OSTERREICHISCHES WELTRAUM FORUM
AUSTRIAN SPACE FORUM

FEB 2018 - DHOFAR REGION, SULTANATE OF OMAN

AMADEE-18
Final Report

Document Title AMADEE-18 Mission Report

Tracking Number n/a

Version/Date V1.2 / 07Apr2018

Book captain Gernot Groemer

PUBLIC VERSION

#SIMULATEMARS




AMADEE- 18 MISSION REPORT V12 | PUBLIC VERSION

Contents
1. AMADEE-18 AT A GLANCE ...oii e e e et e e et e e et e e eaneees 5
The AMADEE-18 TeSt Sit€ iN OIMAN ....ueiiiiiiiiiiiiiiiii ettt e e e s e st e e e e e e s s snnbrteeeaeeesesnnnreeeeas 5
2. IMPORTANT CONTACT COORDINATES ... ..ttt ittt e s e e e et eeaaaeeeees 7
2.1. NS [T To [T £ T o J SR 7
2.2. MSC Flight Directors & Field COMMANAEIS .........c.uvuiiiiiee e e e e e e sanane s 7
2.3. OBWF KEY PEISONNEN.....teiiiiie e i ittt e e e e e e ettt e e e e e sttt e e e e e e s e s ata e e e eaeessassntaaeeeeaeesaassnsennneeaeesaansnes 8
2.4, Oman National Steering COMMULIEE .........ccvviieiie e e e s ittt e e e e e e s e e e e s e s e e e e e e s e ssnreerreeeeesaannnes 8
3. TIMELINE AND MILESTONES ... oot e e e e et e e e eaa s 9
3.1. MoU Signing Ceremony MUSCAL.......cccoeiiieeeiieiiiie s s s 10
3.2. AMADEE-18 TIMEIINE ....ci it ieiieeiieie ettt e e e e e ettt e e e e e st ee e e e e e e e e snnnteaeeeaeaeesennnrennees 11
4. CAMPAIGN SITE: THE DHOFAR REGION.....ouii e 13
4.1. General geologiCal deSCHPLIONS: . ...i.viiiii ittt e et e e s b e e e sbreeeeanes 13
4.2. Climate and ENVIroNMENtal FECOIAS ........c.euviiiiiie ettt e e et e e e e e s e s nnrreeeeeaeeseannes 13
4.3. [ F= 2= 1o OO PURRR 14
4.4, Analog features OmMan @nd IMAIS..........uuuuuuiuimuiii s 14
4.5, Visual Impressions from the tESt SIEE .........uuuuuiei s 16
5. MISSION SUPPORT CENTER.....u it e e e et e e e e e e e e eeaas 17
5.1. VIS FOOIMIS .. s 18
5.2. MSC organization and POSILIONS .......cceeeieie i 19
5.3. Standard Operating ProCEAUIES..........coiiiiiiie ettt e et e e e sbreeeeanes 23
6. MSC ORGANIZATION AND WORKFLOWS ...t 24
6.1. Physical layout of the MiSSION SUPPOIt CENEET ........ueiiiiiiiie et 24
6.2. Communication pathways from outside to the MSC and Field ..............cccoovivieiiiiiiceee s 25
7. KEPLER STATION OMAN & FIELD INFRASTRUCTURE .......ccciiiiiiiieeee e, 26
7.1. BaSe StAtION [AYOUL .....cooiiiiiiiiiiie et et 26
7.2. MediCal ProVISIONS & SECUIILY ......ciiuiiieiiiiie ettt ettt e e et e e e enees 26
7.3. MODIIILY & VENICIES ...ttt e e e e e e st e e e e e e s e aaaes 27
7.4. Communication with/within the field ................oo e 28
. TR o =I5 8 P 29
8.1. Field ComMmMANAEr (FC) ...ttt e e e e et e e e e e e s e abnbeeeeeaaeeeaannnes 29
8.2. Operations StatioN (OPS) ....cooi ittt e e e e et e e e e e e s e aanbeeeeeaaeeeaanaes 29
8.3. SCI OPS (fiFeinecled OS.d.i..Co.liQ. )i 30

OWF 2



AMADEE- 18 MISSION REPORT V12 | PUBLIC VERSION

8.4. Medical Officer (MEDO) & SAFETY ...oiiiiiiiiieei e e sttt e et s st e e e e e s s st e e e e e e e s s snnnsaneeeeaeesannnnes 30
8.5. L@ LU= T (=T = LS (=] S 30
8.6. ANAIOG ASIIONAULS .....eeeitieteeitee ettt ettt ettt e sttt e s s bt e e s e b b et e e e ab e e e e aasbe e e e enb e e e e e nbneeeeannns 30
9. EXPERIMENT OVERVIEWS ...ttt e et e e 31
9.1. Peer-review selected eXPErIMENTS ......coiiiiii ittt 31
9.2. Junior explorer.sf. . .eX.peri.ment. S ... 32
9.3. Non peer-review selected EXPEIMENTS .......coiuiiii e 33
9.4. [ d o] (o] (o] @F= 1T or= Vo - USSR 33
10. EXPERIMENT DESCRIPTIONS ...ttt e e e eeeaa s 35
O 5 | 11 [OOSR PPRP PP 35
L0.2. TEAM ettt bkt E e e n R R e e b e e R et e s Re e Re e e nne e sre e e nnreeennes 36
L0.3.  ASDPT-2-MAIS . ciiiiiieitite ittt ettt e bt s s bt e e be e e sk bt e s b et e sh bt e e b e e e Re e e e R et e nRr e e anre e e abn e e nnreeennes 39
L0.4.  AVIENAVY ettt ettt et e et e e bttt ettt e b et e R et e e bt e e ahae e e bt e e aReeeanbe e e anaeeanreeennes 40
O T T =L@ 1 SRR 41
O T - 110 U= PO U PP UPPPPUPPP 42
O o (0] 4 (=) (1 £=T [P P PP PPR TP PPPPPPPPP 43
10.8.  HUSKY AULONOMOUS ROVET ......eiiiiiiiiiiiii ittt e e e 46
O |V IS I I PO PO PPRP PP 48
10.10. ST I T TP PR OTRRPRRPT 50
10.11. Field SPECLIOMELIY ... 53
10.12. Water @XPIOrer EXPEIMENT. ... ittt e st e et e e s aab et e e s eba e e e s aanreee s 54
10.13. TUMDBIBWEEE. ...ttt ettt e e sttt e e st bt e e sttt e e e sbbeeeeabbeeeeanes 55
O I TV (= L 1 T 2SR 57
10.15. SCANMAIS ...ttt e e oo e e e e e e et e e et e e e e e e et e e e s e 59
11.  AS-WAS DAILY ACTIVITY PLAN L.t e e e 61
12. EDUCATION ACTIVITIES ...ttt e et e et eeeeaa e aeees 123
12.1.  JUNIOr RESEAICNEIS PrOGIaM .. cccieiiiii ittt ettt ettt sttt e et e et e e e abe e e e e e 123
12,2, KIASZMAIS PrOGIAM ... e e e e e 123
12.3.  AMADEE-18 eXpedition OULIELS ........cciiiiiiiiiiiiie e e e e e 124
12.4.  Audioversum Science Center PrOOIAM .. ......uuiiiiii ittt a e e eeaa e 125
12.5.  Planetarium VIieNNa [ECLUIE SEIES.......uuiiiiiiiiie ittt sttt e s 125
12.6.  Ars Electronica Center LINZ PrOOIAM .......ooiuuiioiiiie et saiieeessiiee et eesssbeee s s snbeeesssnbeeeessneeas 126
12.7. Oman official Kepler Station Site VISITS ........ccuuiiiiiiiiiiiiie e 127
13. INDUSTRIAL PARTNERS ...ttt e et e et e et s e e e et neeaees 128
13.1.  OeWF Partners (EUroPe @nd US)..........uuiiiiuiiiiiiiiee ittt st e e 128
R T © 4 =T o T - 110 1T £ PR PR STPPP 129

OWF 3



AMADEE- 18 MISSION REPORT V12 | PUBLIC VERSION

14, MEDIA ACTIVITIES ..ot e et et eeeaeeeannes
14.1. AMADEE-18 KEY MESSAGES. ...ttt ettt
14.2. Social Media...........cceeruveenne.

14.3.  Numbers/Stats...

14.4. Complementary Outreach and Media activities...
14.5. National Media review (Best Of)..........ccceec...
14.6. AMADEE-18 TV i national (best of)....

14.7. Media international (best of)................

14.8. Best of AMADEE-18inTV....

Photos in this report were taken by the expedition photographer Florian Voggeneder unless stated otherwise.




AMADEE- 18 MISSION REPORT V12 | PUBLIC VERSION
1. AMADEE-18 at a glance

In February 2018, the Austrian Space Forum, in cooperation with the Oman Astronomical Society
conducted an integrated Mars analog field simulation in the Dhofar region,
Sultanate of Oman. Directed by a Mission Support Center in Austria, a
small field crew performed experiments preparing for future human Mars
missions in the fields of engineering, planetary surface operations,
astrobiology, geophysics/geology, life sciences and other.

Conducting field research in a representative environment is an excellent tool
to gain operational experience and understand the advantages and limitations of
remote science operations on other planetary bodies. AMADEE-1 8 (i n -st
1 8 was designed to é

be an opportunity to study equipment, procedures and workflows under Mars analog conditions
with humans-in-the-loop.

serve as a platform for testing life-detection or geophysical techniques, terrain tests for rovers and
increase the situational awareness of remote support teams,

study the test site as a model region for Martian deserts and extreme life,

enhance the visibility of planetary sciences

o o Do Do

The field mission took place between 01-28Feb2018. Based upon 12 preceeding Mars analog missions,
the Austrian Space Forum has established a mission support infrastructure, trained and certified flight
controllers and field crew members as well as a programmatic roadmap to implement a coherent strategy.

Field activitiesweres chedul ed t hrough a Aflig 271 ano
supported by a remote science team and directed by flight
controllers at the Mission Support Center in Austria.
15Jul2017: Announcement of experiment selection it
08-10Sep2017: A-18 Qualification & Operations PR
Rehearsal (infrastructure training)
03-05Nov2017: A-18 Procedure & Contingency Dress BAHRAIN

QATAR
Rehearsal S
08-10Dec2017: A-18 Scientific Dress Rehearsal
(science training) s
01Feb-28Feb2018: A-18 Mission
08Feb2018:A-18 fALanding Daybo o
25-27May2018: A-18 Science Workshop

KUWAIT

To o Po Po o Do I»

YEMEN

Location of the AMADEE-18 test site
The AMADEE- 18 Test Site in Oman

The deserts of Dhofar, the largest governorate in the Sultanate of Oman,
have a resemblance to various Mars surface features, such as sedimentary
structures dating back to the Paleocene and Eocene, salt domes of the South
Oman Salt Basin and ancient river beds. The test site offers a wide range

of sand and rocky surfaces combined with a broad variability in inclination.
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@ ~ we  Project owner: Austrian Space Forum
i " Represented by the OeWF Board of Directors

External Partners

Oman National Steering Ctte .
: A-18 Leadership
ﬁ Omani Institutions (Groemer/Gruber/Ubermasser)

Industrial partners Education partners

Ind. partners Edu. partners Gvmnt. authorities Sponsors

Gvmnt. entities Sponsors Funding agencies Experiment teams

Service Unit Teams o n
OeWF Safety Officer g\ Mission Support Center Q

Legal Team (A. Soucek) (M. Klicker) U Flight Directors
Flight Control Team

- : Field Crew Q : ; -
Finances (O. Haider) Flight Planning (N. Sejkora)

Field Commander (G. Groemer) ’ Remote Science Support (E. Lalla)

IT Team (T. Bartenstein)

Field Operations Team ‘ Science Data Officer (B. Bishop) ’

Media Team (M. Fischer) ‘ Ground Support & Security ’

Analog Astronauts (S. Madlener)
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2. Important contact coordinates

Do not share this contact information outside the project i especially do NOT pass on this
information to media representatives, private individuals or other organizations without prior
consulting the leadership. We kindly request all experimenters, MSC personnel and industrial
partners, to channel any inquiry between Oman (especially requlatory, customs and immigration
authorities) and Austria via the leadership team to ensure a single-point-of-contact.

Physical address of the OeWF Spacesuit Laboratory & Mission Support Center:

Osterreichisches Weltraum Forum / Austrian Space Forum 3 \!H l l

Sillufer 3a, 6020 Innsbruck
Austria

—
im ‘

Mission website: amadeel8.oewf.org

2.1. A18 leadership

Name Affiliation Email & Telephone number
Gernot Groemer OeWF Gernot.groemer@oewf.org
Sophie Gruber OeWF Sophie.gruber@oewf.org
Stefan Uebermasser OeWF Stefan.uebermasser@oewf.org

2.2. MSC Flight Directors & Field Commanders

Name Position Email & Telephone number
Alexander Soucek Lead FD Alexander.soucek@oewf.org
Laura Zanardini FD Laura.zanardini@oewf.org
Reinhard Tlustos FD Reinhard.tlustos@oewf.org
Simone Paternostro FD Simone.paternostro@oewf.org
Willibald Stumtner FD Willibald.stumptner@oewf.org
Gernot Groemer Field CDR Gernot.groemer@oewf.org
Joao Lousada Dpty Field CDR | Joao.lousada@oewf.org
Sebastian Sams Dpty Field CDR | Sebastian.sams@oewf.org
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2.3. OeWF key personnel

Name Position Email & Telephone number

Nina Sejkora Flight Planning Nina.sejkora@oewf.org

Dpty: Silvio de Carvalho

Emmanuel Lalla Remote Science Support | Emmanuel.lalla@oewf.org

Dpty: Christine Czakler

Monika Fischer Media team lead Monika.fischer@oewf.org

Dpty: Reinhard Tlustos

Olivia Haider Social media team lead Olivia.haider@oewf.org

Rudolf Albrecht OeWF International Rudolf.albrecht@oewf.org
Relations at UNCOPOUS

X

2.4. Oman National Steering Committee

Name Position Email & Telephone number

Khattab Al Hinai VP State Council of Oman Khattabghalib@me.com

Saleh Al Shidhani Oman Astronomical Society, Shidhani@falakoman.org
president

Osama Al Busaidi Project manager Oman National | Osama.albusaidi@gmail.com
Steering Ctte

The following ministries were involved in AMADEE-18
1 Ministry of Defense
I Ministry of Tourism
1 Ministry of Higher Education
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3. Timeline and Milestones

As for the field operations, the schedule was as follows:

Before 30Nov2017
19+20Dec2017
29Jan2018

31Jan2018

01Feb2018
08Feb2018

28Feb2018
01Mar2018
02/03Mar2018

Apr/May2018

25-27May2018

SHIPMENT AUSTRIA-OMAN

Experiment Hardware arrived in Innsbruck/Austria for inspection, clearance,
crew operations and contingency training and the Dress Rehearsal Ill

Shipment left Innsbruck; ca 4 w e e Kran8it time, ca 1 week in customs, ca 3
days for deployment at the test site.

Transfer Crew to Oman (2 nights in Mascat)
Transfer to base station, arrival early afternoon

Ground operational & begin of bridgehead phase
Landing Day & begin of isolation phase; non-essential crews left base station

Demobilization Base station
Transfer Crew to Mascat
Transfer Crew to Europe

Hardware arrives back in Innsbruck/Austriaandre-di st r i but i on

AMADEE-18 Science Workshop, Graz University of Technology, Austria

MSC ELOANE Voy. 752E

ETD Bremerhaven
Arrival Salalah

The shipment was significantly delayed due to a severe storm in
the Atlantic, where 40 containers were lost. The ELOANE arrived
at Salalah harbor on 31Jan2018 and i thanks to the significant
support of DB Schenker and the Oman National Steering Ctte as

we | | as the

immediatey for the test site. The containers finally arrived on the
02Feb2018 at Kepler Station.

SHIPMENT OMAN-AUSTRIA

30Dec2017
17Jan2018

Royal Oman Policyo:

MAERSK SALTORQO" Voy. 1804

ETD Salalah
ETA Bremerhaven

ETA Innsbruck: first half of Apr2018

OWF
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26 Mar2018
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3.1 MoU Signing Ceremony Muscat

After the selection of Oman as the host country for the AMADEE-18 mission, a series of negotiation
rounds was arranged between the Austrian Space Forum and the Oman National Steering
Committee which was specifically setup for the project under the leadership of His Excellency Dr.
Khattab Al Hinai and Dr. Saleh Al Shidhani.

The negotiations culminated in the signing ceremony of the Memorandum of Understanding which is
the legal framework for the project, on 300ct2017 in the magnificent State Council building, Muscat.

Impressions from the MoU Signing Ceremony at the State Council, Muscat.

In the days of the MoU signing ceremony, the OeWF delegation presented a number of public
lectures about the AMADEE-18 mission and Mars exploration in general. This included presentations
at the main industrial partners locations, such as Oman Broadband and PDO, as well as a total of ca
1200 Omani students.
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