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9,x27733 MARS DESERT RESEARCH STATION: CREW 138

Crew 138 was comprised of a team of highly-skilled professionals with varied backgrounds who were selected by the Mars Society to undertake a two-week interdisciplinary expedition at the Mars Desert Research Station near Hanksville, Utah. The Crew's activities ranged in scope from preparing operational handbooks and checklists

I. INTRODUCTION

The exploration of Mars can tell us if life as we know it here on Earth is the model for life elsewhere, or whether we are just a small part of a range of more possibilities.

On the other hand, Mars is the closest planet with resources needed for a large part of technological missions. Exploring Mars will be an important test that will determine whether humanity can expand to other borders. that comprises several Mars analog research outposts, and of which the Mars Desert Research Station (MDRS), located in the deserts of Utah, United States is the most used. Since 2001, the MDRS has hosted dozens of short-stay crews, with each performing experiments that make use of the Marssimulation environment. Here, we report the experiences of Crew 138 (Fig. 1).

The primary objectives of the Crew 138 expedition were as follows:

• 

II. MISSION DAILY ACTIVITIES II.I Extra Vehicular Activity (EVA) Sorties

Crew 138 performed 8 EVA sorties focusing on extravehicular activity reconnaissance techniques, the accuracy of Google mapping of remotely sensed imaging, EVA task performance, and crew autonomy during EVA.

II.II MDRS Habitat Maintenance

Crew 138 contributed the following services to the habitat:

-Assisted with the temporary repair of the 

III. MISSION RESEARCH III.I Accuracy of Google Earth as an Aide for Geologic Field Mapping

In recent years, Google Earth's remotely sensed images have increased in popularity as an aide for geologic field mapping, especially in academic settings. Frequently these geologic maps have utilized Google Earth as a tool without explicitly stating its limitations, or listing the array of various types of remotely sensed images used and each respective resolution. Although this may be a great boon for quickly identifying areas of great interest, especially where high rock exposure exists, it may also be misleading when used without in situ confirmation. Factors such as viewing three dimensional relationships in two dimensions, differing shadow directions on adjacent images, variation in size of resolution, and the unreliable use of color as a rock identifier result in an idea that remotely sensed images alone may not be an adequate observation tool for formulating geologic conclusions.

At the MDRS, Crew Geologist and Field Science Scholar, Johanna Hoyt, checked a remotely sensed Google Earth image based geologic map of the surrounding areas of the MDRS (Fig. 3). This field check evaluates the limitations, or advantages of a geologic map generated from Google Earth's remotely sensed images. Identifying the kinds of observations that may safely be made through remotely sensed images versus those which need in situ observations for accurate analysis, is also a potential desired outcome of field checks. The accuracy of differentiation of rock types and relationships through these remotely sensed images was evaluated. 

III.II Extravehicular Activity Reconnaissance and Crew Autonomy

With Crewmember Jay Berger's background as an Extravehicular Activities (EVA) Instructor/Officer at NASA, the crew studied two different operational scenarios related to EVA.

The first one was to determine if a reconnaissance vehicle can provide a benefit to an EVA sortie while out traversing the Martian landscape. In our case, we employed the use of a quad-copter with attached camera as our reconnaissance vehicle (Fig. 4). We deployed the copter during EVA to gain an elevated vantage point beyond hills and boulder fields, thereby providing the crew with insight as too which areas may contain items of interest or concern, and what routes might most efficiently allow navigation to these unexplored sites. The study also assessed the difficulties of copter deployment and use while out EVA, with specific focus on limitations inherent to the simulation Mars suits, including partially obstructed vision, reduced agility and attenuated dexterity. The second study focused on crew autonomy during EVA. Real-time contact with mission control on Earth is an impossibility for crew members on Mars, with return communication delays up to 40 minutes. Therefore, a new level of crew autonomy will be a necessity on Mars, especially during the heavily timeconstrained Martian EVA. We therefore performed a series of EVAs using two different protocols. In the first protocol, the crew was given detailed instructions along with a precise timeline they must follow each step of the way to cover predetermined areas that may be of interest for further investigation. The second protocol allowed the crew near-free rein on how and where they conducted their EVA, with the sole restrictions of maximum distance and duration away from the hab.

Of the two approaches, we observed the second protocol afforded the largest number of site-of-interest generation, and may thus be the preferred method for exploration on the surface of Mars.

III.III Potential Cognitive & Physical Enhancing Effects of Induced Mild Hyperketonemia

Crew Biologist Dr. Bechara Saab conducted logistical analyses of a variety of experiments and procedures in preparation for a blind crossover study on potential physical-and cognitive-enhancing effects of inducing mild hyperketonemia -the body's natural metabolic response to starvationthrough direct consumption of ketones prior to strenuous extravehicular activities.

Fig. 5: Extravehicular activity

In the last fleeting moments of life, when timing and judgment are most critical, the mammalian body has evolved a means to create lucidity, strength and endurance. It is believed that this process has emerged to enable the last-minute acquisition of food in times of dire need. Biochemically, hyperketonemia counteracts the muscular-and cognitive-fatigue that arises from hypoglycermia following vigorous activities or lack of food. While pronounced hyperketonemia can be lethal, the levels that are examined in Dr. Saab's research have already been proven safe in humans and the compound proposed to examine in future missions at the MDRS is already under evaluation in humans. The ability to quickly induce a state of mild hyperketonemia in Mars astronauts could become the difference between life and death in the most trying of circumstances.

In order to prepare this research, Dr. Saab's logistical tests involved (i) finding the best procedure for blood collection and cryostorage in the absence of a reliable power supply, (ii) defining standardized extravehicular activities (Fig. 5) that will sufficiently drain energy to the point that physical, cognitive and emotional abilities are compromised, and (iii) examining various means to probe cognitive performance and mental affect, areas in which Dr. Saab has particular experience.

III.VI COTS EEE Components in the Simulated Space Analog Environment of the Mars Desert Research Station

EEE (electrical, electronic and electromechanical) components are critical for space mission success.

Since space-qualified components are expensive and often difficult to acquire, their use is prohibited for many small missions with limited budgets.

Commonly used or commercial-off-the-shelf (COTS) components are an alternative solution for budget-constrained missions, but represent an operational concern because their performance characteristics in space is unknown. Exercise is very important for maintaining crew health, wellness and functional capacity for operational demands such as EVAs, habitat maintenance, and response to emergency. In addition to the obvious musculoskeletal benefits of exercise and physical activity, exercise is also highly beneficial for maintaining cognitive and emotional performance through stress reduction and increase cerebral blood circulation. Likewise, stress management is an integral component of a comprehensive countermeasures program for space exploration, considering the unique and demanding operational environment in which crewmembers are expected to perform at optimal levels, continuously throughout the mission.

The volume constraints of the MDRS poses a unique challenge in finding suitable exercise countermeasures hardware that can satisfy not only operational and engineering constraints of the habitat, but also the needs of the crew. Exercise countermeasures hardware that is to be integrated into MDRS will ideally be capable of use for both aerobic and anaerobic exercise modalities, and should offer enough variety in exercise selection to help facilitate exercise adherence. Fig. 7: Crew 138 IV. MISSION OUTREACH ACTIVITIES Crew 138 prepared several outreach projects for their expedition, partnering with both local schools near the origin of an individual crew member to international entities, including the audience of National Geographic. Throughout the mission, the crew prepared materials for these outreach activities, including video and audio recordings and still photography from within the hab and during EVA.

Schools collaborating with MDRS crew 138 included St. Michaels University School in Victoria, Canada. In this collaboration, crew member Bechara Saab provided student-inspired videos of the MDRS habitat and Mars-like terrain, providing a two-way delayed-communication that resulted in video edits for the student's grade 11 multimedia class.

In addition to outreach, the crew designed and maintained a presence on the internet with a dedicated website (www.mars-crew138. The Skeptic Zone podcast from MDRS:

IV.I Cooking on Mars

On the crew 138 website and related social media sites, the following announcement was made to encourage public participation in the mission: The crew will select at least 16 winning submissions from the following three categories: 1) Breakfast 2) Lunch and 3) Dinner. Winning submissions will be announced and listed on the "Cooking on Mars" contest page of the Crew's website, and will be used by Crew 138 during the 15-30 March, 2014 mission. Winners will receive a "Cooking on Mars" patch, a certificate of appreciation, and will have their recipe(s) included in the free "Cooking on Mars" e-book to be published. Participants were asked to submit recipes to jamieguined@gmail.com no later than March 13, 2014" Fig. 8: "Cooking on Mars" patch

IV.II Ask to an Analog Astronaut

The following announce was used for this activity:

"How does "Ask an Analog Astronaut" work? Send your list of questions to commander@mars-crew138.com. Questions will then be screened for appropriateness prior to being forwarded to Crew 138 for final selection.

What types of questions are considered appropriate?

In general, your question(s) should concern science (Earth science, environmental science, space science, biological science, etc.), human health & performance (space medicine, exercise in space, fitness, nutrition, etc.), living and working in space or on another planet (such as Mars), and the benefits of space exploration to life here on Earth.

How do I submit a question (or questions)? Simply email your question(s) to commander@mars-crew138.com. Also, please be sure to provide your first name ONLY, and your grade level/age so that we may tailor an age-appropriate response to your question(s).

How will questions be answered? As you might imagine, given the large number of responses that we receive, we simply won't have time to answer ALL questions submitted to the "Ask an Analog Astronaut" program. Only questions that are selected by the Crew will be answered. All questions will be answered through one of the following types of media: 1) on the Mission's blog at www.mars-crew138.com 2) on the Mission's Facebook page (www.facebook.com/crew138MDRS), 3) by video uploaded to the Mission's YouTube channel (www.youtube.com/user/crew138MDRS), or 4) on the Mission's @Crew138MDRS Twitter feed, so you'll want to be sure to follow our Mission's website and social media channels to see if your question is selected!" Examples of the types of questions we received and addressed directly: VI. DISCUSSION AND CONCLUSIONS Together, MDRS crew 138 produced valuable data for future analog and actual human exploration of Mars.

With respect to using Google Earth as a tool for geological identification, detailed and accurate lithologic descriptions of outcropping rock is virtually impossible using the website alone. Interpretation of depositional environment is essentially useless from the remote images. As a tool for route navigation, the 3D image viewing capabilities are great for viewing topography, but the scale is difficult to estimate, and it is thus easy to mistakenly plan a route that is too steep to safely execute. On the other hand, Google Earth's images provide valuable vantage points of remotely sensed images available that would otherwise be unattainable. Navigation can thus be augmented with Google Earth, particularly when verified by remote connasance (e.g. via quad copter). In addition, for a historical perspective, Google Earth provides images dating from 1993 to 2013.

The accuracy of the GPS coordinates generated by Google Earth are about within the error of a hand held GPS unit. On average the difference is about 10 ft. Beyond this, the greatest weakness of Google Earth is the limited image resolution. Identifying the faults in the area directly north of the Habitat would have been extremely difficult without our EVAs. The minor jabs in contacts on the Google Earth Image, and slight change in color could just as easily be artifactual, thus requiring field verification.

For the purposes of structural geologic mapping, if the accuracy of the map needed is on the order of 10 ft or greater, Google Earth images should be sufficiently accurate. It is possible to map faults with as little as 1 m of displacement. For those that have limited funds and no access to ArcGIS or no knowledge of how to utilize ArcGIS, Google Earth may be an acceptable substitute as it is freely-available needs little to no training. For quickness and ease of use, Google Earth is a great alternative to ArcGIS With respect our reconnaissance experiments, the quad copter with attached camera was a very effective tool for photographing areas prior to traversing by foot. We were able to coordinate efforts with our crew geologist Johanna Hoyt by photographing sights she planned on surveying for her mapping study, in particularly, regions amongst rocky, mountainous terrain where the easiest path forward was difficult to determine. We found an effective approach was to use the quad copter for advanced surveillance, enabling prior analysis in the hab. In fact, the copter images proved superior to Google Earth.

In addition to the image pre-analysis, a live video feed from the copter during EVA might provide best results, and is an area of potential future investigation.

With respect to the preliminary experiments examining the potential for mild ketoacidosis to curtail cognitive-deficit associated with extreme EVA fatigue, we profiled EVAs around MDRS that may prove suitable for future human factor experiments. However, EVAs adhering to the constrains of mission control guidelines did not prove sufficiently exhaustive to inflict significant cognitive decline. These measures included reaction time, mental affect, gastrointestinal sensation and blood metabolites, assayed after "strenuous" EVAs, in-HAB exercise, fasting and control/optimal conditions. A pre-analog series of experiments will thus be needed to determine the degree of exertion required to evoke deficits in these domains, and "emergency-type" EVAs approximating this degree of exertion in a subsequent visit to the MDRS will be necessary.

In addition, crew 138 found suitable locations for a liquid nitrogen holding tank, centrifuge, exercise bike, and space for the work-flow concerning blood collection, processing and storage prior to deep-freeze. In addition, It is envisioned the first blind crossover study will explore if direct intake of a synthetic ketone monoester can offset muscular and cognitive fatigue following strenuous EVAs, building on data from the University of Oxford.

Finally, with respect to EEE components we tested two kind of components. Transistors 2N3904, and operational amplifiers LM741. Samples of each kind were kept both inside and outside the Hab. Fortunately, the two week mission at the MDRS did produce any differences in performance between the location conditions. Additional tests evaluating temperature ranges, longer durations, radiation exposure would be beneficial to further evaluate these relatively inexpensive equipment for suitability in space missions analog experiments.
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 1 Fig. 1: Crew 18 patch. In order to contribute to the development of technology, knowledge and public inspiration for human Mars exploration, The Mars Society initiated a project called MARS (Mars Analog Research Station)
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 2 Fig. 2: Aerial view of the MDRS campus (Jim Urquhart).
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 3 Fig. 3: EVA for Geologic Field Mapping.
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 4 Fig. 4: Quad-copter used for EVA reconnaissance over a steep hill
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 6 Fig. 6: Testing the EEE components Research groups around the world are engaged in the testing and qualification of COTS components in simulated space environments. The research completed by Dr. Avid Roman-Gonzalez involved performing a variety of performance tests on EEE components (particularly, sensors) (Fig. 6), since the environment of the MDRS shares aspects of important extra-terrestrial environments. III.V Viability of an Integrated Exercise Countermeasures Program at the Mars Desert Research StationExercise is very important for maintaining crew health, wellness and functional capacity for operational demands such as EVAs, habitat maintenance, and response to emergency. In addition to the obvious
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  (Analog) Mars needs chefs!! Help Mars Desert Research Station Crew 138 prepare for their upcoming mission by submitting recipes to the Crew's "Cooking on Mars" contest! Visit the Notes on the Crew's Facebook page to view the list of food and cooking supplies the crew will have on-hand at the Mars Desert Research Station. All participants will receive a certificate of appreciation and a mention on the Crew's website at www.mars-crew138.com.

  EVA sorties focusing on extravehicular activity reconnaissance techniques, the accuracy of Google mapping of remotely sensed imaging, EVA task performance, and crew autonomy during EVA. All EVAs produced useful information and pilot data.

	•	Facilitate educational and public outreach
		activities
	Crew 138 performed 8 Crew 138 contributed the following services to the
	habitat:	
	•	Conducted a comprehensive food inventory for
		MDRS.
	•	Performed a thorough evaluation and inventory
		of the medical supply cabinet.
	•	Developed an electronic medical supply
		inventory tracking spreadsheet.
			Develop operational handbooks and checklists
			for Mars Desert Research Station
		•	Assess the viability for integrating exercise
			countermeasures hardware and an exercise
			countermeasures program into the Mars Desert
			Research Station
		•	Develop a proof-of-concept Mars EVA Work
			Day functional task battery
		•	Engineering & hardware evaluation of a variety
			of biomedical monitoring devices
		•	Logistical analyses for future biomedical &
			biological research at MDRS
		•	Extravehicular activity (EVA) reconnaissance
			techniques
		•	Investigate varying degrees of crew autonomy
			and its effect(s) on efficiency and productivity
			during EVA
		•	Evaluate accuracy of Google mapping of
			remotely sensed imaging
		•	Photography and videography of expedition

• Completed an aerial mapping project of the MDRS area by quad copter (Fig.

2

). • Repaired EVA backpacks leaving 4 of 6 fully operational. • Assisted with the temporary repair of the Engineering Bay Airlock deck/porch. • Washed habitat SUV exterior and cleaned interior. • Deep-cleaned the habitat and organized the common work and leisure areas. • Removed a large quantity of accumulated material from both inside and outside the habitat left from previous MDRS crews.

for the Mars Desert Research Station, performing hardware and logistical evaluations for future research at MDRS, an analysis of Google Earth as a tool for geological field mapping, evaluations of commercial-off-the-shelf engineering and electrical components, the design of a Mars EVA work day functional task battery, and assessing the viability for incorporating an exercise countermeasures hardware and program into the Mars Desert Research Station.