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LCS Mission Modules Challenge:
Sheer Complexity

Increment 1 - 10C FY2015

Increment 2 (Q4FY16)
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LCS Mission Modules:

Systems Engineering) & Ihtegratiam

Increment 3 (Q3FY18)

Increment 4 (Q4FY19)

Mine Countermeasures Mission Package
Multiple Mission Modules & Multiple Increments

Near Surface Neutralization

QI Fris —Detection _
Aupome Mine Neuraliaten Buied Minwiunirg
Rapid Minehunting & Clearing (taar Surfece) Module (BMH) Module
e D S = .
2 Beach Zone Detection
tuttna] : L)
ALMDS ALMOS MH 608 Not funded; delivery likely Undersea Vehicle

Buried Mine
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RuMYV RMMYV

AQS-20A8

Notes.
MCM Increment 1 10C - APB Obj: SEP 2015; Threshold: SEP 2016
MCM Increment 4 10C - APB Obj: SEP 2018, Threshold: SEP 2020

Possible to

In FY22; Review of
| e
integrate Knifefish
early (in FY18)
Sustained Influence Sweep
Unmanned Mine Swesoing Surf Zone

(UMS) Module

usv usss
UISS shift due to funding

Beconnanssnce
(CMR) Moduyle

reductions (sequestration
& other) and overall MP Woskd
prioritization; COBRA BLK Il
shift to FY22+ due

... Multiple Mission Systems

Littoral Combat
—+1 Ship .

ety
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Seaframe Seaframe.
Communications Computing
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RMH Mission Systems

Multiple Development Organizations

PMS 420

LM

Ships LI-‘I\S\R \

PMS 501

LM (FRE), GD (IND)

PMS 501

LM (FRE), GD (IND)

Mission Ba Sta\ni%s
MVCS

PMS 420

NSWC-PCD

Ship C2

IWS-8

LM (FRE), GD (IND)

Mission Package C2

PMS 420

NSWC-PCD

MCM Analysis

PMS 495

SAIC, NSWC-PCD




LCS MP Model Based SoS SE Analysis %///

ity | U : History & Submarine Reuse LCS Mission Modules

Systems Engineering & Integration

2005 2010 2015

+ Big System: Multiple PEOs and program offices, 4 ship classes, 4 Million lines of SW code, 65 cabinets
+ Complex interfaces: 30 subsystems, 2800 interface requirements, 25 OEMs

+ Fast Update Pace: Yearly alternating capability / technology updates !
State of practice

Point to Point Centrally managed MDA Model based Systems
IRS Documents interface requirements Prototype | Engineering (MBSE) m m =

g SoS MBSE Methodology
(7))
(¢}
+ Big System: 12 Mission modules, 2 class variants \/
+ Complex interfaces: 25 subsystems in RMH MM alone | Come as you are Remote Minehunting
* Fast Update Pace: 4 planned increments / RTI updates Gaps MBSE SoS Pilot
MP Common interface Products —
[mves! [mPoE ) [MPCE | [P ICD !
Details
RMH Mission

« Interface MBSE model development — Significant Submarine Module SE Analysis

* RMH Mission Module Interface Requirements Generation  ||nterfac Xy m’
* Multiple RMH MBSE-enabled issues identified Model S m

[+ %
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LCS Mission Modules Challenge: A

Come-AS-YOU-Are Reuse LCS Mission Modules;

Systems Engineering) & Ihtegratiam

Capability is already developed and Generally, core capability IS available on
tested on another platform, the cheap, but integration with the platform
theoretically being reused for “Pennies |and adjacent systems quickly eats into the
on the dollar” savings

Interface requirements are individually |Key interface functions are designed out of
developed and tested by each “come- |sync and while initial individual system
as-you-are” mission system developer |[development costs are less, SoS integration
costs can be very high

Mission level operational specifications | Each system has gaps and inconsistent
are not reflected coherently in the requirements relative to the mission level
interface requirements specs, and as a result, mission level
performance is unpredictable and KPPs are
often not met
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Mission
System TE

Stakeholders
System
Engineer /
Modeler T

Mission &!
System
@(eholders-r /

+  Stakeholder developed
requirements

«  Structured entry into model

« Jointly reviewed model
products
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SoS MBSE Integration Methodology %/

MBSE Interface Model Architecture / Process LCS Mission Modulles

Systems Engineering) & Ihtegratiam

MagicDraw Application with LCS SoS Interface Model
Schema and Scripts

ID Name Req Text

10.2 32 SYS-IF-0001 RMS-OPMA

10.2.1 3.2.1 SYS-IF-0001-D Functional/Da¥
Interface

10.2.1.1 | 3.2.1.0- q S;

shall include ensor Data.

Systems
Engineering
Interface
Documentation

CI-IF-0001 RRR OE-OPMA WS OE

10.2.12.
581.501 Int®¥face

(Mil Std 498 IDD,

10.2.12. | 3.2.4.4. |TheR| ontact D shall Provide | Require |3.2.4.1.0-
581.514 | 1.0-1 inclu 31
10.2.12. |3.2.4.4. |TheRl Provide | Require |3.2.4.1.0-

581.523 | 1.0-10 | shall include RMVInfo

IRS, SSDD Hybrid)
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PMS 420 MBSE Landscape 1

SE Hierarchy / Engineering Model OVErvVieW  syems enneoring & intearation

SOS Mapping to DODAF/SYSML Views

Platform
Commonality Activity
= Sequence
_ OV-5
OV-6

Mission Packag

(System Level)
Use Case
L 5Vv-
SV-2

Mission Modul

System
Activity
Sequence

| SV4

SV-10

SubSystem

Element
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LCS SoS Interface Model

Multiple Level (Nested) Interface Definitions

SYS.001 - Launch Handling
and Recovery (LWAR) System |

SYS_¥ 014 5Y5 ¥ 01

55,005  Remete
Sichustig Sysem (R5) |

s _sor |svs_r_oor

SYsJF_0w - SYs.F 0w

SY8IF 00 S5 _F 003

S¥5.007
Stowage/Maiotenaace
Systems

s svs F ot

svs_w_on  svs.w_on
SYS.IF_o06 - 5¥S_Ir_cos

SYS.004 : Mulple Vehicle i

Communicaticn Systern
(Mves)

SYSIF 013 5vsF o3

Y5006 : Ship Command and
Contrel (C2) System

SYSIF 015 SYSIF 018

Y5 005 55 ¥ 008

V5,002 ; Mise Counter
Measure (MCM) Analy

SVS.¥_o0a - Y 002

55,003 - Mission Package |
(MF) Command and Contrel | —
(€2) Sysem

SYSIFGTE S8 012

SR SVREL 001
(sYs_Ir_coa - 5vS_1r_oo4

A
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LCS Mission Modules:
Systems Engineering) & Ihtegratiam

Q)

Q)

CM An

QdPol

MS

MS

CM An

PC2

VCS

SYS

IE_007

Ship C2

RMS

SYS

IF_008

MCM Analysis

RMS

SYS

IE_009

RMS

RMS

SYS

IE 010

LH&R

Stowage/

SYS

IF 011

RMS

MVCS

SYS

IE 012

MP C2

MP C2

SYS

IF 013

MVCS

Ship C2

SYS

IE 014

LH&R

RMS

SYS

IF_015

MVCS

MPC2

Level 6 (Subsystem)

5 e G Lo G B U € G

Sus. ooos :
— lsmngammmm Systems
ine Counter Measure (MCM) e ¥
i/ Syviem pusse. il MPCE C2 Station
o
5uB. T :Sea Operation Station -
T o
RMMV LH&R Equipment E—
[Caunch Handiing and Recovery ||
o (LH&R) System
‘S L—— : Equipment Handling
RMMY [suseoon| | | i
U8 0009 |suB.F cons)
Sus ¥ Crane (TBEC/LHRS)
= SUB_IF D028
sua_ie_ooez
? sus_ie_cor sus.e_cor2 _ Lt
s [Ship Gommand and Control (C2)
System
suB e 000y ey
SuB F o02s
TSCE
—ReL iR Multiple Vehicle Eommunication System (MVCS) — i
MVCS Remote SUB_IF_0083 -
ue_r_003s e T
LCS Phases SUB_IF_0076. SUB_IF_0070
Phase 1 MVCS Host Sue. e oo o=
Phase 2
sus_e_oorr
Phase 3
5U8.1F 0080
Internal

MVES Host Aadia

MVCS Host Antenna
MVCS Remote Radio
MVCS Remate Antenna
MVCS HOSt Antenna
MVECS Remote Radio Subsystem
common console

MFCE

MVCS Host Infrastructure
TSCE

MVCS Host Radio

ADR Subzystem

Enc
MFPCE

RMMY LHER Equipment Interface
Combat Management

MFAS

combat Management
Off-Board Communications
RMMV Interface

FMA Workstation

MEAS

LA Workstaton Subsystam
RDA Transfer Station Subsystem
RDA Transfer Station Subsystem
RDR Subsystem

DS Subsystem

RMMV Control

Off-Board Communications
MVCS Host Infrastructure

MVES Aemote Infrastructure Subsystem
TscE

RMMV Conrol

MPAS

RMMV Interface

Mizsion Bay

RMMV LHER Equipment Interface
RIS 58

RMMV LHER Equipment Interface
VoS

DS Subsystam

MFCE

MFCE

MFCE

MVCS Host Infrastructure

MEAS

RMMV Inteface

Tsce

MPAS

MVCS Host Infrastructure

MVES Host Radio

MVES Remote Infrastructure
MVCS Rgmote Radic

MVCS Remote Antenna

RMMV Interface

RMMY Control

RMMY Control

RIMV Control

RMMV Interface

RMMV Interface

RDR Subsystem

RIMV Control

RIMV Control

RIS 5E




Synchronized Interface/Requirements %///

Decomposition Example LCS Mission Modules

Systems Engineering & Integration

150 [Syssem Coner Lewel 6 Conten| B Level 6 Conten |)
SUB_IF_0004 o -
- - T— = [Stowage / Maintenance Systems
]:\Mne Counter Measure (MCM)_I Remote Minehunting System (RMS) SUB_IF_0081 sds ¥ ooes d 4
svs.row-svsr om0 nalysis System S VDS SUB_F_0033 “RMS-SE . =] : MPCE C2 Station
RDR Transfer Station = —Hus_r 0
UB_F_co3t  RVB.IF. 001
SYS_¥ 014 5Y5_ 014 S¥S.1F_000 1 SYS_IF_ 009 8 IF 001 R;‘:—"m“ SUB_IF_0034 SUB_F_0007 =
SUB_IF_0079 SUB_IF_0030 [ :SeaOp Station
SYS F 008 : SYS_F_0%8 3= | p—
SUB_IF_0013 RMMV LHER E
S50 SUB_IF_0064 Launch Handling and Recovery I
e sus_IF_0032 (LRR) Sysism
= : RMMV Control I o™ i Handling
——SUB._ ¥ 0088 sus_Fools
sva i "0 RMMV SUB_IF 007 cal -
wtem / =S -
(MVCS)
3 v o 350y SUB_IF_000! Crane (TBEC/LHRS)
A S - Mission Package (MP) Comman: L_swee :o___f:a :
SYS_IF_013: 5YS_JF_013 SYSIF 015 SYSIE0 & Control (C2) System —'[—
SYS_006 = - MPAS SUB_IF_0082|
Con Ship Command and Control (C2)
tem
SUB_F_0041
SUB_IF_0003

Realized

b
MCM Analysis to RMS interface shall support the Mine

transfer of sensor data yy hour mission in zz Analysis
a minutes or less minutes or less (objective). |[System =
(threshold), x (1.5)

The RDR to PMA Workstation interface shall support a PMA RDR
minimum data transfer rate ofl Gbit/s (threshold), Workstat
Gbit/s (dBjective) for each storage media. ion

CI 1.6 The PMA Workstation OE - RDR OE data transfer shall PMA RDR OE
ports be implemented using the Gigabit Ethernet Workstat
standard (threshold), or the 10 Gigabit Ethernet ion OE

standard (objective).




LCS SoS MBSE End to End Analysis ZF

LCS Mission Modules;
Systems Engineering) & Ihtegratiam

a Trve3a] B Launch Fanding and Recosery (LHAR) Thread (hscharicah

Data Thread View =1 = Mechanical Thread
»+ CSClonly r——ﬁwm View
« End to End data flow rm—

. "I < Hwcionly

*  Process to process - + Touch Points
message Flow %i% +  Complex
— mechanical
= ji iR Interactions

Electrical Thread S_oftwareAIIocation
View View Network View
« HWCI Only *  CSClOnly - HWCI Only
« ANSland ) SW_Hostmg *  Network Topology
custom ’ Bas!s to manage OS * Network standards
interfaces Environment *  Throughput “choke point” analysis
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MP ICD Content:
Operational Analysis Artifacts

e
LCS Mission Modules:
Systems Engineering) & Ihtegratiam

Activity Diagrams

Flow of activities for decomposing
operational information
Lowest level activity becomes

RMMV Position,

Cl

e E R sequence diagram
) K , | %“ umlmusd‘ jl ::
R g S o GEES ) 1
I:‘::. | - 9| [ s o o) ES S| Es e - 9| & = Sequence Dlagrams
= B B | B B B | T y * Provides means to ensure
2 Fy bostn g sndShees AN, it i et .
e T M I B TS REEE operations between subsystems
| T e are covered by requirements
S Provides baseline for additional
A operational analysis
oo u:.... ) 1
| Operation Reqt | Requirement Text <'/ . .
1D Linked Interface Requirements
1 | RMMV Position, Cl L . : ; LI
||| | Heading, and Speed | 68.16 e MY oS S thal seng RMMM Resiion flattude and Thre_ad function Integrity in
management. requirements baseline
1 | RMMV Position, Cl . ) i i i
Heading, and Speed | 68.17 -IC_:%eCIIQt'\g'\éIL\J/p%ngf I\%\Slglssgg%rsr%r&gclﬁn M%’aﬂ%%‘é'r’% rt1(t) theDL-R ObJeCtlve test checklist
1 | RMMV Position, Cl The RMMV CTL CSCI shall send RMMV speed to the DLI-R
Heading, and Speed 68.18 | CSCI to support MVCS automatic link management.
RMMYV Paosition, The DLI-R CSCI shall send RMMV position (latitude and

support MVCS automatic link management.
The DLI-R CSCI shall send RMMV speed to the Network

11
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System of Systems 1

LCS Mission Modules:

Thread Integration Maturity Systems Engineering & ntegration

Operational/System Architecture
and Interface Requirements Enhanced Interface RVM

1 @ > | Ver .
: = Realized Thread Metho LM  NSWC Planne R4 I nte rface req U I re m e ntS
[ I Requirement Text By UsedBy Function d Pri Test Test dTest . . .
: the RMMV Control Subsystem and MVCS with Verification method
Host Subsystem shall exchange vehicle Automatic ) 3
avigation data to support MVCS automatic | RMMV | MVCS Link 1-
ink management. Control | Host | Switching | Test | High| No | No | None an d P rlorlty
[Once the RMMV power has been turned off,
* Test conduct survey from
Remote Subsystem and provide [llseconds H
or a graceful shutdown of MVCS Remote MVCS Power 2- CO nStItU e nt SU bsySte mS
processing equipment. RMMV |Remote|Management| Test | Med | Yes | No Yes . .
The RMMV/MVCS Host subsystem interface i MlSS|On MOduIe thread
hall provide a minimum data link .
khroughput of Il Mbits/second per vehicle fu n Ctl 0 nal teSt Case
or transmission of data from the RMMV to MVCS 1-
the LCS in LOS communications mode. RMMV | Host | Throughput | Test | High| No | Yes 0 rg an I Zatl 0 n

Count of Requirement Text

RMMV Comms Thread Interface Requirements Test Legend:

Summary Tested Requirements

[l Tested by any of following:

« RMS/LM Val/Ver testing SoS Thread Integration
*  MVCS/PCD Throughput testing Matu ”ty Mod el
[ MVES/RCD SRS testing « Mission Module thread

*  RMS/LM Integration testing

Untested Requirements functional test case

.\(\% .\&a &L & & & \(30 & & N &\ A . . H

S F & & & %z@‘z’ (\<~°‘ \:5&“ q%&" S B High: Requirements failure Organ|zed
o P P& Y PG e Lo

- & S I O T results in Pri 1 or 2 SPR .

\'>Q N & \‘oo ~{~¢ '\9" \9'7 X ef'&\ o L] C I d f
&4\“’ <Jo‘:” Qé&‘\ @*&’b Ny \J-;C" Qoa*z @\L“ 2;’: Med: Requirements failure Ompl e Survey 0
$© SN N & S ] s . . .
W e & s 0 P E SR prioritized interface
uTested Low: Requirements failure

Requirement Group  ~

results in pri 4 or 5 SPR requirements test voids
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Automated Thread level Interface-RVM status

MBSE Thread Integration Maturity
Support

Count of Requirenest Text

\o‘* @ & 1«-" &

2
F & ?.
q» o & &
& oo“ o & o
8 e Q\\b & & o
& & & &S
S &
= &

RMMYV Comms Thread Interface Requirements Test
Summary

~F

Legend:
Tested Requirements

M Tested by any of following:
¢ RMS/LM Val/Ver testing
MVCS/PCD Throughput testing

] .

2

= +  MVCS/PCD SRS testing

10 . .

. *  RMS/LM Integration testing
°

Untested Requirements

M High: Requirements failure
results in Pri 1 or 2 SPR

<~“ é\ (9
N d’
& @é‘* < \‘&? Untested Prioity ¥

& .
& 4&\{’ 3rtow Med: Requirements failure
¢ & 2 tedum results in Pri 3 SPR
<& 1-High
wTested Low: Requirements failure

PRE-PLATFORM per thread Risk Mitigation

results in pri 4 or 5 SPR

e
LCS Mission Modules:
Systems Engineering) & Ihtegratiam

Thread level
Thread
Integration
Maturity

Likelihood

1. 2 3 4 5
Consequence

2015

2016

Jun Jul Aug Sep Oct Nov Dec

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1RMH Stabilization
! Requirements in
i pickupzone

FRE Flowfield '
Weasurements *

L
Solutian D

: .
Gross ' —

Requirements

*If necessary to

} validate mode|

f
Procure Fabricate; Test
H

R

3

Predictable per thread Platform Performance

Expected Risk Levels after mitigation

Likelihood

Consequence

__Initial Risk Level
@ Risk going into DT testing




1. Maximize RMH

Defined the RMH sensor thread

LCS SoS MBSE Integration Methodology
RMH Benefit / ROI

A
1

LCS Mission Modules:

Systems Engineering) & Ihtegratiam

Technical: Established initial NSAM performance

Q20 Sensor architecture, end-to-end performance requirements for Q20B sensor

Thread requirements for the Q20-B sensor Technical: Developed RMH sensor thread end-to-end
Performance information movement/processing. architecture to maximize TPM adherance

2. Define RMH MM | Developed PMS 420/403 “Orphan Cost/Schedule: Avoided cost and schedule churn 41
Orphaned MOA” which adjudicated technical tactically required configuration items

Hardware (spec) and programmatic ($$) Defined full set of capability required to transition the RMH

ownership with 420/501/503/495 for
41 configuration items

MM to production

3. Mitigate RMH
Comms (RMS /

MVCS) Interface
Risk

Generated MVCS/RMS interface
requirements verification matrix (I-
RVM) identifying 62 high-priority
interface requirements which had not
been adequately tested.

Cost/Schedule: Drove RMS/MVCS integration problems to
be found and fixed much earlier in the lifecycle

Risk Mgt: Provided objective information manage IOT&E
integration risk

4. Mitigated RMH
on FRE interface
risk

Developed performance-requirements
based approach to buy-down RMH on
FRE risk well ahead of on-platform
timeframe

Risk Mgt: Mitigation plans developed for 4 high priority and
5 medium priority MCM on FRE risks

Risk Mgt: Options developed for wake flow-field analysis to
benefit multiple UxV L&R

Risk Mgt: Options developed for seaframe information
exchange risk
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SoS MBSE ROI Foundation

Fix Cost" = 5x
Spec System(s)

Individual
Development Development b e Install

. Platform / System Test
Individual

Spec Interface Testing Install
System(s)
Development

Development Fix Cost' = 5x

Joint Interface
Requirement
Development

MBSE Platform /
Interface RVM System Test
& Test

Systems
Engineering
Interface
Documentation
(Mil Std 498 IDD,
(4 IRS, SSDD Hybrid

Note' : Source:NIST Planning report 02-3, The Economic Impacts of Inadequate Infrastructure for Software Testing, May 2002.
D. Galin, Software Quality Assurance: From Theory to Implementation, Pearson/Addison-Wesley (2004) B.W.Boehm, Software Engineering Economics, Prentice Hall (1981)

LCS Mission Modules:
Systems Engineering) & Ihtegratiam

Test Observation

Repor( Summarv
single Platform 8/

Hardware Software
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LCS SoS MBSE Integration e

LCS Mission Modules:

M et h O d O I O g y Systems Engineering) & Ihtegratiam
Conclusion / Takeaway

 Enables the “come-as-you-are” approach to be rapidly
acquiring capability from other Navy programs

* Has been proven with the RMH MM pilot to avoid costs
and manage risks at the mission module / platform
Integration level

« Scales to multiple mission modules and multiple
platforms

 Enables all stakeholders to manage their own systems
and their own role in mission module / platform
Integration to cohesively satisfy the LCS fleet and
sponsor

16




For further questions on this topic,
contact John at
john.tyreman@Imco.com



