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Abstract:

Model based systems engineering (MBSE), and more broadly digital engineering, is becoming a more widely adopted

practice within federal/defense acquisition. The motivations behind this adoption are to produce more effectively

engineered systems and reduce the likelihood of costly rework in the later stages of system design and integration. Cost
estimators and other project control professionals are most effective when fully integrated within the overarching

Systems Engineering & Program Management (SEPM) team. What do MBSE and project control practitioners have in

ATT i TTe 4EA AT OxAO EO ObiMd 1ATOIEA ARG AEABEA GEGA TEVEEGEAN ACE T OAC
unfortunate reality is that neither is regularly well-integrated with the other, despite the many philosophical and

procedural commonalities. Through this topic, a sample case study will be presented to illustrate how these skillsets can

operate in conjunction to produce more accurate and credible cost estimates as well as more dynamic and rapid
evaluation of architecture/design alternatives.
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Maiden in the Tower

ARapunzeI

AGermanic folklore
AFamously in 1812 Brothers Grimm Collectlom

ALocked in a tower by sorceress
ADiscovered by a wandering prince

ASaved by letting down her hair

AMakeshift climbing rope
AO2ADPOT UAT h 2ADPOT UA

= ¢
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Maiden in the Tower

N ‘- » "‘ l.‘.ﬁ.-"—‘z

ARapunzel B SystemsiEngineer
A Germanic folklore e \

AFamously in 1812 Brothers Grimm collection
’ . \
ALocked in a tower by sorceress
ADiscovered by a wandering prince

ASaved by letting down her hair

AMakeshift climbing rope
AO2ADPOT UAT h 2ADPOT UAI hi
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Modern Day Rapunzel

Rapunzel, Rapunzel, let Engineer, engineer, please
down your hair hand over your data
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Introduction

Purpose: Demonstrate benefits of
Integrating cost & MBSE activities

A Overview of MBSE & Cost Estimation
A Cost & MBSE Parallels

A Integrated Cost & MBSE Environment

A Motivations
A Process Suggestions

A Sample Case Study
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What I1s Systems Engineering?

011 ET OAQOAEOAEDI ET AOU APDOI AAE ATA 1 AA
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A Set of heuristics to realize/developsuccessfulsystems at lowercosts

A Reduce rework, testing issues, and latstage integration problems that drivecosts

A Enables Integration of englneerlng disciplines & program management functions

Operations  Changes (
and and

Maintenance  Upgrades

Retirement /
Replacement

System Verification Plan
System Acceptance) _ Ve

rification &
Subsystem
Verification Plan

. High—Level (Sybsystem Accepance) S system

Unit / Device

Fceld Installation

Implementation
Time Line Development Processes
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What iIs MBSE?

O!'lT APPOI AAE O AT CElT AAOET C OEAO OOAO

technical baseline that includes the requirements, analysis, design,

Implementation, and verification of a capability, system, and/or product

OEOI OCEI OO OEA AANOEOEOEI Il L EAZA AUAI A8

A Application of Systems Engineering using
Integrated digital models

A Subset of Digital Engineering (DE)

A Streamline systems engineering tasks
A Traceabillity through model elements

A Intended to further costsavings

A Examples of common tools:
A CAMEO, Innoslate, GENESYS
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What Is Cost Estimating?

0! AT OO AOOEI AOCA EO Al AOAI OAOCETT ATA
by relatlng historical cost, performance, schedule and technical data of similar
EOAI O OAOOEAAROS8DG i $!5Q

A2 AATl EOOEA A1 OO0 AOOEI ABGAO Elsdcrssh OA OEA

A Enables more effective allocation of program resources over the lifecycle

A Credible, reliable, and accurate cost estimates reduce the chance of cost overruns

lnex
Detailed perienced U
Ocumentatnon Adequate analyst n&z’gble Unrealistic
aVallable Cost [H aSSUmptlons

resery Istori
Well Risk : agz,sc'?St %?)tta Unreasonaple f
defined Congggt,eg'sj Stable available Normalized F;f :g,t"g? OverOptimjsm
Py = program [p New s — S J%
equate istori rocesses e uttin
budget dataca' ndWell trained integration [ ed eg Obtaining
= A available EXperienced ( technology e data

base

PrOgram
Compi Di
instabilit Plex 'mtmshm
- y technology lndustnal gpgjee&g;zgc]
=

Mitigations Challenges
Source: GAO. | GAO-20-195G
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Literature Review

A Systems Engineering furthers ammunication

s A Engineering disciplines
| B ineering A Project management/operations research
| Operauggs ) e ields .
- resear \ " Modeing and / A Modeling & simulation
E—— /_,_- n . . P . .
7 e A Cost requires significant communication
G A Documented requirements
\'q'chffecru, e A ..
E - Systems Engineering ) A Strategy decisions from Management
" Proiect . g r— < . ..
Q) management /\\2<;~ ) A System, design, & performance characteristics
\J

\/ Y\ A Intuitive synergies between MBSE & Cost

£ A Are these observed in literature reviews?

A ICEAA Archives for MBSEelated topics
A INCOSE Library for costelated topics
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Literature Review

ICEAA Specific
1,393

>
|/
| Operations i ICEAA Archives
\ research “Mod ling and 1,399
simulation
~ Cost & MBSE Topic
31
Systems Engineering
Articles
6,364
INCOSE Library
| 4,965 INCOSE Specific
4,940
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| iterature Review

31 articles overlap in topic between ICEAA and INCOSE (0.5%
What are the commonalities in these 31 overlapping articles?

Processis the primary key-word among these papers

requirements

time relationship
support

Integration VVL technical metrics

estimate

processes effort life
parametric

current search total CYC|€' reuse
implementation methodology

using
+ | program
calv . s environment study
results

approach




MBSE Processes

A Follow systems engineering practices in a digital ecosystem

A Facilitate an authoritative single source of truth which feeds other analysis and design

A Documents/artifacts are largely automated as exportable reports from the system model

A Highly iterative to fuel alternative considerations and design synthesis

Operational Requirements

Evaluate Solution Space and
Trade-offs

Sythesis of Alternative
Solutions
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MBSE Processes (DODAF)

@eﬂne All Views

AV2

e

AV-2 Report

A Begin with capability vision

(Define Sefvice Oriented Architecture

A Operational need + goals

A Decomposecapabilities in structure

A Define operational usecases

A How the system will exist in the real world

i
Cv-3 CV-5

A Support architecture for operations

A Interactions with other systems

A Create solutions to fulfil capability gap Y,

PV-2

A Summarize system definition

A lterate cycleA design synthesis

A Refine current definition

A Enables further analysis and viewpoints
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MBSE Processes (DODAF)

erﬂne All Views

AV % AV2

e

AV-2 Report

A Begin with capability vision

(Define Sefvice Oriented Architecture

A Operational need + goals

A Decomposecapabilities in structure

i S B B B BN B B BN BN BN BN NN NN NN NN NN NN N BN BN BN BN BN B BN BN BN NN NN NN N e e e e

A Define operational usecases

A How the system will exist in the real world

A Support architecture for operations =
A Interactions with other systems Imm
A Create solutons to ulfl capabilty gap | | g, % || ety )
A Summarize system definition | & o - N R I
A lterate cycleA design synthesis \ . — g ——
A Refine current definition & M N cHl

A Enables further analysis and viewpoints
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Cost Estimating Processes

A Define what is being estimated at a high levé& develop structure + decomposition
A ldentify assumptions, data, and methodologies to develop estimate

A Input from stakeholders (management, sponsors, enrdser, engineering/design teams, etc.)

A Build cost model with risk & uncertainties, then analyze the output

A lterative & recurring process based on an initial need statement (estimate purpose)

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

of the utmost importance the decision maker

Define Determine Identify
- N 3 the a sti::gtin g n.?lre?sug:d Conduct sensitivity g A 1 ( A
Define the Develop the program structure || assumptions analysis Document esptirr?usaﬂﬁn gﬁﬁ:iﬁg
estimate’s | estlnl"latlng Ehe te = management | reflect actual
purpose pian Obtain Develop the point estimate Conduct risk and estima for approval costs/changes
J y the and compare it to an uncertainty analysis \
data

independent cost estimate

Analysis, presentation, and updating the estimate steps can lead to repeating previous assessment steps.

source: GAD. | GAO-20-183G
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Cost Estimating Processes

A Define what is being estimated at a high levé develop structure/+ decomposition

'A Identlfy assumptions, data, and methodologies to develop estimate

[mm——————

A lterative & recurring process based on an initial need statement (estimate purpose)

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

of the utmost importance the decision maker

Dafina Determine Identify
F N A the e sti::gtin g n.?lre?sug:d Conduct sensitivity g 1 ( A A
Define the Develop the program structure || assumptions analysis Document . sptirrisaﬂin gﬁﬁ?r:fmtqg
estimate’s Jp{ ~estimating the I management [™| reflect actual
purposa plan Obtain Develop the point estimate Conduct risk and estimate for approval costsichanges
J L ’ JQ?E and compare it to an uncertainty analysis

independent cost estimate

Analysis, presentation, and updating the estimate steps can lead to repeating previous assessment steps.

Source: GAQ. | GAO-20-183G
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Motivations to Integrate Processes

ASignificant overlap Iin heuristics & procedures
ABoth fields mutually benefit from further integration
AThree motivating factors: traceability, communication, automation

Motivating Factor Description

A strength of system modeling is the ability to trace relationships between
model elements such as requirements, functions, operational usage, system
Traceability decomposition, etc. Traceability is also a characteristic of a reliable cost
estimate. It serves to benetit both modeling disciplines by incorporating
traceability between each.

Communication between management and system designers is a stated
benefit of systems engineering, and cost estimators rely on communication
to obtain necessary data for their models and feedback from relevant

Communication stakeholders. Integration of MBSE and cost estimation should leverage
increased communication abilities through cost practitioner access to the
system model.

Exporting data reports from the system mode] for use in the cost model or
Automation direct software linkages between these models will reduce the time it takes

to update cost estimating artifacts, and decrease the likelihood that human
error will cause errors in the cost model.
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Integrated MBSE & Cost Estimating Process

ASystem Model as the hub

ASingIe Source of Truth
A Authoritative information
A Enables other program functions

AProject controls single spoke
A Linear/iterative flow of info
AReceive Inputs from system model
AProvide outputs to system model
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Process Suggestions
 Report-Based

Model & Reports

Performing Group

System Model

Schedule Inputs % Risk Registe E N
CARD E

Schedule Model

JCL Model B
&

I ey

Cost Model

DesigrDecisions
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®

Systems Enginee

CARD = Cost Analysis Requirements Document

JCL = Joint Confidence Level (integrated cost, schedule, risk analysis’
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Sample Case Study (IRIS)

AIRIS Program

A International Recycling InOrbit System

HLaunh Vehicle

A Designed to address the problem of space debris
A Prohibits on-going operations of current missions

A Threatens future satellite launches & space missions

ACollect space debris and return it to Earth

A Launch recovery satellite

A Recovery satellite navigates to debris fields IRIS Recovery Satellite

\
k!
A

‘Recovery .~
.__.r"

Alntegrated MBSE & Project Controls e

Space Debris

A Collect & transport debris with recovery satellite
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Pre-Planning the Integrated Environment

ATEAO x1 Ol A" AODRR DD OOAAOO 111
Alnitialize both models to be Interoperable
A lterate through model exchanges until some baseline is achieved

Meta.1.1

Develop Initial
System Model

e
’ 5
s’
s
s,
’
System
Structure
Y
)
A )

<
Meta.1.2

Develop Initial
Cost Model

Meta.1.3 Meta.1.4 Meta.1.5 Meta.1.6 Meta.1.7

Continue Gather Cost Request Baseline
Iterate » Relevant Data from — Upg:égglo""t —> Updates to Cost/System ’.
System Model System Model Model
Exit

LOOP
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Developing the System Model

MBSE Tool Regquirements IHierarchy

----------------------------------------------------------------------------------------@-1

Req |
IRIS Goal

v v v v

edips | eq.2 1 eq.3 1 eqd \
Functional Performance Interface Environmental
Requirements Requirements Requirements Requirements ]

Reqliebns | Req.2.1 1 Req.2.1 1 Req.4.1 1

Detection _ . _ —" Space
e oo Eﬁ-ICI'E'ﬂw » Communicati jEnvimnment

-

Collection

Reguirements

Req.1.2 1 Req.2.2 ] Req.3.2 ‘ Req.4.2 ‘
Earth

IRIS will utilize heat shield capsules equipped with advanced technology to capture, contain, and safely return g | CE EUIE | E HF =
Req IRIS Goal to Earth. The system will include ground-based facilities for processing and recycling the collected materi D.Ell:;ig i R'Ellahll 't.'ﬁ" Integratlﬂn Enuirﬂ,nment
Req.1 IRIS Functional Requiremenjs
Req.1.1 | Debris Detection and Collectipn J
Req.1.1.] Debris Detection The system shall be capable of detecting space debris of various sizes, from small fragments to larger ob
Req.1.1. Collection Mechanism The system shall include robotic arms or similar mechanisms to capture and secure debris.
Req.1.1.9 Collection Automation The system shall be able to operate autonomously or be remotely controlled by ground operators.
Req.1.2 Capsule Design
Req.1.2.] Heat Shield Capsules shall be equipped with heat shields to protect against re-entry temperatures. - -
Req.1.2.3 Module Capsule Capsules shall have a modular design to allow for scalability and adaptability to different mission requiren 'Req 1.3 | 'Req 2.3 |
Req.1.2.3 Thermal Sensors Capsules shall include sensors and telemetry systems to monitor and report status during the mission R‘E‘E‘ntr}f -al'l'd
Req.1.3 Re-entry and Recovery F } Safetyr
Req.1.3.] Safe Re-Entry Capsules shall be designed to ensure safe re-entry and landing in designated recovery zones. H:E'm'il"E'ﬁ"
Req.1.3.2 Precision Landing The system shall include mechanisms for precise landing to facilitate easy recovery. l
Req.1.3.3 Safe Handling The system shall include protocols for the safe handling and disposal of hazardous materials.
Req.1.4 | Ground Processing & Recycling
Req.1.4.] Handling Ground facilities shall be equipped to handle and process various types of materials collected from space d
Req.1.4.2 Environmental Compliance The recycling process shall comply with environmental regulations and standards.
Req.1.4.9 Safe Handling The system shall include protocols for the safe handling and disposal of hazardous materials.
Req.2 Performance Requirements %
Req.2.1 Efficiency I-RE %1#[.] nd
Req.2.1.]1 Targeted Debris Efficiency The system shall be capable of collecting a minimum of 90% of targeted debris within a specified mission d | i
Reg.2.1.3 Fuel Consumption The system shall minimize fuel consumption and operational costs. = Plﬂ'ﬂﬂ'ﬁ-ﬁlng &
Req.2.2 Reliability chy-ding
Req.2.2.] Success Rate The system shall have a reliability rate of at least 95% for successful debris collection and return missio
Req.2.2.2 Redunancy The system shall include redundancy features to ensure mission success in case of component failure
Req.2.3 Safety
Req.2.3.] Safety Standards The system shall comply with all relevant safety standards for space operations.
Req.2.3.] Fail-Safe Mechanisms The system shall include fail-safe mechanisms to prevent accidental release of debris during collection and tr| L
Req3 InterfaceRequirements L8 B B B _§ § §B & _§B § §N §B N N §B N N N N N & B N _§B & §B B _§B N _§B B _§B B N § N N &R N §N & _§N _§ &N B _§B B §B B N & §B N N N §B &R N & _§ N B N B § B §N_ B & N B N _§ B § §B § 8 N _§ &8 § B § & _§ § &8 N N N N N B B B N B B _§B N B B N B N N |}
Req.3.1 Communication
Req.3.1.] Comm Security The system shall include secure communication channels for data transmission between the capsules and groy
Req.3.1.7 Real-Time Monitoring The system shall support real-time monitoring and control capabilities.
Req.3.2 Integration
Req.3.2.1 Launch Vehicle Integration The system shall be compatible with existing space infrastructure and launch vehicles
Req.3.2.2 Ground System Integration The system shall include interfaces for integration with ground processing and recycling facilities.
Req.4 Environmental Requirementg
Req.4.1 Space Environment
Req.4.1.] Space Environment Survivabilit;/rhe system shall be designed to operate in the halish cond'itions of space, including extreme temperatures, rad

microgravity.

Req.4.2 Earth Environment
Req.4.2.] Ground Impact The system shall ensure minimal environmental impact during re-entry and landing.
Req.4.2.7 Sustainability The recycling process shall aim to reduce the carbon footprint and promote sustainability.

Table? IRIS Requirements:
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Developing the System Model

Reguirements

T TR T T T T T T

! i l

: . T R— I

: Ekequi eeeeee J I

: [Req.3.1 ) Req.41 ) :

| — e |

|

I mEegIz G423 |

i W Environment :

|

' ] == !

| = ] :

: Reglating :

: ﬁl’rocess n%&r.| :
I ------------ E--------------------------------------------------.-. -------------------------------------------------------------------------------- b |
| Activity.1.4 E
: 3 [RIS Spacecraft |
! Idle "
I |
I |
I |
I |
! I
i Activity.1.1 Activity.1.2 Activity.1.3 Activity.1.7 Activity.1.8 Activity.1.9 Activity.1.10 :
: Identify Space —» Design & Prep— Launch [RIS —3 —>» Navigateto — Retrieval —3 Retrograde —» (gﬁfggtﬁ @ '
! Debris IRIS Mission System Debris Operation Descent Debris "
: i
! l
. |
i Activity.1.5 Activity.1.6 :
I Receive Ground Initiate I
! > Control > Recovery :
I |
! I

Commands Mission

N
~
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Developing the System Model

] |
| | : I
perations - sy :
ey ey - IRIS Satellite |
1 Activity.1.4 [ | [ |
1 SRS Slpaalcecraft | : |
| € | I
I 11 |
I 11 |
I Activity.1.1 Activity.1.2 Activity.1.3 Activity.1.7 Activity.1.8 Activity.1.9 Activity.1.10 1 - - - |
: @—) Identify Space —» Design & Prep—3 Launch IRIS —» —> Navigateto —3 Retrieval —3 Retrograde — &ﬁtlgstve% : : rS:‘n"stE ||1R1I1S11 I'H'S:'Il"StE'l'I'I.I 1.2 IfE:-.ﬂ'StE‘l'I'I.I 1.3 :
I Debris IRIS Mission System Debris Operation Descent Debris I I S ﬁ: |R| S REtfi'E.“uI’.Ell I |
- - " ” - S " 11 pacecra Propulsion
: 1 1 l Bus Payload :
: A;;ivi_ty-g . A—::tilvi_ty.LE : : :
N cat:;_l rE}oun - nlgﬁée ] |
: Ccfmrr?anlds _ Rl\i?ssior? | : | :
! o - i : System.1.1.1.1 | System.1.1.3.1 1
Bon oon oow oow maw Ew EEn EEE EEE DN NN NN EEN EEN BN B BN SN SN BN BN SN BN SN N BN S BN BN S BN D NN BN SN BN BN DN NN SN BN BN BN NN BN BN BN BN BN N BN SN BN B NN BN S B BN B BN SN BN BN BN BN SN BN B Ee . wlla Balla wlla la N I
|
I Spacecraft Engine :
1 Structure/Body T ‘ |
|
l l
: |
l l
: System.1112 ) System.11.3.2 ) |
I Thermal :
: T Subsystem ‘ T Attitude Control :
| | | I :
System m ' '
stem!Decomposition - .
y : |
5t 1 System.1.1.1.3 ) System.1.1.3.3 ) :
R | ) ) I
: rS:fStE‘ m.1 : : T Communication Trajectory Control | |
| I
! IRIS System ] T |
| |
I [ i : |
i i | |
| | - ) I
: : I System.1.1.1.4 :
I I : Guidance, Mavigation, |
: . k4 . . : I and Control :
1 (System.1.1 System.1.2 System.1.3 l ! |
1 G [ |
: round Recovery & ]
|| IRIS Satellite - S S |
! ontrol Retrieval | ! . |
I - : System.1.1.1.5] :
| |
1 L :
I |
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Developing the Model Touch Point

System.1.1
IRIS Satellite

|

System.1.1.1
IRIS

Spacecraft
Bus

-

System.1.1.1.1 |
Spacecraft

Structure/Body

System.1.1.1.2 ]
Thermal

> Subsystem

| |

System.1.1.1.3 ]

» Communication

| I

System.1.1.1.4 ]

Guidance, Mavigation,

and Control

System.1.1.1.5]

> Power
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System.1.1.2 |

IRIS Retrieval
Payload

System.1.1.3

Propulsion

-

System.1.1.3.1 ]

» Engine

|

e

System.1.1.3.2 ]

» Attitude Control

|

e

System.1.1.3.3

» Irajectory Control

-

System/Decomposition

Work Breakdown Structure

WBS # WBS Element
1.1 IRIS Engineering, Manufacturing & Development (EMD)
1.1.1 SEIT/PM and Support Equipment
1.1.2 Space Vehicle
1.1.2.1 Bus
1.1.2.1.1 Spacecraft Structure/Body
1.1.2.1.2 Thermal Subsystem
1.1.2.1.3 Communication
1.1.2.1.4 Guidance, Navigation, and Control
1.1.2.1.5 Power
1.1.2.2 IRIS Recovery Payload
1.1.2.3 Launch Systems Integration (LSI)
1.1.2.4 Propulsion
1.1.3 Ground Segment
1.2 IRIS Production & Deployment
1.2.1 SEIT/PM and Support Equipment
1.2.2 Space Vehicle
1.2.3 Ground Segment
1.3 IRIS Sustainment
1.3.1 SEIT/PM and Support Equipment
1.3.2 Recovery & Retrieval Operation
133 Maintenance
1.3.4 Sustaining Support




Developing the Model Touch Point

System 11T ) WBS # WBS Element
[ Spaé:E{S:raft E IRIS Space System Program
. 1.1.1 SEIT/PM and Support Equipment
SystEemTTIT 1.1.2 Space Vehicle
Spacecraft - 1.1.2.1 Bus
ShchusHady - 1.1.2.1.1 Spacecraft Structure/Body
. 1.1.2.1.2 Thermal Subsystem
- 1.1.2.1.3 Communication
Eﬁteﬁ,{;}ﬁj ] E 1.1.2.1.4 Guidance, Navigation, and Control
T Subsystem - 1.1.2.1.5 Power
- 1.1.2.2 IRIS Recovery Payload
- 1.1.2.3 Launch Systems Integration (LSI)
System.1.1.1.3 ) . 1.1.2.4 Propulsion
T Communication . 1.1.3 Ground Segment
: 1.2 |  IRISProduction&Deployment |
E 1.2.1 SEIT/PM and Support Equipment
System 1114 . - 1.2.2 Space Vehicle
Guidance, Navigation, : 1.2.3 Ground Segment
. 1.3.1 SEIT/PM and Support Equipment
- 1.3.2 Recovery & Retrieval Operation
System.1.1.1.3) E 1.3.3 Maintenance
T Power ‘ - 1.3.4 Sustaining Support
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Developing the Model Touch Point

Work Breakdown Structure CEMM

IRIS Program LCCE Cost Estimating Methodology Matrix
WBS # WBS Element
WBS Element
1 IRIS SDECE System Prugram IRIS Space System Program NA
. . . 11 IRISE ing, Manufacturing & Develo nt (EMD NA
1.1 IRIS Engineering, Manufacturing & Development (EMD) ngineering. Manufacturing pment (EMP) I
111 SEIT/PM and SUDDDIT Equipment 111 SEIT/PM and Support Equipment FTEs x Labor Rate Labor Rate
) 1.1.2 Space Vehicle MNA
1.1.2 Space Vehicle 1121 Bus NA
1.1.2.1 Bus 35.642 * [WeightPerUnitkg]"0.531 * [SubsysDesignTime]0.52 | ' &1t Per Unitke
1.1.2.11 Spacecraft Structure/Body - IStructureMatl*0.721 SubsystDesignTime
1.1.2.1.1 Spacecraft Structure/Body [StructureMatl}”0. StructureMatl
11212 Thermal Subsystem 0.056 = [WeightPerUnit]"*0.784 WeightperUnit
1.1.2.1.2 Thermal Subsystem
I . . ) o . . A . |Weight per UnitKg
11213 Communication 11213 Communication 178.483 [‘u"u’ElghtP&?rUnltKg] _D._595 [TransmitPwr]"0.282 TransmitPur
[DirectedMission]*0.893 DirectedMission
1.1.2.14 Guidance, Navigation, and Control WeightperUnit
1.1.2.1.5 Power . L 60.29 * [WeightPerUnit]*0.343 * [CCDHorGNC]"*1.234 = CCDHonGNC
L1214 Guidance, Navigation, and Control [Reusable]*1.758 * [LYMinus1960]*-1.375 Reusable
1.1.2.2 IRIS Recovery Payload | LYMinus1960
1_ 123 LH u ﬂCh Systems Integratic:n (LS” 1.1.2.15 Power 16.168 + 0.12 * [WeightPerUnit] ‘;*Jilgln:rpegrrlizg
. . . . otalWei
1.1.2.4 PFGDUlSiDH 11.2.2 IRIS Recovery Payload 974 * [TotalWeightKg]"0.54 * [MaxPwr]"0.41 MaxPut
) . . . N TotalFltSysMasskg
1.1.3 Ground Segment 1192 Launch Systems Integration (LSi) 31.896 HDtﬂlFltf}EE:‘:Sasssgf]l r?diif ]E[;e?sgnuratmn] 0285 cien Duration
1.2 IRIS Production & Deployment ysErEnausiyT e FltSysOrgindustry
- 1.1.24 Propulsion (0.478 * [WeightPerUnit]"0.641) * Number of Flights WeightPerUnit
1.2.1 SEIT/PM and Suppﬂrt Eqmpment 113 Ground Segment $15M Trapezoidal Spread to end of development NA
1.2.2 Space Vehicle o Ll ol b H""* .
. eadcount
1.2.3 Ground SEngﬁt 1.2.1 SEIT/PM and Support Equipment FTEs x Labor Rate Labor Rate
1.3 IRIS Sustainment 195 Space Vehicle 180.503 * [WeightPerUnitkg]*0.617 * [LEOEnvironment]*- EEEE:E:“:;TG
1.3.1 SEIT/PM and Support Equipment D70 Bubsystieritagel 057 SubsystHeritage
. . 1.23 Ground Segment $7.5M Trapezoidal Spread till First Launch MNA
1.3.2 Recovery & Retrieval Operation 13 RIS Sustainment NA
1.3.3 Maintenance 1.3.1 SEIT/PM and Support Equipment 25% of Avg SEIT/PM Annual Cost SEIT/PM Cost
. . . . . . Cost per Ground Retrieval
1.3.4 Sustaini ng Su ppDrt 132 Recovery & Retrieval Operation Cost per Ground Retrieval * Number of Flights Number of Flights
1.3.3 Maintenance 5% of Total Development Cost, Annually Total Development Cost
1.34 Sustaining Support 10% of Total Production & Deployment Cost, Annually Total Production Cost
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Developing the Model Touch Point

|
CEMM :
|
|
|
IRIS Program LCCE Cost Estimating Methodology Matrix n
= = System!Moae
IRIS Space System Program NA [
11 IRIS Engineering, Manufacturing & Development (EMD) NA -
1.1.1 SEIT/PM and Support Equipment FTEs x Labor Rate Il:ljsjrc::;t :
1.1.2 Space Vehicle NA -
1.1.2.1 Bus NA .
. . st . o Weight per Unit Kg [}
1.1.2.11 Spacecraft Structure/Body 35.642 % [WeightPerUnitkg]"0.531 * [SubsysDesignTime]"0.52 SubsystDesignTime <
* [StructureMatl]"0.721
StructureMatl n
1.1.2.1.2 Thermal Subsystem 0.056 * [WeightPerUnit]"0.784 WeightperUnit [ |
R o N ) . . |Weight per Unit Kg u -
11213 Communication 178.483 Fu"u’EIghtPEerr‘lltKg]-U.-EQE [TransmitPwr]*0.282 TransmitPwr ] A R D I I ke re p O rt
[DirectedMission]*0.893 ) o n ( :
DirectedMission [ )
WeightperUnit u
io1a Sutdance. Navtsation and Gontrol 60.29 * [WeightPerUnit]*0.343 * [CCDHOrGNC]*1.234 *  |CCDHonGNC . System Model & Cost/Schedule Model Interface
— vidance, Ravigation, and Lontro [Reusable]*1.758 * [LYMinus1960]*-1.375 Reusable m
LYMinus1960 .
11.2.15 Power 16.168 + 0.12 * [WeightPerUnit] WeightPerUnit - Cost Model Inputs
1199 IRIS Recovery Payioad 974 * [TotalWeightKe*0.54 * [MaxPwr]*0.41 Lotalgu“u’eighﬂ{g . PM Headcount FTE.1 20 |FTE 1.1.1.35,1.2.1.3,1.3.1
- ?KL;L‘:S =T = SEIT Headcount FTE.2 3 |FTE 1.1.1.1,1.2.1.3, 1.5.1
* o . . . ota ysMass _ -
1123 Launch Systems Integration (LSI) Sl m’ta‘F“fl[’iﬁ:;:‘giliﬁfmE%E;E“D”’at'““] 0-285 | e sign Duration . Spacecraft Structure/Body - WeightperUnitKg SysChar.1.1.1.1.1 169 |KG 1.1.2.1.1,1.2.2.1.1
' FltSysOrglndustry . Spacecraft Structure/Body - StructureMatl SysChar.1.1.1.1.2 3 [NA 1.1.2.1.1
1.1.24 Propulsion (0.478 * [WeightPerUnit]"0.641) * Number of Flights WeightPerUnit .
= Ground Segment $15M Trapezoidal Spread to ond of development = - Spacecraft Structure/Body - LEOEnvironment SysChar.1.1.1.1.3 2 [NA 1.2.2.1.1
1.2 IRIS Production & Deployment NA u Spacecraft Structure/Body - SubsysHeritage SysChar.1.1.1.1.3 4 (NA 1.2.21.1
|
1.2.1 SEIT/PM and Support Equipment ETEs x Labor Rate T:sj::::g [ ] Thermal - WEiEhtpEFUﬂ“ STSEI"IHF. 1.1.1.2.1 1,468 |(lbs. 1.1.2.1.2,1.2.2.1.2
m . ) )
180.503 ~ WolghtPerUmKe["0.617 ~ LEOEiromment~. | WEIETtper UnitKG - Communication - Weight per Unit Kg SysChar.1.1.1.3.1 21 |KG 1.1.2.1.3,1.2.2.1.3
1.2.2 Space Vehicle ' S [Subsys.He.ritage]“-D e LEOEnvironment : Communication - TransmitPwr SysChar.1.1.1.3.2 22 |Watts (1.1.2.1.3,1.2.2.1.3
i ; SubsystHeritage - . .. ; ..
153 Ground Segment $7.5M Trapezoidal Spread till First Launch NA - Communication - DirectedMission SysChar.1.1.1.3.3 2 [NA 11213, 12213
13 IRIS Sustainment NA . Guidance, Navigation, and Control - WeightperUnit |SysChar.1.1.1.4.1 460 |lbs. 1.1.214,12214
131 SEIT/PM and Support Equipment 25% of Avg SEIT/PM Annual Cost SEIT/PM Cost - Guidance, Navigation, and Control - CCDOHorGNC SysChar.1.1.1.4.2 2 |NA 1.1.2.1.4,1.2.2.1.4
Cost per Ground Retrieval
132 Recovery & Retrieval Operation Cost per Ground Retrieval * Number of Flights Nttt o Guidance, Navigation, and Control - Reusable SysChar.1.1.1.4.3 1|NA [1.1.2.1.4,1.22.14
|
1.3.3 Maintenance 5% of Total Development Cost, Annually Total Development Cost - Guidance, Navigation, and Control - LYMinus19&0 SysChar.1.1.1.4.4 22 |NA 1.1.2.1.4
1.3.4 Sustaining Support 10% of Total Production & Deployment Cost, Annually Total Production Cost : Power - WEiEI"II per Unit S}rs{:har. 1.1.1.5.1 900 |lbs, 1.1.2.1.5
— . IRIS Recovery Payload - TotalWeightKg SysChar.1.1.2.1 720 |KG 1.1.2.2
. IRIS Recovery Payload - MaxPwr SysChar.1.1.2.2 1,000 \Watts |1.1.2.2
- Propulsion - Weight per Unit SysChar.1.1.3.1 0,428 |lbs. 1.1.24,1.2.24
u Launch Systems Integration (L3l) - TotalFltSysMass [SysChar.3.1 4,000 |KG 1.1.2.3
|
- Launch System Integration (LSl) - FltSysOrglndustry [SysChar.3.2 2 [NA 1.1.2.3
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Developing the Cost Estimate

CARLlike report

ACEIT Automated Cost Estimating
Integrated Tools

Cost Model Inputs Row WBS/CES Description WBE;jent Unique ID Point Estimate ::;T:gg Equation / Throughput
PM Headcount FTE.1 20 |FTE 1.1.1.5,1.2.1.3, 1.3.1 56 PM Headcount 1 PM_ETE_QTY
SEIT Headcount FTE.2 3 |FTE 1.1.1.1,1.2.1.3, 1.3.1 57 SEIT Headcount 1 SE_FTE_QTY
Spacecraft Structure/Body - WeightperUnitkg SysChar.1.1.1.1.1 169 |KG 1.1.21.1,1.2.2.11 58 Spacecraft Structure/Body - WeightperUnitKg 1 Body_Weight_per_Unit_kg
Spacecraft Structure/Body - StructureMatl SysChar.1.1.1.1.2 3 |NA 1.1.2.1.1 59 Spacecraft Structure/Body - StructureMatl 1 Body_Structure_Mats
Spacecraft Structure/Body - LEOEnvironment SysChar.1.1.1.1.3 2 |NA 1.2.2.1.1 50 Spacecraft Structure/Body - LEOEnvironment ! Low_Orbit_Toggle
Spacecraft Structure/Body - SubsysHeritage SysChar.1.1.1.1.3 4 |NA 1.2.2.1.1 ol Spacecraft Structure/Body - SubsysHeritage : Body_Heritage_Rank
- i 62 Thermal - WeightperUnit 1 Thermal_Weight_per_Unit_lb

Thermal - WeightperUnit SysChar.1.1.1.2.1 1,468 |[lbs. 1.1.2.12 1.2.2.1.2 - : : : :

63 Communication - Weight per Unit Kg 1 Comm_Weight_per_Unit_kg
Communication - Weight per UnitKg SysChar.1.1.1.3.1 21 [KG 1.1.2.1.3 1.2.2.1.3 s Communication - TramsmitPur . Tranemitter Power QTY
Communication - TransmitPwr SysChar.1.1.1.3.2 22 |Watts |1.1.2.1.3, 1.2.2.1.3 65 Communication - DirectedMission 1 NASA Mission T;gg|e
Communication - DirectedMission SysChar.1.1.1.3.3 2 |NA 1.1.2.1.3,1.2.2.1.3 66 Guidance, Navigation, and Control - WeightperUnit 1 Nav_Weight per Unit_lb
Guidance, Mavigation, and Control - WeightperUnit |SysChar.1.1.1.4.1 460 (lbs. 1.1.2.1.4,1.2.2.1.4 67 Guidance, Navigation, and Control - CCDHorGNC 1 CCDH_GNC_Toggle
Guidance, Navigation, and Control - CCOHorGNC SysChar.1.1.1.4.2 2 [MA 1.1.2.1.4,1.2.2.1.4 68 Guidance, Navigation, and Control - Reusable 1 Reusable_Toggle
Guidance, Navigation, and Control - Reusable SysChar.1.1.1.4.3 1 |NA 11214, 12214 69 Guidance, Navigation, and Control - LYMinus1960 1 LY_minus_1960
Guidance, Navigation, and Control - LYMinus1960  |SysChar.1.1.1.4.4 22 |NA 1.1.2.1.4 UL Power - Weight per Unit 1 Power_Weight_per_Unit_Ib
Pawer - Weight per Unit SysChar.1.1.1.5.1 900 (lbs.  [1.1.2.1.5 7 IRIS Recovery Payload - TotalWeightKg ! Tot_Weight_ke
IRIS Recovery Payload - TotalWeightKg SysChar.1.1.2.1 750 [KG6  |1.1.2.2 21| IRISRecovery Payload - Maxbwr : o Mehwr

73 Propulsion - Weight per Unit 1 Propulsion_Weight_per Unit_|b
IRIS HE'CD"-I'E'W PEI]I'IDEId - MaxPwr S*,rs{}har. 1.1.2.2 1,000 |Watts |1.1.2.2 74 Launch Systems Integration (LSI) - TotalFltSysMass 1 Tot_Weight_Flight_kg
Propulsion - Weight per Unit SysChar.1.1.3.1 6,428 |lbs. 1124, 1224 — Launch System Integration (LSI) - FitSysOrgindustry - Industry_Toggle
Launch Systems Integration (LSl) - TotalFltSysMass |SysChar.3.1 4,000 |KG 1.1.2.3
Launch System Integration (LSl) - FltSysOrglndustry |SysChar.3.2 2 |NA 1.1.2.3

Cost'Maodel
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Developing the Cost Estimate

CARLlike report

System Model & Cost/Schedule Model Interface

Cost Model Inputs

PM Headcount FTE.1 20 |FTE 1.1.1.3,1.2.1.3,1.3.1
SEIT Headcount FTE.2 3 |FTE 1.1.1.1,1.2.1.3,1.3.1
Spacecraft Structure/Body - WeightperUnitKg SysChar.1.1.1.1.1 169 |KG 1.1.2.1.3,1.2.2.1.1
Spacecraft Structure/Body - StructureMatl SysChar.1.1.1.1.2 3 [NA 1.1.2.1.1
Spacecraft Structure/Body - LEOEnvironment SysChar.1.1.1.1.3 2 [NA 12.2.1.1
Spacecraft Structure/Body - SubsysHeritage SysChar.1.1.1.1.3 4 |NA 12211

Thermal - WeightperUnit SysChar.1.1.1.2.1 1,488 |lbs. 11.2.1.2, 1.2.2.1.2
Communication - Weight per Unit Kg SysChar.1.1.1.3.1 21 |KG 1.1.2.1.3,1.2.2.1.3
Communication - TransmitPwr SysChar.1.1.1.3.2 22 |\Watts |1.1.2.1.3,1.2.2.1.3
Communication - DirectedMission SysChar.1.1.1.3.3 2 [NA 1.1.2.1.3,1.2.2.1.3
Guidance, Navigation, and Control - WeightperUnit |SysChar.1.1.1.4.1 460 |lbs. 11214,12214
Guidance, Navigation, and Control - CCDHorGNC SysChar.1.1.1.4.2 2 [NA 11.214,1.2.2.14
Guidance, Navigation, and Control - Reusable SysChar.1.1.1.4.3 1 [NA 1.1.2.1.4,1.2.2.1.4
Guidance, Navigation, and Control - LYMinus1960 SysChar.1.1.1.4.4 22 |NA 1.1.2.1.4

Power - Weight per Unit SysChar.1.1.1.5.1 900 |lbs. 1.1.2.1.5

IRIS Recovery Payload - TotalWeightKg SysChar.1.1.2.1 750 [KG 1.1.2.2

IRIS Recovery Payload - MaxPwr SysChar.1.1.2.2 1,000 (Watts [1.1.2.2
Propulsion - Weight per Unit SysChar.1.1.3.1 6,428 |lbs. 1.1.2.4,1.2.24
Launch Systems Integration (LSI) - TotalFltSysMass ([SysChar.3.1 4,000 |KG 1.1.2.3

Launch System Integration (LSI) - FltSysOrgindustry [SysChar.3.2 2 |INA 1.1.2.3
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Row

56
Y

58

59
60
61

62

- 63 -

64

65
66

67

68

69

70

71
72

73

74

75

WBS/CES Description

PM Headcount

SEIT Headcount

Spacecraft Structure/Body - WeightperUnitKg
Spacecraft Structure/Body - StructureMat|
?é‘f’,‘?gq aft Structure/ B,‘?,‘;; - LEOEmirapment

Spacecraft Structure/Body - SubsysHeritage
Thermal - WeightperUnit

Communication - Werigrht per Unit Kg
Communication - TransmitPwr

Communication - DirectedMission

Guidance, Navigation, and Control - WeightperUnit
Guidancré,iNavi’gétion; and Control - CCbHorGNC
Guidance, Navigation, and Control - Reusable
Guidance, Navigation, and Control - LYMinus1960
fower-WeightpeeUnit

IRIS Recovery Payload - TotalWeightKg

IRIS Recovery Payload - MaxPwr

Propulsion - Weigbt per Unit

Launch Systems Integration (LSI) - TotalFltSysMass
Launch System Integration (LSI) - FItSysOrgindustry

f i i

Level

e aa—

‘L—.

s el S S

e T e I e S o ™ = O ™ o S S I = S

ACEIT Automated Cost Estimating
Integrated Tools

' WBS Indent |

Phasing

| Unique ID | Point Estimate Method
PM_FTE_QTY | |
SE_FTE_QTY | |

Body_Weight_per_Unit_kg_% | \
Body_Structure_Mats | \
Low_Orbit_Toggle. | |
Body_Heritage Rank |

Therma I_Weight__per_Unit_lb-i

Equation / Throughput

Comm_Weight_per_U nit:kﬂghi
Transmitter_Power_ QTY |
NASA_Mission_Togglé
Nav_Weight_per_Unit_lb |

~ CCDH_GNC_Toggle |
Reusable_Toggle”;
LY_minus_1960
Power_Weight_per_Unit_Ib
Tot_Weight_kg |

Max__Pwr-:

: PropulsionTWeightTperfunitrll?j
Tot_Weight_Flight_kg
Industry_Toggle

Cost'Maodel




Joint Confidence Level Analysis Model
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Task Mame »  Duration - Start »  Finish » Predecessors | Successors -
4 |RIS Master Schedule 5321 days Mon 2/10/25 Mon 7/3f45
Contract Award 1 day Mon 2/10/25 Mon 2/10/25 13
4 |RIS Engineering, Manufacturing & Development (EMD) 2760days Tue 2f11/25  Mon 9/10/35
4 SEIT/PM and Support Equipment 2760 days  Tue 2/11/25  Mon 9/10/35
4 Systems Engineering 2760 days Tue 2f11/25  Mon 9/10/35
Start 0 days Tue 2/11/25 Tue 2/11/25 1355
Finish 0 days Mon 9/10/35  Mon 9/10/35  8FF
Assembly, Integration and Test 18 mons Tue 4/25/34 Mon 9/10/35 17 28,7FF,11FF,42,43
4 Program Management 2760 days  Tue 2/11/25 Mon 9/10/35
Start 0 days Tue 2/11/25  Tue 2/11/25 1355
Finish 0 days Mon 9/10/35 Mon 9/10/35  8FF
4 Space Vehicle 1800 days  Tue 2/11/25 Mon 1/5/32
Develop Bus 30 mons Tue 2/11/25 Mon 5/31/27 2 14,655,1055,38,40,41,44
Develop IRIS Recovery Payload 18 mons Tue 6/1/27 Mon 10/16/28 13,38,40,41,44 15
Develop Launch Systems Integration (LSI) 18 mons Tue 10/17/28 Mon 3/4/30 14 16,39
Develop Propulsion 24 mons Tue 3/5/30 Mon 1/5/32 15,39 17,45
Develop Ground Segment 30 mons Tue 1/6/32 Mon 4/24/34 16,45 2
4 |RIS Production & Deployment 1360 days  Tue 9/11/35 Mon 11/26/40
4 SEIT/PM and Support Equipment 1360 days Tue9/11/35 Mon 11/26/40
4 Systems Engineering 1360 days Tue9/11/35 Mon 11/26/40
Start 0 days Tue 9/11/35  Tue9/11/35 2855
Finish 0 days Mon 11/26/40 Mon 11/26/40 23FF
Assembly, Integration and Test 12 mons Tue 12/27/39 Mon 11/26/40 31 33,34,35,36,22FF, 26FF
4 Program Management 1360 days  Tue 9/11/35 Mon 11/26/40
Start 0 days Tue 9/11/35 Tue 9/11/35 2855
Finish 0 days Mon 11/26/40 Mon 11/26/40 23FF
4 Space Vehicle 760 days Tue 9/11/35 Mon 8/9/38
Produce Bus 18 mons Tue 9/11/35 Mon 1/26/37  8,42,43 29,2155,2555
Produce IRIS Recovery Payload 10 mons Tue 1/27/37 Mon 11/2/37 28 30
Produce Propulsion System 10 mons Tue 11/3/37 Mon 8/9/38 29 31
Produce Ground Segment 18 mons Tue 8/10/38 Mon 12/26/39 30 23
4 |RIS Sustainment 1200 days Tue 11/27/40 Mon 7/3f45
SEIT/PM and Support Equipment 60 mons Tue 11/27/40 Mon 7/3/45 23
Recovery & Retrieval Operation 60 mons Tue 11/27/40 Mon 7/3/45 23
Maintenance 60 mons Tue 11/27/40 Mon 7/3/45 23
Sustaining Support 60 mons Tue 11/27/40 Mon 7/3/45 23




Joint Confidence Level Analysis Model
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—

= TR T S T R oA

Task Mame
4 |RIS Master Schedule
Contract Award

» [Duration
5321 days
1 day

4 |RIS Engineering, Manufacturing & Development (EMD) 2760 days

4 SEIT/PM and Support Equipment
4 Systems Engineering
Start
Finish
Assembly, Integration and Test
4 Program Management
Start
Finish
4 Space Vehicle
Develop Bus
Develop IRIS Recovery Payload
Develop Launch Systems Integration (LSI)
Develop Propulsion
Develop Ground Segment
4 |RIS Production & Deployment
4 SEIT/PM and Support Equipment
4 Systems Engineering
Start
Finish
Assembly, Integration and Test
4 Program Management
Start
Finish
4 Space Vehicle
Produce Bus
Produce IRIS Recovery Payload
Produce Propulsion System
Produce Ground Segment
4 |RIS Sustainment
SEIT/PM and Support Equipment
Recovery & Retrieval Operation
Maintenance

Sustaining Support

2760 days
2760 days
0 days

0 days

18 mons
2760 days
0 days

0 days
1800 days
30 mons
18 mons
18 mons
24 mons
30 mons
1360 days
1360 days
1360 days
0 days

0 days

12 mons
1360 days
0 days

0 days
760 days
18 mons
10 mons
10 mons
18 mons
1200 days
60 mons
60 mons
60 mons

20 mons

-  Start »  Finish

Mon 2/10/25 Mon 7/3/45
Mon 2/10/25  Mon 2/10/25
Tue 2/11/25 Mon 9/10/35
Tue 2/11/25 Mon 9/10/35
Tue 2/11/25 Mon 9/10/35
Tue 2/11/25 Tue 2/11/25
Mon 9/10/35  Mon 9/10/35
Tue 4/25/34 Maon 9/10/35
Tue 2/11/25 Mon 9/10/35
Tue 2/11/25  Tue 2/11/25
Mon 9/10/35 Mon 9/10/35
Tue 2/11/25 Mon 1/5/32
Tue 2/11/25 Mon 5/31/27
Tue 6/1/27 Maon 10/16/28
Tue 10/17/28 Mon 3/4/30
Tue 3/5/30 Mon 1/5/32
Tue 1/6/32 Mon 4/24/34
Tue 9/11/35 Mon 11/26/40
Tue 9/11/35 Mon 11/26/40
Tue 9/11/35 Mon 11/26/40
Tue 9/11/35  Tue9/11/35
Mon 11/26/40 Mon 11/26/40
Tue 12/27/39  Mon 11/26/40
Tue 9/11/35 Mon 11/26/40
Tue 9/11/35 Tue 9/11/35
Mon 11/26/40 Mon 11/26/40
Tue 9/11/35 Mon 8/9/38
Tue 9/11/35 Mon 1/26/37
Tue 1/27/37 Mon 11/2/37
Tue 11/3/37 Mon 8/9/38
Tue 8/10/38 Maon 12/26/39
Tue 11/27f40 Mon 7/3/45
Tue 11/27/40 Mon 7/3/45
Tue 11/27/40 Mon 7/3/45
Tue 11/27/40 Mon 7/3/45
Tue 11/27/40 Mon 7/3/45

» Predecessors

1355
8FF
17

1355
8FF

2
13,38,40,41,44
14

15,39

16,45

2855
23FF
31

2855
23FF

8,42,43
28
29
30

23
23
23
23

»  Successors

13

28,7FF,11FF, 42,43

14,655,1055,338,40,41,44
15

16,39

17,45

3

33,34,35,36,22FF, 26FF

29,2155,2555
30
31
23

50.00

50.00

50.00

50.00
$7,992.75 Tri*(90,100,110)

50.00

50.00
$1,791.78 Tri*(90,100,110)
$72,224.69 Tri*(90,100,110)

50.00

50.00

50.00
$5,374.25 Tri*(90,100,110)
$209,244.28 Tri*(90,100,110)
$5,517.52 Tri*(90,100,110)
$1,348.79 Tri*(90,100,110)
$15,000.00 Tri*(90,100,110)

50.00

50.00
$3,936.36 Tri*(90,100,110)

50.00

50.00
$7,506.73 Tri*(90,100,110)

$35,570.01

50.00

50.00

50.00
$11,415.23 Tri*(90,100,110)
$191,096.43 Tri*(90,100,110)
$26.75 Tri*(90,100,110)
$7,500.00 Tri*(90,100,110)

50.00
$6,383.70 Tri*(90,100,110)
$300,000.00 Tri*(90,100,110)
$111,472.92 Tri*(90,100,110)
$179,936.05 Tri*(90,100,110)

w» JACS Cost Estimate »  JACS Tl Cost Uncertainty « | JACS Duration Uncertainty

Tri*(90,100,110)

Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)

Tri*{90,100,110)

Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)

Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)
Tri*(90,100,110)




Incorporating Risks

System/ModelRisk
Tracking

Risk Report
Negligible Minor Moderate | Serious Critical I
System Model & Cost/Schedule Model Interface
Risks
ngh Funding Delays Risk.1 $ 100,000 6 80
Launch Vehicle Failure Risk.2 $ 500,000 3 40
Risk 6 Solar Spacecraft System Failure Risk.3 $ 200,000 1 20
e Communication Equipment Failure Risk.4 $ 50,000 9 30
Medium High Space Debris Collision Risk.5 $ 1,000,000 2 40
Solar Flare Interference Risk.6 $ 20,000 0 60
/ Navigation System Failure Risk.7 $ 150,000 2 20
Risk2: Launch Propulsion System Failure Risk.8 $ 300,000 4 30
Vehicle
Medium Risk 5: Space
Debris
Risk4.: Comms |[Risk3: Risk 7: Risk 8:
Failure Spacecraft MNavigation Propulsion
Medium Low System System System
Low
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Incorporating Risks

System Model & Cost/Schedule Model Interface

Risks 00
Funding Delays Risk.1 | $ 100,000 6 80

Launch Vehicle Failure Risk.2 $ 500,000 3 40
Spacecraft System Failure Risk.3 $ 200,000 1 20
Communication Equipment Failure Risk.4 $ 50,000 9 30

Space Debris Collision Risk.5 1 $ 1,000,000 2 40 |
Solar Flare Interference Risk.6 1% 20,000 0 60 I
Navigation System Failure Risk.7 I'$ 150,000 2 20 |
Propulsion System Failure Risk.8 | $ 300,000 4 30

JCL\Wodel

JACS Cost JACS Tl Cost JACS Duration JACS Risk %%

Task Mame » [Duration « Start - Finish » Predecessors  «  Successors -« | Estimate * Uncertainty *  Uncertainty »  Likelihood
37 4 Risk Event Register 2160 days Mon5/31/27 Mon 9/10/35 50.00 0
38 Funding Delays (RR#1) 0 days Mon 5/31/27  |Mon 5/31/27 13 14 $0.00]100000 B 80
39 Launch Vehicle Failure (RR#2) 0 days Mon 3/4/30 Mon 3/4/30 15 16 $0.00]500000 3 40
40 Spacecraft System Failure (RR#3) 0 days Mon 5/31/27 |Mon 5/31/27 13 14 $0.00]200000 1 20
41 Communication Equipment Failure (RR#4) 0 days Mon 5/31/27 |Mon 5/31/27 13 14 50.00]50000 g 30
42 Space Debris Collision (RR#5) 0 days Mon 9/10/35 |Mon9/10/35 8 23 $0.00] 1000000 2 40
43 solar Flare Interference (RR#6) 0 days Mon 9/10/35 |Mon9/10/35 8 23 50.00]20000 0.25 60
44 MNavigation System Failure (RR#7) 0 days Mon 5/31/27 |Mon 5/31/27 13 14 $0.00]150000 2 20
43 Propulsion System Failure (RR#3) 0 days Mon 1/5/32 Mon 1/5/32 16 17 $0.00]300000 4 30




Joint Confidence Level Analysis Model

S9%AUGUR

Task Mame » | Duration « Start »  Finish » Predecessors Successors w | JACS Cost Estimate »  JACS Tl Cost Uncertainty «» | JACS Duration Uncertainty i?p—iﬁﬁl;;k.jao -

1 | 4 IRIS Master Schedule 5321days Mon2/10/25 Mon 7/3/45 50.00 0
2 Contract Award 1 day Mon 2/10/25 Mon 2/10/25 13 50.00 0
3 4 |RIS Engineering, Manufacturing & Development (EMD) 2760days Tue 2/11/25  Mon 9/10/35 50.00 0
4 4 SEIT/PM and Support Equipment 2760 days  Tue 2/11/25 Mon 9/10/35 50.00 0
3 > Systems Engineering 2760 days  Tue 2/11/25 Mon 9/10/35 $7,992.75 Tri*(90,100,110) 0
8 Assembly, Integration and Test 18 mons Tue 4/25/34 Mon 9/10/35 17 28,7FF,11FF, 42,43 $1,791.78 Tri*(90,100,110) Tri*(90,100,110) 0
g > Program Management 2760 days  Tue 2/11/25 Mon 9/10/35 $72,224.69 Tri*(90,100,110) 0
12 4 Space Vehicle 1800 days  Tue 2f11/25 Mon 1/5/32 50.00 0
13 Develop Bus 30 mons Tue 2/11/25 Mon 5/31/27 2 14,655,1055,38,40,41,44 55,374.25 Tri*{90,100,110) Tri*{90,100,110) 0
14 Develop IRIS Recovery Payload 12 mons Tue 6/1/27 Mon 10/16/28 13,38,4041,44 15 $209,244.28 Tri*(90,100,110) Tri*{90,100,110) 0
13 Develop Launch Systems Integration (LSI) 18 mons Tue 10/17/28 Mon 3/4/30 14 16,39 $5,517.52 Tri*(90,100,110) Tri*(90,100,110) 0
16 Develop Propulsion 24 mons Tue 3/5/30 Mon 1/5/32 15,39 17,45 $1,348.79 Tri*(90,100,110) Tri*{90,100,110) 0
17 Develop Ground Segment 30 mons Tue 1/6/32 Mon 4/24/34 16,45 a8 $15,000.00 Tri*(90,100,110) Tri*(90,100,110) 0
18 4 |RIS Production & Deployment 1360 days  Tue 9f11f35 Mon 11/26/40 50.00 0
19 4 SEIT/PM and Support Equipment 1360 days  Tue 9/11/35 Mon 11/26/40 50.00 0
20 > Systems Engineering 1360 days  Tue 9/11/35 Mon 11/26/40 $3,936.36 Tri*(90,100,110) 0
23 Assembly, Integration and Test 12 mons Tue 12/27/39 Mon 11/26/40 31 33,34,35,36,22FF,26FF 57,506.73 Tri*{90,100,110) Tri*{90,100,110) 0
24 > Program Management 1360 days  Tue 9/11/35 Mon 11/26/40 535,570.01 0
27 4 Space Vehicle 760 days Tue 9/11/35 Mon 8/9/38 50.00 0
28 Produce Bus 18 mons Tue 9/11/35 Mon 1/26/37 8,42,43 29,2155,2555 511,415.23 Tri*{90,100,110) Tri*{90,100,110) 0
29 Produce IRIS Recovery Payload 10 mons Tue 1/27/37 Mon 11/2/37 28 30 $191,096.43 Tri*(90,100,110) Tri*{90,100,110) 0
30 Produce Propulsion System 10 mons Tue 11/3/37 Mon 8/9/38 29 31 $26.75 Tri*(90,100,110) Tri*(90,100,110) 0
31 Produce Ground Segment 18 mons Tue 8/10/38 Mon 12/26/39 30 23 $7,500.00 Tri*(90,100,110) Tri*{90,100,110) 0
32 4 |RIS Sustainment 1200 days  Tue 11/27/40 Mon7/3/45 50.00 0
33 SEIT/PM and Support Equipment 60 mons Tue 11/27/40 Mon 7/3/45 23 $6,383.70 Tri*(90,100,110) Tri*(90,100,110) 0
34 Recovery & Retrieval Operation 60 mons Tue 11/27/40 Mon 7/3/45 23 $300,000.00 Tri*(90,100,110) Tri*(90,100,110) 0
33 Maintenance 60 mons Tue 11/27/40 Mon 7/3/45 23 $111,472.92 Tri*(90,100,110) Tri*(90,100,110) 0
36 Sustaining Support 60 mons Tue 11/27/40 Mon 7/3/45 23 $179,936.05 Tri*(90,100,110) Tri*(90,100,110) 0
37 4 Risk Event Register 2160 days Mon 5/31/27 Mon 9/10/35 50.00 0
38 Funding Delays (RR#1) 0 days Mon 5/31/27 Mon 5/31/27 13 14 0.00| 100000 ] 820
39 Launch Vehicle Failure (RR#2) 0 days Mon 3/4/30 Mon 3/4/30 15 16 $0.00| 500000 3 40
40 Spacecraft System Failure (RR#3) 0 days Mon 5/31/27 Mon5/31/27 13 14 50.00 200000 1 20
41 Communication Equipment Failure (RR#4) 0 days Mon 5/31/27 |Mon5/31/27 |13 14 $0.00|50000 g 30
42 Space Debris Collision (RR#5) 0 days Mon 9/10/35 Mon 9/10/35 8 28 =0.00 1000000 2 40
43 Solar Flare Interference (RR#6) 0 days Mon 9/10/35 |Mon9/10/35 |8 28 $0.00|20000 0.25 60
- MNavigation System Failure (RR#7) 0 days Mon 5/31/27 |Mon5/31/27 |13 14 $0.00| 150000 2 20
3 Propulsion System Failure (RR#3) 0 days Mon 1/5/32 Mon 1/5/32 16 17 $0.00| 300000 4 30
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