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Space Missions Model Overview PRICE.

= Cost estimating for Formulation through Implementation for
robotic Earth and Space Science Missions

= Used supporting NASA mission analyses for 25 years
— 1989: initially developed to support NASA’s Discovery Program
— Applied to Mars Pathfinder and NEAR
— 1991: Major modification to incorporate PRICE H

— Used for NASA'’s first Discovery AO (Announcement of Opportunity) evaluation in
1994

— Periodic updates from 1994-2014
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Space Missions Implementation PIRICE.

i B ' Tables and Calculators ﬂ
. | |
= |mplementation of PRICE oo
Section Name Input Field
. ® Subsystem Type Communications [E2
TruePlanning® for Hardware Gonperer T T
‘orm Planetary | »
-f- || .I d f » Parts Class 51 [we I
|
specifically tailored for Crere |
. . R 100 |
estimation of Space o E
. . Heritage Structure Minimal Modifications [ M
Herit; Bectroni - P
Missions e 1
Software Heritage 0.00%
Frequency Band Uttra High Frequency [a
Quantity Per Next Higher Level 1.00 -
Number of Additional Production Units 1.00 E|
Number of Additional Prototypes 1.00
Operating Specification 225
Subsystem | Subsystem | Subsystem Weight of Structure 0.657 bs iR
Component |  Component |  Component
STRUCTURE & MECHANISMS | GUIDANCE, NAVIGATION, & CONTROLY|

Primary Structure

ENTRY & DESCENT (I
Star Tracker | Bl Themal Protection System * =
Sun Sensor Parachute *

Dust Detector |eve| estimates

Readout Electronics

Propulsion Lines/Valves/Fittings
Pressure Regulator

Power Management and Distribution

Tanks Solar Cells/Electrical . . . .
hruser prtecnc — Space Mission Component level inputs drive
ELECTRIC PROPULSION Harness

the inputs for the PRICE TruePlanning® model
for Hardware
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lon Thruster *
Power Processing Unit *

I
Secondary Structure | | . .
ommayssonsioncars— [fered forne = Component-Level Cost Estimating
| e | Methodology
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| MiscRF Electronics | CCD Detectors
B e coine | e s eraimometer — Flight Element (Spacecraft) and Instrument
Heaters, RHUs, Thermostats | Waveguide/Comm Cabling | ESAsensor . . .
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Heat Pipes | COMMAND & DATA HADLING | Bolometer . .
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Space Missions Mapping to NASA WBS PRIC.

m Development Phases: Milestones: ATP -+ CDR—+SIR-* Ship
. Launch
— Design: these costs come directly from the WBS Design  Fab  1&T  —
TruePlanning ®Hardware model 1) Project
— Fabrication: these costs come directly from Management
the TruePlanning ® Hardware Model 2) Systems
Engineering - -
— Assembly Integration and Test: these costs are (w/ Mission Space Missions
a function of the Design & Fabrication costs A)"a'ys's) estimated costs
3) Mission . :
— Launch Operations: these costs are a function  Assurance align with the
of Design and Fabrication costs 4) Science NASA WI_-D’S and
) /
Technology prOVIde
= Project Support Functions: E— phasing details
— Project Management . (Wé de:a“S)bv
subsystem
— Mission Analysis 6)s Y .
. . pacecra
— System Engineering These (w/ details by
— Safety and Mission Assurance costs subsystem)
— Science/Technology — apply 7&9) MOS/GDS
Dev

— Mission Operation System (MOS) to all

— Assembly and Integration Support | phases :\2)/5(;,:;3::&.[
— System Test Support Equip)
— Ground Support Equipment
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Space Missions Validation Approach PRICE

= A validation using 12 recent NASA robotic Earth and Space
Science Missions has been conducted

— CADRe used as primary data source for technical, programmatic, and cost

= An Excel I/F has been developed to facilitate the effort

— Excel more readily interfaces with technical data sources

— Currently accommodates 5 separate Flight Systems (S/C) and 10 Instrument
Elements

— Incorporates significant flexibility for subsystem definitions and component
allocations

— Allows changes to technical, schedule, and programmatic drivers that are typically
defined in project documentation (and are not necessarily TPSM-specific)

— The I/F also helps maintain consistency between estimates
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Space Missions Excel Interface PRICE:

= The Excel |/F has 4 separate input areas

— The first 2 include mass breakdowns for each instrument and s/c subsystem with
component-type specific characterization for each item

MISSION NAME
PAYLOAD MASTER EQUIPMENT LIST

# OF UNITS FLIGHT HARDWARE MASSES OTHER COMPONENT INFORMATION TPSM COST MODEL INPUTS
Unit Mass, A A
Current Best EMs & Total Mass Other characteristicsiissues
Estimate Flight Flight Proto- | Total Mass, Contingen wi Description (Vendor, Part#,  (volume, power, other New or
SubsystemiComponent (CBE) Units Spares types CBE cy%  Contingency |Heritage Basis) component-specific items) Heritage = Advanced Tech Subsys Comp Type

Instrument ltem #1 | |

— Programmatic inputs are also captured (Fees/Burdens are added outside TPSM)

On-Orbit
Deliver to Ship to Chect-Out
Phase B start PDR ' CDR System I&T = Launch Site Launch (L+30d)
Project 1/2/2003  10/14/2003 6/15/2004 2/1/2005 4/6/2007 9/27/2007  10/27/2007
Flight Element #1 1/2/2003  10/14/2003 6/15/2004 2/1/2005 4/s/2007  9/27/2007

— “External Impact” costs are added outside TPSM on a case-by-case basis

Partg b | | b | b | |
Class  Internati Contract #of
Platform  (5,51,B,B onal {("Y" Contracti Monitor Flight
("EQ" or"P") 1,B2,D) or"N"} ngFee Burden Units  MNotes Mission Class
Flight Element #1 P 51 M 1 Class A/B
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Missions Used for TPSM Validation PRICE

= The preliminary validation included 12 recent missions

— Candidates covering Earth Science have been identified and will be included in
future validation efforts

— An Excel I/F file and TPSM PRICE file have been created for each mission

Launch Lead Org Lead Org
# MISSION Date PM Flt Sys MASA Program
1 MAVEN 11/18/13 G5FC LMA Planetary
2 IRIS 6/27/13 G5FC LMDMMS Astrophysics/SMEX
3  NuSTAR 6/13/12 JPL 0sC Astrophysics/Explorer
4 GRAIL 9/10/11 JPL LMA Planetary/Discovery
L Juno 8/c/11 IPL LMA Planetary/New Frontiers
6 WISE 12{/14f09 JPL BATC Astrophysics/Explorer
7 IBEX 10/19/08 SwRI 0sC Astrophysics/Explorer
8 Dawn of27/07 JPL 05C/IPL Planetary/Discovery
9 AIM 4/25/07 LASP 0sC Heliophysics
10 STEREO 10/26/06 G5FC APL Heliophysics
11 NEW HORIZONS | 1/19/06 APL APL Planetary/New Frontiers
12 MESSENGER &/3/04 APL APL Planetary/Discovery
Earth 5ci | Heliophy
Astrophy| Planetary
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Adjustments Performed Outside TPSM PRICE
= Adjustments Performed Outside TPSM

— Typical fee/burden arrangements have been accounted for in TPSM estimates
where applicable

— Adjustments are mission-unique
= Removed: Contributed hardware

= Removed: External Impacts

— Covers costs for items identified in the CADRe as beyond scope (or outside a
project’s ability to control)

= [tems Not Accounted For:

— Launch Vehicle and Education & Public Outreach costs are not included with the
Project or TPSM values

— Pre-launch DSN/Ground Network costs are not included in the TPSM value,
although they may be part of MOS Project costs (this impact is minor since these
costs are relatively small)
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Difficulties Comparing Cost Results PRICE

= Most projects have their own way of covering management,
systems engineering, mission assurance, and |&T functions

— Similar PM/SE/MA/I&T functions may be carried in WBS 1/2/3/10 by one project
and in WBS 5/6 in another skewing results

— Some I&T allocations needed to be estimated if cost detail was not available

— Comparisons include all Project PM/SE/MA/I&T functions against the TPSM WBS
1/2/3/10 estimate

= Programmatic differences also affect comparisons

— Issues related to NIAT, Full Cost Accounting, and other programmatic
issues/initiatives may not be adequately captured in this preliminary validation
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PRICE

TPSM Validation — Results Summary

Summary of TPSM Preliminary Validation Results
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= WBS 123
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BWBS 10
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TPSM Validation —Payload Results PRICE

WES 5 Payload
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TPSM Validation — S/C Subsystem Results PRICE

WBS 6 S/C
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TPSM Validation — PM/SE/MA Results
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TPSM Validation — I&T Results
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TPSM Validation — GDS/MOS/Science Results
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TPSM Validation — Average Error by WBS

Average Error
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TPSM Validation — Mission-level Results PRICE.
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TPSM Validation Findings & Observations PRICE

= Bottom-line results are very promising, with an average error of
nearly 0% and most projects within +/-10%
— Lower-level WBS differences are offsetting
— Results for the Payload and S/C are +/- 20% (Avg. Error of ~5%)

— Largest WBS differences were for Science Team + MOS/GDS; Since the Science
Team is often passed-thru for the estimates, it is being considered for exclusion
from future validation efforts

= Additional effort is needed to refine the validation run files and
Excel I/F

— Runs need to be reviewed to ensure accuracy for capturing inputs
— More missions need to be added to the validation

— An approach for allocating PM/SE/MA/I&T between WBS 1/2/3/10 and WBS 5/6
can facilitate result comparisons
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Wrap-up: More Information PRICE.

Arlene Minkiewicz
Chief Scientist, PRICE Systems LLC
Arlene.minkiewicz@pricesystems.com

Learn more about TruePlanning® 2014

pricesystems.com/en-us/offerings/trueplanningframework.aspx
Call 1-800-43-PRICE or email: robert.becker@pricesystems.com

Request more information

pricesystems.com/en-us/requestinfo.aspx
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PRICE

Thank You!
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PRICE

BACKUP
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Introduction - TruePlanning’ PRICE

- TruePlanning® (TP) is an activity-based Resource Consumption
Accounting (RCA) and Cost Analysis Tool

- TruePlanning” Estimation Framework consists of:

— TrueAnalyst® is the application used by PRICE personnel to construct
reusable activity-based RCA cost estimating models

— TruePlanner?® is the application which integrates the TP cost models with
schedule and financial information through a robust software architecture
and implementation called the TP Framework

— SQL Database contains cost models and saved projects

TruePlanning”® is an integrated set of cause and effect models. It identifies
the primary cost drivers through statistical relationships and applies cost
effects through the use of mathematically sound algorithms.
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TruePlanning® Methodology PRICE

= TruePlanning® is a set of Parametric Models executed using an
Activity-Based Costing approach

= Parametric Modeling is:
— An Operations Research Discipline

— Relies on ...
* Mathematical models of real life situations
* The application of these models to new projects and technologies

— Relies heavily on historical data
* Data is reviewed and important cost drivers are identified
* Regression analysis is used to determine cost estimating relationships

* Results can then be refined with additional data and extrapolated to new projects,
technologies and processes
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What is the TruePlanning® Framework?
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i
(\\&\/

E gQL Server

Scalability
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Installation
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installation
with networked
SQL database

N/

GUI

Usability

* Wizards

+ Templates
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+ Charts&
graphs
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inputforms

-

Analysis Programmatic

* Regression » Labor Rates
analysis » Escalation

* Budget « Currency

+ Cost Risk Conversion

» Schedule * Global Variables

Framework

Capacity Planning
Multi-Project
Metrics

Models & CER’s \

Framework Compliant Cost Models

PRICE Models

» Software Engineering

+ Hardware Development &
Production

+ Systems Engineering

* Operations & Support

* IT Infrastructure

* Project / Program Management

Knowledge Bases

Custom/Client Models
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Y

=)

Interoperability

« Open
Architecture

+« COM API

« Excel
Interface
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* Web Services
API

PRICE

The TruePlanning”
framework provides
Programmatic & Analysis
capabilities to any
TruePlanning® framework,
compliant cost model.

)

#lWord

% Excel
Micmsof-t'foice
&|Project
&2 PHOENIX
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Space Missions Estimating Environment PRICE

TruePlanning® 2014 SR1

TrueFindings™ TrueMapper™

New usability features
Interoperable Architecture

Map to familiar
CES / WBS and compare

Cost History Database
Easy Search & Retrieval
Statistical Analysis

N

Cost PRICE Models
Databases Hardware
Microcircuits TrueAnalyst
v

Software Create plug-n-play

IT & Networks models in an activity-
Syste ms based structure
Lifecycle

Space Missions
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ABC’s of PRICE Parametric Estimation PRICE

TruePlanning’® Is a parametric cost engineering solution which
estimates costs in support of activity-based costing

>

Cost Object Activities Resources

» What is produced The work that is done » Anything you spend
money on when

* Inputs describe what is » Each type of cost object erforming activities
being produced - WBS has different set of P 9
activities * Labor hours and

» Contains activities .
- . material dollars
» Each activity contains
one or more assigned

resources

S I N I o= Program Costs

| Effort by Activity | | ResourceRates& | R by Activity &
“~™  &Resource | x I Activity Adjusters | Resource

| | |
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Activity-Based Costing Definition PRICE

A special costing model that identifies activities in an organization and assigns
the cost of each activity with resources to all products and services according
to the actual consumption by each

= A method that measures the cost and performance of process-related
activities and cost objects

= Assigns cost activities based on their use of resources, and assigns cost-to-
cost objects, such as products or customers, based on their use of activities

= Recognizes the causal relationship of cost drivers to activities

= Measures the cost and performance of process-related activities and cost
objects

M Source: The CAM-I Glossary of Activity-Based Management, 1990
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Estimating Approach Comparison PRICE

Traditional Approach TruePlanning® Approach

Avg Annaul
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Framework Orientation

Cost Research Content Hosted In An Analysis Framework

a g 140
Ele Reports Toos 1 Heb . —
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Hierarchical PBS and Integrated Models PRICE

= The PBS/WBS is a hierarchical
method of representing a program

. 1 =03 T Project 2012-010-A
with component models B e seem
. 3 =@ Assembly
= How the PBS Structure is modeled 4 T T —
determines how cost, effort, 5 =03 Networking
schedule and risk are reported g S NS
7 = Access Points
= Models can be dragged into the PBS i B o G
and renamed to be more useful or 0 @  Blade Servers
appropriate 11 @  RackServers
12 i Tower Servers
= Objects have a Parent/Child 13 &' Purchased Service
I t h 14 l2o Rack Enclosures & Peripherals
relations Ip 15 =08 Workstations
16 2 Mobile Laptops
17 = Desktops
18 3] Training
19 B Call Center
20 2] Facility

© 2014 PRICE Systems, LLC All Rights Reserved | Decades of Cost Management Excellence




Cost Objects — PBS Building Blocks PRICE.

= Cost Models are stored in

| [cost objects *
" ” [B Cost Objects | & Input Sheet | B Attributes | EE| Results | ) Chart | B Metrics | B} Schedule | iy, Risk Analysis
Catalogs |
Systems ~

. f " & |
= Each Cost Model contains a @ Ej % s ?j yon Q
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Space Mission Cost Objects PRICE
= Space System

— Project Support Function Costs for Spacecraft

and/or Payload . Spacegystem .........................................................................................
= Space Subsystem Space Subsystem
) m Space Assembly
— Subsystem-level Integration & Test (1&T)
E Space Component
Spacecraft or Instrument subsystem sup
. E Space lon Thruster
to System I&T and Launch Operations tt
) ! Space Laser
On-Orbit Check-Out _ _
Space Radar Altimeter
- Space Assembly H Space Thermal Protection
] Space Parachute
— Roll-up of Subsystem-level Design and
Fabrication

Space Component

— Design and Fabrication via True Hardware
Calculation

Custom Components

— Custom CER implementations
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PRICE

Space Component Cost Object

rl— Tables and Calculators _ §1
Component Type
“ SUbSyStemS ["] show Descriptions
— Command and Control bt Ty e Yy
— Communications ' Component Trpe L
— Guidance, Navigation and || s —— '
Control ‘ ;‘:ﬂ"ﬂ 2.12.132 |
— Optics = o
_ Power ﬂaﬂﬂ zﬂ-ldll'ﬂ M?n?mal Mod:rficat?ons Iz I
. Mﬁ:::d:::hmlugyDevelnpm . lMdﬁmNo%
— Propulsion e o
_ Robotic Arm FTEIHK:!'BE:K’ UhmHighFrequencylE
Quantity Per Next Higher Level | -
— Sensor System unhe:nfmmml Production Units :ﬁ B
. Number of Additional Protot {
— Structure and Mechanisms || lomr seamon iy
Weight of Structure 0.712 |bs -
— Thermal Control
][ Cancel
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Space Component Cost Object PRICE.

= Space Component Calculator inputs generate True H inputs for:
— Quantity
— Prototypes
— Spares
— Operating Specification (Platform)
— Weight of Structure
— Weight of Electronics
— Manufacturing Complexity of Structure

— Manufacturing Complexity for Electronics

— Percent New Structure
— Percent New Electronics

— Engineering Complexity
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Space Component Cost Object PRICE.

|8 7 Tables and Calculators _ iJ

Component Type
Value Unit
o Section Name Input Field

1 Start Dat —

an tate Subsystem Type Propulsion [
2 Subsystem Type Propulsion i . —
3 Component Type Primary Structure ype More wlm l; b4 .
4 @ Quartity Per Next Higher Level 1.00 s e Ui Primary Structure |:v‘
5 AddwonalUts ) Petiom Planctary (a)
6 @ Number of Addtional Production Uits 0.00 Parts Class 51 ] i

7 © it e e oo |Compemenmiews
« S N | vose 210 |

9 Total Number of Production Units Produced 0 Right 1.00

10 Total Number of Prototypes Produced 0.00 SDEI'ES 0.00

11 Technical Descripton | protes 0.00 '
12 Egquipment Type Mone Herit Stroct - - - . = M
13 Operating Specification 225 wLs ure "E!O!’ Modifications lv:

14 @ Weight of Structurs |k [ R R NG No |:V:

15 @ Weight of Bectrorics 0000 kg | [ Material Composite | v | i
16 | Volume 77.263 \

17  Manufacturing Complexity for Structure 8630 Quantity Per Next Higher Level 1.00 &l 1§
18 Percent of New Structure 95% Number of Additional Production Units 0.00 E :
19 Percent of Design Repeat for Structure Number of Additional Prototypes 0.00 r
20 Manufacturing Complexity for Blectronics mim &ecificdion 225
21 @ Percent of New Electronics /n = of Structure 12.130 k it Fl
22 Percent of Design Repeat for Blectronics pUt ” |
23 Engineering Complexity Va/ . . e
24  Labor Leaming Curve I Ues Ciuring Complexity for Structure 8630 [
25 Material Leaming Curve ¥ of New Structure 95.00 % L]
26 Manufacturing Process Index 0.000 eering Corrplatily 0.665
27 Technology Improvement Caortrol 1.0 BEdemal Integration for Structure 2.00
28 Technology CObsolescence Control 0.0 =
29 Year of Technology IE I
30 BExemal Integration Complexity for Structure 2.00 oK l [ Cancel
31 Bxemal Integration Complexity for Electronics 2.00
32 Hardware Software Integration Factor 0.50 |
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Space Missions in Use PRICE:

= Estimate for Dawn Mission at Launch

= The Dawn Mission’s goal is to investigate in detail two large
protoplanets — Ceres and Vesta to learn their condition and
history

= Estimate is based on technical and cost data collected from the
CADRE and through interviews with Subject Matter Experts
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Space Missions in Use PRICE.

Simple | Detailed

1563 Dawnatlounch i3 - Electric Propulsion
2 =l Spacecraft -
3 =-C3 WBS 6 Spacecraft Subsystem S§I = m
2 g = IP5 Assembly
9 Thermal .
20 Reaction Control System !!J IPS Strul:'-tu rE'.IrMIE'c
25 Electric Propulsion : . . . .
% 1PS Assembly [ﬂ Electric Propulsion Power Processing Unit
27 1PS St
s ﬂ Ion Thruster
»
= E Ion Prop - Lines/Valves/Fittings
Eil H
2 DCU
33 Harness/Cabling E KE Tank
34 - Guidance, Navigation, & C E
40 [ Communications | D I:IL'I
48 [ Command & Data Handlin : .
o7 S Power - E.:“ Harness/Cabling
72 = Payload (MASA WBS 5)
79 - WBS 6 Individual Payload Element Subtotal
80 Framing Camera
94 VIR
107 GRaND
108 = GRaND Assernbly
109 o BGO detector
110 o BGO R/O electronics
111 o CZT detector
112 n CZT R/O electronics
113 - B PMTs
114 B Scintillators
115 n Control Electronics
116 m Memory
17 B HVPS
118 - Misc PMAD
119 m Structure
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Space Missions in Use

@ PRICE TruePlanning r. -_-
& Fle Edt View Reports Tooks Window Help |87 Tables and Calculators
DE-Ho 3 &b & -

Component Type

 Smple | Detaied |
1553  Dawnatlaunch i3 Show Descriptions
2 = Spacecraft
3 =8 WES 6 Spacecraft Subsystem Subtot
4 [} Structures
9 2] Thermal
20 2] Reaction Control System
25 - Electric Propulsion
26 IPS Assembly
27 1PS Structure/Misc
2 Electric Propulsion Powe
29 Ton Thruster
30
31 Xe Tank
32 DCIY
EE} Harness/Cabling
34 =i Guidance, Navigation, & Centro
40 (2} Communications
43 =i Command & Data Handling
67 (2} Power
3 =l Payload (NASA WBS 5
79 5 [3  WBS6Individual Payload Element S
80 Framing Camera
94 VIR
107 GRaND
108 GRaND Assembly
109 - BGO detector
110 [ BGO R/O electronics =
m = R Quantity Per Hext Higher Level 1.00 o~
12 CZT RO electronics Number of Additicnal Production Units 0.00 EI
13 PMTs
14 Scintilators Number of Additional Prototypes 0.00
115 Control Electronics . o .
e Mmany Operating Specification 2925
m HVPS Weight of Structure £9.014 I|bs -
118 Misc PMAD
119 3 Structure
[ ok
N N . —
33 Prototype Support Adjustment Factor 1.00
34 Material Index for Development Manufacturing 0.00% %
R Materal Indey far Pradiictinn Mani dach ina none k4 I

I |l Calculate |Connected to: (local)’ as ‘TruePlanningAdmin'

Ready
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PRICE

Space Missions in Use: Custom CERs

Value |nits

—

Start Date 1/2/2003| =]

Cluantity Per Mext Higher Level
Mumber of Additional Production Units
Mumber of Additional Prototypes

2.00
0.00
0.00

R EEEE——————————
G} PRICE TruePlanning 14.1 - [D: inch w134 |

@f| He Edt View Reports Tools Window Help

Hertage Structure Copy | ¥

0o = M N ok kA

B OO LA e lead £V 3 BC Hertage Blectronics Copy | ¥
‘ s
Simple | Detaied [ & -
= Unit Mass 13.90 kg | v
1 =-Ea Dawn at Launch v13 LS | .
Y HE Madmum Power 260 kW
3 E-f3  WBSG Spacecraft Subsystem Subtotal .
. B e Advanced Technology Development
20 E Reaction Control System
% = 1PS Assembly ; |
7 . IPS Structure/Misc
zg B e «| 11 BEdemal Integration Complexdty for Structure 2.00 ¢
2 D TonThmuster e
* g oo Lines e Fng: °| 12 Bdemal Integration Complexity for Electronics 2.00
32 N plall] g
N &

s | 13 Weight of Structure 4.200 kg [

33

S B = Guidance, Navigation, & Control |

40 = Communications 1 H - W
48 E Command & Data Handling 12 14 Waght ﬂf EE-‘dI'OﬂICS 9-?[“] kg

67 E Power 13 2 -

B CE Plosd aASAWESS) « | 18 | Manufacturing Complexity for Structure 5210

=03 WBS5Individual Payload Element Subtotal 15

z = Fming Camera s | 16 Manufacturing Complexity for Electronics 11].312

= Framing Camera Assembly

FC Struct/mise
83 [ ) Ebox Housing
£ [ Ebox Processing Boards
85 [ ) Ebox Memory
86 [ ) Ebox ML
L1 [ Camera Structure
88 [ ) Camera Optics
8 [ ) cco
%0 [ Filter Wheel
a1 [ Radiator
02 [ Camera ML
93 [ ] Harness/Cabling
L B VIR
107 E GRaND
Ready I |[E2 Calculate |Connected to: llocal) as TruePlanningAdmin' T T 1z
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Space Missions in Use

EEEE

Cost: £350,536 548 100.00% Labor Requirement:
Project Cost: $350 536,548 Project Labor Requirement:
Costs : Dawn at Launch v13 - Total Design Fabrication Assembly Launch
[System Folder] Integration and Cperations
Cumency in USD (%) (as spent) Test
1 01. Project Management 28.299.785| 6,176,729 18,885,125 2712150 521,720
2 02a. Mission Analysis 4.912.504 2875336 1.022 582 643,059 367 526
3 02b. System Engineering 11,189,357 4,793,117 4,537,971 1,594,837 263432
4 03. Safety & Mission Assurance 524 Mass (kg) COST
) Design Fabrication AIT Launch Operations Total
5 04. Science/Technology ) Project Management 46,176,729 418,889,125 42,712,190 $521,720 $28,200,765
6 07. Mission Operation System 144 3" 02a Mission Analysis 42,879,336 $1,022,582 $643,059 $367,526 $4,912,504
7 10a. Assembly and Integration Sup... : 02b System Engineering $4,793,117 $4,537,971 $1,594,837 $263,432 $11,189,357
8 1. S Test 03 Saftey and Mission Assurance 45,256,690 45,968,015 34,670,624 $869,403 $16,764,732
= SEEIE 07 Science/Technology $606,507 $1,937,752 $2,950,772 $584,412 $6,079,443
9 10c. Ground Support 3.20 10a Assembly and Integration Support 41,313,551 45,020,577 46,904,756 $1,240,213 $14,479,007
10 Assembler 15.595_185 1,81 10b System Test $1,830,120 52,040,194 51,178,964 5174,677 45,223,956
10c Ground § rt ,507,513 6,137,144 14,301,032 78,238 26,323,927
11 Assembly Integration and Test 44,224,506 Caround suppo - A 3 S 58 s
And the rest of the Space System Resources similarly mapped $3,224,334 $3,714,245 $1,810,683 $271,291 49,020,553
12 Design Engineering 53.228.453 5.4
13 Fabricator 8.884.251
14 Launch Operation 7.161.229 05 Payload (Space System CO) 75.78 $22,391,180 435,864,479 $20,067,930 $3,222,012 81545600.6
: — Framing Camera 22.68[$26,869,416.20 $43,037,374.46  $24,081,515.91 $3,866,414.14 97854720.7
15 Manufacturing Engineering 20.535.168 FC Struct/Misc 1.330%12,283,579.92  $13,247447.62  $5,596,313.68 5980,273.28 32107614.5
16 Material 24 836,224 527 Ebox Housing 1.16[$2,919,207.37  $3,165,517.16 6084724.53
17 Non-Recuming Cost 3,876,541 38 Ebox Processing Boards 0.2
18 Recuming Cost 2.478 552
19 Support Engineering 43,698,639 29,7 VIR 25.8f $10,236,317 $11,039,540 $4,663,595 $816,894 26756345.4
20| System Engineering 4349083 4% Optics Module Struc 12.08f 52,432,673 $2,637,931 5070603.78]
e y Cryocoaler 0.5 $184,994 431,735 216728.216
21 Test Engineerina 17.656.271 24! IR Detecter 0.75
06 Spacecraft (Space System CO) 645.98400$21,271,621.16  $34,071,254.78  $19,064,533.43 $3,060,911.19 77468320.6
Structure 132.7)0$9,724,500.77  $10,487,562.70  $4,430,415.00 $776,049.68 25418528.1
Primary Structure 72.350%2,311,039.17  $2,506,034.42 4817073.59
Secondary Structure 45,75 $175,743.94 $30,147.87 205891.806
Balance Weight 14.1
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Conclusions

= The Spacecraft Missions models combine the power of the
TruePlanning® framework with a time-tested space specific
application of the PRICE Hardware estimating methodology

= One-stop shopping for estimating entire missions including
spacecraft and payload

= Models validated by their original creators and long-time users
as well as by the PRICE team
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