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Abstract—Human exploration of Mars is becoming an increas-
ingly near reality. Pythom Space and the Crewed Return Inter-
planetary Mission for Surface Observation and New research
(C.RIM.S.0.N.) plan on having astronauts on the surface of
the Red Planet in the next six years, taking as little mass as
is feasible. This report details the requirements and procedures
for the crew of C.R.IL.M.S.O.N.’s visit to Mars, during which
two people will remain on the surface for 23 days. The schedule
of the mission is explained first, with evidence to support why
certain decisions about the timeline were made. Communication
with Earth, along with its challenges, are discussed. The crew
will descend to Mars immediately upon reaching orbit using two
Mars descent vehicles. The specifications of the space suits and
habitat on Mars will be examined with respect to requirements
such as thermal control, radiation shielding, dust protection,
mobility, pressurisation versus non-pressurisation, and mass.
Transportation vehicles and daily life on Mars will be discussed
along with the goals of the crew’s research and experiments
involving the planet. The method of sample collection used and
everything else brought to space was carefully selected to add
the lowest possible amount of mass to the mission.

Index Terms—Interplanetary, Human Spaceflight, Mars, Mar-
tian expedition
Supervisors—Christer Fuglesang, Erik Clacey

I. INTRODUCTION

The Crewed Return Interplanetary Mission for Surface Ob-
servation and New Research is a privately funded collaborative
mission with Pythom Space, a SpaceTech company founded by
Tina and Tom Sjogren. In the next six years, two astronauts
will spend 23 days on the surface of Mars, a feat that has
never before been done. During a year-long stay in Mars
orbit, the crew of C.R.I.M.S.O.N. will perform groundbreaking
research regarding the existence of life on Mars, characteristics
of climate and geology, and the possibility of human survival
on a foreign planet. Moreover to investigate how and why
the climate of the Red Planet has evolved in the past years,
how Earth and Mars differ in climate, and the geological and
structural history of Mars. Samples will be taken from the
surface of Mars back to Earth for analysis. The human body’s
reaction to being on another planet will also be studied for
future missions. The goal of C.R.I.M.S.O.N. was to make this
mission simple and attainable while taking the lowest possible
mass into space. The mission requires the chance of success
to be greater than 75% and risk of death to be smaller than
3%.

To accomplish the mission, small teams were allocated
specific roles such as mission design, transfer vehicle, human
aspects, overall coordination, and logistics. The Mars Opera-
tions team is comprised of six people whose responsibilities

were to prepare and plan for the astronauts’ stay on Mars.
This included studying the environment on Mars and its
potential for supporting human life, determining a landing
site, establishing a timeline for the mission, and researching
aspects that are necessary on the surface of Mars such as
communication with Earth, space suits and habitat, planetary
vehicles and other equipment. The specifications of these are
covered in this report.

At times, the Mars Operations team worked with Mission
Design [1]] to determine the length of the stay. In order
to minimise the risk of death, as well as the amount of
equipment required on the mission, it was decided that the
astronauts would only spend 23 days on the surface of
Mars. The orientation of Mars, Earth, and the Sun will pose
several issues with communication. These complications are
addressed, as are the dangers of radiation and exposure on
Mars. The harsh environment will require the astronauts’ space
suits and habitat to be both highly efficient and protective,
with thermal regulation, radiation shielding, life support, and
dust protection, while being as lightweight and flexible as
possible. Mars Operations and Human Aspects [2] worked
together to determine how much mass will be allocated for
consumables. Two Mars Descent Vehicles (MDVs) will be
used, both unpressurised to save mass. With these measures,
C.R.ILM.S.O.N. will be able to complete its mission to the Red
Planet carrying the least mass possible.

A. Mars environment

Mars is the fourth planet in terms of the distance from the
Sun, one after the Earth. Also, Mars is the second smallest
planet in the Solar System and is known as the Red Planet
which is caused by a thin film of hydrated iron oxide called
limonite and gives its surface a rusty red color [3]. Thus,
reddish, fine-grained dust which is smaller than 5 pm is
ubiquitous on the surface of Mars. Mars is also known to
have a basaltic crust [4].

TABLE I
CHARACTERISTIC PARAMETERS OF MARS

[ Characteristic parameter | Mars | Ratio (Mars/Earth) |
Mass [10%3 kg] 6.42 0.107
Equatorial radius [km] 3396.2 0.532
Surface gravity [m/s?] 3.71 0.379
Surface pressure [Pa] 636 0.006
Average temperature [°C] -63 -
Length of day [hours] 24.7 1.03
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Some characteristic parameters of Mars and the ratio coby gravity. Therefore, the environment of the landing site is
pared to the Earth are shown in T4b.[| [5]. Note that, theteresting for Mars exploration.
temperature of Mars is very wide range from -180o 20 C.
Moreover, the surface pressure listed on Tab. | is at the mean
radius, therefore it can also vary depending on the altitude @f Environmental constraints

Mars. Since the mission p|anS to land at a qeeper altitude On'rhe environment of Mars is adequate'y harsh to add many
Mars, the pressure on the surface of Mars is expected to Rhstraints as mentioned above. The following is a general

greater than the value listed in Tap. I. The possible constraiftg of constrains that needs to be taken into account for the
regarding the landing site are discussed later. manned Mars mission.

From Tab.[], it can be seen that the gravity of Mars is | gwer atmospheric pressure
much smaller than that of the Earth due to the lower mass of | qwer temperature
Mars. This property makes everything lighter on Mars, which | qwer gravity
means that the movement can be more exible than on Earth. Rggiational effect
On the other hand, there is a drawback as well especially | 5cation of the landing site
for the human body which will be explained in more details
later. Since the length of the Martian day is approximately tr}ﬁ
same as that of the Earth, it might be helpful for the futur]gl-?;iC
manned long-stay mission, as humans do not need to ada|
a different day-night cycle.

There is much lower atmospheric pressure on the surface
Mars. Therefore, when landing on Mars, there is less air
tion, so the rocket engines need to reverse thrust and use
pﬁé?achute for greater deceleration. In addition, the wind makes
. dust particles very miserable, therefore an ef cient system to
_The atmosphere_of Mars is composed of 95% of Carb?@move them will be needed for the equipment, such as the
dioxide, 2.8% of nitrogen, and 2% of argon [6]. Here, the,, .o gjits. The Martian environment is not only cooler than

amount of oxygen is small enough to be negligible. Furthe[rﬁe Earth, but also temperature changes are expected to be

.mo're', the '\."af“a” atmosphgre IS tqo .thm to protect a_ga"}'ﬁtore severe, therefore more durable materials must be used.
ionizing radiation and ultraviolet radiation. Also, there is no In the low-gravity environment on Mars, human muscles
planetary-scgle magnetic eld_ t(_) block ionizing radiatio_nwi" not be used as much as the environment on the Earth,
Therefore, high levels of radiation can reach the Mart|a§b muscle atrophy will be expected, especially for the long-

surface [[J]. Note here thaF, due to the presence of a "Wiration mission [10]. Note that this effect can be expected to
atmosphere on Mars, radiation doses compared to that in OLH r

dto be | d /d small for the mission because the duration of stay on Mars
space are expected to be lower at aroun 0.67 mSv/day wk Selatively short at 23 days. Bone and muscle atrophy are
1.84 mSv/day in outer space| [8].

also much more severe in microgravity during the transfer.
Higher radiation levels on the surface are an additional point
of dif culty for the survival of life and this can be especially
B. Landing site dangerous for long-duration missions. Note here again that,
this effect can also be expected to be small enough for humans
to stay safely on the surface of Mars.
Lastly, because the landing site is at the deeper part of the
valley, dif culties of communication during the stay on the
surface of Mars would be expected.

D. Mission timeline

The decision of the Mission Design group was to go on
a long duration Mission. According to that the orbiter will

stay one year in Mars Orbit. The nal decision was to stay

23 days out of this year on Mars surface. The decision was

made considering the time needed on Mars surface to collect

Fig. 1. Geologic map of the Valles Marineris region. The red point is th%S much information as possible, but als_o keepmg the risk
location of the Candor Chaos. of death on Mars surface as low as possible. Since no other

human was on Mars before, the environment is unfamiliar

In C.R.I.M.S.O.N. mission, the landing site on Mars is setnd there is no way to predict exactly what will happen to
at Candor Chaos at the altitude o500 m with 7.25 degree the human body. Moreover, as already mentioned, although
south latitude, and 72.25 degrees west longitude as showrtlie radiation levels on Mars are lower than in outer space
Fig.[1. Candor Chaos is located at one of the largest canyonslire to a thin atmosphere, this danger needs to be considered

the Valleys Marineris canyon system called Candor Chasnfar the stay on Mars. Furthermore, on Mars's surface, the

The surface of Candor Chasma has various landforms, suctcesw's life depends on the habitat and the Mars suits to
layered deposits and sand dunes [9]. Many forms of erosiameate a safe environment. The longer the stay on surface

such as wind and water erosion are seen on the surfaite higher is the risk of some of the used materials for
In addition, there are traces of large-scale landslides caugedtection is suffering overuse by the rough environment (dust,
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extreme temperatures etc.). Also since the mission should be Il. COMMUNICATION
as lightweight as possible the mass of materials and supp .rtCommunication to Earth
systems on Mars surface is limited. Connected to this thé

ability for power supplies on Mars surface is also limited. Communicating between Mars and Earth will always have
Since energy is also an important factor to ensure survivaltime gap with an average of 20 minutes. Caused by the con-
on surface, this was a main reason to plan a shorter missistellation of Mars, Earth, and Sun, there are also speci c times
In Fig. 2 the exact mission plan is presented. The missigrhen communication between Mars and Earth is not possible.
includes 4 Extravehicular Activities (EVAs) together with ond his is caused by the fact, that Earth and Mars regularly (every
preparing and one recap day. For the ascent from Mars' surfai@ days) line up with the sun in between. Then every signal
with preparations for the stay (building habitat, power supp§ommunication link is blocked [11]. Considering the timeline
and communication systems). of the Mars-Mission, this will be the case approximately after
half a year in Mars Orbit (one reason why it was chosen to
ascend to Mars during the st time in Mars orbit). However,

it was decided not to rely on a direct communication link
between Mars surface and Earth. Instead, communication over
a cubesat system in the parking orbit of Mars will be used. The
cubesat system will be part of the descent vehicle and launched
into a circular parking orbit around Mars at an altitude of 3120
km (Mission Design). Therefore, the crew on Mars surface can
communicate approximately every 4.43h for 1.44h with the
cubesat system [12] (Mission Design [1]). During that time,
Tom and Tina on Mars surface can upload research data in
the orbit or receive important information from Earth. The
cubesat system in the parking orbit will communicate with the
transfer vehicle, which will be equipped with larger antennas
to transfer the data back to the DSN (Deep Space Network)
on Earth. Using this setup, a smaller High Frequency Antenna
(with 400 megahertz) on Mars surface is enough (similar one
is used by the rover Perseverance) [13]. Furthermore they will
be able to transfer larger data-rates over this "multi pitch”
communication link (up to 2 megabits per second from the
surface in the Mars parking orbit).

In case of the mission, the launch site has to be considered
as well. Staying inside a Canyon will cause signal re ections
by the rock walls [14]. It can be assumed that there is a good
communication link during the time the cubesat system is
approximately directly above the canyon. Taking all this into
account, another antenna (X-Band Low-Gain Antenna) will be
provided for a back-up communication way to Earth. This is
considered for emergency cases only. The data rate is between
10 and 30 bits per second (to low to transfer a big amount of
research information), depending on the used DSN antenna on
Earth [13] [15].

To begin operations on Mars, the the rst descent vehicle
will land on the surface of the planet bringing the habita communication on Mars Surface

the communication system, the drones, the research equipmen

and the propellant necessary for the ascent. If the landing is':to_r communication during EVAS on Mars sgrface, a com-
successful, the second MDV will descend carrying the creljunication system integrated in the helmets will be provided.

in their space suits and the Environmental Control and Liféwm be based on the new technology from '.\IASA .Wh.iCh Is
Support System. used for EVAs on ISS. This includes speakers in the inside area

of the helmet and furthermore some embedded voice activated

The tasks of the crew on sol 21 and 22 are mainly focuseticrophones. They are able to activate on voice recognition of
on the preparation of the ascent. This includes transferritige astronaut. This is an upgrade compared to the old “snoopy
the fuel from the rst MDV to the second one, which will caps” which are used before since the astronaut does not need
cover the role of Mars Ascent Vehicle (MAV). The MAV to wear a cap under the helmet. The speakers' headphones are
will host the crew wearing spacesuits, along with the LS&nnected over a local radio frequency. Receivers and Senders
and consumables needed during the ascent and the colleeedincluded on the backside of the suits and charged within
samples. storage batteries [16].

Fig. 2. Mars operations schedule
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I1l. SPACESUITS martian dust, this value is expected to increase to 0.4. On the

Space suits are one of the core aspects of manned space ffpfitrary, the emissivity of the white coating is very high, i.e.
and their design plays an important role in this mission. A widé85; this value is considered to be reduced to 0.7 for the same
variety of requirements need to be taken into account whE#ASON. The emissivity of Mars surface is 0.82 [19].
designing a space suit that allows to complete EVAs on the
surface of Mars, having to deal with the harsh conditions of suit GsunA=4+ suit "ars Thtars A=2 +  suit T gy A=2 1
the Martian environment. When compared to the suits being = "quit TanA (1)
cur_rently us_gd on EVA.S outside the ISS, Maman Su'ts, nee.d toThis calculation yields an external temperature of the suit of
satisfy additional requirements to ful | their roles. This said 01.6 K. As the suit is using advanced insulating material, its
given the very long duration of the mission, it is expected thﬂ%at transfer coef cient i& = 0:62 W/(m? K) [18]: assuming
the astronauts might need to conduct maintenance operati internal temperature of the suit to be 20°C (293 K) and
outside of the spacecraft. Therefore, in accordance with tggsidering a total surface area of 1.92,nthe conductive

Logistics group [17], the suit that is being designed for thiPieat through the suit can be calculated using equation (2).
mission needs to be able to ful | both the requirements o

EVAS on Mars qnd _the rgquwements given by EVAslln space. Qcond = KA(Tint  Text) @)

This hybrid design is being named the H.E.R.O. suit (Hybrid ) o
Exploration and Repair Operations suit). The design of the The same calculations can be repeated considering the max-
various aspects of the suit is primarily focused on its use dRum temperature of the Martian surface of 20°C, obtaining a

Mars, as it represents its nominal application and it is the mg&@nductive heat loss of 38.6 W. The metabolic heat production
critical in terms of requirements. of an astronaut during an Apollo EVA on the Moon averaged

at 267 W, with a minimum of 140 W and a maximum of 465
A. Thermal Regulation W [18]; given the ol?vious lack of data, the same valu_es are
assumed for a Martian EVA. The overall heat production of

First, given that temperatures on Mars range from +20 °C {0, systems and the electronics of the suit is assumed to be

-130 *C [5], a proper temperature regulation system represegs\y considering the maximum possible heat intake from
a fundamental requirement. The thermal regulation systgfapolic activity and from suit conduction, the holistic heat
negds to take into gcpount t_he sources of heat mtgke, I.€. S%'Qfance of the space suit results in a net maximum heat intake
radiation, Mars radiation, suit electronics, metabolic functionss 466 4 \W. Given this heat load requirement, the heat removal
and the heat loss, i.e. radiation and convection. The thernagktenm of choice is a radiator with heat pumps, with an overall
environment of the space suit can be modelled as shownhlgat capacity per unit mass of 160 Whikg [18]. Given the

Fig. 3. maximum duration of an EVA of 7 hours, this results in a
mass of the cooling system of 21 kg. It is important to note
that this cooling solution differs from the one adopted for
EVAs on the ISS, which requires the evaporation of water in
order to regulate the temperature of the space suit. This choice
limits the overall requirements in terms of water and therefore
mass. The cooling system can be regulated to different levels
of heat loads in case an EVA outside of the orbiter needs to
be performed.

B. Radiation Shielding

Fig. 3. Thermal environment of the space suit [18] Radiations are vastly known to represent a menace for hu-
man health and the absence on Mars of a natural defence such

The extreme hot and cold temperatures are consideredatoEarth's magnetic eld requires the implementation of arti-
size the thermal control system, although temperatures a®l means of protection against space radiation. A solution
expected to lie in the middle of the aforementioned tempesimilar to the FLARE suit, described byeBastien Ruhimann
ature range during daytime near the landing location of tfi20], was taken into consideration for shielding against solar
mission. Given the solar radiation on Mars @f,, = 600 radiation given its effectiveness, but was ultimately discarded
W/m?, assuming the coldest temperature of Mars surface as it does not pair well with the requirements of the missions,
-130°C (143 K) and considering the sky to be 50 K coolagiven its high mass and water requirement. Instead, radiation
than the surface, the external temperature of the suit candtgelding in the suits is provided by a layer of material called
calculated with a balance of the heat o®it = Qout ), Using Demron, a non-toxic polymer developed by Radiation Shield
equation (1). The calculation assumes equal surface area béliaghnologies [21]. The material is lightweight and exible
exposed to the sky and to the martian ground. Note that sotard it therefore does not pose a limit in the manoeuvrability
heat radiation involves only the projected area of the suit, whité the suit. In order to provide suf cient radiation shielding, a
heat radiated from the suit involves the area in its entirety. T8 mm layer is required [22]; given the density of the material
space suit is covered by a white coating to reduce the sotdr3.14 g/cni, the mass requirement for radiation protection
heat load, with absorptivity = 0:25. Given the presence of is 4.8 kg.
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C. Dust Protection E. Material Choices

Martian dust is known to represent a threat to human healthThe suit is composed of a series of layers, each one
and its damage is enhanced by the frequent winds that ocabsolving a different function. Other than the aforementioned
on the surface of the Red Planet. Mars dust is currently knowayer of Demron for radiation protection, the layers of the suit
to contain Hexavalent Chromium, which can cause cancerage designed as follows:
high concentration of Perclorates, which can cause problemdnternal pressure layer. It functions as a barrier to elimi-
to the thyroid, and highly oxidative particles, that negativelgate the loss of gas and moisture and resists the permeation
impact the respiratory and cardio-pulmonary systems [23]. Fof contaminants (such aS80O,). This role is ful lled by a
these reasons, counter measurements need to be adoptddyier of Ethylene vinyl alcohol (EVOH). It is a copolymer
order to remove dust from the space suit. The tendency @f ethylene and vinyl alcohol with excellent resistance to
the dust to stick to surfaces not only causes it to enter thermeation of gases. This material is commercially available
habitat, but it can also alter the thermal balance of the sfiiom Kuraray America Inc, thus it does not require any
itself and impair mobility. For this reason an electron bean@search and development costs [27].
like the one developed by B. Farr et al. is adopted for the Dampening layer. It absorbs and dissipates the energy from
suits and the habitat [24] [25]. The work has shown promisirthe impact of micrometeoroids and dust storms. The material
results where the electron beam removed 83-92% of the dabbsen for this purpose is silicon elastomer, produced by Dow
on a space suit sample in 100 s. An electron beam will iz0orning under the name of Polysiloxane [28].
permanently available in the habitat, while a portable versionStructural layer. It provides backbone for the pressure
is meant to by carried by the astronauts during EVAs on tlgarment and it stops the inner layers from expanding. This
surface of Mars. function is accomplished with the use of Polymide.

Insulation layer. It minimises the heat loss and ensures
. dimensional stability through the large temperature gradients.
D. Mobility Polyethylene therephlalate (PET) was found to be the best

The H.E.R.O. suit needs to allow a wide range of motions inaterial to minimize the heat lost due to thermal conduction.
order for the astronauts to be able to ef ciently and effectivelyhis material provides an effective barrier to moisture and
complete tasks in EVAs outside of the spacecraft and, ma@stygen and it can be used in a wide range of temperatures.
importantly, on the surface of Mars. In the rst iteration ofit is used in combination with a thin layer of aluminium, that
the design of the suit an exoskeleton was considered, in orgesnts insulation from radiated heat. A thin layer of nylon is
to sustain the walk and enhance physical capabilities. Thedseated between the insulating layers in order to permit relative
advantages though were not considered worth the signi camiovement and allow layers to shift and slip to avoid thermal
increase of mass, and given also the fact that the assemdthesses caused by the temperature gradient.
of the habitat does not require high levels of strength, theimpact, puncture and re protection layer. Polypheny-
adaptation of an exoskeleton was discarded. In order to allfgne benzobioxazole (PBZO) is the rigid-rod polymer that
a full range of motions, rotational bearings (Fig. 4) aref ciently accomplishes the functions of this layer. It is made
incorporated inside the suit, thus granting improved exibilityhy the Japanese manufacturer Toyobo and it is sold under the
while also sustaining part of the loads [22]. commercial name Zylon [29].

The overall mass of the different layers and the mobility
bearings adds up to 20.9 kg.

F. Portable Life Support System

The Portable Life Support System (PLSS) of the H.E.R.O.
suit needs to contain everything that is required in order to
sustain a 7 hours EVA. Given the aforementioned walking
speed of 3.4 km/h, the astronauts can explore the Martian

Fig. 4. Bearing apparatus environment in a radius of about 10 km from the habitat,
with 1 hour of operational margin. According to the data

Gravity on Mars' surface is about 38% of Earth's; researghrovided by the Human Aspects group [2], the mass of oxygen
found that the optimal walking speed on Mars is 3.4 km/mequirement for 7 hours is 0.25 kg. In order to have a valuable
while the optimal speed on Earth is 5.5 km/h [26]. Whilesafety margin, the PLSS includes 0.4 kg of oxygen. In order to
boots do not play an important role when it comes to EVAs iremoveCO, from the suit environment, adopting disposable
space, their design is key in order to allow the astronauts ltdOH cartridges would be too demanding in terms of mass.
properly walk on the surface of Mars. They need to providelastead, a modern regenerative system based on the absorption
good balance between strength and exibility, and the non-slgd CO, by a metal oxide is implemented, thus saving mass and
soles grant optimal balance on the impervious terrains of tpeoviding additional oxygen [30]. To overcome the signi cant
Red Planet. A helmet that provides high visibility while alsdoss of water caused by long and physically demanding EVAs,
being durable enough to withstand Mars' sandstorms is al@ suit includes 1 kg of drinking water. Hygiene needs are
part of the design of the suit. met with the use of a Maximum Absorbency Garment.
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G. Equipment The Mars helicopter, Ingenuity, is the rst successful heli-

Several instruments and tools are needed in order for tfPter from NASA to y on a planet other than Earth, Mars.
astronauts to complete their mission, both when conductify'€ to its low mass of 1.8 kg, Ingenuity satis es the mission
an EVA in orbit and on the surface of Mars. The tools thdgduirement that is lightweight. The number of drones brought
equip the suit can be interchanged, therefore making the d@ittheé Martian surface is set to be 2 for redundancy. The
adaptable to the needs of the EVA. The equipment neededltgstration and the anatomy of the Mars Helicopter are shown
conduct scienti ¢ research on the the Red Planet is coverbdFig. 5 [31].
in section V. Additionally, the suit requires microphones and
cameras in order to record footage during operations and
proper LED lights in order for the astronauts to effectively
operate in different lighting conditions, while maintaining low
power consumption.

During operations, various parameters need to be monitored,
both regarding the suit and its user. Similarly to the system
implemented in the ISS space suits, the space suit caution and
warning system keeps under control a series of parameters that
assure the safety of the astronaut and the correct progress of
the mission. The values that are monitored include the oxygen
pressure, the suit pressure, the ventilation ow, @@, level,
the temperature of the cooling system and the ow of its pump,
battery discharge current and voltage [30].

The active systems that require power in order to operate
are the cooling pumps, the ventilation loop of the Life Support
System, the monitoring and control system, the communica-
tion equipment, the control electronics, the integrated camefd$ 5 Ingenuity components
and LED lights. The overall maximum power consumption is
estimated at around 90 W. Given the energy density of modern? he overall structure is not complex, and it only has 6 main
Li-ion batteries of 270 Wh/kg [ref], the suit requires a battergomponents. The drone itself is operated by solar-charged
of 2.5 kg for a 7 hours EVA, considering a safety margin. Lithium-ion batteries that power dual counter-rotating rotors

The overall mass breakdown of the space suit is shown mpunted one above the other. The blades are made of carbon
Tab. Il (the mass of the research equipment is to be add®#e foam core and have a span of 1.2 meters from tip to tip.

depending on the EVA). The radio antennas are equipped at the top for communication.
Its avionics or brains helps the helicopter to y autonomously,
TABLE II without human control. Sensors collect data on how fast
MASS BREAKDOWN OF THE SPACE SUIT the helicopter is travelling and in which direction, and two
c cameras which are black and white navigation camera and a
omponent Mass [kg] ..
Cayers of materials 209 colour camera for terrain images are also attached. Then, the
Cooling system 21.0 last component is the legs which help the helicopter land after
PLSS and consumables 10.3 ight. Ingenuity is attached to the belly of the Perseverance
Electronics and monitoring 0.4 . . . . .
Battery 25 rover in order to travel to the interesting exploring location
Total 55.1 and must safely detach to begin the ight. However, the rover

is considered too heavy for the mission since its mass is
approximately 1000 kg [32]. Also, the astronauts can carry
IV. VEHICLES the drone with them to scout the terrain once considered
In this section, space exploration vehicles are discussedt of sight and reach or it can be used at the habitat
Instead of using traditional autonomous rovers alone whiébr reconnaissance before doing some EVAs on the Martian
is signi cantly time-consuming as well as making the explosurface [31].
ration slow and inef cient as some obstacles may be in the Currently, the helicopter was designed to y for up to 90
path of the rovers; thus, the exploration can become faster atonds, to distances of almost 300 meters at a time and up
more ef cient by using the aerial vehicle, drone. Drones cao 5 meters from the ground. Although the ight duration,
take images, survey things on a larger scale, scout ahead agldt altitude, and ight range are short, it is a signi cant
get images of places that is not able to reach on the grouaghievement for the Human race. The knowledge can now be
Also, drones would allow seeing over that hill and scouting tregpplied to many other planets and moons that humanity might
terrain that is otherwise masked by other topography. Whileaspire to explore. In the next few years, many other ying
is controversial in the past about how a drone can y in the thidrones are expected to follow, but rst Ingenuity has to prove
or nearly vacuum atmosphere on Mars, NASA has successfult it can y and survive the harsh Martian environment. The
sent the rst aircraft in history to make a powered, controlledext generation of a rotorcraft could be in the range between
ight on another planet on 18th of February [31]. 5 and 30 kg with science payloads between 0.5 and 5 kg.
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Six-rotor might be implemented to increase ight range antb the space suit if the sample has sharp edges caused by
endurance [33]. using hands to collect samples. Furthermore, while mounting
the sample collecting system on the drone would allow for
V. RESEARCH us to collect samples at farther distances, it force a more

Research exploration over the past decade has provi(fé’(ﬁnplex structure of the drone, which leads to increased mass.

more detailed information about Mars and its history. It haG1US, & combined scoop and tong tool will be used for sample
been achieved through three main factge: a focused effort collection. The collected samples are stored in the sample bags

to acquire compositional data, which offers a new lens throu@§ Shown in Fig. 6 [36]. _ ,

which to decipher the history of the planet and complements!t Would also be valuable to investigate the effects on

photographic morphologic data available since the MarinBPman bodies in the Mars environment. The mtergst here is
and Viking missionsi(b) observations of the surface at in"oW human bodies react on other planets. The risks to be
creasingly high spatial and spectral resolution, provided 5Pnsidered for human bodies can be summarized with the
the ever-increasing capabilities of orbital instruments; gd 2cronym “RIDGE,” short for Space Radiation, Isolation and

in situ exploration and small-scale measurements by rov&f@n neément, Distance from Earth, Gravity elds, and Hos-
and landers [4]. It is very important to utilize the informatiort!®/Closed Environments [37]. By understanding these risks in

obtained from these efforts to conduct further research afigPth, one can learn keys for future manned missions toward

exploration through the manned missions. In general, thap@iger-duration mission. In addition, as explained previously,
are mainly four goals: (1) Life, (2) Climate, (3) Geology, (4}he use of drc_)ne§ will also be a great help 'Fo exp!or(_a Mars.
Human [34]. First goal; life is an important issue for explorinli;\é‘lHum"’mS will likely undertake long-duration missions to

whether Mars could have been similar to the Earth and whetfidf"s Within the next few decades. In that case, since it costs
it had life or the environment for life to survive. The origin™Ore o transport all resources from Earth, local resources

of life is said to be the greatest scientic question of oupould be used on Mars [38]. Also, further use of space
time [35]. Thus, investigating whether life can survive in nor€Xploration vehicles, such as drones and rovers will allow more

terrestrial environments is of interest. Second goal; climate§&Ploration for longer distances, which helps collecting a wide
based on the fundamental question of how the climate of Mafiety of samples and to build a Mars space base.

has changed over time to its present state, and what causes WNen considering a long-duration mission, taking into ac-
to change. It is also important to understand the similariti€@unt the effects of radiation will be more important. In recent
and differences that emerge when comparing the climatesYS@'S: the possibility of radlathn shn_aldmg in Mgrtlan cavities
Mars and the Earth. Third goal; geology is to gain insight int%nd thelr entrances has begn investigated by smula’qons [,39]'
the composition, structure and history of Mars as a p|(,:mgp_q:')loratlon of such sites will a!low further ge.olog|cal |n'vest|-
This leads to understand the origin and evolution of Mars g&tions and may lead to the discovery of suitable habitats for

a geological system. Last goal; human aims to explore th&ng organisms.

potential for the possibilities if humans can survive on Mars

and the risks during operations in further manned missions VI. MARS HABITAT

and gain insight into the future manned mission design. The habitat for the crew needs to contend with the harsh
conditions on the surface of Mars. It must provide all the
necessary environmental control and life support systems
(ECLSS). The structure of the habitat need to maintain the
internal pressure, allow EVAs to be performed, and be strong
enough to protect the crew from other potential hazards. From
the requirements and constraints of the mission, it ought to be
low mass and easy to use.

A. Environmental control and life support systems

The habitats ECLSS need to maintain the atmosphere,
provide thermal control, remove excessive carbon dioxide and
toxic particles. An open loop system will be used for the
ECLSS on the surface, rather than a regenerative system, since
the duration is relatively short.

Breathing pure oxygen for an extended duration can be
harmful to the human body. The habitat should therefore
In the Mars mission, samples from the Mars surface will beontain a combination of oxygen and nitrogen. The Earth's
collected through EVAs and brought back to Earth in order sttmosphere is composed of about 78% nitrogen and 21%
achieve the above goals as much as possible. For collectoxygen. The standard atmospheric pressure on the Earth is
samples, there are several possible ways, such as using1®&.3 kPa. The Skylab space station had an atmosphere
hands, using tools, and using drones equipped with a sampdataining 74% oxygen and 26% nitrogen, at a total pressure
collecting system. However, there is concern about damagds34 kPa [40]. A similar atmosphere will be used inside the

Fig. 6. Sample collecting tool¢a) Conbined scoop and tong tool (Scong),
(b) Sample bags.
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Mars habitat. Lower pressure implies less mass, which is ohabitat was analysed. The rst option was to have one MDV
of the mission's primary objectives. pressurised and used as a habitat. The second option was to
A regenerative carbon dioxide scrubbing system is not suliring an in atable habitat to the surface. The two alternatives

able to bring to the surface of Mars due to the short stay. |$®8e discussed in the upcoming sections.

uses a lithium hydroxide-based (LiOH) system to complement

the regenerative scrubbing system [41]. The canisters on |
has 3 kg of LIOH pellets and a total mass of 4 kg. 1.5 k
of LiOH pellets is required per person and day. Consequently,Using landers as habitats is a concept used before. The
one canister is needed per day for the crew, which brings thenar Module (LM) functioned as the habitat during the
total mass to 92 kg for the entire stay on the surface. Apollo Lunar landing [43]. The concept of using the MDV as a

The habitat should contain both a passive and an activabitat on Mars has been in discussion for many years. NASA
thermal control system. The passive system will be composead a proposal in the 1960s to use the MDV as a short stay
of a multi-layer insulation of appropriate materials, which wilhabitat on Mars, called Mars Excursion Module (MEM) [44]
retain the heat. The active thermal control system will Hg5]. The MEM would function as the MDV, habitat, and MAV.
composed of a sublimator/evaporator and a heater connechditiough the project did not get past the conceptual stage due
to the habitat. to a lack of funds, the concept was promising.

A big concern exists about the potential damage to theThe C.R.I.M.S.0.N. mission will use two MDVs. The rst
human body Marsian soil can cause. A lot of the dust on thDV to descend from LMO to the surface will contain sup-
surface is magnetic and will stick to the space suits when thes and propellant for the ascent. If the landing is successful,
crew perform EVAs. An electron beam will be used beforthe second MDV with the crew will descend. The second MDV
entering the habitat to mitigate most of the dust from théat brings the crews to the surface could be pressurised and
space suits. However, dust will inevitably still enter the habitatised as the habitat. The rst MDV would be unpressurised to
Therefore, the habitat also needs a dust removal system. $a@ve mass.
air lter inside the habitat will remove some of the dust, but Since one of the primary objectives of the project is to
another option is also necessary. NASA has suggested to ogsimise mass the MDV will be as small as possible. The
a magnetic wand or something similar to mitigate lunar dukiang rocket used for launches from Earth to LEO has a
[42]. This could be used to mitigate dust inside the Mammaximum diameter of 2.5 m, which puts a constraint on the
habitat. MDV. The mission plan is to stay 23 days on the surface. The

1) Consumables:An average human needs 0.84 kg ofmain concern of using one of the MDVs as the habitat is the
oxygen per day. A stay of twenty-three days on the surfawehicle size. The limited size would make it rather dif cult
means that 38.64 kg of oxygen is required solely for breathing. live in for that amount of time. Consequently, an in atable
If the launch window for the ascent is missed due to dmbitat concept was also analysed.
unexpected event, they might have to stay for up to three more
days. Therefore 5.04 kg of extra oxygen should be brought, :
giving a total of 43.68 kg oxygen for breathing. fﬂ} In atable habitat

Each crew member will be allowed to consume 4.4 litres The concept of in atable habitats was considered by NASA
of water per day on the surface. This amount will be usé$ early as the 1960s. A wide variety of designs have been
for drinking, dehydrating food, and hygiene. The crew wilmade since then, e.g. NASAs TransHab concept in 1999 [46].
consume 202.4 litres of water on the surface. 26.4 litréd atable or expendable modules offer great potential for mass
of extra drinking water should be brought if an unexpectend volume savings for space missions. Expendable modules
event would occur, giving a total of 228.8 litres for watepave been tested and used in space before, e.g. the Bigelow
consumption. Expandable Activity Module (BEAM) that was attached to

The Human Aspects group stated that each crew membee International Space Station in April 2016 [47]. In atable
consumes 2.49 kg of food each day. A stay of 23 days givbgbitats have potential to meet the requirements of a Mars
a total food consumption of 114.54 kg. A three-day Safefg,abitats. A few advantages of in atable habitats over rigid
margin gives 129.48 kg for the total food mass. habitats are packaging ef ciency, exibility, and psychological

The total mass of consumables for the 23 days on thene ts for the crew [48]. An in atable habitat can offer low

surface, with a three-day margin, was estimated to be ab®@ss, be portable, and have a sizeable packaged-to-in atable
402 Kg. volume ratio. The main concerns of using the MDV as a

habitat is the size and mass. Minimising the mass implies that
) ) the MDV should be small. Thus, an in atable habitat could
B. Habitat alternatives be a practical option for the C.R.I.M.S.O.N. mission.

A permanent habitat would not suit the mission due to Samuel S. Schreiner et al. designed an in atable habitat for
the short stay on the surface. The objective is to make thanar exploration [49]. The intention is to increase range and
Mars mission as low-mass and straightforward as possibéafety for Lunar explorations that use an unpressurised rover.
A permanent habitat would be too complicated to build ifhe designed system is composed of an in atable habitat,
the limited amount of time, and it would be too heavy foECLSS, a solar shield, and a solar power array. The system
this mission. Two different alternatives of a temporary Manwould allow the crew to rest for eight hours away from the

S . .
§. Pressurised Mars descent vehicle
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