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Definitions 

“Mission architecture includes the structure of the mission, its 
functions, the environment in which it will exist, and the process by 
which it will be built and operated” 

From E. Rechtin, Systems Architecting, publ. Prentice Hall PTR, I991 

Architecture: The concepts and rules that define the structure, 
semantic behavior, and relationships among the parts of a system, a 
plan of something to be constructed. It includes the elements (entities) 
that comprise the thing, the relationships among the elements, the 
constraints that affect those relationships, a focus on the parts of the 
thing, and a focus on the thing as a whole. From Shaw, et al 

Purpose: to translate user requirements into something that can be 
built 
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The JPL Project Life Cycle: Project Architecture 

NASA 
Phases 

JPL Life 
Cycle 
Phases 

Scope - where does Project Architecture fit in the Project 

EVALUATION 

FORMULATION IMPLEMENTATION 

Pre-Phase A: Phase A: 

Analvsis 

Phase B: Phase C: Phase D: Phase E: 
Advanced Preliminary Design Development Operations Definition Studies 

Life Cycle? 

Roadmap 
Missions 

I AO-driven 
Missions 

Project 
Reviews 

A A A 

The “Offer” The Deal The Contract 

There is a role for the Mission Architect, “Transform architecture into 
implementation” that spans the entire L fecycle, through at least Phase D. 
It may have a dflerent level of eflort and focus in each Phase. 
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When do you need a new Mission Architecture? 
1. During pre-Phase A, and especially for the transition from Pre-Phase A - 
-> Phase A 

2. At  any stage in the project life cycle when the major structural 
elements of your mission have been changed substantially, e.g. 

- Program context 
- Science Requirements 
- Mission Objectives 
- Funding 
- Payload 
- Spacecraft bus 
- Launch Vehicle 
- Technology Availability (Technology Readiness Levels) 
- Trajectory 
- End-to-end Data Flow 
- Verification & Validation Plan 
- Operations Plan 
- Partners 

3. Architecting continues a t  some level at  all stages in the mission 



Design Project Architecture Sub-process flow (ICOR) 

External Requirements 
Design Principles 

Programmatic Constraints 
Program Theme/Architecture 
Applicable Processes and Procedures 

Scientific Objectives 
Programmatic Objectives 

Inputs 
Predecessor projects 
(feed-in or heritage) 
Technologies 
WA 
Last Project Archive 

(if available) 

Mission Overview 
Science Objectives 
Projects relation to  Program 
Requirements Flowdown 
Project System Description 
Payload Description 
Vehicle Description 

+ outputs 
Mission Description 
Ground Data System/Mission 
Operations Concept 
Ver if ica t io n/Va I id a t ion Description 
Costs and Risks 
Project Implementation 
JPL Institutional Impact Assessmei 7 t  

Tools (including models) 
Facilities (e.g. PDC) 
Standards t Trained Mission Architects 

Design Teams 
Study Teams 
Previous Studies and Databases 

Resources 
RLW 01/02/27 



Design Project Architecture 

Ot;jectives/ 
Constraints - 

Predecessor 
Proiects 

Pre Phase A --> Phase A Interfaces 

Pre Phase A 
Architecture 
Preparation 
Procedure 

<- Pre-Phase A PhaseA -> PMSR I 
I I 

Program Themel 
Architecture 

Scientific Objectives 
Technology Readiness 
Programmatic 

I I 
Pre Phase A 

Cost-Risk 
Procedure 

I 2 

I 
asneeded I 
Reiterate 

I 
- 

Architecture 

I LProcedure 
Wori Agreement 
Last Project Archive 

(if available) 

Architectural 

Concept Report 

I I 

as Reiterate needed I 

I I 

I 
n the P r o j e A  I 

esign F l i g h t y  

I Systems - I 
I 

7 
I - 

*I 
I 

4 
I 

Pre Phase A 
Planning 

Procedure 



Design Project Architecture Process 

Early Design 
Project Pre Phase A 

Process Development 
Architecture Concept 

Key 
Reviews 

Mid Late 
Pre Phase A Pre Phase A End Pre 

Concept Concept > PhaseA 
Development Development 

Prop osa Is 

Project 

Ideas 

? 

Process Overview 
v 
PAR 

None 

v Ir v 
Science TM&C FPC 

Concept GPMC 

Increasing Concept DesignlProduct Element Maturity 

Mission Mission Architectl Mission Architectl 

[:~~~:~~~:~~~:~~~:~~~:~~~:~~~:~~.::~.::~.:~~.::~~:~~~:~~~::~.::~.:~~.::~.::~.::~.:~~.::~.::~.::~.::~.::~.::~.::~.::~.::~.::~~:~~~:~~~::~.::~.::~.::~.::~.:~~~:~~~:~~~:~~.::~.::~.::~-::~ : 
Produced 

by Arc hi tect Team AlXlllZ Study or Proposal Teaml 
Team P RLW 010412 



Functional Decomposition of a NASA Space Mission Architecture 

Mission a 
Results Get There 

Escape Earth's 
Gravity Well 

Transfer to 
specified 
location(s) 

Achieve 
specified 
proximity, 
orientation to 
target(s) for 
specified time 
interval(s) 

Applicable to: 

[At leve 1 

Collect data in 
specified priority, 
sequence, with 
specified quality, 
quantity 

' Process data to 
specified level 

' Return data to 
Earth 

Communicate 
Results 

To sponsors 

To science 
community 
To public 

Process data to 
specified level 

Validate data 

Distribute data 
to users 
(science team) 

Obtain ancillary 
or secondary 
data from other 
sources 

FInterpret and 
analyze data 

Flybys 
Orbiters (Earth and Planetary) 
In situ missions 
Constellations 
Heliocentric observers 
Sample return missions 
Occultation experiments 

.,ased or a-- ,erne Earth-bounc 

Terminate 
Results Mission 

I 
I 
I 
I 
I 
I 

is cccomposition also applies to grounc 

Describes what the system is intended 

Operate within 
Safety Limits 

oestigations 

to do 



Elements of Pre Phase A Mission Architecture 

Guidelines: 

Mission Overview 

Science Objectives 

Pre-Phase A - Phase A: I or more Viewgraphs for each element 

Flight System Descriptions (bus, 
lander, etc.) 

Quad Chart 

Technology Needs and Assessment 

Project's Relation to Program 

Mission Requirements 

Project System Description 

- Configuration Diagram (s),-Stowed and 

- Subsystem Concepts & Block Diagrams 
- Heritage (hardware & software) 
- Mass (w. contingency) 
- Power (w. contingency) 
- Size 
- DownlinWUplink Rates 
- Pointing Capability 
- Thermal Capability 
- Software Description 
- Technology Maturity Matrix 

- Concept Description 
- Key Drivers 
- Operations Scenario 
- FlightlGround Interface 
- Overview of Mission-Critical Scenarios 
- Ground Data System 
- DSN Support or Other Ground Stations 
- Software Description 
- Data Archive Concept 
- Technology Maturity Matrix 

- WBS, WBS Dictionary 
- Implementation Approach (who does 

Deployed 

- Key Drivers (hardware & software) 
- Redundancy 
- Fault Protection Concept (hardware & software) 
- Architecture 
- Software Architecture 
- System Trades 
- Flight System Mass Breakdown (w. margins) 
- Flight System Power Breakdown (w. margins) 
- End-to-End Information System Concept 
- Data Return Budget and Margins 
- Design Principles Exceptions 
- System Margin Summary: mass, power, cost, performance 

- Environmental Conditions 
- Key Drivers 
- Mission Trades 
- Orbit and Trajectory (w. margins) 
- Navigation Concept 
- Launch Vehicle: Packaging, Mass and Margin; Stowed 

Mission Operations Concept 

Mission Description 

Project implementation Approach 

Configuration; Launch Strategy 
Payload Conceptual Design what) 

- Project Organization Chart 
- JPL Workforce Estimates 
- Project Schedule 
- Planetary Protection Strategy 
- Launch Approval Strategy 
- Outreach & Commercialization Plan 

- Payload Configuration Diagram (s), Stowed and Deployed 
- Block Diagram 
- Heritage (hardware & software) 
- Mass (w. contingency) 
- Power (w. contingency) 
- Size (w. contingency) 

Constraints 

Requirements Flowdown!Mission 

- Science -> Mission -> System 
- Requirements and Constraints Compliance 

Traceability Matrix 

Matrix (L1 requirements, HQ, programmatic, 
institutional) 

VerificationNalidation Description 
- ATLO 
- Environmental Qualification 
- Mission V&V 
- Software 
- Fault Protection 

Technology Development Approach 
-T echnology List 
-T echnology Readiness Levels (TRL's) 
-Key Technology Descriptions 
-T echnology Development Milestones 

- Risk Assessment and Mitigation Strategy and 

- Risk List 

- Cost-Risk Estimates by Phase and WBS (w. 

- Schedule Risk (w. reserves and critical path 

- Design-to-Cost-Risk Trades 

- Workforce Needs 
- Facilities 
- DSN Usage 
- Budget 
-% Prob ability of Proceeding to Implementation 

Risk ManagementApproach 

Risk Rating 

Costs and Risk Summary 

reserves) 

identified) 

JPL Institutional Impact Assessment 

- Data Rates 
- Pointing Characteristics 
- Thermal Characteristics 
- Software Description 
- Technology Maturity Matrix 



Formulation Phase 
Support Team, 
Pre-proj ect Teams - 

JPL Project Design Teams 

Resources 

Team X, Team A 
NPDT 

. . . . .  



Integrated Simulation and Modeling 

Project Trades Model for Mars '09 Lander 

Motor parameters c cenario All1  

Adaptation Activity types, resources, Traverse efficiency (mean, std dev.) b 
b File & 

Plan File % 
A 

Alt 1 
t s  

d 
.3 

fi o $  1 e o  
I * 
ROAMS 

iT 
I 

n 

~ capability 

1 I Lv selection & , 
trajectory type 

rg; 

I I 

I I I 

Max Euclidean 

1 

Euclidean distance @ mission end, # of sites 
inv # of s&mx 
measurements @ mission end, Energy used, Power 




