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Agenda

e What is Goddard / Cost Estimating Modeling & Analysis (CEMA)
Office?

* Unigue Landscape of Space Cost Estimation

e CEMA’s Current Approach to Cost Estimating
e Future Considerations



Presented at the ICEAA 2017 Professional Development & Training Workshop - www.iceaaonline.com/portland2017 @'/ rmd

What is Goddard / CEMA Office?
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What is Goddard Space Flight Center?

Huntsville, AL

NASA Centers and Affiliates

Goddard Space Flight Center
Greenbelt, MD

Marshall Space Flight Center

NASA Headquarters
Washington, DC

Kennedy Space Center

First NASA space flight
complex

Earth science, astrophysics,
heliophysics focus

Primarily unmanned
missions

10,000+ civil servants and
contractors

~S5.3B budget in 2016
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What is CEMA?

B - Established within GSFC Office of the
& CFOin 2012

business cost estimating guidance
and support

4 » Provides a consistent approach to
. cost estimating for the Center
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Unique Landscape of Space
Science Cost Estimation
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Competed Work

e NASA Announcement of Opportunity (AO)
Response Process

Approximate Cost Cap (FY155M)

400
* Cost Caps — Design-to-Cost -
e Time constraints for cost estimating - T
e Various mission risk requirements T o

Frontiers

o DeSign & COSt iterations Announcement of Opportunity

Recent missions GSFC led or partnered on:

TESS - MIDEX LUCY - Discovery OSIRIS-REx — New FErontiers
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Diverse Environments

NASA Science Is Interconnected

What drives variations in
the Sun, and how do
these changes impact the
~  solar system and drive

%ﬁ space weather?

How did the
universe begin and
evolve, and what will
be its destiny?

'S
& 2
- .
o Star formation and evolution 3

5‘3 Cosmology and galaxy formation @ wnehtioviswerarg ()

s °
= =
& m
o ; Flanet 2
5 fanmstion habitabilit ¥
4 and evolution y
£

Exoplanet characterization
Origins of life

How and why are
Earth’s climate and
environment
changing?

How did our solar
system originate
and change over
ime?
time? &Df o o
Ui I
C‘Ohﬁ? Of surface and 8™ ?&’iﬁ
YOlution of climate @

How did life originate, and are we alone?
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Limited Heritage

JWST primary
mirror

Hubble
iles (1.5 million km)

Hubble primary
mirror

HST vs JWST Orbit

)

waf
A\ '
| S
I‘L"" .

Hubble Space Telescope

Lk
Wavefront Sensing
and Contral

Lightweight Cryogenic
Mirrars
| Gi h'i*“

3 r -
Cryogenic Data Acguisition Sunshield Coating Cryocooler
Integrated Circuit

Infrared

James Webb Space Telescope e
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D ata Li m itat i O n S Figure 1: The Cost Estimating Process

Initiation and research Assessment Analysis Presentation

Your audience, what you Cost assessment steps are The confidence in the point or range Documentation and
are estimating, and why iterative and can be of the estimate is crucial to the presentation make or
you are estimating it are accomplished in varying order decision maker break a cost estimating
of the utmost importance or concurrently decision outcome

 Full cost accounting A g e
 Implemented in 2004*

Define the

e Lack of Relevant o
Historical Data

e Obsolescence :
Incomplete Data o — 2 Build or Obtain aWork \__ Define or Obtain the

Source: GAD.

° Seguestta al:idth Srot R;?ét;iown Structure E:ojeqt ;echnical
nderstand the Proje scription

* No Analogs —

* Insufficient Granularity 5 Solct Cost

7
Select/Build Gather and
Assumptions Methodology Cost ModelTool bl e

Rules and Estimating

Develop and

Incorporate the

Cost Risk

Assessment Required

Figure 2. The NASA Cost Estimating Process

10
*https://www.nasa.gov/pdf/1964main_fullcost.pdf
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Historical GAO Findings

1990 — NASA added to
GAO “High Risk List” due
to cost and schedule

increases
1

GAO
Reports

GSFC Cost =/

Estimating

/
/
/

1999 and prior —
primarily analogy &
grassroots estimating

2011 - “Additional Cost
Transparency and Design
Criteria Needed”

N

GGGGGGGGGGGGGGGGG

2016 - Improvements
made in maturing
technologies prior to
commitments; 77% met

. 2012 — 38% of projects  technology maturity
2005 — requirement to AN met technology maturity standards at PDR
report cost & schedule N standards at PDR
baseline for projects with \\

LCCE > S250M A

2000 — Parametric cost
estimating support of
Integrated Design Center &
proposal development
(Science Proposal Support
Office)

Report citations from GAO.gov

v

2012 — CEMA Office
Established by Center
Management

11
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CEMA’s Current Approach to
Space Science Cost Estimation
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CEMA Work Scope

e CEMA primarily provides cost support to:
e GSFC’s Integrated Design Center (IDC) T AT

\ ¥ Integrated Design Center

* Condensed conceptual design studies
e ~20 IDC studies / yr.
e Mission/Instrument Proposal Teams

e Responsible for developing GSFC’s proposal . ' =g
submissions in response to NASA HQ announcements )
of opportunity (AOs) a1} NSPI‘RES

e ~25 proposals / yr. (3+ iterations ea.)

e Both efforts represent early lifecycle cost
estimating

13
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GSFC Proposal Cost Estimating Process

GSFC Proposal Path —

Concept/Formulation Science/Design Study

Project Mgmt, Engineering, Science
Development, Cost

Develop Proposal

Independent Independent
Cost Cost
Assessment Estimate

Parametric Parametric Cost Model Validate Grassroots - -
Cost Model ROM Refinement 1

Grassroots ROM Grassroots refinement

Grassroots estimate

Proposal Bid

CEMA Functions

14
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Parametric Tools

e CEMA utilizes multiple parametric tools in an effort to increase
traceability and align our parametric cost estimating approach with

 NASA HQ guidance S —

Parametric
Analogy

 NASA HQ proposal evaluation

Tool Type
M M M ° NASA-Sponsored Models and Tools ONCE Portal’
* Picking the right tool for the job
NASA Air Force Cost Model (NAFCOM) (Transitioning users to PCEC)
NASA Instrument Cost Model {(NICM)

[ ] A feW key pieces Of known data Technology Cost and Schedule Estimation (TCASE) Tool

Schedule Management and Relationship Tool (SMART)

ANENER
4\

@
® B o= ox
3

Phasing Model
o N ASA | n St r‘u m e nt Cost M Od eI ( N I C M ) Schedf.lle_Estimatin.g Relationship Rilsk Anal\{rsis (SERRA)
Quantitative Techniques Incorporating Phasing and Schedule (QTIPS)
o . . ofe uickCosl
o NASA PI‘OJeCt COSt ESt|mat|ng Ca pab|||ty (PCEC) gne Ni«S; Cost Engineering (ONCE) Database X
Hilzdiir‘:[:i;}?rfﬁ’lassaith NASA-Provided Licenses

 More detailed data (e.g. Master Equipment List) =

Argo (Monte Carlo simulation)

LYY Y ES RS RN ES
!\
1\

. . Automated Cost Estimating Integrated Tools (ACEIT)
 NASA HQ recommended commercial parametric tools —cosmr cutiscal nslysis packoce)
Joint Analysis of Cost and Schedule (JACS) (I€L Analysis)
SEER. for Hardware, Electronics, & Systems (SEER-H)
SEER. for Software (SEER-SEM)
PRICE# TruePlanning™
PRICE#® Estimation Suite (PES)

§§:<:<:<;<:<
a3
s| s < 5] 8] 8] 5| «

[EY
Ul
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Master Equipment List (MEL)

e Captures major subsystems, components, integration hierarchy, &
technical information relevant to cost modeling

* Necessitates strong systems engineering understanding of mission
e Design maturity, engineering, manufacturing, I&T strategy, etc.
e Objective technical parameters and subjective parameters

* Importance of Technology Readiness Level

e Linked to multiple parameters in our tools gepggaatrigr?s
: Mathematics
* MEL Evolution 7 _
 Design iteration Economics -. -1 Budgeting
* Engineering judgment Computer Science -~ — —="~ Accounting

,/

Engineering | | Marketing

16
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Design Driven Cost Estimating

Primary Mirror (PM)

Tertiary
Mirror (TM)

Collector Telescope

Mehulo_gy
Timing_EJECiTONICS Sensors

Sec ¥y Signal Mechanism R
Mirror (SM) Drive_ Elnt;oc:h'onics
Electronics (CCE)
{MDE)

Fold

Mirror
(FM)
1553~
= Space
AN ical 1553
A LA tabus
— Focal Plane
R I e L T LM s
-
e 1
—_.-.u b:...
on
G=C
=
g
S Spacecraft
I:":Eh‘g,_ Functional Block Diagram

Engineering/Design Process: Sometimes, we end up driving the design to a level of maturity

we can cost (i.e., facilitating refinement seeking a more credible estimate) T
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Master Equipment List Example

Recommended but not required in MEL for
proposals

Please see the companion Word document "Common MEL Guidance" for instructions prior to completing this MEL template.

MASTER EQUIPMENT LIST

A UNIT NOMINAL FLIGHT HARDWARE PEAK FLIGHT HARDWARE
LEVEL| NAME (Mission or Payload Name) MASS # OF UNITS LIGHT HARDWARE MAS. POWER POWER RUIESCENT
ADDITIONAL INFORMATION
Total Quoted 5 X
Unit . an- = Total X Mass Unit Total . izl Unit Total . I Unit " (s ErriEele: Vemstn, el
" Flight | Flight| EDU Contin- Contin- | Power Contin- | Power Total " Composition| model, part #, volume, quote
Mass [Cold | Hot |Flight Mass [kg] w/ | Power | Power Power | Power Price . . X ! X
Subassembly / Component y X " | Spare [ETU/| [ gency gency | [W]w/ gency | [W]w/ | Power [W] information, notation of identical
[kg] | Units |Units [ Units [ka] Contgc | [W] wj [w] w] ($K) ; .
(CBE) s | Qual [Proto (CBE) [%] (8B | (c8E) [%] | Contgc (CBE) | (CcBE) [%] |Contgc| (CBE) items, instrument / component
Units | type Y y (MEV) y (MEV) characteristics,
(MEV)
ETU approach...)
TOTAL FLIGHT HARDWARE 3.20 3.84
R A 0 84 0.00 0.00 0.00 0.00 0.00
2 |Subassembly 3.20 3.84 0.00 0.00 0.00 0.00 0.00
3 Electronics Card 0.50 1 1 1 1 0.50 20% 0.60 0.00 0.00 0.00 0.00 Digital
3 Sensor Electronics 0.50 1 1 1 1 0.50 20% 0.60 0.00 0.00 0.00 0.00 90%A / 5%D
3 Backplane 0.50 1 1 1 1 0.50 15% | 0.58 0.00 0.00 0.00 0.00
3 Enclosure 1.00 1 1 1 1 1.00 15% 1.15 0.00 0.00 0.00 0.00 Machined Al
Harness 0.70 1 1 1 1 0.70 | 30% | 0.91 0.00 0.00 0.00 0.00 RS422
3
H"gﬂu‘; Heritage Columns are for proposals - these cells will be used for a separate Heritage Foldout, with Columns A & B & TRL Repeated.

ERITAGE VS ENVIRONMENTAL REQUIREMENT : o w HERITAGE SUMMARY
w
TECHNOLOG 2 Q Q. - i
Y 2 pr} & L w x|y (v ul
READINESS fx = g ENTRY [e] § a =0 Olg|x B w) ow HERITAGE JUSTIFICATION and
tevee £ HLocaTion TEmp |PRESSUR| * 0 | RADIATIO | £ O % xZ 515 < 8w = 35| § z ADDITIONAL INFORMATION
o [SHO] o 0l S|a o ox 2
=P o XTOY 2 <X G NTID | Be | w |25 |2|E(F|3|3kESG| Gia
TRL <q Xto Y mPa <Xkrad-Si| F O Z ] 0|2 x =4 L n
P = =4 = z |0 B3 |
a = o <|o | b4da x =
q ww o s n
z
F(Full) P(Partial) N(None) NA(Not
Applicable)
6 EC Own Al No F|F[NA|F|F|P]|F [MissionA
- This new widget has been fully tested
6 PI|F|P|F|P|P|F
NT NA Yes Mission B in mission environment. It is built by the
7 Neither [Own Al  No FIF[F|F|F|[F[F [MissionA
This new widget does a new function
5 PIF[P|F|N|N[N i
NT NA Yes and we haven't tested it in the
This is the exact same thing by a
different provider. We used the same
6 FIF[F|N|F|F|F exact design and it has been fully
verified in the target environment. We
EC Own IP|Possibly own the IP.

GSFC Common MEL Template vNov2016a wHeritage
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Cost Estimating Input S

NASA Developed Tool Parameter Screens Commercial Tool Parameter Screens

sy LECTRO / MECHANICAL ]
Instrument Typs Complex Electronice Card OK ‘.
Cancel
i [Earth Oubiting |
PR nput Form|| Ll Sheet | DSheet |  Riskmput | Distioutions | Worisheet |
Minimum Mast Likel: il
N 1390 147,uyu a0V Validate I Notepad I Override | Rezet | Schedule I Help I
e :“’“ ‘i:j:g “‘;: :9 “‘;ﬁﬂ ary | prROTOS | WT-Kig | voL-Liers | HswT |
2 s y ] ]
Optics Mass 814 k; BT.7 kz 87.7 k; | I 2 I 1.00 I 0.125000 I 124 I 0.00 I
Detector Mass 4.1kg 44kl 44kg TotalgTy | TotaiprOTOS | Manually Allocate DEVFRAC %
Themal Mass 17.5kg 202kg| 20.2kg I I 5 I — r e e T |
DewarlC vaCool| FALSE | I arviia | INTEGE | INTEGS | PLTFM | vrTECH | I
Detector Type | CCD Detector | I 3 I 0000 I 07000 I S 000 I . |
I ws-Kg | meeixs | wewst | DESmes | MREL | I
I | 0.0250000 | €380 [ 0000 [ 0000 | 0.00000 I
Copy Inputs to Search Engine | Copy Inputs to System Tool | [ |
WECDM | MCPLXE | MEWEL | DESRPE | EREL | usevoL |
Goto Search Engine Go to System Tool : | 0.7529 | n721 [ oo [ o000 | 0.00000 | 0.00000 I
Mants Carlo ¥ kerations: 1200 psTART | DFPRO | DLPRO | ECMPLX | oners | prOSUP | I
futemadc Hente Bare 0 : | 1os | o o[ 1o || 0.00000 | 0.00 :
o pstaAt | praD | PenD | wel | piiers | patooL |
: |07 o 209 | ooooo _ | 0.00000 | 0.0000000 :
[Paramaters | Schedus & Gys | Labor Rates, Costs & Factors | Opa & Support | Labor Catagory Alocation
EQS Detector: Least Likely Most Note
=} PRODUCT DESCRIPTION
i Technology Area Silicon CCD
=l KEY TECHNICAL/PERFORMANCE PARAMETERS
Sox Rty iy B 2| Array Size (pixels) 580,824 1,048 576 1,638,400
Py, s, et 13y - Rows (pixels) 768 1,024 1,280
3 ,‘E‘,&;‘::;‘::T‘.:T::‘:W o - Columns (pixels) 768 1024 1,280
:q-_w—mlnnzn-w nm‘::;l::‘i: » Frame Rate (frames/sec) a 10 12
i Readout Noise (electrons/root hz) 4 5 6
ol i + Radiation Tolerance (rad) 5,000 10,000 15,000
~ Piteh (micrain) 472 551 630
R =} MISSION DESCRIPTION
- - Vehicle Space Unmanned
fren m |- PROGRAM DESCRIPTION
) i New Design 70.00% 80.00% 100.00%
+ Design Replication 0.00% 0.00% 0.00%
+ Design Complexity Nom Nom Nom
i Subsystem Integration Level Nom Nom+ Hi l 9
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Risk Analysis

* Create uncertainty distribution

e Right skewed triangular distribution
on input parameters

e Proposal defined contingency and
margin for mass

 Monte Carlo analysis

e Cumulative Distribution Function
Curve

Cumulative Probability (CDF)
o o o o o
W - ()] Lo2] -~

e
[N]

e
-

0.0

EEEEEEEEEEEEEEEEE

Example Mission
Mission Level S-Curve

70% CL Estimate: $676.7M

[=— Cost Cap: $650M @ 61% (L

50% CL Estimate: $620.7M

$400 $450 $500 $550 $600 $650 $700 $750 $8O0 $850 $900 $950

FY17$M

=~-50% Probability Level =4=T70% Probability Level

20
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Future Considerations

21
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Future Considerations
GAO Characteristics of Reliable Cost

MEL template evolution & increased Estimates
emphasis on inputs to cost

Near Term

Education of input providers and

o Well-documented
decision makers

Evolution of best practices and
documentation (Cost Guidelines
document)

Leverage CADRe growth & ONCE
database

Comprehensive

Incorporation of new models and
updates

Time Horizon

Accurate
Data collection efforts at GSFC /

Engineering discipline-centric CER
creation (Optics, Detectors)

Joint Confidence Level g ,
WBS standardization beyond level 2 g

22



Presented at the ICEAA 2017 Professional Development & Training Workshop - www.iceaaonline.com/portland2017

SPACE FLIGHT CENTER

Evolving Policy, Guidelines, Best Practices

GSFC Cost Estimating

e External to CEMA — documentation to educate the
center/agency on cost estimating policy
* Internally — cost templates for various systems, components,
rates, output, briefings, etc.
e Add new types of systems (ex. Cubesats)
* New and updated tools require best practices
* Engineering Judgment is hard to standardize

GSFC Cost Estimating

Guidance & Policy Document

Aufans

-FPower [TBD)
-Lﬂﬁuer System Electronics [PSE) Assembly [TBD]
-@—PSE Housing [TRL 6) [TBD]
—|@Wiring. Diodes, Connectors, Etc. [TRL 6] [TBD)
-|? SA Module 1 & 2 [power) [TRL 6) [TBD]
H #|Battery Module [power] [TRL 6) [TBD]
-uCunlrul Module [digitaljanalog] [TRL 6) [TBD]
-|'70utput Module 1 & 2 [power] [TRL 6] [TBD]
H #’ |Low Voltage Power Converter [LVPC] [power] [TRL 7] [TBD]
-{iBackplane [analogfpower] [TBL 6] (TBD]
[HPSE Integration & Test (TAD)
HER(Optional) Energy Storage [Battery] [TRL 6] [TBD]
Lithium lon Battery Assembly [TBD)

Structure [TRL 5) [TBD)

r@myy Cells (8] [TAL 5] [TBD)

= [ HLithium lon Batiery Integration & Test [TBD)
—— Solar Array Assembly [FIt. units = 2, TBD)

Solar Array Cell Panels [TRL 8] [TBD)

Solar Array Composite Face Sheet (TRL 8) [TBD)
Honeycomb Panels Substrate [TRL 8) [TBD)

CEMA Guidance and Policy Document for GSFC Cost Estimating 5 Wiring, Divdes, Canncelors, Elc, [TRL 6] (TBD]
“THSolar Array Assembly Integration & Test [TBD)

-|¥|Snlar Array Deployment Mechanism [Flt. Units = 2, TBD)

Fig. 2.1 Spany

Template for Power Systems Components 23
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WBS Comparison

Space Flight

Project

I I - p—— p——

Project Systems Safety & Mission Science / Payload(s) Spacecraft Mission

Management Enginzering Assurance Technology Operations

0 02 03 04 05 0F o7
| | | |
Launch Wehicle / Ground Systems Integration Education and
Senices System(s) & Testing Public Outreach

0 0g 10 11

NPR 7120.5E NASA WBS

MIL-STD-881C WBS for Space Systems*

24
*http://www.navair.navy.mil/nawctsd/Resources/Library/Acqguide/MIL-STD%20881C%203%200ct%2011.pdf
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Key Takeaways

e Unique challenges

e Early conceptual
estimating

e Commercial tools
estimating esoteric
hardware

e Systems engineering
emphasis
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Questions?

26
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