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Introduction: Objectives of Work with ASA
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« UOW SMART is working with the ASA Systems e
Engineering Process Network and Standards Section to apply
Model Based Systems Engineering (MBSE) to meet the
needs of TINSW for High Level Planning Capability across the
organisation. This includes:

Asset Stewardship,
Standards Realignment and Management,
Support for Competency Frameworks,

Knowledge Management for the very complex System of Systems
involved- interdependencies, traceability, stakeholder Views,
intermediate states during acquisition, environmental issues, ...

Introducing MBSE into TINSW organisations

www.incose.org/symp2016



Transport Procurement Challenges
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* Asset Management of Upgrades
— Some upgrades only apply to some areas of the transport network
* Network contains multiple technologies
— Rollout can take significant time
« Transition periods will have multiple technologies with different implementation timelines
«  Safety Assurance
— Need to protect against unsafe configurations, working conditions, response to incidents
» Diversity of locations and contexts
— Transport lines pass through multiple regions
* Multiple conditions to manage
* Increases stakeholders numbers and type (such as local councils)
*  Multi-ownership of Systems
— Responsibility for some systems are shared between organisations and users
« E.g. Rail network shared between freight and passengers
— Different organisations owning different aspects of the system
» Operation vs maintenance vs upgrades

« ASA also has the challenge of getting a mature organisation to adopt the use of MBSE
approaches to its ongoing modernisation demands

July 18 - 21, 2016
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Overview of the Approach 6.\.
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« Use an Architecture Framework to: Edinburgh, UK

July 18 - 21, 2016

— Capture design drivers

» Top-down drivers from enterprise goals and needs

« Bottom-up drivers based on existing standards, assets and operations
— Merge to form a generic system depiction

» Map future and existing systems

 ldentify dependencies and interrelationships

» Qutline evolution of system over time

 UoW began by working in parallel with ASA

* Both using TRAK

» ASA using UML, UoW using SysML

* UoW began looking into other AF representations

— Found that UPDM was more suited to TINSW needs

« Both models were then merged utilising the best approaches and
representations for either model to produce the “Transport Network
Architecture Framework” or TNAF

— SysML
— Ability to support multiple AFs as needed

www.incose.org/symp2016



Modelling with Views
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Edinburgh, UK
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Selected Views of Model Components f\
Developed to Date LTI
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» The following slides show various components f«x
the model that have been developed to date.

« So far the work has identified and developed:

— 490+ Diagrams
— 4630+ Elements
— 9420 + relationships

« Degree of development is variable and depends
on both the need to demonstrate the capabilities of
the approach and developments related to
stakeholders beyond ASA

www.incose.org/symp2016
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Examples of the Framework
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package TRAK EV-01 Enterprise [ [TRAK_EV-MU-MD] NSW Transportation Planningy
«Enterprise» ‘.-_’..
NSW Transportation Planning
[TRAK_EV-MU-MD] NSW Transportation
«Enterprises “_i «Organisation»
] Major Project Oversight = — — 1 Infrastructure and Services Division
«Organisation» J
Transport for NSW
attnbutes
: Sydney Buses
:RMS
«Enterprises A «Organisation»
Heavy Rail Project Oversight = Major Works
«Organisation» J
Sydney Trains
«Enterprise» A «Organisation»
Strategic Infrastructure Planning = = = Infrastructure NSW

www.incose.org/symp2016
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package TRAK EV-03 Capability Hierarchy [ TRAK EV-02 NSW Heavy Rail Enterprise Capability Hierarchy U

«aspires to»
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«aspires to»

| erequires»

«asmres tox»
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Station Physical Hierarchy !F'.\.
[ ,//
26 INCOSE

Edinburgh, UK
July 18- 21, 2016

«««««

«Nodex» | . -
Car Park Integration with other Transport Modes

«««««

www.incose.org/symp2016



Station Internal Architecture
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ibd [Class] Passenger Station [ Passenger Station JJ

: Passenger Station

: External Infrastructure : Ancillary Area

L:lnformafglu Desk I : Security Station I : Ticket Window

: Passenger Drop Zone : Transport Area
. pt - ? 110
1 : Public Entrances jB ]
: Transport Integration | oy B4 : Passenger Accessways d] B ot : Revenue Protection Barrier : Public Conveniences
. ] ]
re =

L_|
Public Conveniences

—
. L p2 ,_‘FSJ pt
[] —E : Business Tennant | [T

This connection ¥ 4 : Passenger Accessways |
represents the factthat | D {}
there are multiple Q,‘l] 8
accessways of varying W
types that interconnect. . Pla_tflorm
Accessways may be : : Staff Area
hallways, escalators,
lifts, stairs, etc.
Therefore, this
connection represents
the ability to move from
one form of accessway
to another (e.g. hallway
to stairs)
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Heavy Rail
Management Functions

4
26 onn ‘.\1‘1‘,|NQQSE

package Views[|215V-04 Heavy Rail Management Funcﬁonsu

— «Concept Activity»
Monn;f"ﬂ:‘:m RAG":I’:)"V’MM «Concept Activiys Provide Security Services
e Planning and Timetabling
— «Concept Activity» «Concept Activity»
«Concept Actvy> Dynamically Adjust Timetables React to Unexpected Failures «Concept Activys
Monitor Condition of Rail Detect Presence of People
«Concept Activity» = =
— X «Concept Activity» «Concept Activitys
«Concept Activty  «ConceptActitys SRR Plan Scheduled Maintenance Determine authority
T P R T Organise Impromptu Posession
«Concept Activitys 1ust Ope! pe
Test Rail Line for Compromises «Concept Activitys
«Concept Activity» . .
Timetable Train Routes CE T e A
«Concept Activity»
Inform of Operation Perturbations Ly «Concept Activitys
Contact Emergency Services
«Concept Activity» «Concept Activitys
«Concept Activity» Generate Maintenance Plan | |Prepare Posession
Schedule Repairs
«Concept Activity»
Timetable Staff

Generate Staff Roster |




Activity Diagram
Monitor Condition of Rails
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(‘act [Activity] Monitor Condition of Rail[ Menitor Condition of Rail ]J

«Concept Activity»
: Test Rail Line
for

Compromiseﬁ‘

«centralBuffers
Areas in need of Repair

If areas in
need of e Yes

No

Critical
Repairs
Yes
No
«Concept Activity» «Concept Activity»
: Schedule : React to

Repairs Unexpected

Failures
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Behaviour Modelling: Move on Clear

Tracks TS
s /
4
S ] 26 am ,11'1\ INCPSE

Signs «Nodes
Passenger Train

Signal System Infrastructure

Edinburgh, UK
July 18- 21, 2016

This focuses on

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, active settings for
i For each track segment e
oo
Note that this is |
the general
ndtions f
passive sign. This
coudbeatered | [ T = g S e
for automaticly | [RE SR s Note that
adjusting signs (oo acceleration
| around stations.
i are not included
Signals can as they taken care
communicate | of by other
visually or by activiies
some other |
technology. |
(=
‘This sequence is | farget
useful as t apples
existing passive | Signal Train
signage or can be
1o define |
communication in |
an
system

‘Communicate
to train

www.incose.org/symp2016
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|l |l 1] |l Al Al Al Al Al Al
| | | | | I | I I I I
| { | | I | I I I I
| 1: Error Message | | | | | | | | |
L by . ; I | I I I I
[E2 Circuit Faildre Message il Ipontroller ad Fa||L|re | | | | | |
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| I I
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| I [ [
13: Advise on stie : : :
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16: Repair I | :
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' I I
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T I
T | 20: Repair Completed I
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: | : 22: Repair Completed : |
| | I [ [
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ocument library
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«Document»
Disability Action Plan 2012-2017

«requiress «Document»
————— | The Disability Services Act 1993 (NSW)
«requires»
_ «requires» «Standard»
¢ ST o= ~ Disability Standards for Accessible Public Transport 2002 (Transport
Standards) !
«reguiress
| ///, =
S s P 7 // S o
«Standard» P Yavd «Standard»
Disablility (Access to Premesis - Buildings) Standards 2010 s 7/ / AS 2220 Emergency warning and
| vy, / intercommunication systems in buildings, 1989
argauires «Standard» A
- AS 1428.1—2009, Design for access and mobility, & — g u:;es»/ «/r ires» niard
Part 1: General requir ts for New 4 ¢’ » ) b Sl ] L.
building work « — ¢ — = AS 2899 Public information symbol signs: General information signs,
ardaui 77 1986
}quir
«Standard» areduifess
- AS 1428.2 - 1992, Design for access and mobility, « — / / Standard
Part 2: Enhanced and additional requriements / . & > i
_ — 3856 Hoists and ramps for people with disabilities — Vehicle
mounted: Product requirements, 1991
«reguires» «fequires» «Standard»
_____ — —={AS 1428.3—1992, Design for access and mobility,
«Standard» Part 3: Requirements for children and
AS 1735 - Lifts, escalators and moving adolescents with physical disability
walks (SAA Lift Code)
: «Standard»
) «rgquires» AS 1428.4—2009, Design for access and mobility,
«Standard» «requires» — —>|Part 4: Means to assist the orientation of people
ASINZS 2890 Parking facilities F == === with vision impairrl_'leqt - Tactile ground surface
indicators
«re%u ires» «Standards
— >

«Standard»

2 _«requires» __
Building Code of Australia 2009

www.incose.org/symp2016

AS 1428.5—2010, Design for access and mobility,
Part 5: Communication for people who are deaf

or vision impaired

20



bdd [Class]Bogie] Bogie Architecture]

«requirement»

1d="18"
Text ="Corformto ESR

0001 !! 200, Section 5 (RSU
1220) for common axie
requirements"

«requirement

Standard Compliance e

T 0601 1 200, Section3 (RSU
211) Wheels, design
manufacture watistys "

for System Element e

> Jerecuiresyid ="16"
ESR 0001 200, Section 4 (RSU zu) \M\.dl, minimum operational requirements. ‘ext = "Conformto ESR
0001 !! 200, Section 4 (RSU
212 Wheels, minimi

* There are often a multitude of Sl i
standards that a system e
element needs to comply with e
either directly or in some of P —— o
its sub-elements £ ST

* Figure shows system

«Standard»
ESR 0001 200, Section 3 (RSU 211) Wheds, design & manufacture.

«Standard»
ESR 0001 200, Section 3.3.4 (RSU 211) wheel profi

Id="17"
‘ext ="Conformto ESR

Nod|
wheel and axle assembly

requirements”

«requirement

ngn . «Standard»
ESR 0001 200, Section 7 (RSU 240) for common axle bearing ass « » [1d="20" « N
composition in yeI low b oo [P0 oear st ae besring sssemiy
0001 !! 200, Section 7 (RSU|

1240) for common axie
bearing assembly

* Requirements that relate to bamts o
elements are shown in pink e E——

« Standards that are e p— = ot

«requirement»

«requirement»

«Node»
Bogie frames and associated componentry

‘frames and associated components

«Standard»
ESR 0001 200, Section 8 (RSU 250) for common requirements for boglesrequires
ry.

«Standard»
refe re n C d by th ESR 0001 200, Section 9 (mu zuo) for common vehide suspension «requiresy llf‘ex‘?’-’c oo ESR
e e ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, = «Node»
0001 ! 200, Section 9 (RSU Vehicle Suspension
1260) for common vehicle

requirements are shown in Tl

ur | e D
«Standard» «Node»
ESR 0001 200, Section 10 (RSU 261) Suspension springs d=2F | «satstyy | Suspension Springs
Text = "Conformto ESR
0001 !! 200, Section 10
«Node»
Suspension Damping

(RSU 261) Suspension
springs”

«requirement»

«Standard»
ESR 0001 200, Section 11 (RSU 262) Suspension dampi d="24"
Text = "Conformto ESR
0001 !! 200, Section 11

(RSU 262) Suspension e
damping” Resilient suspension components. |

«requirement»

«Standard»
ESR 0001 200, Section 12 (RSU 263) Resilient suspension comp:
1d="25"
Text = "Corformto ESR 0001 !
200, Section 12 (RSU 263
Resilient suspension
components "

www.incose.org/symp2016 21



Requirements Extraction

et )]

recurements
internal components, excegt bearings shall be protected against cor
either by & suable piaied fnish or by being manufactured from & corrosion
resistant material. The Inside of the cover(s) shall be conted wih a insh which
il it the formation o congensation.

arszearacevsosmceraces

<Organmatins
Asset Sundards Authority
S eresuress
ocuments
1
1
|
|
(etsatys i
|
|
|
1
s [
Trainstop,
-—— -
|
|

ORI

rsqurenents
The circut controser shall be oused witin s ransparen readiy
Femorabie Cover which shal be 5us and mostore esied from e rastof
The mechanism.

equrenects

‘controller shallbe self.lubrcating types.

1
1
(ecutons bys |
1
|
|
1

—
A mimmm of four mde be provided, two
M-u{-vmwﬂhdﬁlmmmmhnm»ﬂmml

requreme irocen
A soring ahall e provided e capatie
st force o the cortacts o 8 e (06 s, OC teverse | — — — s
‘Conditon inthe event f the rp arm besgfractured o becorng. lursces
10 the Mechanie of amy Dt of the inkage batween (1 a1 rcult '
) 3 Lwcen
i e I
-5 Iyoroscopic o I
L .
T i
e ) - |
bresoatyotom| - - -~ - - o e |~~~ -~~~ ------- 1
s A wet aystem sha not be used. ‘ |
— rsqureets d
disconnection of e motor shalbe provided | _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ !
— o 5
|
|

tormaal type
‘Submitied for spproval.

resurements

il preter
‘Spaced st 20mim cenires.

resurements
Soude type connectore. i used shll e superorppre st types sndor

‘shall e fuly covered by maulating sieeves.

resrenents

e
he nside of (one of) the case covers.

“rearements
Internal wiring shall be 6.41,0KV V7S grade PUC fixed or contained so thatt i
‘Souble

Imauiated 1rom the case, held clear of ay Moving parts and not n
irect contact withlubriating or hydraail ols.

‘sgainst

resurements
A8 ydrauli connections and hoses within the power urit
T *m.—mmm«umu-nwm«uumuumuu
im preasare deveioped by the hydrause ayst

rearements

Valve, o reservolr and thermai overioad und are mounted on a single
aseplate, which can readdy be removed from the case.

The therma averioadsha s open Gk e conirt vive

reurerments
As unit 10 the ram.

ide x 75 2 1mm wide.

resurements
t approximately
'edge of the tace leading.

reurements
The soke o the ram inthe extended posion sha b conroled by it
‘3w oparated from th irip arm shaft.

chrome plated mil or atoy steel.

e A

|

B e e e S S Bl

|

‘Gustmoisture seal. |

(Woes) _ _ _ requrements |
Piston T T The ietonof the ydrautram shal be mansfactured from wtiiens sivel o |

www.incose.org/symp2016

‘ Running face of rail

¢, 546 mm These lines are parallel

Arm face size to a line across the top
150x 75 |

surfaces of the two rails
Arm Raised .25 mm 1 102 mm

/| - b
l
1
177 53 kg rail } timber

'Arm Lowered
190 60kg rail } sleepers

155 +-2 pr s

15

Gauge must be insulated \T

between rails \
/ gauge face

Train Stop arm
150 x 75

h
I insulated from support arm
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Lessons Learnt o\
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 Drafting of structure and Iteration is Important 0@ ' INCOSE

 The architecture tool can be used to bind other tools Edinburgh, UK
to form a consolidated SE Tool Environment duy 1821, 2016

« Separation of the underlying structure from the views:
Encourages reuse, Makes explicit separation of views from data
Improves understanding

- SME/Stakeholder engagement crucial
« Transforming Interest into Engagement

While many consider the tool as beneficial, it is difficult to get commitment/resources from
stakeholders
Largely due to internal pressures and lack of their own time & resources

- Development of multiple views of the same interactions

Sydney Trains — train control
Customer Experience Division - the Commuter’s experience from door to destination
— Both of these are alternative views of the same situation where changes to one will effect the other

www.incose.org/symp2016



Enhancement of Tool for Better Support QF\
' . .' I"
ey
26 | INCOsE
 The tools provide substantial functionality “out of the box” 5T
« We found that many of the mundane activities could be
accomplished through automation

— Saves time which can then be spent on greater development

« Bringing together the variety of information into a single
location gives rise to great opportunity to validate the
collective set

* More on these enhancements in the presentation: Case
Study: Customised Enhancement of an MBSE Environment
for Transport Infrastructure Projects

www.incose.org/symp2016



Future Work N\
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» Continue top level model development26 ==

Edinburgh, UK

 Effect of new technologies on track worker
safety

» Effect of new technologies on all human
roles in rail operations

» Asset management for rolling stock
« MBSE for new digital systems
« Competency modelling for ICM system

www.incose.org/symp2016



Conclusion N\

[} J
* We have begun development of a framework designed to  pg ruiNCoSE
better understand the transport network in NSW : d;;t','u;'g’h’l‘,'k" N

— Development will continuously evolve across a number of projects wy1s-21,206
into the foreseeable future

» This framework provides a better understanding of the heavy rail
system

— Future projects can be mapped onto the framework to better understand
what is needed

* This heavy rail model has also been genericised so that it can:
— Apply to other modes of transport
— Support commuters undertaking multi-modal transport

 The framework also acts as a conduit between stakeholders

— Better collective understanding of:
« Existing situations
» The impact of changes to the system

www.incose.org/symp2016
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