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UAH Agenda

* SMAD introduction and overview
» Space mission life cycle
« Definition of mission objectives

« Preliminary estimate of mission needs,
requirements, and constraints

UAH Space Mission Analysis and Design

« Begins with one or more broad objectives
and constraints

— Proceeds to define a space system that meets
them at the lowest cost possible
» Broad objectives and constraints are key
» To get most for money spent must require
system only what it can reasonably
achieve
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I lAH Introduction and Overview

* Space is expensive

« Cost — fundamental limitation to nearly all space
missions

« Analysis and design are iterative

— Refining both requirements and methods of achieving
them
— Must repeat process many times for each mission

« Each one usually lead to more detailed, better defined space
mission concept

— Must continue to look at broad objectives
* Much pressure for more details

« New technologies could emerge, new understanding of the
problem, fresh ideas and approaches

UAH Introduction and Overview

« Documentation — key

— Clearly understand and convey to others decision
reasons

« Step 1 — define the mission needs to achieve
— What are our qualitative goals and why?

» Step 2 — quantifies how well we wish to achieve
the broad objectives, given our needs,
applicable technology, and cost constraints

— Requirements should be subject to trade as we go
along

— Major error — set requirements too early in process
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« Step 3 — developing alternative mission
concepts

* Mission concept (concept of operations) — broad
statement of how the mission will work in
practice
— Includes issues of how data will be sensed and

delivered, how mission will be controlled, and overall
mission timeline

» Step 4 — defines alternate combination of
mission elements or space mission architecture
(mission concept + key mission elements) to
meet requirements of mission concept

— Drivers — key parameters that significantly influence
system
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UAH Introduction and Overview

» Step 5 — identify principal cost and performance
drivers for each alternative mission concept
— Number of satellites, altitude, power, instrument size
and weight

— Concentrate effort on parameters having the most
impact on design and cost — improves chances of
getting best possible design within available budget

» Step 6 — defines in detail what system is and
does
— Determine power, weight, and pointing budgets,
decide data processing

— Budget — numerical list of components for any overall

system parameter .

UAH Introduction and Overview

« Step 7 — identify critical requirements

— Critical requirements — key requirements
principally responsible for determining the
cost and complexity of the system

— System drivers are not normally system
requirements
« Concentrate on requirements to determine
how firm they are, how good we should
make them, and how much we will pay for
them to achieve our broad objectives
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UAH Introduction and Overview

» Step 8 — mission utility analysis — quantify how
well meeting both requirements and broad
objectives as function of either cost or key
system-design choices

» Measures of effectiveness (Figures of merit) —
critical performance measures

» Step 9 — select one or more baseline system
designs
— Baseline design — single consistent definition of
system which meets most or all of the mission
objectives
— Consistent system definition — set of values for all of

the system parameters which fit with each other n

UAH Introduction and Overview

* Baseline provides a temporary milestone against
which to measure progress
— Allows us to limit number of options which must be

evaluated

» As system design matures, baseline becomes
more firm, eventually becomes the system
design

» Remember, baseline is only starting point for
iterative trade process — not ironclad definition of
mission parameters

» Step 10 — translate broad objectives and
constraints of mission into well-defined system
requirements 12
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Introduction and Overview

Step 11 — flow down (allocate) numerical
requirements to components of overall
space mission

— Same way budget allocates weight and power
to spacecraft's components
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UAH Space Mission Life Cycle

» Typically four phases

— Concept exploration — initial study phase that results
in broad definition of space mission and its
components

— Detailed development — formal design phase that
results in detailed definition of system components

— Production and deployment — construction of ground
and flight hardware and software and launch of first
full constellation of satellites

— Operations and support — day-to-day operation of
space system, its maintenance and support, its
deorbit or recovery at end of mission life
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UAH Space Mission Life Cycle
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IAH Space Mission Life Cycle

» Phases divided and named differently
depending on sponsor (group that provides
funding)

e Time
— Large, complex missions — 10 to 15 years to develop,

operate 5 to 15 years
— Small, simple missions — 12 to 18 months to develop,
operate 6 months to several years

» Key players
— Space mission operator, end user or customer,

developer

» Commercial space missions are customer driven
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UAH Space Mission Life Cycle

« Customers — pay for a service

» Users — receive services that others pay for

» Operators — control and maintain space and
ground assets — typically applied engineering
organizations (i.e., JPL, APL)

» End users — receive and use products and
capability of space mission

 Developer — procuring agent

» Operators and users develop technically and
fiscally responsible requirements

» Developer provides necessary product or
capability on time and within changing political
and funding constraints

UAH Concept Exploration
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JIA,‘l Concept Exploration
» Three activities
— Users and operators develop and coordinate a set of
broad needs and performance objectives based on an
overall concept of operations
— Developers generate alternative concepts to meet the
perceived needs of user and operating community
— Sponsor performs long-range planning, develops an
overall program structure, and estimates budgetary
needs and available funding to meet needs of users,
operators, and developers
» Four key players must closely integrate their
areas of responsibility
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UAH Concept Exploration

« Divides into needs analysis and concept
development

» Goal — assess the need for a space mission and
to develop affordable alternatives that meet
operator and end-user requirements

* Needs analysis — continuing process which
culminates in a new program start
— Operators and end users develop potential mission

requirements

* New program begins with set of mission

objectives, concept of operations, and desired

schedule
20

UAH Concept Exploration

« Program initiation milestone
— Funding organization commits to proceeding
through concept development
— Program receives different levels of scrutiny
depending on its scope, political interest, and
funding requirements

« Concept development

— Developer must generate alternative methods
of meeting operator’s and end user’s needs

—Includes developing and assessing different
concepts and components for mission
operations

21
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UAH Space Mission Architecture
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UAH Space Mission Architecture

All space missions consist of a set of elements or

components — form space mission architecture

Subject — thing which interacts with or is sensed by the

space payload

Payload — consists of hardware and software that sense

or interact with subject

— Trade off and combine several sensors and experiments to form
payload

Subsystems of spacecraft bus support the payload by

providing orbit and attitude maintenance, power,

command, telemetry and data handling, structure and

rigidity, and temperature control
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JA‘}! Space Mission Architecture

» Payload and spacecraft bus — spacecraft, space
segment, or launch vehicle payload

» Launch system — launch facility, launch vehicle,
and any upper stage required to place
spacecraft in orbit

— Interfaces, payload fairing, associated ground support
equipment and facilities

— Constrains size, shape, and mass of spacecraft
» Orbit — spacecraft’s path or trajectory
— Separate initial parking orbit, transfer orbit, and final
mission orbit — may have end-of-life orbit
— Significantly influences every element of mission,
provides many options for trades 2
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UAH Space Mission Architecture

» Communications architecture — arrangement of
components which satisfy mission’s
communication, command, and control
requirements
— Depends strongly on amount and timing requirements

of data to be transferred, number, location,
availability, and communicating ability of space and
ground assets

» Ground system — fixed and mobile ground
stations around globe connected by various data
links
— Allow us to command and track spacecraft, receive

and process telemetry and mission data, distribute

information to operators and users %

UAH Space Mission Architecture

« Mission operations — people, hardware,
and software that execute mission,
mission operations concept, and attendant
policies, procedures, and data flows

« Command, control and communications
architecture — spacecraft, communications
architecture, ground segment, and mission
operations elements
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JIA,I-! Definition of Mission Objectives

» 1ststep — define mission objectives
— Mission objectives — broad goals which system must
achieve to be productive

— Mission requirements and constraints — quantitative
expressions of how well we achieve our objectives —
balancing what we want against what the budget will
allow

» May modify objectives slightly or not at all during
concept exploration, often trade requirements
throughout the process

» Space mission have several objectives

— Secondary objectives which can be met by defined
set of equipment — some additional objectives may
demand more equipment
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UAH Definition of Mission Objectives

» Nearly all space missions have a hidden agenda
— Secondary, typically nontechnical objectives
— Political, social, or cultural — equally real and equally
important to satisfy
Multiple objectives occur when we use a single
satellite to meet different demands
Primary objectives usually are quite stable,
secondary objectives may shift to meet user’s
needs and redefined potential of space mission
concept
» Good mission objectives incorporate user needs
and, at least indirectly, the space characteristics
we are exploiting to achieve them 2
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\..][Al..l.l. Preliminary Estimates
» Need to transform broad objectives into
preliminary set of numerical requirements
and constraints on space mission’s
performance and operation
— Will largely establish operational concepts
that will meet our objectives
« Must develop requirements which truly
reflect mission objectives and be willing to
trade them as space system is more
clearly defined
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UAH Preliminary Estimates

» Three areas to look at
— Functional requirements — define how well
system must perform to meet its objectives

— Operational requirements — determine how
system operates and how users interact with
it to achieve its broad objectives

— Constraints — limit cost, schedule, and
implementation techniques available to
system designer

* Needs, requirements, constraints for a
specific mission will depend on mission
itself and how we implement it

UAH Preliminary Estimates

« Establishing top-level mission
requirements is extremely difficult —
depending on mission needs and on
perceived complexity or cost of meeting
them

» Should iterate the numerical requirements
many times in design process

« 1stestimate of mission requirements must
come from goals and objectives combined
with some view of what is feasible
— Often look at previous missions 33
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Jmn. Preliminary Estimates

» Next step — look at “hidden agenda”

— Contains developer’s implicit goals and
constraints

— Recognize developing a space mission
depends on political, legal, and economic
elements as well as technology

« Preliminary mission requirements should
be established subject to later trades
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UAH Typical Top-Level Requirements
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