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Mars Colony Architecture Model (MCAM)

• MCAM’s purpose is to support an exploratory investigation of 
various architectures, CONOPS, and representative scenarios

• MCAM Use Case

• Some guiding criteria for MCAM
– Consistency
– Compactness (brevity and conciseness are important, but must support the 

analytical models)
– Auditability 



CONTEXT DIAGRAM





Mars Colony Architecture Model (MCAM)
Entity-Relationship Diagram (System Resource Focus)



Mars Colony Architecture Model (MCAM)
Entity-Relationship Diagram (Operations Focus)



Mars Colony Architecture Model (MCAM)
Entity-Relationship Diagram (Human Activities Focus)



Mars Colony Architecture Model (MCAM)
Views Enabled by MCAM

DoDAF Views Description 
AV-1 Provides scope, overview, key assumptions for the architecting effort 
AV-2 Defines the architecture artifacts (operational nodes, systems, etc.) 
CV-1 Communicates the strategic vision regarding capability development 
OV-2 A graphic that shows ‘needlines’ between operational nodes 
OV-3 Breaks needlines into component classes (various resources) 
OV-5a Describes functions/activities (ops functions, mining functions, etc.) 
SV-1 A graphic shows a solution space generally in terms of an integrated SoS 
SV-3 A matrix shows system interfaces 
SV-5b Maps systems back to functions/activities 
SV-6 Describes the physical flows from one system to another 
PV-2 Describes the deployment timing for systems 

 



EXAMPLE



Mars Colony Architecture Model (MCAM)
Nodes Table (as part of AV-2)









Mars Colony Architecture Model (MCAM)
Needlines Table (as part of AV-2)



Mars Colony Architecture Model (MCAM)
Resources Table (as part of AV-2)



Mars Colony Architecture Model (MCAM)
Systems Table (as part of AV-2)









Mars Colony Architecture Model (MCAM)
System Resource Flows Table (SV-6)



Mars Colony Architecture Model (MCAM)
System Resource Flows Table (SV-6) Continued



Mars Colony Architecture Model (MCAM)
Needlines x Resources Table (OV-3)

OV-3 Table



Extraction Process Model
• Mining phases, systems to be used in each phase
• ISRU (all resources) mining process description, systems to be used, 

production function type and parameters, Q = F(K,L)





Economic Integration Model

• Scenarios
• What markets are likely to materialize?
• What production efficiencies and related technologies are likely to be 

available?

• Profitability
• Revenues calculations
• Costs calculations
• Net Present Value, ROI, Real Option Value calculations
• Will subsidies be needed, and for how long?



Summary
• A Mars Colony architecture is largely driven by:

– Orbital mechanics
– Human physiology
– System technologies
– Mars environments
– Economic and social constraints

• MCAM’s purpose is to support an exploratory investigation of 
various architectures, CONOPS, and representative scenarios.
– Houses architectural information in a structured way that enables standard 

views to be constructed
–When integrated with the downstream models, enables more complex views to 

be developed, in particular, those representing commercial profitability and 
payoffs from ISRU technology investments 



BACK-UP



Mars Colony Architecture Model (MCAM)
Comparison of Terminologies

DoDAF 2.02 UPDM MoDAF 1.3 MCAM 
Node Node Node Node 
System System or 

CapabilityConfiguration 
CapabilityConfiguration System 

Needline (informal in v2.02) Needline Needline Needline 
Activity Function Function Function 
Measure Measurement MeasurableProperty Measure Value 
MeasureType MeasureType N/A Measure  
MeasureTypeUnitsofMeasure SysML DimensionType 

(SysML 1.3 uses ValueType) 
N/A Unit Type  

N/A ActualProjectMilestone or 
DeployedMilestone or 
IncrementMilestone or 
NoLongerUsedMilestone 

ProjectMilestone or 
DeployedMilestone or 
CapabilityIncrement or 
StatusAtMilestone 

Milestone  
 

Organization ActualOrganization ActualOrganisation Partner  
locationNamedByAddress LocationKind or  

GeopoliticalExtent 
N/A Node Location 

Performer Participant or 
PhysicalResource or 
LogicalArchitecture or 
Performer 

Node or 
PhysicalAsset or 
LogicalArchitecture 

Performer Class 

whole part of a 
PersonRoleType 

PersonType N/A Person Type (by BLS Standard 
Occupation Classification) 

Representation Alias Alias Short Name 
Resource ExchangeElement ResourceType Resource 

 



Mars Colony Architecture Model (MCAM)
Person Type Table (as part of AV-2)



http://spacenet.mit.edu
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