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INTRODUCTION - Transport 2: Systems thinking
techniques in planning from macro scale to asset

specific scale

» Macro scale to asset specific systems process
o Case study system and subsystems

» Systems Engineering Management Plan




Identifying option characteristics



Sustainability Framework

Urban System

“Urban Form” “Transport”
(density & spatial (network & mode
distribution) characteristics)

“Urban Dynamics”
interactions between people, urban form and
transport produces commuter patterns with social ,
. economic and environmental outcomes

In a new approach to sustainability analysis , a sustainability framework is formulated to bring not
only the three pillars of sustainability together, but also a holistic consideration of the urban
system, the urban dynamics and the resulting sustainability performance.

Figure summarises this framework, showing the interconnection between the urban system
elements, the urban dynamics and identifying the three pillars of sustainability. This framework
lays out the frame points for ensuring that the systems elements and interactions that drive the
sustainability performance of the city are visible and measured.

The “Urban System” is the physical aspect of the framework, consisting of the “Urban Form” and
“Transport” elements which define the structural configuration of the city. Interaction between
these two elements shows their interdependencies. “Urban Form” is characterised by density and
spatial distribution of land-use. “Transport” on the other hand is characterised by the transport
network spatial layout and the specific mode characteristics.

The system function is to provide for the needs of the community (including industry). Response
by the community to the “Urban System” produces interactions — the selection of location of
residence and workplace, industry and travel patterns, and so on. These interactions are
collectively known as “Urban Dynamics”. It is an iterative process as indicated by the circular
arrow having feedback effect between each element.

The resulting “Urban Dynamics” outcomes generate the sustainability performance in terms of the
three pillars included as elements in Figure 2. Each pillar has a feedback to the “Urban Dynamics”
and consequently the “Urban System”. This is indicated by the double headed arrows in the figure.
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Systems Engineering Process

» The system engineering process drives the
balanced development of system products and
processes




Systems Engineering Process L

transforms needs and requirements into a set of
system product and process descriptions,

input for the next level of development.

applied sequentially, one level at a time,

adding additional detail and definition with each
level of development.

The Systems Engineering Process (SEP) is a
comprehensive, iterative and recursive problem
solving process, applied sequentially top-down by
integrated teams. It transforms needs and requirements
into a set of system product and process
descriptions, generate information for decision
makers, and provides input for the next level of
development. The process is applied sequentially,
one level at a time, adding additional detail and
definition with each level of development. As
shown by Figure 3-1, the process includes: inputs
and outputs; requirements analysis; functional
analysis and allocation; requirements loop;
synthesis; design loop; verification; and system
analysis and control.



Process Input

= Customer Needs/Objectives’
Requirements

- Missions
— Measures. of Efiectiveness
— Environments System Analysis
— Constraints N _ and Control
+ Technology Base ] Requirements Analysis (Balance)
= ‘Output Requirements from Prior » Analyze Missions and Environments
Dewelopment Efort - |dentfy Functional Requirements
+ Program Decision Requirements » Define/Refine Performance and Design - Trade-0fF Studi
+ Requirements Applied Through Constraint Requirements | i =
Specifications and Standards | . E‘ffemwness Analyses
- Risk Management
‘-A Requirements Loop | = Configuration Management

| Interface Management
Functional Analysis/Allocation | Data Management
- Decompos 1o Lowsr-Leve! Functions - Pertomance Measuremert
= ABocate Performance and Other Limiting Requirements | _TPM
to All Functional Levels -
- Defme/Refine Functional Interfaces (Intemnal/External) | ~ Technical Revievws
Defne/Refine/integrate Funciional Architecture

Design Loop

Synthesis
+ Transform Architectures (Functional to Physical)

» Define Altemative System Concepts, Configuration
Verification Iterns and Systern Elements

» Select Preferred Product and Process Solutions

- Define/Refine Physical Interfaces (IntermalExternal)

Related Terms: Process Output
Customer = Organizations respensible fer Primary Functions - Development Level Dependent
Primary Funations = Development, Production/Construction, Verfication. — Decision Databass
Dreployment, Operations, Support, Training. Disposal — SystemyConfiguration [tem
Systerns Elements = Hardware, Software, Personnel, Facilities, Data, Material, Architecturs
Serices, Techniques — Specifications and Baselines

Figure 3-1. The Systems Engineering Process
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Approved Functional Baseline

System Level
Architecture

Requirements
Review
Prototype
Demonstration

System Definition Effort

Draft Allocated Baseline

Preliminary and
Detail Design
Efforts

Tech
Review

Preliminary Design Effort

Figure 2-4. System Development and Demonstration
(System Integration Stage)
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Approved Functional and Allocated Baseline

Initial Product

Production
Readiness
and
Design
Completion

Design Reviews Technical Review

‘ System Demonstration |

Preliminary Design Effort

Detail Design Effort

Figure 2-5. System Development and Demonstration
(System Demonstration Stage)
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Production Readiness and LRIP Rate Production and Deployment

Establish Manufacturing Capability
Low Rate Initial Production
Initial Operational Test
and Live Fire Test
Full Rate Production

Deployment
System

uirements "‘"—-—--._____‘ Analysis
- Balance)

Functional Analysis
and Allocation

Physical Configuration Audit

Figure 2-6. Production and Deployment
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Sustainment Disposal
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Systems Engineering Process

» Tailor the process to the level of maturity of the
system

» Ensure that the system has achieved the levels
of maturity expected prior to progressing into
succeeding phases.

The system acquisition life cycle process is a
model used to guide the program manager through
the process of maturing technology based systems
and readying them for production and

deployment to users.

» The acquisition process model is intended to

be flexible and to accommodate systems and
technologies of varying maturities. Systems
dependent on immature technologies will take
longer to develop and produce, while those that
employ mature technologies can proceed

through the process relatively quickly.

» The system engineering effort is integrated into
the systems acquisition process such that the
activities associated with systems engineering

Systems Engineering Fundamentals (development of documentation, technical
reviews,

configuration management, etc.) support

and strengthen the acquisition process. The
challenge for the engineering manager is to
ensure that engineering activities are conducted
at appropriate points in the process to ensure
that the svstem has. in fact. achieved the levels
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Corridor scale

» The system is the infrastructure and fleet chosen
to deliver the product
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Corridor Scale

» The system is the infrastructure and fleet chosen
to deliver the product
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PRODUCT FUNCTIONS
INTERCHANG
BETWEEN TRAINS

6.22
A4

THER VEHICLES ACCESS TO TRAINS

SHOPPING

6.5.2
[l
ACCOMODATE
PASSENGERS TRAIN TRAVELS TO
TRAIN Tl

TRAIN PASSES
ANOTHER TRAIN

A4
BOARD TRAIN

PASSENGERS
ALIGHT FROM TRAI
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A further breakdown of the functions is as follows:
INTERCHANGE WITH OTHER VEHICLES:

6211

Buses drive
to interchange

6212

Cycles lock up at
secure compond

6.2.13

Walk to
interchange

6.2.1.14

Cars drop off
passenger

6.2.1.5

NOMOMORON

Cars park in
interchange carpark

OMOYIOIIOR!

y

V@

6.2.1.1

Walk to station
area

6.2.12

Follow
signage
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ACCESS TO TRAINS:

A
Access to
station

6.2.2.2

Customers and
friends look at
service info

6.2.2.3

Purchase tickets
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ACCOMMODATE PASSENGERS ON TRAIN:

6.5.1.1

Passengers
enter train

6.5.1.2

Passengers
ind seating in
rain

6.5.1.3

6.5.1.5

6.5.1.6

Passengers

Sleep in train

6.5.1.7

Passengers ’

walk in train

6.5.1.8

Passengers
visit toilets &
watercooler

6.5.1.9

Passengers wait ir
vestibule to alight

read and write

train

6.5.1.10
’

look at view

ONIOLIOF'

1® 1@
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TRAIN TRAVELS TO NEXT STATION:

65.2.1
6522 6523 6524 65238
A
Provide route for &> | set train paths > | Train departs > Support & —_ ’
trains between station guide train station
stations. 6535

Advise driver of
train path status|

=

ahead.
6526

=

=
=

>




TRAIN PASSES ANOTHER TRAIN:

6.53.1 6.53.2
[l Ll

Trains enter Trains pass eac =
passing loop other

PASSENGERS ALIGHT FROM TRAIN:

6.5.4.1 6.5.4.2

6533

6.5.3.4

Train path to
shared track set

Trains leave
passing loop

6.5.4.3

Announce — Passengers
arrival at station ather luggage

Move to
vestibul

6.5.4.5
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The system selected for delivering the product is represented in the following diagram.

NFRASTRUCTURE

652.65.3

CORRIDOR

652.;653

TRACK
STRUCTURE

6.5.2;653

COMMUNICATIONS

GUIDED
TRANSPORT
SYSTEM

621t 625
STATIONS
6.52;653 652,653

TRAIN ELECTRIC

SAFEWORKING i MOTVE

INFRASTRUCTURE POWER

651;65.2654

TRAIN
SAFEWORKING
METHOD
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Sustainability Framework

’ Urban System

“Urban Form” “Transport”
(density & spatial (network & mode
distribution) characteristics)

“Urban Dynamics”
.interactions between people, urban form and
sport produces commuter patterns with social ,
._economic and environmental outcomes

AN ‘ | Economic Efficiency (pillar 3) ‘ /

The “Urban System” is the physical aspect of the framework, consisting of the
“Urban Form” and “Transport” elements which define the structural configuration
of the city. Interaction between these two elements shows their
interdependencies. “Urban Form” is characterised by density and spatial
distribution of land-use. “Transport” on the other hand is characterised by the
transport network spatial layout and the specific mode characteristics.

The case study system function is the transport element of the urban system, part
of a system of systems. The context of the Metropolitan strategy the other
systems are assumed as they appear in the strategy.



REQUIREMENTS?

integration between all links in a multimodal transport web structure.
when integrated provide door to door trip times for cross regional trips that are

significantly (15% to 30%) better than the trip time by car only.
passenger comfort and personal safety.
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What are the matching characteristics of the trunk orbital public transport arc?

CHARACTERISTICS?

integration with motorways/buses/rail and other feeders.
interchanges 5 to 10 km apart

rapid transit times ..... 2 to 4 minutes between stops

stay within environmental noise capacity of corridor
passenger comfort and personal safety onboard and
within interchange areas.

I G EH VA
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Dist from/to Holsworthy |Wolli Creek

Holsworthy | |  19.2| 26.8]  28.5]
WolliCreek | | | 75 93
Central | | | | 17
I N R R

37



38



39



40



Specific Energy Consumption

T

Transrapid Internatianal

Wh/seat-km

(under identical conditions) 51

N
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cannot be achieved by ICE 3

Transrapid
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Noise Emission

Transrapid Intermational

Pass-by Level in dB(A) at a Distance of 25 m (82 ft)
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Spead [kmh]
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Time from/to

Blacktown
Eastern Creek
Hoxton Park
Holsworthy
Wolli Creek
Central
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_ Cumulative Distance (km) Travel Time ( min) Cumulative Travel Time ( min)|

Eastern Creek
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Travel Time ( min)

Cumulative Travel Time ( min) Available Capacity trains/hr/ guideway *

I
I
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e
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1 min dwell time at each stop
* assuming 20 trains/hr limiting guideway capacity or 3 minute headways
# 2010 lllawarra/Campbelltown use of twin guideway capacity
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Notional Timetable Service Configuration 8
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Timetable A

Service Configuration #

1(+35%)

2(+35%)

3(+35%)

4(+35%)

5(+35%)

High Density Seating #s

Section serviced

Eastern Creek - St.James

Eastern Creek - St.James

Eastern Creek - St.James

Eastern Creek - St.James

Eastern Creek - St.James

6 car trains
8 car trains
10 car trains

Pk Hr train runs

Cars per train

Pk Hr Seated capacity
(high density)

10,440

14,100

17,760

18,800

23,680
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System Engineering
Management

SEMP should
include:

Sys Eng

Process Development
Phasing

Developmen
Phasing Life Cycle

Baselines Planning

. Systems
Life Cycle Engineering

Integration Management
= Life Cycle

ngineering Integrated i
E Integratio
Process Teaming
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TECHNICAL
PROGRAM
PLANNING,

IMPLEMENTATION
& CONTROL

All the standard
Project management
processes:

Scheduling
Risk
Quality
Cost
WBS

etc

SYSTEMS
ENGINEERING
PROCESS

Need Identification
Feasibility Study
Operational
Requirements
System
Maintenance
concept
Functional Analysis
Requirements
Allocation
System Analysis &
Trade Offs
(Optimisation)
System Design
System Test &
Evaluation

Mmalnay ubisaqg

ENGINEERING
SPECIALITY
INTEGRATION

Reliability
Engineering
Maintainability
Engineering
Human Factors
Engineering
Safety Engineering
Value/cost
engineering
Logistics
engineering
Components
Engineering
Quality Engineering
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