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Key Cost Element Comparison

@ w3 After studies were completed, high- P

\\JJB 3 2 3 H . $3.58

_ priority mission candidates were

PAVAGS! syubjected to a detailed Cost and

233> Technical Evaluation (CATE) by
Aerospace Corporation.

<HEL Y Y

® Threats
" Reserves

= Launch Vehicle
®Phase ECosts & EPO
$2.2B = Pre-launch Ground
FlightSystem

$3.0

®Instruments
=PM/SE/MA
®PhaseA

Estimated Cost (FY15$B)
o
N
(=]

$1.0

CATE estimates are based on multiple | em N
Q LT methodologies, including actual costs
of analogous past missions, to avoid

CESIS the optimism inherent in other cost
Sl | estimation processes. s | Ot

ok B CATE Estimate

80% | a Project Estimate
70% — CATE wio Threats
60%

50%
40% - /
30%
20%
10%

OG/D Al T
1.0 2.0 3.0 4.0 5.0
Estimated Cost (FY15$B)

Cost Risk Analysis S-Curve

Serendiy

LT (4 The result iIs some sticker shock! But

realism is essential.

Cumulative Probability

HhdDIE All costs are in $FY’15.
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NASA 2005 Project Management Challenge Conferéncé

Cost Performance of Space Projects

Average
Mission type Overrun Missions Included

Flagship :

31% Spitzer, MER
(> $800M)
Medium size 19% Cloudsat, Deep Impact,
(< $300M) ° Genesis, Grace, Stardust
Instruments

34% TES, EMLS
(< $150M)
System Technology
Experiments 81% DS-1, ST5, ST7
(< $150M)
Small Technology In-STEP (11 experiments),
Experiments 315% Microgravity (26
(<$10M) experiments)

Overrun = Final cost — (cost estimate + requested reserve)
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Definition of the Mission CDQ

1. “The art and science of developing an operable system capable of
meeting mission requirements within imposed constraints including
(but not limited to) mass, cost and schedule.”

2. Satisfy in a (near-)optimal manner all the requirements
3. Requires trade-offs involving diverse systems and disciplines

a. Propulsion, power, communications, orbital dynamics, thermal,

structure, mechanisms, navigation, control, soil mechanics,
aerothermodynamics,...

4. You need to identify what the important parameters are and how they
are related!

5. Define and compare a small number of different possible scenarios

6. Choose most promising option and perform more detailed design,
including space & ground segments, operations, cost and risk
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Planetary Science

Mission planning CDQ

1. Purpose and objectives of the project
a. Key questions to be answered
b. Key technical performance parameters
c. Technical and programmatic constraints
2. Technology availability and development needs
a. Potential cost and schedule drivers

Potential cost class

Ability and need to reuse existing equipment/products
Availability and need for human resources, skills, technical facilities

o oA W

Risk assessment
a. Risk management and mitigation actions

= Development approach:
a. Result from above considerations
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Objectives - Requirements CDQ

d Objective is the high level motivation

«  Which scientific question/application purpose shall
the project address and what answer is sought

d Requirement is the translation of this objective into verifiable
statements of what is needed to achieve the objective

 have several levels of detail
« are traceable, all the way back to the top level
« Include quantities

O Solution is the response to the all requirements

« There can be several solutions meeting requirements
« Non-compliance needs to be negotiated
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Mission objectives CDQ

d Science objectives: Objectives should -
a. respond to important scientific questions
b. state why a space mission is needed
c. be appealing to
— General public
- Science community

O Application objective: Objectives should -
a. serve an important need of the general public — benefits!
b. state the unique contribution from space
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Why do we need “requirements”??

1. To provide motivation and focus to the project
a. Communicating to others what shall be achieved

2. Requirements shall answer the WHY? by specifying the WHAT? and not
addressing the How?

3. To identify the trade-off for the best solution
4. Place priority on possible solutions/options
5. Priority helps resolving -

a. Conflicting requirements

b. Descope paths

6. Provide specifications to engineering and lower level subsystems
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Requirements PS

Planetary Science

1. Mission statement: captures the objectives and measurements required
in a single sentence

2. Requirements are formal statements expressing what is needed to fulfil
the mission objectives

3. Requirements shall be product related, not process related
4. Clear requirements are key to good design

5. Requirements are hierarchical: lower level system requirements shall
come from higher level mission requirements
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“Forbidden words” in Requirements

 and/or « user friendly
. etc . easy
- goal « sufficient

- shall be included but not limited to « enough

* relevant - suitable

* necessary - satisfactory

e appropriate « adequate

- as far as possible e quick

« optimise - first rate
 minimise, maximise  best possible

« typical - great, small, large
* rapid « state of the art

- should
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Examples of “requirements” CpQ

1. Good Examples:

a. The mission shall provide a measurement of the x constant
with an accuracy better than 10-13

b. The mission shall allow scanning of the sky with an angular
rate of 60 arcsec/s around an axis of rotation which is
50°+0.1° away from the Sun direction

c. The mission shall have a nominal in-orbit duration of 4 years

2. Bad Examples:

a. The system design shall maximise the spectral resolution
b. The mass shall be below 1000 kg
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What is “trade-off study” CDQ

1. Trade-off allows exploring alternative solutions
to a baseline

2. The parameter space needs to be prepared, and
an evaluation criterion shall be established using
requirements

3. Most common criteria: mass, cost; several
system properties can be translated into them -

a. Power consumption = generation of
more power - solar array size > mass

b. Higher telemetry volume - larger HGA,
more power for TM&C = mass

c. High performance - complex solutions
- more effort for verification - longer
integration time - cost
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in Phase-0/Phase-A studies CDQ

Planetary Science

1. Phase 0 - Analysis/needs identification

a. Understanding of functional and technical requirements (correct
requirements formulation and priorities), mission statement

b. Preliminary technical requirement specifications
c. Conduct trade-off studies to select preferred system concept
d. Definition of mission concept (design, profile, configuration)
e. Preliminary assessment of programmatic aspects
f.  Preliminary risk assessment

2. Phase A - Feasibility

a. Elaborate possible system and operations concepts and propose
technical solutions

b. Initiate pre-development of critical technologies
c. Conduct trade-off studies to select preferred system concept

d. Assess the technical and programmatic feasibility of the possible
concepts by identifying constraints relating to implementation, costs,
schedules, organization, operations, maintenance, production and
disposal

e. Determine uncertainty levels update risk assessment



