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Abstract: Humans are fast moving toward a critical period where, exploring and colonizing other planets is

turning out to be an unavoidable step in ensuring survival. In the group of planets and other heavenly bodies that
have been considered as possible hosts for the human civilization, Mars stands out as the first step in the
colonization scheme. This is due to the enormous amounts of research that is being done and the findings from
these studies that suggest that Mars could have conditions that are favourable for human survival. This paper
describes in detail an innovative, cost efficient and safe mars mission. The rocket Falcon Heavy of SpaceX has
been proposed as the launch vehicle due to its cost effectiveness and high success rate. Space X Falcon Heavy
will launch and carry a Red Dragon space shuttle with two humans on board. In the first stage, the boosters will
eject the space shuttle and the space ship heads to the parking orbit while the boosters return back to earth by
vertical landing. When the boosters land on the launch pad another propellant tank is loaded on to the boosters
and it is launched back. The boosters carry the propellant tank to the red dragon space shuttle and the spaceship
is refueled in orbit. The tanker returns to earth and the spaceship departs to Mars while the solar arrays that have
been deployed give more power to the spaceship. When the space ship enters the Martian Surface, it attempts a
soft retro propulsive landing using Super Draco thrusters following a limited atmospheric deceleration. When it
almost reaches the surface, the dragon variant would dispense from the rest of the structure along with the
parachute, heat shield and land safely. The spacecraft is equipped with star sensors and a gyroscope for
accurately keeping track of the trajectory. Four thrusters and a main liquid engine are used for trajectory
correction whenever it is required. Our capsule might carry up to 16000kgs to mars. Innovative vertical farming
takes care of food requirement for the humans on board for the entire journey. We can grow a variety of leafy
salad greens using a process called “aeroponics", which relies on air and mist. The crops are grown entirely
indoors using a reusable cloth medium made from recycled plastics. In the absence of sun exposure, LED lights
are exposed to plants to only certain types of light spectrum. We use 95% less water than a traditional farm thanks
to its specially designed root misting system. The spacecraft has been designed in such a way as to sustain two
humans for around 253 days. The proposed system, if implemented will bring about a new era in the history of
human exploration and herald the coming of the exo-planet colonization era.
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1 Introduction
Mars is the fourth planet from the sun. Befitting the red planet's bloody color, the Romans
named it after their god of war. The Romans copied the ancient Greeks, who also named the
planet after their god of war, Ares. Other civilizations also typically gave the planet names
based on its color — for example, the Egyptians named it "Her Desher," meaning "the red
one," while ancient Chinese astronomers dubbed it "the fire star."[1]
Research & exploration
The first person to watch Mars with a telescope was Galileo Galilei, and in the century after
him, astronomers discovered its polar ice caps. In the 19th and 20th centuries, researchers
believed they saw a network of long, straight canals on Mars, hinting at civilization, although
later these often proved to be mistaken interpretations of dark regions they saw. [1]
Robot spacecraft began observing Mars in the 1960s, with the United States launching Mariner
4 there in 1964 and Mariners 6 and 7 in 1969. They revealed Mars to be a barren world, without
any signs of the life or civilizations people had imagined there. The Soviet Union also launched
numerous spacecraft in the 1960s and early 1970s, but most of those missions failed. Mars 2
(1971) and Mars 3 (1971) operated successfully, but were unable to map the surface due to
dust storms. In 1971, Mariner 9 orbited Mars, mapping about 80 percent of the planet and
discovering its volcanoes and canyons.
NASA's Viking 1 lander touched down onto the surface of Mars in 1976, the first successful
landing onto the Red Planet. It took the first close-up pictures of the Martian surface but found
no strong evidence for life.
The next two craft to successfully reach Mars were the Mars Pathfinder, a lander, and Mars
Global Surveyor, an orbiter, both launched in 1996. A small robot onboard Pathfinder
named Sojourner — the first wheeled rover to explore the surface of another planet — ventured
over the planet's surface analyzing rocks.
In 2001, the United States launched the Mars Odysseyprobe, which discovered vast amount of
water ice beneath the Martian surface, mostly in the upper three feet (one meter). It remains
uncertain whether more water lies underneath, since the probe cannot see water any deeper.
In 2003, the closest Mars had passed to Earth in nearly 60,000 years, NASA launched two
rovers, nicknamed Spirit and Opportunity, which explored different regions of the Martian
surface, and both found signs that water once flowed on the planet's surface.
In 2008, NASA sent another mission, Phoenix, to land in the northern plains of Mars and search
for water.
In 2011, NASA's Mars Science Laboratory mission, with its rover named Mars Curiosity,
began to investigate Martian rocks to determine the geologic processes that created them and
find out more about the present and past habitability of Mars. Among its findings is the first
meteorite on the surface of the red planet. The rover is currently climbing Mount Sharp and
studying the layers of deposition on the hill, to find evidence of ancient water activity.
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NASA has two other orbiters working around the planet, Mars Reconnaissance
Orbiter and MAVEN (Mars Atmosphere and Volatile Evolution). The European Space Agency
also has two spacecraft orbiting the planet: Mars Express and the Trace Gas Orbiter.
In September 2014, India's Mars Orbiter Mission also reached the red planet, making it the
fourth nation to successfully enter orbit around Mars.
NASA plans to launch a successor rover mission to Curiosity, called Mars 2020. This mission
will search for ancient signs of life and, depending on how promising its samples look, it may
"cache" the results in safe spots on the Red Planet for a future rover to pick up. Another mission,
InSight, will launch in 2018. It will act as a stationary lander and will drill below the surface
of Mars to look at the planet's interior structure.
ESA is working on its own ExoMars rover that should also launch in 2020, and will include a
drill to go deep into the Red Planet, collecting soil samples from about 2 meters (6.5 feet).[1]

2 Mission Plan
Mission planning is done in conjunction with the defined Mars Mission Objectives. The Mars
Mission can be envisaged as a rendezvous problem. The rendezvous mission consists of
following steps
I) Space X Falcon Heavy will launch and carry a Red Dragon space shuttle with two humans
on board.
II)In the first stage, the boosters will eject the space shuttle and the space ship heads to the
parking orbit while the boosters return back to earth by vertical landing.
III)When the boosters land on the launch pad another propellant tank is loaded on to the
boosters and it is launched back. The boosters carry the propellant tank to the red dragon space
shuttle and the spaceship is refueled in orbit.
IV)The tanker returns to earth and the spaceship departs to Mars while the solar arrays that
have been deployed give more power to the spaceship. When the space ship enters the Martian
Surface, it attempts a soft retro propulsive landing using Super Draco thrusters following a
limited atmospheric deceleration.
V)When it almost reaches the surface, the dragon variant would dispense from the rest of the
structure along with the parachute, heat shield and land safely.
VI)The spacecraft is equipped with star sensors and a gyroscope for accurately keeping track
of the trajectory. Four thrusters and a main liquid engine are used for trajectory correction
whenever it is required. Our capsule might carry up to 16000kgs to mars.
VII)Innovative vertical farming takes care of food requirement for the humans on board for the
entire journey. We can grow a variety of leafy salad greens using a process called “aeroponics",
which relies on air and mist. The crops are grown entirely indoors using a reusable cloth
medium made from recycled plastics. In the absence of sun exposure, LED lights are exposed
to plants to only certain types of light spectrum. We use 95% less water than a traditional farm
thanks to its specially designed root misting system. The spacecraft has been designed in such
a way as to sustain two humans for around 253 days. The proposed system, if implemented
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will bring about a new era in the history of human exploration and herald the coming of the
exo-planet colonization era.

3 Launch Vehicle
Falcon Heavy as shown in figure 1 is the most powerful operational rocket in the world. With
the ability to lift in to orbit over 54 metric tons (119,000lb) – a mass equivalent to a 737-jetliner
loaded with passengers, crew, luggage and fuel. Falcon Heavy can lift more than twice the
payload of the next closest operational vehicle, the Delta IV Heavy, at one-third the cost. Falcon
heavy draws upon the proven heritage and reliability of Falcon 9.
Its first stage is composed of three Falcon 9 nine engine cores whose 27 merlin engines together
generate more than 5 million pounds of thrust at lift-off, equal to approximately eighteen 747
aircraft. Falcon Heavy is designed from the outset to carry humans into space and restores the
possibility of flying missions with crew to the Moon and Mars. [2-4]

Figure 1: Falcon Heavy Credits: SpaceX

There are two stages in Falcon Heavy

1st stage:
In the first stage, there are 3 boosters. The side boosters are connected at the base and at the
top of the centre booster’s liquid oxygen tank. There are 27 Merlin engines,9 in each of the
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three boosters which generate 22,819 KN of thrust at lift off. Table 1 shows falcon heavy
specifications. The centre booster engines are throttled down shortly after the lift off. After the
side boosters separate, the centre booster engines throttle back up to full thrust.
Table 1: Falcon Heavy Specifications

Boosters

3

Engines

27

Thrust at sea level

22,819KN

Thrust in Vacuum

24,681KN

There are 9 merlin engines inside each of the three Falcon heavy boosters. These same
engines power Falcon 9, enabling efficiencies that make falcon heavy the most cost effective
heavy lift launch vehicle in the world. Since there are total of 27 first stage engines, Falcon
heavy has engine-out capability that no other launch vehicle can match. For most payload
scenarios, it can sustain more than one unplanned engine shutdown at any point in flight and
still successfully complete its mission.

2nd Stage:
Falcon Heavy draws upon Falcon 9’s proven design, so, it minimizes stage separation events
and maximizes reliability.
In the second stage, there’s one Merlin engine, which delivers the rocket’s payload to orbit
after the main engines cut off and the first stage cores separate. The engine can be restarted
multiple times to place payloads in to variety of orbits. Table 2 shows engine specifications
and table 3 shows falcon technicalities.
Table 2: Engine Specifications

Engine

1

Burn time

397 sec

Thrust in Vacuum 934 KN
Table 3: Falcon Technicalities

Height

70m (229.6ft)

Width

12.2m (39.9ft)

Mass

1,420,788 kg (3,125,735lb)

Stages

2

Boosters

2

Payload to Mars

16,800 kg (37,040lb)
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A. Dragon Spacecraft

Figure 2: Dragon Spacecraft Credits: SpaceX

Dragon is the spacecraft as shown in figure 2 that we will be using for carrying our two
astronauts to Mars. Dragon is the first commercial spacecraft in history to deliver cargo to the
International space station and safely return cargo to Earth. Dragon spacecraft can carry two
Astronauts and the other cargo we want to send to mars and it can return the cargo back to
earth. Table 4 shows the dragon payload specifications.
Table 4: Payload Specifications

Total Launch Payload Mass

6000kg (13,228lbs)

Total Return Payload Mass

3000kg (6,614lbs)

Total Launch Payload Volume 25m^3 (883ft^3)
Total Return Payload Volume

11m^3 (388ft^3)

Pressurized Section:
The pressurized section as shown in figure 3 of the spacecraft, also referred to as the capsule,
is designed to carry both cargo and humans in to space. Towards the base of the capsule, but
outside the pressurized structure are the Draco thrusters. Dragon’s guidance navigation and
control (GNC) bay and Dragon’s advanced heat shield.
Spacecraft Payload Volume – 11m^3 (388ft^3)
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Figure 3: Pressurized Section

Trunk:
Dragon’s trunk as shown in figure 4 supports the spacecraft during ascent to space, carries
unpressurized cargo and houses Dragon’s solar arrays. The Trunk and Solar arrays remain
attached to dragon until shortly before re-entry to earth’s atmosphere, when they are
jettisoned. Table 5 shows trunk technicalities.
Trunk Payload Volume – 14m^3 (494ft^3)

Figure 4: Trunk Section
Table 5: Trunk Technicalities.

Height with trunk 7.2m (23.6ft)
Diameter

3.7 m (12ft)

Sidewall angle

15 degrees
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Figure 5: Modified Enchancement to Dragon Capsule for Vertical Farming

We have designed an extra case for the vertical farming on the dragon capsule as shown in
figure 5.
Some more specifications of Dragon are: Crew Dragon was designed to be an enjoyable ride.

Figure 6: Dragon Seating Compartment Credits: SpaceX

With four windows, passengers can take in views of the Earth, the Moon, and the wider solar
system right from their seats, which are made from the highest – grade carbon fiber and
Alcantara cloth as shown in figure 6. Crew Dragon features an advanced escape system to
swiftly carry astronauts to safety if something wrong.
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Figure 7: Dragon Display. Credits: SpaceX

Crew Dragon’s displays as shown in figure 7 will provide real-time information on the state
of spacecraft’s capabilities – anything from Dragon’s position in space, to possible
destinations, to the environment on board.

Figure 8: Dragon Environmental control and Life support system (ECLSS). Credits: SpaceX

Crew Dragon has an Environmental control and Life support system (ECLSS) as shown in
figure 8 that provides a comfortable and safe environment for crew members. During their trip,
astronauts on board can set the spacecraft’s interior temperature to between 65 and 80 degrees
Fahrenheit. Crew Dragon will be a fully autonomous spacecraft that can also be monitored &
controlled by on board astronauts and SpaceX mission control on Earth.
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4 Launch and Landing Dates
The launch and landing dates are as follows [5]
Launch from Earth Leaving Earth’s Gravity Mars Gravity Mars Landing

Thursday,
10 May 2018

Tuesday,
5 June 2018

Thursday,
Saturday,
3 January 2019 5 January 2019

Friday,
14 August 2020

Wednesday,
9 September 2020

Friday,
9 April 2021

Sunday,
11 April 2021

Tuesday,
23 May 2023

Thursday,
25 May 2023

Tuesday,
Sunday,
27 September 2022 23 October 2022

A. Mission [2018 - 05 - 10 to 2019 - 01 - 05]
B. Mission [2020 - 08 - 14 to 2019 - 04 - 11]
C. Mission [2022 - 09 - 27 to 2019 - 05 - 25]

A. Mission [2018 - 05 - 10 to 2019 - 01 - 05]

Planetary position as per date 10:05:2018
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Planetary position as per date 15:26:2018

Planetary position as per date 03:01:2019
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Planetary position as per date 05:01:2019

B. Mission [2020 - 08 - 14 to 2019 - 04 - 11]

Planetary position as per date 14:08:2020
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Planetary position as per date 09:09:2020

Planetary position as per date 09:04:2021
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Planetary position as per date 11:04:2021

C. Mission [2022 - 09 - 27 to 2019 - 05 - 25]

Planetary position as per date 27:09:2022
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Planetary position as per date 23:10:2022

Planetary position as per date 23:05:2023
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Planetary position as per date 25:05:2023

D. Earth launch window.
When can our heroes come back?

Launch Date - Mars

Travel Time Landing Date - Earth

31/01/2020

212 days

30/08/2020

13/04/2022

212 days

11/11/2022

08/06/2024

212 days

06/01/2025

16/07/2026

212 days

13/02/2027

19/08/2028

212 days

19/03/2029
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5 Isolated Bio-Regenerative System for Vertical Farming through
Robots in Space Explorations
For colonization in deep space, we need to explore the feasibility of a bio regenerative system
in microgravity or artificial gravity environments. The process has various complexities form
ranging to biological obstacles to engineering limitations of the spacecraft. The concentration
of microbes in the confinements of a spacecraft can be fatal for the crew. In this paper, a
solution to the elevated microbial levels by farming in an isolated chamber using robots is
discussed. Manual control of the robot using a virtual reality environment are considered.
For the survival of human species, it is now time to explore ways to make colonization in deep
space practical [6]. One of the most prominent issue with space exploration is the duration of
space travel. To make such an endeavor possible, we must take care of our metabolic needs
without depending on earth for a re-supply. To do so, we need to explore various aspects of
farming in space. A possible approach is vertical farming using a controlled environment [7].
In recent years, we have successfully grown plants like lettuce in the International Space
Station which is a testament that with further prominent research, significant discoveries can
be made to make this a viable reality.
In furtherance of creating a sustainable environment in space, we ought to develop a bioregenerative system. By doing so, an unlimited supply of food, oxygen and water can be
provided as the fundamental life particles are processed naturally in the form of composting.
This is a possible solution to the rudimentary problem of increase in the initial launch payload
of the spacecraft with the increase in travel time.
Farming in space has a lot of inherent challenges like microgravity and reduced air pressure.
In our paper, we tried to address such an issue by associating growth with a bio regenerative
system in the enclosed of a spacecraft. An inevitable part of a bio regenerative system is the
microorganisms that break down the complex natural molecules to provide the tree with other
fundamental resources required for it to grow. Apart from this, every plant has a natural
microbial level. On earth, since the process is often done in an open space, the concentration
of the microbes developed during the process of farming is moderate. However, in the
enclosure of a spacecraft, the level of concentration of such organisms can be fatal for the
astronauts.
To tackle this problem, a similar environment needs to be created in a sealed enclosure inside
the spacecraft. This will create a safe, controlled sealed environment where the bio regenerative
system [8] can thrive without causing any harm to the astronauts. Moreover, all the activities
such as harvesting are performed using robots. To reduce the initial payload of the spacecraft
at the time of launch, the robot’s end effector will be equipped with a changeable gripper called
as so that same set of robots can be used to perform a variety of tasks. In our paper, we have
further discussed the autonomous and manual control robots to carry out the steps of farming
as well as implementing the testing of the produce.
The manual control of the robot can be achieved by an augmented reality system which can
map the input given by hand gestures of the astronaut and consequently per- form the desired
tasks using a robot manipulator. To add the autonomous features in the robots, we must exploit
the scope of machine learning efficiently and mesh it with the bioregenerative system. Using
computer vision and of a dedicated set of sensors such as leaf and humidity sensors, the system
can be trained about farming of specific crops.
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Growing a crop and collecting raw data for training the system takes a significant amount of
time. In the paper, the contemporary methods of data collections are thoroughly discussed. The
ways to sterilize the crops are extensively explored as well. Such systems should prove to be
salutary for growing crops in a controlled environment, without affecting the produce as well
as the astronauts on board.

A. Need for exploring extra-terrestrial life support
One of the most prominent reasons for colonizing space or any other planet is solely, for the
survival of our species. Human extinction is certain on planet earth; the reason may be
anthropogenic, i.e. due to human themselves or due to some natural phenomenon. One of the
most plausible human originated cause of extinction can be the technology itself. According to
the equation [9].
I = P×A×T

(1)

Where,
I = Impact on Environment
P = Population
A = Affluence (Consumption of resources per person)
T = Technology of resource utilization
The human impact on the environment is ever increasing, and with advancement in technology
to procure the resources, we are fast moving towards to frivol away. Some human activities
that can have an antagonistic effect on earth are over irrigation that leads to soil erosion,
destruction of carbon filtering coral reefs due to excessive fishing, greenhouse gases produced
due to extravagant meat production, improvident energy utilization harvested from nonrenewable resources, nuclear waste generated during nuclear energy generation, and worst of
all wars [10]. With the enhanced weapons systems, a global war in the present time will be
devastating for human civilization.
Some most common non-anthropogenic global catastrophic risk can arise from an asteroid
impact, natural climate change, geomagnetic reversal [11], a global pandemic and numerous
cosmic threats.
B. Challenges of extraterrestrial life support
According to a study conducted in NASA AMES Summer Study on Space Settlements and
Industrialization [12] using non- terrestrial material, the whole aspect of surviving in space
with minimal/ no re-supply from earth can be taken as five broad challenges.
These are,
1.
2.
3.
4.

Creating of a bioregenerative Life support system.
Effect of microgravity on humans as well other biotic lifeforms in the above system.
Detection and analysis of space rocks that can be utilized as resources.
A practically unperishable source of energy for the propagation of the space vehicle as well as
to support life in isolation of planet Earth.
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5.

Processes to transform non- terrestrial material, i.e. manufacturing of metals and other
infrastructural materials.
In our paper, we are concentrating on the first aspect of human survival in space.

6 Challenges in bioregenerative system in space
A. Effect of gravity on such system
Gravity plays an inevitable role in a plant’s growth. Plants have evolved a very sensitive system
to detect the slightest change in the environment. Over millions of years, flora on earth has
been accustomed to its gravity. Plants have developed a system in which the roots grow towards
the gravity to absorb more nutrients from the soil. In a micro- gravity system, the growth of the
plant is drastically hit, and this possesses a significant complication in space farming.

B. Elevated microbial concentration in a closed system
Another major complication in the approach of the bioregenerative system is the microbes
involved in the system. For such a system, the process of composting is critical. The raw food,
the human waste and other natural and complex organic molecules must be broken down to
obtain vital minerals again. This process is aided by specialized bacteria and other microbes.
On earth the since farming is done in an open area, the concentration of these microbes doesn’t
affect much on human health. But, inside a chamber in the space vehicle, the level of microbes
can be lethal.
Apart from the bacteria required for composting, plants always carry some amount of natural
microbial level. These microbes can be a cause of an epidemic in the system.

7 Proposed solutions for such system
In this paper, it is intended that such a system is developed in an isolated chamber which can
inhibit these bacteria from coming in contact with the astronauts. An augmentation to this
solution is, allowing only robots in the chamber. Since robots are immune to any biological
influences, they can work continuously.

A. Isolated chamber
In this paper, a significant part is devoted to a proposed system with which we can accumulate
the process of vertical farming in the spacecraft. The following image is an exploded view of
our proposal for augmenting the SpaceX Dragon Spacecraft to have an augmented chamber for
the purpose of an isolated vertical farming environment.
The proposed system is not limited to the SpaceX Dragon spacecraft as the chamber is generic,
and can act as a standalone augmentation in any spacecraft.
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Figure 9: This is an exploded view of the SpaceX Dragon Spacecraft with concentric
cylindrical chambers.

Figure 10: Front view of the proposed spacecraft.

The idea behind such a system is that humans have adapted towards the Coriolis forces over
time of during evolution. Figure 9 shows exploded view of the SpaceX Dragon Spacecraft with
concentric cylindrical chambers. Figure 10 shows front view of the proposed spacecraft.
To create an artificial gravity environment, we have an option of rotating the chamber such that
the centrifugal force results in an artificial gravity environment. But the problem with this
approach is that this will result in medical issues like vertigo etc. for humans on board.
Therefore, the system described above has two concentric cylinders inside the main spacecraft.
Both of the cylinders are rotating in the opposite direction with an angular velocity such that
net angular momentum is zero.
The overall system is equipped with a gyroscopic sensor in the astronauts’ chamber to detect
any total rotation of the spacecraft. In case of such rotation, the rotational velocities of the
cylinders are automatically adjusted to nullify the effect of the mutual rotation again.
𝐿 = 𝑟 × 𝑚 × 𝑣⊥
Where,

(2)
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L = Angular momentum r = Radius
m= Mass
v = Velocity
The mass of the outer cylinder is less than the inner cylinder to reduce the initial launch payload
of the spacecraft. Therefore, the velocity of the outer shell will be significantly higher than the
internal cylinder.

B. Dimensions of the isolated chamber with respect to the Dragon spacecraft.
Figure 11 shows three concentric circles are the projection of the Spacecraft, the outer cylinder
and the inner cylinder. Figure 12 shows the cross-section of the spacecraft at the scale 1/50
Figure 13 shows the cross-section view of the capsule including the solar panel.

Figure 11: The three concentric circles are the projection of the Spacecraft, the outer
cylinder and the inner cylinder.
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Figure 12: This is the cross-section of the spacecraft at the scale 1/50

Figure 13: This is the cross-section view of the capsule including the solar panel.

C. Stress analysis of the isolation chamber during the launch
Table 6 shows the physical properties of the material.
Table 6: Physical Properties

Material
Density
Mass
Area
Volume

Steel, Alloy
0.279264 lb mass/in^3
53693.2 lb mass
1010.03 ft^2
111.266 ft^3
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Mass Density
Yield Strength
Ultimate Tensile Strength

x=0.000000000000498396 ft
y=4.95686 ft
z=0 ft
0.279264 lb mass/in^3
36259.4 psi
58015.1 psi

Young's Modulus
Poisson's Ratio
Shear Modulus

29732.7 ksi
0.3 ul
11435.7 ksi

Center of Gravity

Load
The magnitude of linear acceleration as shown in table 7 is taken considering the launch
acceleration of a space shuttle.
Table 7: Magnitude of linear acceleration.

Linear Acceleration
Magnitude
Vector X
Vector Y
Vector Z

27.000 ft/s^2
0.000 ft/s^2
-27.000 ft/s^2
0.000 ft/s^2

Selected Body
The selected body is depicted in blue, and constraint body is represented in red as shown in
figure 14. Displacement due to properties of the material is shown in figure 15.

Figure 14: Constraint Body

Result
Name
Volume
Mass
Reaction Force
Von Mises Stress

Minimum
192267 in^3
53693.2 lb mass
0 lbforce
0.00428436 ksi

Maximum

45043.5 lbforce
6.59093 ksi
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1st Principal Stress
3rd Principal Stress
Displacement
Safety Factor
Stress XX
Stress XY
Stress XZ
Stress YY
Stress YZ
Stress ZZ
X Displacement
Y Displacement
Z Displacement
Equivalent Strain
1st Principal Strain
3rd Principal Strain
Strain XX
Strain XY
Strain XZ
Strain YY
Strain YZ
Strain ZZ

-2.13312 ksi
-7.82182 ksi
0 in
5.50141 ul
-6.9796 ksi
-2.68151 ksi
-2.42353 ksi
-3.26476 ksi
-2.98435 ksi
-6.97103 ksi
-0.0016733 in
-0.0519525 in
-0.0016928 in
0.000000135363 ul
-0.00000240395 ul
-0.000215018 ul
-0.00018062 ul
-0.000117243 ul
-0.000105964 ul
-0.0000906127 ul
-0.000130484 ul
-0.000181866 ul

7.95529 ksi
1.22482 ksi
0.0519638 in
15 ul
7.33874 ksi
2.5519 ksi
2.43882 ksi
2.63815 ksi
2.64803 ksi
7.44338 ksi
0.00166564 in
0.000112361 in
0.00165476 in
0.00020254 ul
0.000230885 ul
0.000000996451 ul
0.000217896 ul
0.000111576 ul
0.000106632 ul
0.0000721264 ul
0.000115779 ul
0.000220795 ul

Figure 15: Displacement due to properties of the material.

D. Use of robots
An augmentation to the isolated chamber in the spacecraft is to use robots for vertical farming.
In the present technological advances, humans have developed robotic solutions that can
perform as intricate tasks as performing surgeries. The process is so efficient that it is called

“Copyright © 2017 by ASWATH. Published by The Mars Society with permission.”

minimally invasive surgery. Such an efficient system of robot manipulators can undertake the
responsibility of maintaining the bioregenerative life support in the spacecraft.
The isolated chamber will contain multiple dexterous robots that can harvest the crops and can
even repair the other robots if required, as the possibility of direct human intervention in the
system is almost null.

E. Vertical Farming on Space craft and after Landing on Mars
Vertical Farming in mars is as shown in figure 16. The mars mission will depend on our ability
to provide for the following metabolic needs of the humans on board.
•
•
•

oxygen
water
food

Figure 16: Vertical Farming in Mars

Bioregenerative System
•
•
•

The initial launch mass increases linearly as the distance and the time of mission
increases.
Stowage and resupply of consumables is not a feasible option anymore.
Bioregenerative system cycle is as shown in Figure 17
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Figure 17: Bioregenerative System

Two stage of vertical farming.
•
•

Space Farms on space crafts (Figure 18).
Space Farms on Planetary surface (Figure 19).

Figure 18: On Spacecraft

Figure 19: On Mars

Parameters to be Taken Care of for Sustainable Vertical Farming
•
•
•
•
•
•
•
•

Small size of produce.
High growth rate.
Excellent germination.
Low natural Microbial level.
High edible proportions.
Able to be picked and eaten.
Regenerate air.
Purify water using transpiration.

Feasible crops till now
•
•
•
•

Lettuce.
Dwarf tomatoes.
Dwarf peppers.
Radish.
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•

Herbs as seasoning.

NOTE: The diet requirements of humans dictates that up to 15 species of plants must be grown
to ensure a complete menu (Olson et al., 1988).

Challenges of growing food in space
•
•
•
•

Low Gravity (3.711 m/sec2)
Presence of Heavy and Toxic Materials in Soil.
Extreme UV Light and Radiations.
Unfavourable atmosphere.

Achievements so far
•
•
•

NASA recently experimented growing lettuce on ISS.
The lettuce is UV resistant, can grow in low light conditions,
Also, artificial leaf is invented which can generate bio-molecules and energy.

Farming at Mars like Environment (Figure 20)
•
•
•
•

MARS SOIL HAS THE NECESSARY MINERALS (O,C,H,N,A,K,P,Ca)
SIMULATE MARS LIKE ENVIRONMENT: MARTIAN SOIL + MARTIAN
GRAVITY (3.711 m/sec2)
NASA LETTUCE AT ISS: UV RAYS RESISTANT PLANTS
LOW LIGHT CONDITIONS REQUIRED
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Figure 20: Farming Concept on Mars

Manage and maintain plant growth
•
•
•

AiroCide scrubbers - volatile organic compounds, airborne bacteria, mold, fungi,
mycotoxins, viruses, and odors.
BioServe sensors: Uses electrical impulses to measure leaf thickness
Urn water Sensors - reduced water use by 25 to 45 percent -three times faster than
growth compared in earth soil.

How safe to consume?
• Pro-San® wipes- Leaves were placed between layers of wipes in a re-closable bag and
pressed for 30 seconds before being removed and consumed.

Final showdown: Testing on Mars
TESTING PHASE
•
•
•

BRING SOIL SAMPLES TO THE COLONY
DETOXIFICATION OF THE SOIL
ADDING---FERTILIZERS

•

PLANT TESTING:
o
o
o

GERMINATION PHASE
SMALL SAPLING PHASE
GROWING SHRUB
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Thus, We will be able to test life stages of plants on mars to see what will happen to all of them,
with different phases.

8 Mars Direct Trajectory
Technology limitations solved by mathematics breakthroughs
Going to Mars to explore and develop a new world. To maximize surface time, we use a faster
flight path known as a "conjunction class" mission. This would mean a crew could arrive on
Mars after only a 6-month journey. They would then remain on the Martian surface for a year
and a half. This would give the team time to explore a wide area and conduct detailed research
about the planet. Then, as the earth return window opens, the crew would launch from Mars
for a six-month trip home. Figure 21- Figure 26 shows the Mars direct trajectory towards mars
and back to Earth. [13]

Figure 21: Beaming from the earth with escape velocity

Figure 22: On the way to Mars via Hoffmann transfer for a 6 months’ journey
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Figure 23: Reaching mars after 6 months

Figure 24: 1.5 years at mars exploring and investigating waiting for earth launch window

Figure 25: Launch from mars after 1.5 years on Earth launch window after mars scientific study
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Figure 26: Landing back to earth after nearly 900 days

9 DOME SHAPED COLONY

Figure 27: Dome Shaped on Mars
Figure 27 shows the Dome Shaped colony concept on Mars. The feature of the dome on mars are as follows

PROTECTS AGAINST:
•
•
•

ULTRAVIOLET WAVES
TEMPERATURE MAINTENANCE
PRESSURE CONTROL
HOME AT MARS: PROVIDING US

•
•

HABITAT FOR ALL: BIOSPHERE
EXPERIMENTATION SPACE FOR GROWING PLANTS
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10 MOBILITY AT MARS: SMALL PRESSURIZED ROVER
(SPR)

Figure 28: Small Pressurized Rover (SPR)
Figure 28 shows the SPR which is a small pressurized rover which can be used on mars for mobility. The
features of the SPR are as follows
•
•
•
•

FOR EXPLORATIONS FOR LONGER DISTANCES
MAINTAINS APPROPRIATE TEMPERATURE AND PRESSURE
CARRYING CAPACITY 2 HUMANS
COULD BE RUN ON SOLAR ENERGY AND GENERATED METHANE
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