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Problem Statement 
Mission: Program Needs: 
To establish a human settlement on 
the planet Mars; the mission plan 
integrates technology components 
that are readily available from industry 
leaders worldwide to enable travel to and 
settlement on Mars (Mars One) 

“[T]o satisfy good old fashioned 
curiosity”; the inherent human need to 
explore… 
1997 Mars Exploration Study… 
• Human Exploration 
• Comparative Planetology 
• International Cooperation 
• Technological Advancement  
• Inspiration    

System Objectives & Elements: Capability Gaps: 
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Mission – Per slide.

Program Needs
“Human Exploration” suggests Mars exploration should be geared toward understanding the requirements to sustain a permanent human presence beyond Earth
“Comparative Planetology” focuses on scientific exploration of Mars’ history so that we may better understand Earth.  
“International Cooperation” highlights that a concerted international effort may be required for a sustained Mars program 
“Inspiration” asserts that the grandeur of Mars exploration will motivate the youth and excite the nations of the world. 

when the “Technology Advancement” need was identified in 1997, the Mars Exploration Study Team described the technical capabilities as “…either just available or on the horizon” and “[c]ommitment to the program will both effectively exploit previous investments and contribute to advances in technology
   - As I address the technologies required to achieve the Mars One mission, one can only help but conclude that the authors of the 1997 document were correct 
   - Just 14 years later, in 2011 when the Mars One baseline mission design and architecture were developed, the program concept was designed on the premise that all the 
     required technology already existed. 

System Objectives

Capability Gaps
Critical Capability Gaps. 
The most critical capability gap is the launcher. The launcher is required to conduct several launch missions to take payloads into Earth orbit and then on to Mars.  
The launch missions include the rovers, communications system, the cargo missions (i.e., living units, life support units and supplies), and finally, the Astronauts.  
Should any of the launches fail, the entire program is at risk for failure.  
The Falcon Heavy has yet to undergo real-world launches or test launches; the manufacturer test launches scheduled for 2014 (SpaceX, 2013), the Mars One team will address this critical capabilities gap by conducting a demonstration launch six years before the first human launch. 
These test and demonstration launches will provide valuable lessons learned about the selected launcher technology and in all, the launcher will have had eight real-world launches prior to conducting human crew launch (Mars One).
 
Significant Capability Gaps.  
Of the remaining capabilities gaps, the living units and the Marssuits are next in the line of criticality.  
Since these items have yet to be proven space-worthy, the technologies present a serious risk to both mission accomplishment and human life. 
 
Other Capability Gaps.  
There are simply some risks associated with the remaining capability gaps that the Mars One team will need to accept and / or mitigate.  
Technologies for system elements such as the transit vehicle, landing capsule, and the supply units have been utilized for previous Mars missions, but not with human lives depending on their functionality. 
While the life support unit technology has been employed at the ISS, it has never been utilized on Mars or any planetary environment. 
These capabilities will be tested during the eight-year astronaut training period by leveraging scenarios and simulations in comparable environments such as arid locations and potentially the Arctic desert (Mars One). 
Employment of the technology in these analogous environments will provide the astronauts with drills and skills to address potential failures or malfunctions of the technologies and increase the chances of program success.




CONOPS System Overview Diagram: 

System Boundaries & Interfaces: 
Boundaries: 
• Space (Earth Orbit / Mars Orbit) 
• Mars Planetary Surface 
Interfaces: 
• Transmission of satellite communications and 

remote instruction to / from the Earth 
• Interactions and construction in reduced gravity  
• Navigation and construction in/on the Martian 

terrain and atmosphere 
• Excavation / mining of Mars surface 
• Leveraging Solar Power  

CONOPS 
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System Objective #1: Safely Transport Humans to Mars. 
This system objective has three system elements aligned and each of these elements will primarily operate in the space environment. 
Element #1: the launcher, is required to conduct several launch missions to take payloads into Earth orbit and then on to Mars. 
Element #2: the transit vehicle, is defined as a “compact space station” which will carry the astronauts from Earth orbit to Mars. The transit vehicle is “comprised of four parts which are docked in Earth orbit: two propellant stages, a transit habitat and a lander. 
Element #3: the lander that will take the astronauts onto Mars to establish the settlement, and as such, it is the system element that functionally links system objective one to system objective two. 

In essence, the measure of effectiveness (MOEs) for objective one, Safely Transport Humans to Mars, includes the successful launch and placement of the Mars transit vehicle into earth orbit; followed by the completion of the seven month flight to Mars with all astronauts surviving; and the landing of the astronauts onto Mars in the lander. These MOEs are further elaborated in Table 3, which I’ve created from information provided in the Mars One Roadmap and technology pages.

System Objective #2: Establish Human Settlement on Mars. 
This system objective has four system elements aligned. 
Element #4: the rovers, will have significant autonomous capabilities.  One rover is an intelligent rover and the other, a trailer rover, will require substantial haul capability; together the rovers have the ability to assemble and set-up the settlement area. 
Element #5: the supply unit, will launch and hone in on the rover beacon. This unit contains food, solar panels, spare parts and other components which are essential for the establishment of the settlement until the astronauts fully develop their capability to grow food and create supplies. 
Element #6: the life support units, and the living units, hereafter referred to as the life support system (LSS), arrive next and the rovers start at the task of establishing the settlement. “The rover picks up all the cargo units and then deploys the thin film Solar Panel of the life support units and the Inflatable sections of the living units. 
Element #7: the Marssuits, arrive last and are utilized when the astronauts step foot onto Mars and are required any time they must leave the living units.  The suits are intended to protect astronauts from exposure to the Martian atmosphere with temperatures ranging 1 – 161 °F, non-breathable air, and exposure to radiation and Mars dust. 

The measures of effectiveness for objective two, Establish a Human Settlement on Mars, includes: the completion of all launch missions, that is all items (i.e., rovers, cargo, supplies) arrived in-tact on Mars; the selection of the settlement area by the rovers; set-up of the outpost living units and life support units by the rovers; and the astronauts ability to navigate Mars in the Marssuits to move into the settlement outpost.

At the time of writing, the Mars One team had not defined timeframes for the settlement upon establishment. However, the NASA Human Exploration of Mars Design Architecture, which contains a study to identify the objectives for the missions to Mars, defines the scope of initial three human missions to Mars as “…demonstrat[ing] the transportation of humans from the surface of Earth to the surface of Mars. Missions one through three will also have Mars surface-stay times of at least 30 days and potentially greater than 450 days.” (Drake, 2009, p. 33). Table 2 outlines the MOEs in further detail and the contents of the table are derived from the Mars One roadmap and technology pages.

System Objective #3: Establish Communications between Earth and Mars.  
This system objective has two system elements aligned and will primarily operate in the space environment, specifically, planetary orbits.  
Element #8: Earth satellites and network and Element #9: Mars satellite and network, are two omnipresent system elements.  Having been launched prior to the human launch, these system elements ensure that the astronauts can communicate back with Earth as well as allows for navigation toward Mars and is an aspect required for tracking the well-being of the human settlement.
	
The measures of effectiveness for objective three, Establish Communications between Earth and Mars, include: the launch of satellites into planetary orbits and the successful establishment of live communications networks; this includes the data bandwidth that supports the relay of images, video and other data to and from the Mars surface; communications are maintained 24 hours a day seven days a week.  Table 4 outlines the MOEs in further detail and the contents of the table are derived from the Mars One roadmap and technology pages.




1 System Objective #1: Safely 
Transport Humans to Mars

1.1 Launcher
1.1.1 Booster-Core Interface  
1.1.2 Booster-Ground Interface
1.1.3 Load Path  
1.1.4 Height
1.1.5 Vehicle Width

1.2 Transit Vehicle
1.3 Lander

1.3.1 Entry
1.3.2 Descent and landing 

2 System Objective #2 : Establish 
Human Settlement on Mars

2.1 Rovers
2.2 Supply Unit
2.3 Life Support System (LSS) 

2.3.1 Living Unit
2.3.1.1 Construction Hazards
2.3.1.2 Pressurized 

Environment
2.3.1.3 Survivability
2.3.1.4 Fabrication
2.3.1.5 Scalability
2.3.1.6 Compatibility
2.3.2 Life Support Unit
2.3.2.1 Metabolic  Design 

Requirements
2.3.2.2 Oxygen Concentration
2.3.2.3 Oxygen Supply
2.3.2.4 CO2 Partial Pressure
2.3.2.5 Humidity Removal
2.3.2.6 Operating Pressure
2.3.2.7 Crew Accommodation
2.3.2.8 EVA Atmosphere
2.3.2.9 EVA Suits
2.3.2.10 Shower Water Usage
2.3.2.11 Food Supply
2.3.2.12 Potable Water
2.3.2.13 Hardware Location
2.3.2.14 Hardware Maintenance

2.4 Marssuits
    

    

   
    

  
   

  
  

  
   

 
 
  

Requirement Identifier

SRDs: 

No Mars One Program requirements documentation.   
Leveraged 5 Documents as Proxies for SRDs: 
• Launcher Requirements (SRD #1): A 2011 Space Launch System NASA 

Research Announcement for Advanced Booster Engineering Demonstration 
and/or Risk Reduction 

• Lander (SRD #2): A 2009 Preliminary Study on Lander System and Scientific 
Investigation  for the Next Mars Exploration 

• Life Support System – Living Unit (SRD #3): A 2005 Paper on In Situ 
Resource-Based Lunar and Martian Habitat Structures Development at 
NASA/MSFC 

• Life Support System – Life Support Unit (SRD #4): A 1998 NASA Technical 
Manual on the Design and Operation of the Life Support Systems on the 
International Space Station 

• Communications System – Earth Satellite and Network & Mars Satellite and 
Network (SRD #5): A 2004 NASA Technical Manual on Developing 
Architectures and Technologies for an Evolvable NASA Space Communication 
Infrastructure  

System Requirements 
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The system requirements utilized for the requirements identification, definition, discussion and analysis in this paper were derived and compiled from a multitude of sources for similar technologies and systems as outlined below.  
 
Launcher Requirements (SRD #1): A 2011 Space Launch System NASA Research Announcement for Advanced Booster Engineering Demonstration and/or Risk Reduction
Lander (SRD #2): A 2009 Preliminary Study on Lander System and Scientific Investigation  for the Next Mars Exploration
Life Support System – Living Unit (SRD #3): A 2005 Paper on In Situ Resource-Based Lunar and Martian Habitat Structures Development at NASA/MSFC
Life Support System – Life Support Unit (SRD #4): A 1998 NASA Technical Manual on the Design and Operation of the Life Support Systems on the International Space Station
Communications System – Earth Satellite and Network & Mars Satellite and Network (SRD #5): A 2004 NASA Technical Manual on Developing Architectures and Technologies for an Evolvable NASA Space Communication Infrastructure 




Technology Readiness: Technical Risk: 
• 4 technologies are at TRL 9; 2 at TRL 7; 1 at TRLs 

6 and 1 at TRL 3.   
• Only 2/9 of those are considered to be in the “off-

the-shelf” risk profile 

• Used the risk profiles: probability of achieving 
performance vs. technology options 

• Overall risk of .6 probability of not achieving 
program performance success.   

Technical Risk & Technology Readiness Assessment 
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Technology Readiness
The science and technology required to place humans on Mars exists today
Each stage of Mars One mission plan employs existing, validated and available technology

Technical Risk.  
Using the risk profiles, that is, the probability of achieving performance vs. technology options (Grenn, 2013, p 29) 
I assessed the Mars One program to have an overall risk of .6 probability of not achieving program performance success.  This was assessed using the risk profile of performance probability versus the technology option and adding weight of 2 to any technologies with a .6 (or higher) probability of not achieving required performance.

Comparison of Risk Methods.  
Although I utilized risk profiles and the more objective matrix approach for risk assessment (Grenn, 2013, p 27), I wanted to compare the results of the risk assessment if a more subjective risk assessment approach was utilized
The results were not surprising, as there were zero items identified as “high” risk using the subjective method.  
However, once actual and unalterable figures were assigned to the technology performance probability and aligned to the technology options, it was much easier to assign a related risk level.  
Overall, the arbitrary method led to a lower, and most likely, less realistic risk assessment



Iterations of Lessons Learned: 

 

• Yielded four lessons learned that can be  
applied to acquisition agents, users, developers 
and program managers (PMs) and/or 
systems engineers (SEs).   
 

• Interestingly, I found that the requirements  
iteration lessons learned is applicable to ALL  
audiences, reinforcing the importance  
requirements.   
 

• Additionally, the all four lessons learned were  
applicable to the PMs and SEs. 

Lessons Learned 
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Capability gaps and technology readiness are closely interrelated (Figure 8).  
During this case study, the technology capability gaps identified in the problem definition stage were later linked to low TRLs and/or the high probability of not achieving performance success.  
Conducting a TRL assessment is imperative when determining the feasibility of system development within certain time and cost parameters.  
Since the Mars One program relies heavily on “existing technologies”, it is particularly important that acquisition agents understand the technology readiness level and any additional design changes or modifications required of the technologies prior to procurement.  
PMs and SEs should also have a general knowledge of this concept and ensure the right questions are asked and the time or cost factored into the plan.
 
Visualization of the system elements, through a CONOPs overview diagram can facilitate clearer interrelation of system elements and allow for further refinement of the system – i.e., a picture is worth a thousand words (Figure 9).  
The initial system definition yielded only two system objectives. 
During development of the CONOPs, the “Safely Transport Humans to Mars” system objective included the communications system element.  
However, when depicted in the System Overview Diagram, it became readily apparent that the interface and boundaries for the communications element were not limited to the system objective to which it was aligned.  
Additionally, the communications system element did not fit neatly into the “Establish Human Settlement” system objective.  
In light of this observation, a third system objective emerged: “Establish Communications between Earth and Mars”.  PMs and SEs should pay particular attention to this lesson learned, as the CONOPs is typically developed from the user’s perspective.  
This should then be conveyed to the development team, as understanding the interfaces, boundaries and system element relationships early and iterating often will ensure that details are not missed which could prove critical for requirements generation.
 
Reliance on 'existing technology' does not alleviate the need to develop detailed, quality requirements documentation.  
Although technologies may exist that were used for "similar" missions, it is extremely important to develop requirements documentation independent of the established technologies used.  
The (verified) requirements documentation for the existing technology is useful in verifying the requirements of the current system, but specific requirements for the new system must be drafted and the repurposed technology verified and validated.  
This is significant for all audiences of the program or project to understand.  
If acquisitions agents assume that ‘existing technologies’ is the same as requirements met, then there exists a risk of not allocating enough funding in the event that the technology is not appropriate  or redesign or modifications are required.  Additionally for PMs and SEs, the potential for wasting valuable time and/or the assumption of unnecessary technical risk exist.  
Finally, developers need not make assumptions and should plan for verification and/or validation of the ‘existing technologies’.  
 
Although it goes without saying, objective risk assessment models should be utilized, particularly when assessing technical risk.  
When I started the technical risk assessment assignment, I completed a subjective risk assessment, utilizing my knowledge of the capability gaps and TRL issues. 
Then I utilized the matrix approach, which assigns a numerical value to technology options available.  
I found that the existence of an in-fungible aspect in the assessment made it easier for to assign a risk level and ultimately led to a more consistent application of risk.  
Upon comparison of the two methods, zero items were identified as “high” risk using the subjective method, yet the objective method yielded two “high” risk identifications (Figure 5).  
This is significant for PMs and SEs to understand, as the risk can negatively impact project completion and adherence to cost and schedule goals.	
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