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Introduction

* Model Purpose
Investigate whether MBSE provides benefits to infrastructure projects

Provide concrete examples of infrastructure issues
Clarify requirements
Elicit discussion

* Implemented using PTC Integrity Modeler

(Formerly Atego Artisan Studio)

UPDM for the high level architecture

SysML for the detailed view

Explanation and commentary are contained in the notes section of each
slide.

 For more information contact
MHause@PTC.com



Problem Statement

* 1. General Background
The city of Autoville has just elected a new city council with a mandate
to build a drawbridge connecting two points across the Tiger river at
Jones Landing. The bridge has to allow for automobile, commuter rail,
pedestrian, and bicycle traffic. The bridge must accommodate vessel
of a category 4 up to 50 feet in height. After receiving a grant of $1
Billion from the federal government, the council must deliver this bridge
by Jan 30, 2018. Construction must start before the next council
election.



Requirements

* The requirements specified by the management

dalre.
Expected daily rail ridership is 100,000 passengers

AM peak is 6:30 to 9:30 and PM peak is 4:00 to 7:00, and peak unidirectional
ridership is 10,000 passengers per hour

Expected vehicular traffic is 1,000 cars per hour in the inbound direction in the AM
peak, and 1,250 cars in the outbound direction in the PM peak. Six lanes of traffic,
three in each directions to be provided

Pedestrian and bicycle traffic across the bridge shall be provided and shall be
separated from vehicular traffic

Manned operations with 10 expected openings per day, with a vertical lift type.
Height of the bridge to be determined, consistent with size 4 vessel types
Commercial (ASASHTO HL93) heavy vehicle traffic is allowed throughout the day.



Requirements

* The requirements specified by the management are:

- Provide access for emergency vehicles
Provide capability to coordinate vessel movement and drawbridge operations.
12 hours a day operation provided by an Operator House
The system has to operate under all weather conditions
The system must be available 99.99% for all functions when called upon
- System must meet all applicable federal and state laws and regulations
- The system shall have an operational life of not less than 50 years.
- The capital cost of the system shall not exceed $1 Billion.
- The operations and maintenance cost of the system shall not exceed $10M per year.
- The system shall be operational by Jan 30th, 2018.



Changes in Systems Engineering Practice

Change from Document centric to Model centric |

Requirement Specifications
Interface Definitions
System Architecture
System Functionality
Trade-off Analysis

Test Specifications

Etc.

Old Approach New Approach



The Four Pillars of SysML

Behavior

sd ABS [Activation Sequence]J Interaction

iterface

Use

Stru Ctu re ibd [Block] Anti-Lock Controller1
bdd [Package] Vehicle [ABS]) Definition

stm Tire [Traction]J State Machine |

act PreventLockupJ

Detect Loss Of
Traction

@ Activity/Function

Modulate
Braking Force

Parametrics
par [constraint] StraightLineVehicleDynamics [Parametric Diagram]J

: BrakingForceEquation

[]

]
4

bf

: DistanceEquation : VelocityEquation

[]

] L]

Requirements

req [Package] Vehicle Specifications [Braking]J

Vehicle System Braking Subsystem
Specification Specification

«requirement»
Anti-Lock Performance

«requirement»
Stopping Distance
id#t id#
102 337
txt txt
The vehicle shall stop from The Braking subsystem shall

60 mph within 150ft on a prevent wheel lockup under
clean dry surface. all braking conditions.

«deriveReqt»




Cross Connecting Model Elements

Structure

ibd [block] Anti-LockController )\

Behavior

act PreventLockup [Swimlane Diagram])

satisfies

[Internal Block Diagram] «requirement»
énpf-l_r?r?kn . «allocate» » «allocate»
eriormance - :TractionDetector / :BrakeModulator
d1jfractionDetector
allocatedFrom a‘e
c1:modulator «fictivity»DetectLos
Interface f Traction a\\Oc’ d
/ / DetectLossOf . Modulate
% N TractionLoss: .
, m1:BrakeModulator Traction BrakingForce
allocatedFrom 2 allocatedFrom 1
«ObjectNode» «activitypModulate
TractionLoss: BrakingForce
allocatedTo
values Va I U e «connector»c1 :modulatorlnterfacﬁ
DutyCycle: Percen i

binding

= S
Re q u i re n e rﬁastISfy par [oonstrw StraightLineVehicleDynamics [Parametric Diagramy
req [package] VehicleSpecifications v.chassis.tire. MKe.abs.mL v.brake.rotor. v.Weight:
[Requirements Diagramk Braking Requirements] Friction: DutyCycle: BrakingForce:

Vehicle System
Specification

Braking Subsystem
Specification

\

«requirement»

Anti-LockPerformance

:BrakingForce
Equation
[f = (tf*bf)*(1-t1)]

:Accelleration
Equation

«requirement»
StoppingDistance

id=“102"
text="The vehicle shall stop

from 60 mph within 150 ft
on a clean dry surface.”

[F =ma]
[]

id="337"

text="Braking subsystem
shall prevent wheel lockup
under all braking conditions.”

ist Eq :VelocityEquation
VerifiedBy SatisfiedBy [v = dx/dt] [a = dv/dt]

«interaction»MinimumStop* «block»Anti-LockController
X ; o
ingDistance T

I

. N
L —

v.Position:

«deriveReqt»

verify Parametrics



What is UPDM? - Summary

« UPDM is a standardized way of expressing DoDAF and

MODAF artefacts using UML and SysML
UPDM is NOT a new Architectural Framework

UPDM is not a methodology or a process
UPDM 2.0 supports DoDAF 2.0, MODAF 1.2, NAF 3.x,

« UPDM was developed by members of the OMG with help
from industry and government domain experts.

« UPDM is now a DoD mandated standard

« UPDM has been implemented by multiple tool vendors.
Tools supporting UPDM are available now, including of course by Atego.



Select the Viewpoints That Fit-the-Purpose
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Requirements Diagram — Can also show traceability PTC

« Shows requirements traceability

» Can be linked to requirements
management tools such as PTC Integrity
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Bridge System Capabilities

CV-2 [Architectural Description] Capabilities [CV-2]J

«requirement»
Rail Passengers

id#
BRQ5

«requirement»
Vehicle Traffic

«requirement»
Pedestrian and Bikes

txt
2.1.Expected daily rail
ridership is 100,000
passengers

id#
BRQ7

id#
BRQ8

«requirement»
Coordinate Vessel and

«requirement»
Operator House

«requirement»
Bridge Height

txt
2.3.Expected vehicular traffic is 1,000
cars per hour in the inbound direction in
the AM peak, and 1,250 cars in the
outbound direction in the PM peak. Six
lanes of traffic, three in each directions
to be provided

txt
2.4 Pedestrian and
bicycle traffic across
the bridge shall be
provided and shall be
separated from
vehicular traffic

Drawbridge
id#
BRQ13
txt

4.Provide capability to
coordinate vessel
movement and
drawbridge operations.

id#
BRQ15

id#
BRQ10

txt
5.1.12 hours a day
operation provided by
an Operator House

txt
2.6.Height of the
bridge to be
determined,
consistent with size
4 vessel types

A

/‘.\

/1\

A\ A A /

I « trace» « trace» « trace» «trace »

«Capablllty» «Capability» «Capablhty» «Capablhty» «Capablllty» «Capablllty»
Enable Commuter Rail Traffic| |[Enable Automobile Traffic| |Enable Pedestrian Traffi Enable Bicycle Traffic Bridge Control Enable River Vessel Traffi

| [Architectural Description] Enterprise [CV-1] |=|

«trace» |

I«trace» , « trace»

| [Package] Front Matter [Requirements] 'ﬁ




Requirements Traceability Table

Name

Txt

satisfied By

Traces From

High Level Requirements

The System shall do...

Background

1. General Background

Capacity Requirements

2. Capacity requirements:

Emergency Vehicles

3. Provide access for emergency vehicles

Coordinate Vessel and Drawbridge

4. Provide capability to coordinate vessel movement and drawbridge operations.

«Capability» Bridge Control (Bridge Architecture:Strategy::Capabilities)

Availability 5. Availability Requirements
Compliance 6. System must meet all applicable federal and state laws and regulations
Capital Cost 7. The capital cost of the system shall not exceed $1 Billion.

Running Costs

8. The operations and maintenance cost of the system shall not exceed S10M per
year.

Completion Date

9. The system shall be operational by Jan 30th, 2018.

Background Text

The city of Autoville has just elected a new city council with a mandate to build a
drawbridge connecting two points across the Tiger river at Jones Landing. The

bridge has to allow for automobile, commuter rail, pedestrian, and bicycle traffic.

The bridge must accommodate vessel of a category 4 up to 50 feet in height. After
receiving a grant of $1 Billion from the federal government, the council must
deliver this bridge by Jan 30, 2018. Construction must start before the next
council election.

Rail Passengers

2.1. Expected daily rail ridership is 100,000 passengers

«Capability» Enable Commuter Rail Traffic (Bridge
Architecture::Strategy::Capabilities)

Peak Times

2.2. AM peak is 6:30 to 9:30 and PM peak is 4:00 to 7:00, and peak unidirectional
ridership is 10,000 passengers per hour

Vehicle Traffic

2.3. Expected vehicular traffic is 1,000 cars per hour in the inbound direction in
the AM peak, and 1,250 cars in the outbound direction in the PM peak. Six lanes
of traffic, three in each directions to be provided

«Capability» Enable Automobile Traffic (Bridge
Architecture::Strategy::Capabilities)

Pedestrian and Bikes

2.4, Pedestrian and bicycle traffic across the bridge shall be provided and shall
be separated from vehicular traffic

«Capability» Enable Bicycle Traffic (Bridge Architecture:Strategy::Capabilities)
«Capability» Enable Pedestrian Traffic (Bridge Architecture::Strategy::Capabilities)

Bridge Openings

2.5. Manned operations with 10 expected openings per day, with a vertical lift
type.

Bridge Height

2.6. Height of the bridge to be determined, consistent with size 4 vessel types

«Capability» Enable River Vessel Traffic (Bridge
Architecture:Strategy::Capabilities)

Heavy Vehicles

2.7. Commercial (ASASHTO HL93) heavy vehicle traffic is allowed throughout the
day.

Operator House

5.1. 12 hours a day operation provided by an Operator House

«Capability» Bridge Control (Bridge Architecture:Strategy::Capabilities)

Weather Conditions

5.2. The system has to operate under all weather conditions

Function Availability

5.3. The system must be available 99.99% for all functions when called upon

operational Life

5.4.The system shall have an operational life of not less than 50 years.
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Goals and Visions

CV-1 [Architectural Description] Enterprise [CV-1]J

«EnterpriseGoal»
«requirement»

Decrease Congestio

«EnterpriseGoal»
«requirement»

Increase Busines

«EnterprisePhase»
Enterprise Phase1

startDate
2013-05-25 00:00:00

endDate
2013-05-25 00:00:00

«Vision»
Autoville Freedom of Movemen

[High Level Operational Concept] High Level Operational Concept Context [OV-12a] 'ﬁ




Concept Elements in Structural Format

OV-1a [High Level Operational Concept] Bridge High Level Operational Conceth

Provides Support

Provides Support




Bridge Concept Element Relationships

OM-1a [High | evel Operational Concepi] High | evel Operatinral Concept Conted [O"-"-18]J
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Concept Elements with added graphics

OV-1a [High Level Operational Concept]High Level Operational Concept Context [OV~1aGraphics]J

Travels

TR : Train

~N\N7/ -~ .

3

RB: River Bank and Bds
1

: Supports

PL :PedestrianLane

<- - Supports

|

i e e
_ _ _ _EV:EmergencyVehicle
Travels

’BStrl :Bridge Structure RS: Road Surface
1 Supports N

~
Travels S

Provides Passage

RV: River

E LM Lift Mechanism !
— —— - .
OH: Operator HouseNHouses . .7 Seo _ProvidesPassage X Travels

X X MV Motor Vehicle

S -

N\ - Powers

>

[Enterprise Phasel Enterprise Phase1 [OV-1d 'ﬁ

: Bridge Operator PS:Utilties




Sample Stakeholders and Their Associated Goals

Shown in Use Case Format

OV-1d [Enterprise Phase] Enterprise Phase1 [OV-1 d]J

Local Business . .
Owner City Council

1 |
«Mission» «Mission» «Mission» «Mission»

CrossiEligey Increase Provide Rivel Minimize Impa ~ Environmental

Bicyclist o RAETVID Protection
Agency
«Mission» —
Cross Bridge
Pedestrian
- Construction
«Mission» Company

Cross Bridge issil
. n ra P T o
«requirement»

Commuter «Mission»
A Operator House Federal
e Cross B!‘Idg «Mission» Highway
n enic . 7
“ Fund for Commission
\ «trace» Bridge S~
\
- \
Automotive «Mission»
Commuter
- - «Mission» «Mission»
«Mission» «Mission» Federal

\

Publicize 'e

Q)vernment
dg

Train ﬁ

Company Bridge
Designer

E=0

. Bridge
Press River Vessel Operator

[Architectural Description] Measurement Definitions [AV-3] 'ﬁ




Measurement Definitions

AV-3 [Architectural Description] Measurement Definitions [AV-3]J

«MeasurementSet» «MeasurementSet»
Rail Passengers Vehicular Traffic

«Measure» Daily

«Measure» Morning

[Architectural Description] Actual Measurements [AV-3 Actual] Iﬁ




Actual Measurements

AV-3 [Architectural Description] Actual Measurements [AV-3 ActuaI]J

«ActualMeasurementSet»
Rail - Rail P

intention
Estimate

Daily = 100000

«ActualMeasurementSet»

intention
Estimate

Evening = 1000

All numbers include spare capacity. Iﬁ

[Performer] Bridge Context [OV-2] ')

20



Some Example Exchanges

OV-2 [Performer] Bridge Context [OV-2]J

PDWB : Pedestrian PDEB : Pedestrian
<} D

CVEB : Motor Vehicle
- Da
CVWAB : Motor Vehicle

TRWB : Train TREB : Train
<3 >

[Architectural Description] Bridge Organization [OV-.4.]‘ﬁ

21



Organizations

» Bridge Organization for Operations

OV -4 [Architectural Description] Bridge Organization [OV-4]J

|[Architectural Description] Bridge Construction [OV-4 Typical] Iﬁ

22



Construction and Inspection Organizations

OV-4 [Architectural Description] Bridge Construction [OV-4 TypicaI]J

|[Architectural Description] Bridge Users [OV-4] 'ﬁ

23



Users of the Bridge

OV-4 [Architectural Description] Bridge Users [OV-4]]

[Architectural Description] System Components [SV-9] Iﬁ

24



System Components

SV-9/SvcV-9 [Architectural Description] System Components [SV-Q]J

[System] Bridge Context [SV-1 Structure Interacﬁom]'ﬁ

25



System Context Diagram

SV-1/SvcV-1 [System] Bridge Context [SV-1 Structure Interaction]J
: Navigation Info . passage Clearance:
<+ — <
Passage Request : Ship Data
T : Bridge Condition
: Motor Vehicle
<_
:Command : Test Signal
—>
: Motor Vehicle
—> —>
- Train : Bridge Status  : Bridge Condition
4_
—>
: Train : AnchoragBynamic Load: Support
) . B <+ <+
: Pedestrian
Static Load
— > :Pynamic Load  : tatic Loa
: Pedestrian
: Cyclist
ﬁs : Electricity
—> :
: Cyclist
: Dynamic Load
—>
<« —_
. : : Seismic
: Multi-lane Path <
-
: Dynamic Load : Weather Conditions
—>
<_
: Dedicated Path
. : Dynamic Load
: Dedicated Path <
47
— —>
: Dynamic Load : Dedicated Path
| [Architectural Description] External Systems [SV-9] 'ﬁ
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External Interfacing Systems

SV-9/SvcV-9 [Architectural Description] External Systems [SV- 9]

[Architectural Description] Using Systems [SV-9] lﬁ

27



Using Systems

» Systems and users of the bridge

SV-9/SvcV-9 [Architectural Description] Using Systems [SV-9]J

[System] Bridge Context [SV-1 Signals]'ﬁ

28



Signaling Systems

SV-1/SvcV-1 [System] Bridge Context [SV-1 Signals]J

BCS-BLTS:SD : Signal D
—>

BLTS-CYC:SD : Signal Data

RSTS-MV:SD : Signal Data
.

S-RSTS:SD : Signal Data

PLTS-PED:SD : Signal Data

BCS-PLTS:SD : Signal De]ta

|BCS-RSTS:SD : Signal Data

RSTS-TRN:SD : Signal Data
—

GS-WWTS:SD : Signal Data WWTS-SHP:SD : Signal Data

[System] Bridge Context [SV-1 Barrier.s]h|

29



SV-1 Barriers

SV-1/SvcV-1 [System] Bridge Context [SV-1 Barriers]J

BCS-BB:CS : Control Signal
<_

—
BB-BCS:BS : Barrier Status

TB-BCS:BS : Barrier Status
—>

—
BCS-TB:CS : Control Signal

PB-BCS:BS : Barrier Status
—>

e
BCS-PB:CS : Control Signal

RLB-BCS:BS : Barrier Status

—

<_
BCS-RLB:CS : Control Signal

RVB-BCS:BS : Barrier Status

<_
BCS-RVB:CS : Control Signal

iLM-BCS:BE : Barrier Status

T BCS-LM:C§|: Control Signal

[System] Bridge Context [SV-1 Operator]'ﬁ

30



Operator Interactions

SV-1/SvcV-1 [System] Bridge Context [SV-1 Operator]J

BCS-BD:BS : Bridge Status

L

—b - N
CSIBO:BS : Barrier Status | BO-BCS:CM : Command

BCS-BO:BC : Bridge Condition

BCS-BO:PR : Passage Request

BO-BCS:PC : Passage Clearanc

[Architectural Description] Bridge Control System [SV-9] I5|

31



Bridge Control Systems

SV-9/SvcV-9 [Architectural Description] Bridge Control System [SV-9]J

[System] Bridge Control System [SV-1] I5|

32



Bridge Control Systems

SV-1/SvcV-1 [System] Bridge Control System [SV-1 ]J

Bridge Control

PH : Phone BO : Bridge Operator

/

-

Ul : User Input

~—

 —

SP : System Processor

EL : Event Logger

TL : Telemetry

[System] Bridge Context [SV-10c Ship Passing Sequence] lﬁ

33



Supporting Systems

SV-9/SvcV-9 [Architectural Description] Supporting Systems [SV-9]J

34



Ship Passing Sequence

Bridge Context

Description ‘«SystemRolel‘ «SystemRoIe» l ‘ «SystemRoIe» |

Ship Requests Passage
Ship Data Sent
Received Passage Request

SH-BR: Passage Request
SH-BR:SDj:| Ship Data

i BCS-BO:PR [ffassage Request
| BCS-BD:BS":|Bridge Status

Review Bridge Status

Request Bridge Lift Open [:K BO-BCS:CM j Command
Bridge Open Sequence ref [System] Bridge Context [SV-10c Open Sequence] .
Received Bridge Status : | BCS-BD:BX:|Bridge Status
Received Lift Open [ l BCS-BO:BY :|Barrier Status
Grant Passage : rﬁ BO-BCS:PC ;Passage Clearance
Passage Granted BR-SH:PC!: Passage Clearance '
. | |
Sh!P Passes PassBridge | l
Ship Passed SH-BR:3D|: Ship Data |

Receive Ship Passed

Request Bridge Lift Close

I
I .
BCS-BD: Bsharldge Status
I |
. <

BO-BCS:CM ! Command
ref [System] Bridge Context [SV-10c Close Sequence] .

I | 1
Received Bridge Status I | BCS-BD:Bﬁridge Status
Received Lift Status | : f BCS-BO:BY :|Barrier Status

Bridge Close Sequence

35
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Close Drawbridge
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Functions of Bridge and Systems

SV-4/SvcV-4 [Architectural Description] Bridge Functions [SV-4 Ship Passmg]

F - -I Contains Activity Dlagramb|

Open Bridg Close Bridge

«ActhltyAclf)n(System)»

«ActivityAgtion(System)»

«ActivityActon(System)»
Request Pagsage Approve Pagsage

«ActivityActipn(System)»

«ActivityActiofi(System)»
Command Clgse

«ActivityAdtion(System)»
Detect Shi

1 «ActivityActign(System)»
Ship Approa /hes Bridge

Ship Passes Bridge

«ActivityAction(System)»

«ActivityAction(System)»
Command qpen

«ActivityRerformedByPerfoimer»
1

«ActhllyPerform.edByPerformeni

<<Act|V|¢/Performed ByPerformer»

[]

1
: «ActlyltyPerformedByPerformer» 1
1 | «ActhltyPerform ed ByPerforri]er»

1
1

1

. «ActivityPEarformedByPerformer»

1

«ActivEyPerformedByPerformen

1
«ActivityPerformedByPerfqrmer»
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Ship Passing Sequence Activities




Open Bridge Activity Sequence




Close Bridge Activity Sequence

(«Activity(System)» Q
Close Bridge

L R R
®

[Architectural Description] Bridge Functions [SV-4 Open Bridge] 'ﬁ
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Functional Hierarchy of Open Bridge Activity

SV-4/SvcV-4 [Architectural Description] Bridge Functions [SV-4 Open Bridge]J

«ActivityActiop(System)»
Stop Bike Trgffic «ActivityActiop(System)»
Raise Bridge

«ActivityAction(Yystem)»
Stop Train

«ActivityAction(System)» «ActivityAction(System)» «ActivityAction(System)»
Stop Pedestrian Traffic Stop Auto Traffic Activate Warning Systems

[Architectural Description] Bridge Functions [SV-4 Close Bridge] I5|
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Functional Hierarchy of Close Bridge Activity

SV-4/SvcV-4 [Architectural Description] Bridge Functions [SV-4 Close Bridge]J

Allow Train Traffic Allow Bike Traffic Activate Warrfing Systems

«Act'V'tVACt'0¢y8t6m)» «ActivityActior|(System)» «ActivityActi J\/System »

«ActivityActiof(System)» «ActivityActign(System)» «ActivityAction(System)»
Lower Bridge Allow Pedesfian Traffic Allow Auto Traffic

[Architectural Description] Systems [SV-6] 'ﬁ [Architectural Description] Systems [SV—.3.]'ﬁ

[Internal Data Model] Internal Data Model [DIV-3] Iﬁ
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[Architectural Description] Systems [SV-6]

Generated Interface Report (Partial)

Resource Interaction Producer Connector / Consumer
Name Conveyed Resource Activity (System) Name Protocol Resource Activity (System)

BB-BLSBS Bar:iz;a lSat}:ilus Bi:siT:t;;r:ier Sustam Inferacs Bl'idg:gl:::f? ;ystem

BCS-BBLS Confgfksai;nal Bridgt:g;}ri:ﬁ;n ;ystem Systsmiinisriace Bi:&’s'-‘f:t;::ie’

BCS-BDBS Bri;g?eaglzlus E!ridgne'ggzritfgl1 gyslem Systsniinisrisce «PBe:i?gngLiLf;e»
BES-ELISS0 SiSr?;%Zta i dge«g::recT System System Interface Tt Signa

SES-EELEC Bridgzoca-;?;ition Bridgquz::r? System System Interface «Pse:i?;elzg:;;i’;e»

BCS-BOBS Bar:izf gt};lus Bridgt:ggri:fgr ;ystem SystsniInisriace «PBe:iSdO;eHDOIIJZLf;e»

BCSBOFR Pass:gcla::quest E!ri|:|ge‘i<gz:|:'31;-|l1 ;ystem Systsminisrisce «PBel'risdo;eHDo;Lf;e»

BCS-FBLS Confgfgi;nal Elri|:Igz:‘[?gr\j::'eu':.l1 gystem System Interface Pedzzzz:r;:rrier
BLS-PLTS:SD Si;?:lt%x:ata Bri dg:gzrs'n:re;-] gystem System Interface Tr:fsf?cs t;:;:al

BCS-ALBLS Confg;a:;i;nal Bridge«§§::f$ ;ystem System Interface ':asily;z:?;
BCS-RSTS:SD Si;?:l%ita Bri dge«ng.:f; ;ystem Sysism It acs TfoSf?'f t;:;:;al
BCS-RSTS:SD Si;r?;tgata Bri|:Ige«ggr\j:l'ec?l1 ;ystem System Interface ggrgieg?;

BESAVBLES Con:gfgi;nal Bridge«§§§:f$ ;ystem System Interface H?‘ifsézr::;r

BCS-TBLS Confg;a:;i;nal Bridgeggz::regr ;ystem System Interface Tr«aﬁ?:l;g:;er
BCS-wwTS:SD Si;r?;tEZta E!ri|:|ge‘gggri':::'alz:l1 ;ystem Systam Itertacs Wafjx:‘eg;nd

44



X
=
©
=
®
S
T
2
=
n
&
i
92
>,
p)
o)
o
S
- -
m
X
=
p)

45



Bridge Data

DIV-3 [Internal Data Model] Internal Data Model [DIV-3]]

[Package] SysML Elements 'ﬁ
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Non-Data Interface Definitions

bdd [Package] SysML EIementsJ

[Architectural Description] Capabiliies [CV-2 Res] I5|
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Bridge Capabilities and Supporting Systems

CV-2 [Architectural Description] Capabilities [CV-2 Res]J

«Capability»
Bridge Control

realizingResource
«PersonRoleType» Bridge Operator
«System» Bridge Control System

«Capability»
Enable Automobile Traffi

realizingResource
«System» Traffic Signal
«System» Road Surface
«System» Traffic Barrier

«Capability»
Enable Commuter Rail Traffi

«Capability»
Enable Pedestrian Traffic

realizingResource
«System» Rail Signal
«System» Rail Barrier
«System» Rail System
«System» Rail Track

realizingResource
«System» Pedestrian Lane
«System» Pedestrian Barrier

«Capability»
Enable Bicycle Traffic

realizingResource
«System» Bicycle Lane
«System» Traffic Signal
«System» Bicycle Barrier

«Capability»
Enable River Vessel Traffic

realizingResource
«System» River Barrier
«System» Bridge Control System
«System» Operator House
«System» Waterway Signal
«System» Lift Mechanism

[Architectural Description] Capabilities

[SV-5 Res-Cap] |

[Architectural Description] Technical Standards [StdV-2] 'ﬁ
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System to Capabilities Cross Reference Matrix

[Architectural Describtion] Capabilities [SV-5 Res-Cap]

Capability

«<PersonRoleType>
Bridge Operator

<«System>
Bicycle Barrier

«System>
Bicycle Lane X

Bridge Control
System X

x

<System>
Lift Mechanism

<«System>
Operator House

x

x

«System>
Pedestrian Barrier

x

«System>
Pedestrian Lane

x

«System>
Rail Barrier

«System>
Rail Signal

«System>
Rail System

Realizing Resource

XXX | X

<System>
Rail Track

<«System>
River Barrier X

«System>
Road Surface X

«System>
Traffic Barrier X

<«System>

Traffic Signal X X
«System>
Waterway Signal X
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Construction and Operational Standards

StdV-2 [Architectural Description] Technical Standards [StdV- 2]

«Standard» «Standard»
DOT CSB-10 Traffic Barrie| ASTM A 493, Type 302. Stainless Ste
«Standard» «Standard»
ANSI 107-2004 High-visibility garment U.S. Coast Guard Waterway Lights and Signal

«Standard» «Standard»
WAC 296-155-305 High Visibility Headwar: Title 18 RCW Professional Engineer Licens
«Standard» «Standard»
State Environment Policy Act (SEPA) - Air Quali AASHTO M 85 Curb Concret

«Standard» «Standard»
U.S. Corps of Engineers Channel Depth and Clearance Lin AASHTO LRFD Stress Calculation
«Standard» «Standard»
US DOT Traffic Lights CRCP-13 Concrete Paveme

[Archltectural Description] Technical Standards [StdV-1 Matnx]h|

| [Architectural Description] Bridge Construction [OV-4 Typicall I5|

| [Architectural Description] System Components [SV-9] 'ﬁ
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Standards Compliance Matrix

[Architectural Description] Technical Standards [StdV-1 Matrix]

Standards

Bicycle Lane
(Bridge i y y x
Components)
Bridge Structure
(Bridge il Sy: Y S

Components) x X
Environment
(Bridge Archi Sy S Sy Ext |

Systems) x
Pedestrian Lane
(Bridge Archi Sy S Sy Sy X
Components)
Project Engineer
(Bridge

:
b

Typical::Bridge

Project Manager
(Bridge x
= Op = 1--0 izati Typical::Bridge

River
(Bridge il Y Y E: 1

Systems) x
Road Sulhee
(Bridge Y Y x x
Components)
Safety Barrier
(Bridge i Sy Sy S| X
Components)

Traffic Control Personnel

(Bridge . ationak-OrcanisstionTebicalBri X X

Typical::Bridge

Conforming Elements

Traffic Signal
(Bridge Archi Sy, S Sy. Sy X
Components)
Waterway Signal
(Bridge Archi Sy S Sy. Sy X
Components)
[Worker

[Blid-ge _ i o o ) i x x

p Typical::Bridge
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Standards Conformance Example — Human

OV-4 [Architectural Description] Bridge Construction [OV-4 TypicaI]J

[Architectural Description] Bridge Users [OV-4] 'ﬁ
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Standards Conformance Example — System

SV-9/SvcV-9 [Architectural Description] System Components [SV-9]J

[System] Bridge Context [SV-1 Structure Interacﬁon]lﬁ

53



System Simulation - Overview

* Done with behavior-based diagrams
State Diagrams
Activity Diagrams

» Useful to:
Verify system functionality
Validate user requirements
Create user interface prototypes

* Implementation largely dependent on individual tools
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System Simulation — Simulation Context

« The BridgeTest Block defines the context for the simulation
Made up of a Bridge Controller and Bridge Animator
Behavior is executed with state diagrams
A very simple example to elicit further discussion

ibd [block] BridgeTestJ

Position : Decimgal
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System Simulation — Controller State Diagram

» Defines the various states of the system
In this simple example, the bridge is raised and lowered periodically.
* Time based simulation

Controls can be added to simulate a user interface
e Event based simulation
]//

( BridgeDown

%ridgeControIerSMJ

after( 3000 )/
Bridge25deg

after( 3000 )/

( Bridge50degdown

fter( 3000 )/

Bridge50deg

after( 5000 )/

after( 3000 )/

Bridge80deg
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System Simulation — Traffic Light State Diagram

« Warning light state diagram — also time driven.

-
Controller

v

Ve

Running

Entry/ped_wait := False;

when( InputFromButton = True )/ped_wait := True;
|SwitchOnDisplay ("WAIT ");

I

Halt

Entry/SwitchOnRedLight(True);

/

Z SwitchOnDisplay("");
-

Ready

Entry/SwitchOnAmberLight(True);
Exit/SwitchOnRedLight(False);
\SwitchOnAmberLight(False);

aftef( 3000 )/

after( 3000 )/

after( 6000 )/

~ [ped_wait = 0]/

4

[Elsel/

-

Go h

Crossing

<= Entry/SwitchOnRedLight(False)
Entry/SwitchOnGreenLight(True); /

ped_wait := False;
Exit/SwitchOnGreenLight(False); )

fter( 6000 )/

Caution

UEntry/SwitchOnAmberLight(True);

Exit/Swi

tchOnAmberLight(False);




System Simulation — Main Structures

ibd TrafficLightJ

utputToAmber : Boolean

utputToGreen : Boolean
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System Simulation — Example Interface

« Example Controller simulation block showing the inputs and outputs.
Interfaces are defined using SysML ports

ibd [block] ControllerJ

OutputToAmber : Boolean
OutputToGreen : Boolean OutputToDisplay : String
OutputToRed : Boolean

InputFromButton : Boolean
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System Simulation SySim Interface

« SySim is designed for systems engineers
No programming necessary
Generate and run with a single button
Provides user interface components using Visual Studio

Artisan Studio Model:

SySim Simulator:

Artisan Studio SySim [8.0.1]

DrawBridge [\\Enabler\US-HOM-LTP-012\Examples_18\DrawBridge\3]

Bridge Test[SimulationScenarios::Bridge Test]

[ IR(>1NTe1RT« IN(-1

\:- Running Executable Model Transformation
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System Simulation — Example User Interface PTC

« Simple Traffic Light and Bridge Lift Mechanism

4 BridgeTest




System Simulation — Execution of Simulation

LA DrawBridge, Version 3 - Artisan Studio Diagram Thum... ~ x| — &
File Edit View Tools Diagram Window Help
D@ BERy X o SR E B C-<- | @ iR bl BLTS D LTI T A s ey v Diagram unavailable
Skt W = [ 0]70% yRAER|E SN BEER LG e08280]e s a-<0 6k fepe—]2- .- INJLAFTIIA A A s A )Ls
1o
i Packa.. v * x _ [1]:Controller Xf[11:BridgeControlerSM X] S

=4 DrawBridge &
40 +Profiles

1 - SystemDesign:Controller.Controller.Controller | = | [E] | €3 | | & 1 - SystemDesign::BridgeController.BridgeControlerSM...| = | [E] | &3
— —
~ A

= +SystemDe

i +- M +Bridge M’J BridgeControlerSM
M +Bridge ) i’, .
- M +Contro ( Running

= +Simulatio Entrv/ped wait = False:
&M +Bridge when( InputFromButton = True )/ped wait = True;

itchQnDisplay (WALT.

after( 3000 )/

BridgeDown .

i 3000 Y ( . \

1 after( Y I Entry/BridgeUn(o); {  Bridge25deg ’

~ ~ after( 8000 ¥/ (Entry/BridgeUp(25);
Halt ) Bridge50degdown I }

Enttry/SwitchOnRedLight(True);
| SwitchOnDisplay (**);

Entrv/SwitchOnAnberLicht(True):

Exit/SwitchOnRedLight(False);
SwitchOnAnberLight(F alse):

Entry/BridgeUp(50);

j ﬁﬂer( 3000 ¥/
BridankNdac.
IElsel/ 4] BridgeTest = n

sfted( 3000 ¥

sfter( 3000

Crossng

Entry/SwitchOnRedLightFalse):
4 ped wait:= False
(029

Go
Entry/SwitchOnGreenLight(True):
Exit/SwitchOnGr eenLightl False):

fafter( 8000 ¥/
Entry/SwitchOnAmberLight(True);
Exit/SwitchOnAmberLight( False):

< >
> | < >
]u Packages 4 »

{ output

For Help, press F1
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pT ®
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Infrastructure Bridge Model
Additional Views

Note that these are NOT Bridge Model Views

Matthew Hause
GTM Solutions Specialist, Fellow



CV-3/StV-3 Capability Phasing (Fragment) PlC

Coverage

— Timeline_]
Capabilities l —\

Assistance
seaConditions = Sea State 6

Capability
Gap
areaCoverage = S00
searchCoverage = 400
realized as well as
areaCoverage = 600
searchCoverage = 500

findTime = <& hours Maritime Rescue Unit v1 Summarizes how and
sl B when capabilities will be
weatherConditions = Heavy Rain
seaConditions = Sea State 8
findTime = <5 hours Maritime Rescue Unit v2 metrics. ldentifies
persistence = =20 hours (SAR Manual Project Il) iy

\ capability gaps.
my

weatherConditions = Stor

N

seaConditions = Sea State 8 —~ C bilit ) W Automated .

resco e o0 apabillty Rescue Unit Wlile
persistence = >20 hours L Metrics ) [ Realizi ng vi generated
searchCoverage = 550 (SAR Automation

weatherConditions = Stormy RQ@QPCL Project) frO m P rOj eCt
Distress Signal Monitoring Views

[no measurements]
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PV-1/AcV-1 Project Definition

J

PV-3 [Architectural Description] Project DefinitionsJ

Project

Provides
milestone status

as DOTMLPF or
as custom

subProjecl¢

definition

Project

Themes\<

[ Configurable )

N

Sub-Project

Milestone
Type

]

—
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PV-1/AcV-1 Actual Project

_f Actual ]

~  Project
- l Actual l

Milestone

Definition of
projects, sub-
projects,
milestones

ence»

«Miliastone . an d
! Milestone ] d dencies
§ Dependency ependencie
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PV-1/AcV-1 Project Detall

Project

Resource

«DeployedMilestone»
MRU v1 UK DEP

Resource |\

«Project»

SAR Manual Project | : Development

endDate
-04-01 00:00:00

resource
«System» Maritime Rescue Unit v1

startDate
2010-01-01 00:00:00

usedBy
«Organization» Maritime & Coastguard Agency
Organization» Volunteer Rescue Organization

endDate
2010-12-01 00:00:00

«Organization» Departm

Organization/
Person
Responsible

responsibleResource
t Of Transport : Government Department

themeValues
Equipment = Complete
Training = In Test
Concepts & Doctrine = In Progress
Personnel = Complete
Information = In Progress
Organization = Complete
Infrastructure = Complete
Logistics = Not Applicable
operability = In Progress

Milestone
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PV-2/AcV-1 Project Timelines

P . t Development
[Architectural Description] Actual Projects (Timelines) rojec
Timeline @ saupmert
SAR Manual Project | @ Training
(Development)
/l G Concepts &Doctrine
2010-01-01 00:00:00 2010-04-01 00:00:00 2010-07-01 00:00:4 2010-09-01 00:00:q 2010-11-01 00:00:00
MRU v1INC MRU v1 UK DEP MRU v1 EU DEP MRU v1 NLU MRUv100S Personnel
Milestone d (@) romser
SAR Automation Project
(Development) D epen d enc @ Organization
@ Infrastructure
. 2010-07-01 00:00:00 2010-09-19 00:00:00 2011-01-01 00:00:00
M I I esto n e ARU Beta Unit INC ARU INC ARU QOS
@ Logistics
SAR Manual Project )3 D0dI( C @ Interoperabiliy
(Development) - -
PIo U PIo - NotApplicable
C C d (lc C 2010-08-01 00:00:9 2010-10-01 00:00:00 2011-01-01 00:00:00 2011-05-01 00:00:00
MRU v2 INC MRU v2 DEP MRU v2 NLU MRU v2 00S Complete
gerieraled O
~ In Progress
00
. Not Started
201 . In Test
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SV-1: Resource Interaction Specification

SV-1/SvcV-1 [System] Maritime Rescue Unit v1J

[ 1

milestone

«DeployedMilestone» MRU v1 EU DEP
«IncrementMilestone» MRU v1 INC
«NoLongerUsedMilestone» MRU v1 NLU
«RetirementMilestone» MRU v1 OOS
DeployedMilestone» MRU v1 UK DEP aExchange»
«TtemFlow»
Bl : boatInstruction

<

ﬂ

ﬂ .

<

Mon

«DataExchange»
«ltemFlow»
RI : radiolnstruction

<
<

omm
«DataExchange»

«ltemFlow»
LPI : lifePreserverlinstruction

<

Systems
aware of

IO

DataExchange»
«ltemFlow»
Al : aircraftinstruction

-
<

associated
Milestones.
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Variant Modeling

 Variant Diagram
W Variation on all Diagrams

m Simple Notation
Variation Point

Variant
Variability Dependency

Mandatory/Optional
Requires Dependency
Excludes Dependency

Artifact Dependency

Alternate Choice

m OVM
PALUNO, The Ruhr Institute of Software Technology
Software Product Line Engineering (Pohl et al - Springer 2005)
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Evaluation of Architectures

var Disaster VariantsJ

Environmental Variants 'ﬁ

Terrorist

«ArchitecturalDescription»
UPDM Model::Capdbility::Capabilities

Disaster

Biological

«requires»

Environmental

. \
Environm- |

«Capability»
Manage Terrorist Attack

«Capability»
Manage Biological Outbreak

¢, ental Type
\

Y

Terrorist Response

V «ArchitecturalDescription»

«Capability»
Manage Environmental Inciden

«ArchitecturalDescription»
Biological Response

«ArchitecturalDescription»

Environmental Response
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Evaluation of Architectures

var Environmental VariantsJ

Environmental

[Performer] Disaster Response Context [OV-2] |=|

Flood

@

«requires»

/ : \
, Environm-

/ ental Type \
\

1

«ArchitecturalDescription»
Flood Response

«ArchitecturalDescription»

Fire Response

Storm

v

«ArchitecturalDescription»
Storms Response
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Decision Editor

(A TVC Ice Model 2014, Version 0 - Artisan Studio - [Variability.Disaster]

i File Edit View Tools Window Help

DB spEx X0 SGR[EB/S- - @ iR bLTs METETR R -
i packages v 2 x Variability.Disaster x | Environmental Variants X | Disaster Variants | 2
=& TVC Ice Model 2014 v V| ed|ed|HE]| O !
& +Profiles oy —
__o,‘,‘ +SysML Profile 71 Name Decision  Status Included By Excluded By Reason
-0 +Enterprise Requirements M E = ADisaster Type Included  Variability.Environmental
-Cl +System Requirements [} SaElGk
@ +UPDM Model
@03 +SysML Model g Exclude
-%§ +Atego Utilities Profile %3 O environmental Include Included  Variability.Disaster
=0 +Variability Type.Alternative Choice1
[H-+<, +Disaster Uy : o hili
w00 +Biological = A Environmental Included  Variability.Flood,
[ +Environmental Type Variability.Environmental
w0 +Fire |'@ OFlood Include Included
-] +Storm =0 2 Variability.Environmental
&[] +Terrorist Type.Alternative Choice1
2 +Disaster Typel T =0 ? Variability.Environmental
& :EDr:\S/;rsc:;\:n Vear:: ntsy pe Type.Alternative Choice1
~#& +Environmental Variants
E Comment
#-4% +[Asset] Distiller System
[D Packages @ a4 » | Variants: 6/6 Variation Points: 2/2  Inconsistent: 0 Undecided Mandatory Variation Points: 0

Output

Bs| Bs| | R Output

For Help, press F1

NUM
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Evaluation of Architectures

var Disaster Variants

Environmental Variants lﬁ

«ArchitecturalDescription»
UPDM Model::Capability:: Capabilities

«Capability»
Manage Environmental Incide

«ArchitecturalDescription»
Environmental Response
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Evaluation of Architectures

var Environmental VariantsJ

[Performer] Disaster Response Context [OV-2] I5|

«ArchitecturalDescription»
Flood Response
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Asset-based Modular Design

» Super-system Model = Configuration of Versioned Sub-systems

Super-system
Models

Links via
Assets

Sub-system
Models
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Modeling-based Product Line Engineering

* Integrated MBSE, Modular Design & Variability Modeling = Model-based Product Line
Engineering

Product Line
Models

Links via
Assets

Sub-system
Product Line
Models

7



* Your feedback on the model would be useful.

78



p l ( T®PRODUCT&SERVICE
ADVANTAGE®



