: 90 mm/month on average
1 Sunshine: 5,2 hrs/day on average

The base station was established on a parking lot next to the glacier restaurant, where basic

infrastructure was available. The BASE was the logical representation of a base station

habitat on Mars, hence a real-time communication between field units (analog astronauts or

rovers) and the Operations Station (OPS) within the BASE was possible with high

bandwidths. Mobile, battery-powered routers with directional antennas allowed for the data

relay from the field.

Logistics available at the Base Habitat 1

1 Power: 230V 50Hz AC (plug-standard: Typ F = CEE 7/4) was available at the base

station and the buildings directly from the power grid.

1 Connectivity: We utilized a glass fiber link to the Feichten office of the Kaunertaler

Gletscherbahnen. From there we had a shared SDSL connection (16 MBit/s up, 16

MBit/s down), exclusively for mission usage. For private usage, there was an open WiFi

available at the base station.

17



1 Communication: Mobile telephone networks were available at the site, but hardly any
data connection (Edge, sometimes 3G);
1 Mobility: Besides walking the area, four Quadbikes were provided, mostly for use by the

analog astronauts and SAFETY.

The current baseline was a ruggedized base
station tent, measuring 7 x 6 m. Inside the
tent, the operations stations, suit storage and
donning areas, laboratory corner and space
for selected experiments will be provided in

addition to a small meeting area.

The base habitat setup looked like this

(manufactured by Agrotel, Germany):

18



6.2 Overview Map

AMADEE-15 Mission Report i Public version
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