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Introduction

¢ Intoday’s data driven cost estimating environment, it is critical to understand the impact of
design and systems engineering decisions on cost.

¢ Important to leverage actual cost data in developing data-driven Cost Estimating
Relationships (CERS) that relate engineering design and performance parameters to
cost.

¢ Critical in today’s environment to have the ability to conduct sensitivity analysis on not
only the CER, but on the entire system estimated to understand the full impact on
Measures of Effectiveness and Measures of Performance.

¢ Using the FireSat satellite example we will discuss how to create libraries of data-
driven CERs for future projects. These CERs are “white box” and auditable both in
terms of the trend line equation and underlying data points.

¢ The presentation will also cover the benefits of implementing a data-driven
methodology in the TruePlanning framework vs. maintaining CERs in EXCEL.

¢ Using a new interface developed for TruePlanning, this presentation will also
demonstrate how sensitivity analysis for custom developed CERs can easily be
generated.
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Data Driven Estimating

¢ What does it mean?

— It means the kind of estimating envisioned by S. 454, Weapon Systems Acquisition
Reform Act of 2009, signed into law by President Obama on May 22, 20009.

¢ Among the initiatives of the act are:
— Getting things right from the start with sound systems engineering, cost-estimating;

— Ensure that cost estimates for major defense acquisition programs are fair, reliable,
and unbiased;

— Ensure the consideration of trade-offs between cost, schedule, and performance early
in the process of developing major weapon systems;

— An infusion of highly skilled and capable acquisition specialists to carry out the
requirements of this bill and address the problems in the defense acquisition system.
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Parametric Estimating

¢ Parametric estimating represents the most widely adopted method in the
integrated engineering and costing environment. Among the reasons:
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Parametrics are faster to respond than conventional or bottoms-up cost
estimating;

Parametrics, by amalgamating cost variables into a few cost drivers, require
less information than other methods;

Parametric cost drivers often align to engineering drivers, allowing concurrent
development of estimates and design alternatives; no other methods have
demonstrated this ability;

Interfaces between Systems Engineering tools and parametric estimating
tools, some commercial, are in use right now;

When properly calibrated, parametric estimating is at least as accurate as any
other estimating method; parametrics is often better.
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Case Study

Leveraging Data-Driven CERs and
Sensitivity Analysis in Satellite Estimating
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FireSat Case Study

¢ Using Space Mission Analysis Design FireSat equations , 3 edition, and PRICE
Systems cost research, the objectives of this case study are to:

— Develop a data-driven estimating model.

— Determine he “surface response” of the model (carpet plot analysis) to
changes in design and design life parameters.

— Understand which of the design variables drive cost — and to what extent
(Design of Experiments).

— Examine the trending within the cost estimating model.

— Conduct and Independent Cost Estimate (ICE) as a cross-check against our
“point” estimate.

¢ We begin by constructing a Work Breakdown Structure in the TruePlanning
model and then integrating the results with Phoenix Integration ModelCenter 9.0.

_ Optimize tomorrow today. ®
b TruePlannin g° © 2011 PRICE Systems, LLC. All Rights Reserved.
by PRICE® Systems



“Data Driven” Example - FireSat TruePlanning
M o d Product Breakdown Structure

Simple | Detailed
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1 =-C3  iFiresat_wl
z =I5 FireSat System
3 S Payload
4 ¥ IR Sensar
5 Yo Yisible Light Sensor
) ¥ Cormmunications
7 -l Spacecraft
f T Struckure
a Yy, Thermal
10 'J':fx Electrical Power Swstem (EP3)
11 'J':fx Telemetry, Tracking and Command
12 ‘J’:fx Alttitude Dermination & Control
13 ¥ Apogee Kick Mokar
14 'Jr:fx Launch & Orbital Operations Support
15 - kg FireSat Software
16 3l FireSat Flight Software
17 Tl FireSat Ground Software
18 Ty Launch Yehicle
19 --C3 Launch Yehicle CER. Development
20 < Atlas 11
21 < Atlas 11 A
22 < Atlas 11 AS
23 < Athena 1
24 s Athena 2
25 < Athena 3
26 < Delta 11 (7920,7925)
27 ,-,e'f Pegasus XL
25 < Saturn ¥
29 < Shuttle (1S ar TOS)
30 < Titan 11
31 s Titan Iy
3z ,-g,'r. Taurus

FireSat CER’s from Space
Mission Analysis and Design
(SMAD) 3" Edition

TruePlanning Software Cost
Model

Launch Vehicle CER

Launch Vehicle Database /
CER Development
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FireSat Cost Estimating Relationships

Simple | Detailed

&
b
= 1 =-03 FireSat_vi
dﬁé}g, 2 -5 FireSat System
E.F?\ \’;“"6\ 3 - i Payload
0 System FireSat System 4 Yy IR Sensor
1 Assembly Fayload 5 Yy Visible Light Sensor
142742 * (x* 6 Yy Communications
2 Single Variable Equation IR Sensor 0.562)*1000 ApertureDiameter 7 = "@ Spacecraft
51469 * (x" g ‘f:fx Structure
2 Single Variable Equation Visible Light Sensor 0.562)*1000 ApertureDiameter 2 i Thermal
2 Single Variable Equation Communications (140*x)* 1000 CommWiKG i T Electrical Power System (EPS)
1 Assembly Spacecraft 11 Y Telemetry, Tracking and Command
2 Single Variable Equation Structure 13.1*%*1000 SpacecraftDryWIKG 1z Y Alttitude Dermination & Conkral
2 single Variable Equation Thermal 50.6°x".707°1000  Thermal_WT_KG e b Apages Kick Motor
2 Single Variable Equation Electrical Power System [EPS) 112°X*.763* 1000 EPS_WT_KG 14 e  Launeh & Orbitsl Operations Support
2 Single Variable Equation Telemetry, Tracking and Command £35°X".568* 1000 TTC_WT_KG L2 - @ _ [fireSat Software
2 single Variable Equation Alttitude Dermination & Control 293*x" 7771000 ADCS_WT_KG = iﬁ FfrESat Flighit Software
2 Single Variable Equation Apogee Kick Motor 297°X"826°1000  AKM_WT_KG i; s = Lam:f\f:':ij?”“d Software
2 Single Variable Equation Launch & Orbital Operations Support 4.8%¥=1000 LOOS_WT_KG i
19 ] Ej Launch Wehicle CER Development
20 < Atlas T1
a1 < Atas 1A
22 < ftlas I1 A3
23 < Athena 1
24 < Athena 2
25 < Athena 3
26 < Dela 11 (7920, 7925)
27 ,-,cf Pegasus XL
28 < Saturn
e : : : . . 29 < Shuttle (LIS ar TOS
Space Mission Analysis Design FireSat equations imported 20 & Than H( :
- . - - - & "
directly from EXCEL into TruePlanning Equation Cost Object 2 4, T
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Example of FireSat CER imported into
TruePlanning

Product Breakdown Structure IR Sensor

Simple | Detailed I Input Sheet

[ ll] | Detailed Estimate
=3 FireSat_v1

. Cost: $162.831.287 32.30% Labor Requirement: 000 hourg
FireSat System ) ) )
- 'ﬁ Pavload Project Cost; $504,067 602 Project Labor Beguirement; 1.072.226.65 hourg

KD

Yy { IR Sensor Worksheet Set:  <Inherited:

Yy visible Light Sensor

Yy Carmmunications

- '@ Spacecraft

Yy Struckure

Yy Thermal

H’:fx Electrical Power System (EPS)

Yy Teleretry, Tracking and Com. ..

1;|r:f)( Alttitude Dermination & Control

Yy Apogee Kick Mokar

‘]r:fx Launch & Crbital Operations ...
FireSat Software

il FireSat Flight Software

i] FireSat Ground Software
Launch Wehicle

Units Spread

Start Date | =

Quantity Per Mext Higher Level 1.00 f___l]
E quation 142742 = (x™ 0.562)*1000
= Mame ApertureDiameter
i I 1.200
Activity and Besource Allocation

1
2
3
4
2
&
7
&
9

o= o
3
==

—_
o

Activity Type Production | w

Reszource Type Other Cost | W

Capture Actuals

Actual Cost 1] $ =
Actual Hours 1]

— O WD @ e T e L D
=

b
=

Launch Yehicle CER Development

Once the CER is imported into TruePlanning it become an integral part of the
framework co-existing with other CERs. The CER is not subject to breakage as in an
EXCEL spreadsheet and leverages additional TruePlanning capability e.g, risk analysis.
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1 Faolder

2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Vehicle Data
2 Launch Wehicle Data
2 Launch Wehicle Data

cf"é\ﬂ
5%,
o
@ F
Launch Vehicle CER Development
Atlas 1l
Atlas 1l A
Atlas 1l AS
Athena 1
Athenaz 2
Athena 3
Delta 11 (7920,7925)
Pegasus XL
Saturn V
Shuttle (IUS or TOS)
Titan 1l
Titan IV
Taurus

<
&_&JL.

585,000,000
590,000,000
105,000,000
518,000,000
526,000,000
$31,000,000
$52,500,000
513,000,000
5820,000,000
5400,000,000
537,000,000
5214,000,000
521,500,000

513,700
513,000
512,700
$22,500
$13,300

58,500
510,800
528,300

56,500
516,400
519,400

55,300
515,700

Product Br

Simple | Detailed

FireSat Launch Vehicle CER Development

Space Mission Analysis Design Launch Vehicle Data

imported from EXCEL to TruePlanning for CER development
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1 -3 {Firesat_v1
2 =I5 FireSat System
3 ] "@ Payload
4 ‘][:fx IR. Sensor
5 Yy Visible Light Sensor
6 Yy Communications
7 = "@ Spacecraft
g Y Structure
a ‘][:fx Thermal
10 ‘f:fx Electrical Power Syskem (EPS)
11 ‘]r:fx Telemetry, Tracking and Command
12 iy Alttitude Dermination & Control
13 Y Apogee Kick Motor
14 ‘][:fx Launch & Orbital Operations Support
15 = ﬁ FireSat Software
16 = FireSat Flight Software
17 =] FireSat around Software
15 ‘]':fx Launch Yehicle
19 ] Ej Launch Wehicle CER Development
20 < Atlas T1
21 < Atlas I 4
22 < Atas 11 43
23 < Athena 1
24 < Athena 2
25 < Athena 3
26 < Dela 11 (7920,7925)
27 ,-,cf Pegasus XL
28 < Saturn
23 < Shuttle (IUS or TOS)
a0 < Titan 11
31 < Titan v
32 ,-<.'§ Taurus
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FireSat Launch Vehicle CER Development

& PRICE TruePlanning - [FireSat_v1] =13
= File Edit Yiew Tools ‘Window Help »
De-H g, & 3=0 4 =E. i@
S truchure Chart: Launch Vehicle CER Development #
Simple | Dietailed = [A)Chart |
8| | [2a][%] [Faytoa o omitvs U~ ]|
1 =-03 FiraSat_v1 "
- . Cost; $0 0.00% Labor Requirement: 0.00 hours
2 =\ FireSat System i i )
3 - % Payload Project Cost: $504.067.496 Project Labor R equirement: 1.072,225.90 hours
: B Payload to Orbit vs. Unit Cost (LEO)
6 Y Comrnunications 1000000000
7 - i Spacecraft ¥ = 1%)("0.?981
G s akruckure 900000000 A B =1 9570
9 Yy Thermal /
10 Y Electrical Power System (EPS) 200000000 <
11 ‘]’:fx Telemetry, Tracking and Command /
12 Y Alttitude: Dermination & Control 700000000
13 Y Apogee Kick Motar =y e
14 ¥ Launch & Orbital Cperations Support ; £00000000 /
15 =W FireSat Software g /
16 ij FireSat Flight Software L. sopooonoo
17 l FireSat Ground Software 2 / {» FireSat 1
18 ‘J’:fx Launch vehicle g 400000000 7 Powver (FireSat_w1)
19 =-C3 éLaunch Wehicle CER. Developrment 5 /
20 rd Atlas 1T 300000000
21 r Atlas I1 A /
22 < Atlas T A5 200000000
23 rd Athena 1 /
24 o< Athena 2 100000000
25 < Athena 3 g
26 < Delta 11 (7920,7925) 0¥
27 o« Pegasus XL i} 20000 40000 60000 30000
(28 Sy - Maximum Payload to Orbit LEQ (kg)
Feady Connected to: TR2ZO105R1 MU 4

Space Mission Analysis Design Launch Vehicle Data regression analysis and CER
development in TruePlanning
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FireSat - Launch Vehicle CER

& PRICE TruePlanning - [FireSat_v1]

CEX

F Ele Edt Wiew Tonols indow Help x
Dm-dold. kasa, w. @, Resultant CER
8 Input Sheet: Launch Yehicle = .
Bt st | 8 _ based on regression
‘ @I Detailed Estimate A I . f L h
; - ; S F'rei?;’s':t system Cast $17,046,523 338% Labor Requirement 0.00 hours ana ySIS 0 aunc
= Praject Cost $504 067,496 Project Labor Requirement; 1,072,225.90 hours V h' | d A
L e ehicle data is
4 Yy IR Sensor worksheet Set:  <Inherited:
5 ¥ Visible Light Sensor - I d 1
a ‘]r!f)( Commurications Value Units Spread Notes e n Caps u ate I nto a
7 ] @ Spacecraft 2
: e st — Launch Vehicle CER
9 Yy Thermal 2 Quantity Per Newt Higher Levsl 1.00 35 (Y] :
1n Yy Electrical Power Systern (EPS) 3 Equation 140185.241119311° ™. g COSt 0 bj ect.
11 Wy Telemetry, Tracking and Command 4 ¥ Mame Payload WT_LEO_KG Y]
12 ‘]':f)( Alttitude Dermination & Contral 5 @x 335.000 @
13 ‘]';fx Apogee Kick Mator E Activity and Resource Allocation
14 Yy Launch & Orbital Operations Support 7 Activity Type Production | w @
15 ] ‘ﬁ FireSat Software 8 Resouce Type Other Cost | w @
16 =l FireSat Flight Software 9 Capture Actuals g
17 =l FireSat Ground Software 10 Actual Cost 1 s @ ] Th IS can bECO me
18 E& Launch Yehicle 11 Actual Hours 0 B0 .
19 ] ) Launch Yehicle CER. Development - p f I b y f
it e art of a library o
21 o< Atas 1T A CER’ H I d th
2z < Atlas 11 AS S INCIU Ing e
23 o athena 1
o source data
25 o athena 3
26 < Dielts 11 {7920,7925)
27 ,:{-‘. Pegasus 5L
28 < Saturn ¥
<
Ready Connected ko TPZ010SR.1 MM !
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FireSat - TruePlanning Software Estimating

Model

& PRICE TruePlanning - [FireSat_v1]

EBX

File Edit Yiew Tools Window Help x
DOE-H &, %520 M BEE YR, &.
uc ) Input Sheet: FireSat Flight Software #
Simple | Detailed 5 Input Sheet |
| @ Detailed Estimate v
1 =-C3 FireSat_vi -
2 25 Firesat System Cos.t $34,026 658 E.75% Lab.nr Requirement: 283,353.91 hours
3 = ,@ Payload Project Cost: $804,067 496 Project Labor Requirement: 1.072.225.90 hours
4 ¥e IR Sensar Worksheet Sek: <Inherited > [
5 iy Visible Light .Sensor e T Smead &
=] ‘f:fx Communications
7 = Spacecraft
g b ¥ " Structure Lot | =3
9 ¥ Thermal 2
10 ¥y Electrical Power System (EPS) 3 Application Type HNane | w
11 ¥y Telemetry, Tracking and Co... 4 Functional Complexty 7.00 45
1z JEi Altitude Dermination & Contral 5 Operating Specification 2.00 (45
13 ‘]':fx Apoges Kick Mator 6 Oiganizational Productivity 1.000 | 4=
14 E Launch & Orbital Cperations ... 7 Development Team Complesity 3.00 =)
15 Fire: oftware g -
15 reSat Flight Scftwars 5 Siee Urits Source Lines of Cade [5LOC) [ v
17 FireSat Ground Software 10 Mew Code Size 200,000 [+ =)
i Launch Yehicle 11 New Size Non-executable 20.00% %
19 ) Launch Vehicle CER Development 12 Adapted Code Size =
o "-": Atlas IT 13 Adapted Size Mon-executable 0.00% 4
2 * Atlas I1 & 92| Percent of Design Adapted o0 [ %
=3 o, Alasllas 15 Percent of Code Adapted 0.00% (2 %
23 :, QE::::; 16| Percent of Test Adapted 0.00% |42 %
= /;,- fthena 3 17 Reused C.ode Size 0|+=
26 /;.:' Delta 11 (7920, 7925) 18 Reused Size Non-executable 0.00%
27 ’.sa' Pegasus KL 18 Deleted Code Size 0|+
28 ’.sa' Saturn ¥ 20 Code Removal Complexity Remove code that is integrated through a single point | w
29 ’_sf Shuttle (IUS or TOS) 21 Auto Generated Code Size 0|4
30 v Titan 1T 22 Auto Gen Size Non-executable 0.00% £
31 ,;}" Titan I¥ 23 Auto Translated Code Size 0|l
32 ,.::,‘p. Taurus F 24 Autn Trans Sire Mon-ruen tahle 1NNz -4 5 b
Ready Connected bo: TRZ0105R1 MUK | B
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For software, we
have augmented
the SMAD CERs
with TruePlanning
for Software. This
allows a much more
robust modeling of
the software
estimate taking into
account additional
parameters
software sizing,
effective lines of
code and team
experience.
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“FireSat Model Cost Estimate Model

& PRICE TruePlanning - [FireSat_v1]

Fie Edit

View Tools

 Simple | Detailed \

sindow  Help

Sk Gl s

BB .

1 =03 FireSat_wl

z =SR] fFireat System

3 =@ Paylnad

4 hEY IR Sensor

5 L wisible Light Sensor

3 hE Communications

7 =@ Spacecraft

& Structure

3 Thermal
10 Electrical Power System (EPS)
11 L Telemetry, Tracking and Command
1z hE Alktitude Dermination & Control
13 Yy Apogee Kick Motor
14 L Launch & Orbital Operations Support
15 = FireGat Software
16 FireSat Flight Software
17 FireSat Ground Software
18 Launch Vehicle
19 =3 Launch Vehicle CER Development

PResults

eSat System

Cost Objects | Ef Input heet [EResults

EAchart |

2] | Untitied (30)

Co $504067.602  100.00% Labor Requirement 2665 hours
Project Ca 3504,067 £02 Praject Labor Requirement 107222665 hous
Costs - FiieSat System -[5 | Total | Development  Producton | Operation &
Cunencyin USD (3] (as Suppart
1 FireSat System 59.791,947| 59781947
2 Payload 1,085,878 1085878 0
3 IR Sensor 162,831,287 0 18283287
4 Visibls Light Sensar 58,712,667 0 EBTIZEET
5 Communisations 56,939,199 0 EBEm1m
& Spacecraft 364,112 364,112 i
7 Stuctue 7.553,453 0 756346
& Themal 1,224,833 0 1zEm
3 Electiical Power System.. | 14,668,180 0 14688130
10 Telemetty, Trackingand... 7,821,898 0 7enem
11 Aliude Demingtion & ... | 17,934,071 0 17934071
12 Apogee Kick Motor 1,494,974 0 1434574
13 Launch & Oibitel Operati.. | 7.754.542 0 7754542
14 FireSat Softwars 17.860.945 17,860,945 0
15 FieSatFight Software | 34,026,658 34026658 i
16 FieSal Ground Software | 36,966,328 36,966,328 0
Launch Weficle 17.046,629 0 17mMeE2
Total 04,067.602 150,085,869 353,981,733

Ready

| Connected to: TPZ0IDSR1

I [
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FireSat Sensitivity Modeling

¢ Our TruePlanning model provide a single “point estimate”. However, we
want to understand:

— Sensitivity of the model to changes in CER parameters.

— The response surface or “Carpet Plot” of the model to parameter
changes

— Which of the design variables drive cost — and to what extent (Design
of Experiments)

¢ Using ModelCenter 9.0 from Phoenix Integration, we can conduct these
(and many other) system engineering studies.

¢ This allows us to determine the sensitivies of FireSat CERs within the
TruePlanning model

_ Optimize tomorrow today. ®
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FireSat Sensitivity Modeling

Bl

. i, BE YR, &,

siole @ o Breats| 23
- [ EEEAmm=T ]
190 R <
i e i Cont LTSN 10000 Lobor et 110722685 hoas
S O e Price ot 1604067502 Procet LoborRecyienent 107222665 hous
‘ W mensor [ G FicsaSiten 5 Totol  Develpnen | Fiodwion  Opeiond.
s Ve viable Lk Sensor Curency inUSD (8) (as Sueport
¢ [ —
7 9 oot 1 Feesatsysen 781947
8 Vi sudue 2 Pajoad 1095878 108678 0 [
9 Them B 162,031,207 o eomiam
0 et poversysien 5) 3 Vbl Sener 56,712,667 o sz
u Teenty, g and Cormand | Cormricaine 56339199 o seemis
w [ ¢ St S e o o
v e esirs st 7 Stueue 755345 o 7
" o 8 Trema 1224833 o 1z
. e ste 5 Eectica PonerSylem. 14,660,100 o s
» e o 10, Teemey, Tiackroand.  7.621.69 o 7en
i e Lamniatis 11 Ao Deminaont 17,834,071 o wsuon
19 6 E Lo R Devegmant 12 Apagee Kk Hotor 1494.974 o tasans
15 Lawen . Dt Opers 0 7
14 FreSa Seae g0 0 o
15 FecsoPignScfvse 026650 4025550 0 0
6 FresaGondSawae | 36,956,328 %6328 0 o
17, Lowch Vencle 17,045,629 o nvees
1 Total 504,067,602 150,005,069 353,973 o
Phoenix Integration ModelCenter 9. \Documents and Settings\jasnoffiDesktopANAS DiFireSatv3. pxc*] - [Model (Analysis View)]
ooy (Comacted o TP20lOSRL )

=3 Fle Edt Yew Tools Component Project Window  Help
DUH. =@ I 14 00 A7 A2 e
=] Model TruePlanning  componert plug-in SOFT'WARE\Phoenix IntegrationtComponent Plug-ns\TruePlarining

— Component Tree n Iy -~
Name | value |

=-=3 Model
2

ModelCenter 9.0 contains a g1
“plug in” for TruePlanning i s B

dEH ong

B

allowing exposure of all L oo, ™
TruePlanning inputs and o ;
outputs.

— e

=2 Inputs

This allows the ability to take

:
full advantage of ModelCenter o e = - :
Server Browser k3
System Engineering tools R = B 8 A I O O
B @ ] process: ahanus Adams ANSYS Catia Converger Darwin Design Excel FLAMES FLAMES Gradient LE-DTMa
# e component plug-n: Explorer Analyze Execute Optimizer
@ solution archive:

@
)

NxMastran Prof QuickWiap  TruePlanning

= asenv:Aocalhost M @ | D @ %)
N

Mathcad Matlab MSCHastan
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FireSat Sensitivity Modeling - Parametric
Study - Sensors Cost Estimating Relationship
(CER) in TruePlanning

Phoenix Integration ModelCenter 9.0 - [C:\Documents and Settings\jasnoffiDesktop\NASA CAD\FireSatv4. pxc*] - [Model (Analysis View)]

=3 File Edit view Tools Component Project Window Help -8 X
DR, ® P0G RIEEEE®E,
= Model  Model -
=
‘Component Tree n % AT
Hame [ vl | =
=
==g
= Eg TruePlanning &
5 t4 FieSal System a e A=
= Outputs =1
* Dm 1 Cost_. 2 wisible Light Senor Aperature ws, Tatal Cost v ®
. 5“‘:"'5? =1 Design Variabls
= 1= Shuctue
B 12 Inputs = 4 Model TrusPlanving FireS at_System Payload Visile_
va X 5E0.000
= 14 Electical_Po. ; starting value: |1
3 Inputs m ending value: 5
+a 573,000 A
=12 Telemety_ - number of samples: 20
=2 Inputs
o % 79000 step size; 0.210526315789474
= 1= _apogee_Kic.
# L Inputs Respanses
=I5 Pajload -+ [Model TruePlanning FireSat_5pstem Outputs. T otal
=12 _IR_Sensor
- TruePlanning
-2 Tnputs & s
»m X 1.200 o _—
=12 Visible_Light. o
=L Inputs
»a X 1.200
=12 Communicabi [ Validate A Fiun.
=12 Inputs
v % 335,000
% FieSal_Software
= 1= FieSat_Flight 3
=12 Inputs 3 < >
GlaE =
7

2%% 2 A Sy '-_'.,'I o | v‘v 1‘v hd ﬁ M ‘4/\

-3 proess Abaqus Adams ANSYS Catia Converger  Damin Design Excel FLAMES  FLAMES  Gradent  LSDYNA  Mathcad Matlab
Explorer Bnalyze Eveouts  Optimizer

# & component plugin
w0 solution archive:

©-= aservAflosahost ﬂ D @ @

“

MSChHastian N MNMastian ProE Quick'Wrap  TrugPlanning

Using ModelCenter
9.0, we want to do a
“Parametric Study”
of the Aperture
Diameter to
understand how
variations of
Aperture size
influence cost.

TruePlanning model opened in ModelCenter 9.0 showing selected inputs.
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FireSat Sensitivity Modeling - Parametric

Study - Sensors

Data Explorer (Parametric Study): 2/22/2011, 9:25:00

Fle Edt Chart Options Help

[l = R 2] (D] Mo Standard Flots - [Z:batavisualeer - | @) Plugdns: [ |2 [SNE e 2] @] M starard Plots - [ Data Visusizer - | @) Plug-ns: &) [T
[ Tame 1. Table
| [|s17.00 $17.75 $17.00 $17.75 _ .
(113400007 |1 3404007 IR Sensor Aperature vs. Total Cost 1 3 4ee07 Visible Light Sensor Aperature vs. Total Cost
5172 5172 5172 5
1 ;.ﬂﬂﬁaﬁaaﬂﬂ l ‘wz‘aa‘ 00000000 / } 4023041 235 575000000
: (51700 775 7.00 775
630000000 5172
/ 570000000
680000000
670000000 / sesamree /
i 660000000 /‘( 560000000 4
E 650000000 /
_ / —555000000
o ) /
- @ 630000000 / b /
@
% 620000000 545000000
2 610000000 /
540000000
sonononon e ! /
"Z sen000000 "2 sas000000

Fie Edt Chat Options Help

"3 580000000

530000000 /

Total_Cost_with_Overhe

O srooonoo P /
& se0000000 525000000
= 550000000 /, 520000000 /
540000000 /
/ 515000000
530000000 /
520000000 510000000
510000000 / S05000000
500000000 /
500000000
490000000
1.000 2.000 3.000 4000 5000 1.000 2000

4000

3000
IR Sensor Aperature Visible Light Sensor Aperature

———— Total_Cost_with_Overhead (3) ——+—— Total_Cost_with_Overhead (§)

For Help, press F1

5.000

For Help, press F1

For this study we use ModelCenter 9.0 to iterate a range of aperture parameters for
IR Sensor and Visible Light Sensor to examine the impact on Total Cost
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FireSat Sensitivity Modeling — Carpet Plot, ModelCenter
9.0
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Using the Carpet Plot tool, we can examine the impact of changes to the IR and
Visible Light apertures over a simultaneous range of values and visualize the
impact on cost.
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FireSat Sensitivity Modeling — Parametric Study -
Software
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In addition to examining subsystems, we can also use ModelCenter
to look at sensitivity of code growth to total cost.
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FireSat Sensitivity Modeling — Design of

Experimer

~olx)|
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In Using the DOE tool, we can examine which of the subsystems are the

largest cost drivers over a range of variation.
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FireSat Sensitivity Modeling — Independent

Cost Estimate

PRICE Systems

¢ In addition to
understanding the
sensitivities of the data-
driven FireSat model, we
also want to develop an
Independent Cost
Estimate (ICE) using
PRICE Systems cost
research.
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FireSat Independent Cost Estimate (ICE)

Froduct Breakdown Stiucture
Simple | Detailed
1 =-C3 {FireSat_w1_ICE (1)
z -4 FireSat System ICE - .
3 =N Payload } FireSat IR and Visible Sensor CER from
4 LE IR Sensar SMAD
5 Ty Yisible Light Sensar
=] = Skruckture ICE
7 | Communications {Structure) ICE .
. B Commurications (E/M) ICE — | Independent Cost Estimate (Hardware) for
9 £ Thermal Cantral (ICE) Subsystems from calibrated TruePlanning
10 | Propulsion {ICE) Hardware model
11 | Electrical Power System (ICE)
17 £ ADCS (ICE)
13 - g FireSat Saftware (ICE) }
14 E Firesat Flight Software (TICE) COCOMO
15 E FireSat-GrDund Software (ICE) COCOMO } LaunCh VehiC|e from CER Iibrary
16 iy Launch Yehicle MAD
17 'J’:fx Launch & COrbital Operations Support (S )

The Independent Cost Estimate substitutes the SMAD CERs with calibrated TruePlanning Hardware models
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FireSat - TruePlanning Hardware Estimating
Model - Independent Cost

Estimate (ICE)
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FireSat ICE vs. FireSat SMAD CERs
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Benefits of Data Driven Results in TruePlanning
Framework

¢ Ability to include CERs as part of the TruePlanning Framework.

— Leverages additional capability such as risk analysis, escalation, activity based costing
and consolidated reporting.

¢ Ability to have both databases of historical data points including
estimating CERs within the same framework.

— PRICE Cost Research/Calibrated can be intermingled with your own CERs thus
increasing estimate fidelity.

¢ Integration with System Engineering tools such as ModelCenter to
conduct sensitivity, Design of Experiments, optimization studies, etc.
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Benefits of Data Driven Results in TruePlanning
Framework

¢ Repository for all data used to generate the databases and CERs

— Ability to embed the entire database including EXCEL files and trend line analysis
within the TruePlanning estimate for complete auditability.

¢ In conjunction with the TruePlanning framework, you can integrate
data-driven CERs, TruePlanning cost objects (models) and your own
custom models to achieve higher fidelity estimates tied to both actual
data points, calibrated data and PRICE cost research.
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Zachary Jasnoff

- Solutions Architect, PRICE Systems, Rosslyn VA
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Over 25 years parametric and
detailed estimating experience

Past estimating experience
includes:

¢ Lockheed-Martin

¢ Boeing

¢ US GAO

C JPMorgan (Risk and Resiliency)

Graduate of Wharton/Penn
Engineering

Conducted extensive consulting
assignments with DARPA, DHS
and DoD

by PRICE® Systems

¢ Presented courses in

hardware estimating,

software estimating,

life cycle cost,

Cost Estimating Relationships,
Information Technology,

risk analysis and

supplier assessment

¢ Developed TCO/Risk model for
the banking industry

¢ Presented papers at DoDCAS,
ISPA/SCEA, ISACA, DJR and
PRICE Systems Symposiums
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