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Abstract—This research will utilize cyclic functions 

assessment theory to review the Melbourne Metro Rail's 

Intelligent Transportation Systems (ITS). In doing so, the 

Melbourne Metro Rail's ITS functionality, simulation and 

development will be studied. The functionality, simulation 

and development of this mega rail transportation 

infrastructure is one of its most difficult and complex tasks. 

Since Melbourne Metro Rail has a high public service 

expectation, assessing its on-going system performance is 

essential. This paper found that explicit systemic KPIs 

needed to be developed. These KPIs were then carefully 

compared to ensure alignment with the Melbourne Metro 

Rail's ITS requirements. These KPIs have a thorough 

association with the said network's ITS and subsequent 

functionalities. Applying cyclic functions formula specific 

functionality were further simulated and developed. 

Although this process was brief, it indicated intriguing 

aspects of developed KPIs in setting measures for 

functionality simulation and development. This method can 

further assist the rail stakeholders, including academics and 

professionals to develop a better strategy when planning for 

system enhancements of mega rail transportation 

infrastructure. 

 

Index Terms—cyclic functions assessment, Intelligent 

Transportation Systems (ITS), Melbourne Metro rail 
 

I. INTRODUCTION 

The public’s demand for high-quality and convenient 

transportation that provides higher speeds, increased 

capacity and safety along with improved efficiency is ever 

increasing in this new high technological era [1]-[5]. 

Utilization of Intelligent Transport Systems (ITS) is one 

example of such a technological tool. An ITS is the 

application of sensing, analysis, control and 

communications technologies to ground transportation in 

order to improve safety, mobility and efficiency.  

In particular, functionality simulation and development 

of ITS can assist in the development of contemporary 

transport engineering requirements [5]-[10]. System 

development in this regard evaluates set system 

performance measures. Further, functionality simulation 

and development of ITS are aided by the utilization of 

various robust technologies together with innovative tools. 

[11] reviewed ITS as Artificial Intelligence (AI) which 

holds potential to drive improved transportation system 

functionality and subsequent enhanced simulation and 
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development. System enhancements produced by these 

technologies would lead, in turn, to better real-life 

applications [12], [13].  

Importantly, enhanced real-life system applications can 

be used for various transportation classification and 

forecasting problems which lead to more flexible 

computational tools and models. The successful 

implementation of these practices will encourage 

transportation authorities to further adopt new 

technologies leading to measurably efficient 

transportation networks.  

ITS usage would particularly enhance functionality, 

simulation and development of transportation networks 

such as rail systems. Accordingly, the present research 

aims to review the Melbourne Metro Rail's ITS, the 

functionality, simulation and development. 

II. LITERATURE REVIEW 

Generally, the rail industry is migrating from an 

operation mode based on mechanical and electronic 

systems to one based on telematics were information 

technology has become a core element of advanced 

transportation management and control systems. 

Intelligent Transport Systems (ITS) managed via a traffic 

management centre and based on telematics facilitates 

improved travel safety, mobility and efficiency to ground 

transportation via the application of sensing, analysis, 

transport management and dispatch control systems and 

mobile communications technologies and can be defined 

as innovative technologies for the purpose of improving 

transportation systems and the development of a so-called 

smart railway [1], [14]-[20]. Fig. 1 below shows the 

indicative ITS that can be utilized in the Melbourne Metro.  

 

Figure 1. Indicative ITS technologies. 



 

A smart railway ITS are based on telematics and 

leverage state of the art information technology such as 

Industrial Internet of Things (IIoT), big data, cloud 

computing, broadband services and includes 

vehicle-to-vehicle (V2V) and vehicle-to-infrastructure 

(V2I) technology incorporating both wireless and wire line 

communications. 

The IIoT is the network of physical objects (such as 

devices like smart ticketing gateways, cameras, signals, 

vehicles, buildings facilities, and other items) embedded 

with electronics, software, sensors, and network 

connectivity that enables these objects to collect and 

exchange data for industrial applications.  

The IIoT creates opportunities for interconnecting the 

physical railway transport system to the telematic 

computer-based systems enabling objects to be sensed and 

controlled remotely via smart devices across the existing 

network infrastructure.  The smart devices can provide 

on-board equipment monitoring, remote inspection of and 

maintenance of rail infrastructure and associated 

equipment, sensing and monitoring of the environment, 

and management of transportation patronage services 

[21]-[23]. Embedding IIoT devices into the railway 

operations will enable train operations to be adjusted on an 

as-needs basis to improve the efficiency and punctuality of 

the rail network and the security and safety of passengers. 

The Global System for Mobile Communications 

Railways (GSM-R)is the dominant communications 

platform employed in railway networks, the inclusion into 

the Melbourne Metro railway network of the latest high 

speed broadband communications technologies (e.g., 

LTE-R, 4G/5G, WIFI-IEEE 802.11ad) and Wireless 

Sensor Networks (WSNs) can provide an enabling 

platform for the deployment of the IIoT devices [19] and 

high-speed video and other informational services. 

High-speed broadband communication facilitates the 

develop of smart rail services by the provision of train to 

infrastructure, inter-car, intra-car, inside the station, and 

infrastructure to infrastructure communications. 

The development of a smart railway network through 

the leveraging of IIoT devices and the latest 

communications technologies to provide real-time 

information and operating status will enable the 

introduction of new and improved services such as 

integrated security, environmental monitoring, asset 

management, train health management, travel information 

and predictive maintenance which are expected to improve 

timely decision-making for issues like safety, scheduling, 

system capacity and passenger comfort and safety. 

The inclusion of IIoT devices and broadband 

communication technologies will enable complex 

maintenance decisions to move from being reactive to 

proactive as data describing the precise location of the 

train, its speed, weight and other factors can be obtained in 

real-time and provided to a Decision Support System 

(DSS) and Expert Systems for data analysis. The move to 

predictive maintenance can increase the safety and 

efficiency of the rail traffic while providing an economic 

benefit through simplified processes and better decision 

making. 

IIoT sensors can also be applied to the management and 

monitoring of the rail assets such as trains, carriages, 

signals, etc. generating alerts when the assets need critical 

attention or maintenance [24], [25]. Intelligent Close 

Circuit Television (CCTV) systems can provide high 

resolution images and videos from within the train 

carriages, along the tracks and in the stations to provide 

surveillance and a record of events in the case of an 

incident while enabling real-time alerts and early 

intervention responses potentially reducing service 

outages. 

The efficiency and convenience of a smart railway 

system is highly influenced by the effectiveness of the 

Passenger Information System’s (PIS) ability to provide 

crucial information to passengers via digital signage and 

audible information in real time and a user-friendly 

manner. Emerging metro PIS train video communication 

networks are Wireless Local Area Network (WLAN) 

based due to the easy availability of 

commercial-off-the-shelf WLAN equipment. A PIS also 

includes real-time train tracking information to inform 

passengers of train arrival and departure times, ticketing 

price information, the status of train operations and it also 

enables passengers to communicate with railway staff and 

provides public service announcements [26]. 

The introduction of bidirectional GSM-R voice and data 

communications networks were the keystone for the 

introduction of the Communication Based Train Control 

(CBTC) system which is the nerve centre of the smart 

railway network.  The provision of data collected from a 

variety of sensors to the CBTC via a high-speed 

communications network can facilitate Melbourne 

Metro’s ability to increase the speed, safety, and density of 

the train traffic. The CBTC railway signaling system 

makes use of the communications between the train and 

track equipment for the traffic management and 

infrastructure control [19], [27].  

In addition to employing the high-speed 

communication services for managing the trains’ services 

and providing passenger information, the high-speed 

(broadband) connection means that passengers can benefit 

from an “always connected internet” service via an 

on-board Wi-Fi (wireless fidelity) hotspot service similar 

to that provided in hotels and airports [28]. 

ITS also cooperates with many sub-systems that 

individually improve the overall system performance. One 

key aspect of this improvement is overall system 

functionality. This can be achieved through better 

simulation and development methods such as Cyclic 

functions assessment. While ITS sub-systems typically 

deal with the macro environment and structure, system 

functionality relates to specific tasks. Tasks themselves 

are further classified into elements on the basis of 

sub-categorization [29]-[32]. While core concepts of ITS 

could be straight forward, since it deals with soft and hard 

methodology, the elements are where the essential design 

questions will be considered. Importantly, on the basis of 

functionality simulation and development, a careful 

system inclusive of these elements needs to be evaluated 

and developed.  
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One of the most logical computation methods to 

evaluate system elements is cyclic functions assessment 

calculation. This mechanism is ideal for complex systems 

since it identifies required Key Performance Indicators 

(KPI). To evaluate system elements, specific KPIs are 

established to enhances the overall functionality. [33], [34] 

argued that generally for ITS primarily functionality 

includes case specific KPIs. For rail transportation 

infrastructure, primary KPIs include:  

 KPI 1: Effective system failure detection and 

monitoring measures.  Generally, the main causes 

of deterioration in transportation systems include 

wear and tear [35], [36]. Nonetheless, there are 

instances where normal wear and tear surpass the 

norm. Reasons for such abnormal or extreme wear 

and tear include extreme weather conditions such 

as excessive heat. In addition, erosion such as 

corrosion, abrasion comprising scratches and cuts 

could also increase the probable deterioration rates. 

For tropical and arctic cities additional conditions 

including temperature changes, humidity, and 

freezing would also increase the deterioration rates.  

 KPI 2: Enhance system performance. The 

deterioration of rail transportation infrastructure 

can also be seen in terms of increasing congestion 

and travel times, which may have different 

deterioration rates to those of pavements. 

Furthermore, transportation infrastructures are 

expected to provide reliable services for long 

periods of time [37]. This period could be 

challenging due to dramatic environmental changes, 

improved technologies and extreme usage. As [38], 

argued, the traditional damage detection strategies 

consist of visual inspection and localized 

non-destructive evaluation techniques. For rail 

transportation, such as techniques include the 

ENCOSE which is a well-established measurement 

of system performance.  

 KPI 3: Effective system integration measures. 

Particularly for rail infrastructure, key system 

integration measures include successful 

combination of traffic and transit management, 

traffic signal systems, real-time traveler 

information among others [39]. Such system 

measures employ key techniques including signal 

processing and statistical classification to convert 

mega data for appropriate simulation. Such 

simulation processes will thus detect, localize, and 

quantify possible system concerns [40]. The 

possible outcome will include revolutionary 

mobility improvements achieved through wireless 

communication with and between trains.  

 KPI 4: Improve system reliability measures via 

reducing down-time via limiting system dynamics. 

While dynamics can be referred to as interaction, 

interdependence and causality of system 

components, too much complexity can further 

hinder the overall reliability performance [41]. To 

reduce such dilemmas, system dynamics need to be 

kept to simple yet the most effective measures.  

Although there may be other KPI's, the above are those 

which hold a strong relationship with that of overall ITS 

functionality enhancements. Nonetheless, for rail systems 

ITS functionality simulation and development are also a 

fundamental outlook.  

A. ITS Computation: Functionality, Simulation and 

Development 

Commonly, cyclic functions denote the iterates of 

specific system operations. The aim is to continue iterating 

until specific measure is identified. Cyclic function is 

expressed as: 

f 
n
 (x) = x          (1) 

where f 

n
 denotes the n

th
 iteration of f. Importantly, the 

number of iteration can be simulated using a matrix 

process i.e., (
𝑎 𝑏
𝑐 𝑑 

) = (
𝐶𝑜𝑠 Ɵ    − 𝑠𝑖𝑛 Ɵ

𝐶𝑜𝑠 Ɵ  𝑠𝑖𝑛 Ɵ
). 

Generally, for rail transportation, ITS are simulated and 

developed through the integration of the key KPI's, which 

is represented in Fig. 2. 

 

Figure 2. ITS functionality simulation and development. 

The inclusion of four specific KPIs is based on the 

primary functions of: 

 System failure detection and monitoring measures, 

to fault diagnosis faults and thus identifying the 

state of a process. 

 Systems performance to identify certain functions 

under specific conditions. 

 System integration measures to correctly align by 

efficiently setting all the hardware and software. 

 System reliability measures to ensure systems can 

run before any failure. For rail systems this 

typically involves measuring the differentiation of 

Mean Time Between Failure (MTBF) and Mean 

Time to Repair (MTTR). 

Particularly, rail ITS functionality simulation and 

development is further enhanced by the integration 

effective and exactitude system communication. This 

integration can be mathematically represented by a simple 

cyclic function’s formula:  

𝑥𝑛, 𝑓(𝑓(. . . 𝑓(𝑥))) = 𝑥      (2) 

where, f function occurring n times (based on 4 iterations), 

and x is the output. The summation of this equation is then 

applied for the actual simulation and development 

processes. Importantly, the x can be maximized for a 

specific ITS output condition. This in turn ensures an 

optimized process control and system performance.  
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Further, this process can be repeated continuously as a 

part of system evaluation methods. Subsequently, this 

on-going iteration can then be used to modify systems, 

calculate the upper and lower limits, separate each specific 

function into various related tasks, and outline long-term 

strategies for probable system degradation of their 

subsequent outcomes. 

III. RESEARCH METHODOLOGY 

As the basis of the research methodology, system 

logbooks together with network design schematics and 

reports were accessed and carefully scrutinized. In 

addition, key industry-based reports were accessed to 

further appraise the Melbourne Metro Rail's ITS. The 

authors retained approval of access to all these data. 

Finally, since this study is a quantitative investigation, a 

cyclic functions calculation was used as the basis of 

mathematically system evaluation. 

IV. MELBOURNE METRO RAIL'S ITS 

The Melbourne Metro Rail project as referred to as 

Metro Tunnel, is scheduled to be operational by end of 

2025. This mega rail project is intended to use some of the 

latest innovative technological systems.  This is designed 

to increase Melbourne’s overall rail network efficiency. 

A. Melbourne Metro Rail's Functionality, Simulation 

and Development 

Melbourne Metro Rail's ITS has extensive 

communication functionality, particularly data mining 

prediction and classification. As a part of such system 

development, specific simulation and development 

techniques is used. These include specialized control 

devices to provide a robust prototyping which simulate 

process control and system performance predictions.  

Studies carried out by [42] demonstrated that for rail’s 

ITS, a multi-layered system which cooperates specific 

inputs are required. Further, for Melbourne's rail network, 

such input would ultimately lead to specific output that 

meet the desired function goals, and in-turn increase the 

systems performance and efficiencies. To achieve this, 

Melbourne Metro Rail utilizes specific tasks such as, up to 

date timetabling and so on, which are built into function 

segmentation. Furthermore, the overall system 

performance and efficiencies are constantly developed and 

maintained to assist with the total development of 

network's ITS priorities, particularly for simulation and 

development purposes. 

B. Melbourne Metro Rail's Cyclic Functions Assessment 

Melbourne Metro Rail's ITS, in particular the 

communication apparatus, needs to deal with the city's 

harsh environmental effects on its network assets. 

Although a life expectation of such assets varies from area 

to area, a typical expectation of a decade or two of service 

can be expected with rehabilitation services performed.  

With Melbourne's environmental conditions gradually 

worsening, any proposed ITS functionality simulation and 

development need to be reflective of such progression. 

Accordingly, the functionality simulation and 

development need to reflect that. Such successful 

adaptation in system damage detection and monitoring 

techniques would further reduce the need for the major 

rehabilitation of the transportation network.  

To further clarify the benefit of the proposed 

Melbourne's ITS functionality simulation and 

development, Table I provides a further clarification. 

TABLE I.  MELBOURNE'S ITS FUNCTIONALITY SIMULATION AND 

DEVELOPMENT 

System KPI's 
Communication 

effects 

System 

notations 

Function 

outcome 

Enhance 
system 

performance 

Rapid emergency 
response time, in 

case of accidents 

y1 
(1x) 
Streamlined 

inputs 

Improve 
system 

reliability 

measures 

Faster relaying of 
information 

y2 

(2x) Simpler 
yet more 

rapid system 

processes 

Effective 
system failure 

detection and 

monitoring 
measures 

Less 
communication 

down-time 

y3 
(3x) Explicit 
optimization 

processes 

Effective 

system 
integration 

measures 

Multi-platform for 
information 

sharing 

y4 
(4x) Better 
defined 

outputs 

( 1 4) , ( (... ( )...)) 1 ...4y y x xx f f f x     (3) 

where, 
y1

 is KPI1, 
y2

 is KPI2, 
y3

 is KPI3 and, 
y4

 is KPI4. In 

addition, the subsequent 1x to 4x is also representative of 

each function output. For the Melbourne Metro Rail, the 

four outputs can be built into its ITS systems for further 

performance optimization, with the inclusion of the output 

as the basis of parameters. These ITS parameters can also 

be altered to represent the future functionality simulation 

and development more intimately. Nonetheless, to further 

underscore the benefits of the proposed Melbourne's ITS 

functionality simulation and development, an example is 

provided in Table II. 

TABLE II.  EXAMPLE OF PERIODIC KPI'S FUNCTIONALITY SIMULATION 

AND DEVELOPMENT 

Input (y1) 

Enhance system 

 performance 

Process (qy1) 

Rapid emergency 

response time 

Output (x1x) 

Streamlined 

inputs 

System initial 
rating (IyA) 

System first phase 
preparation (qA) 

Operation 
rubric setting 

(OxA) 

System 
restructuring (IyB) 

System midpoint 
evaluation (qB) 

Realignment of 
input variable/s 

(OxB) 

Final KPI1 input 
reformation (IyC) 

System midpoint 
evaluation (qC) 

KPI1 

proposition 
(OxC) 



 

As it can be observed, the proposed development is not 

only robust but also specific to rail transportation ITS. The 

parameters can then be can be mathematically expressed 

as: 

1, ( ( ( ) )) 1y n q A A A

xx f f Iy f q Ox     (4) 

Although in this example while there are only three 

steps, more can be generated based on data and system 

constraints. With more analysis and purpose a 

comprehensive functionality simulation and development 

can be created for the Melbourne Metro Rail. Due to its 

great size and complexity, however, Melbourne Metro 

Rail needs to continuously monitor its ITS performance. 

This can be achieved via incessant simulation and 

development of the KPI’s functionality. For multi-face 

systems such as Melbourne Metro Rail's ITS, this is 

necessary to maintain high-quality and convenient 

transportation network. 

V. CONCLUSION 

This paper aimed to review Melbourne Metro Rail's ITS 

functionality simulation and development. In doing so, it 

was found that functionality simulation and development 

of such systems are extremely complex and compounded. 

To further alleviate such byzantine tasks, specific rail 

transportation system's KPI's were investigated. These 

KPI’s had strong association with that of effective ITS and 

their functionalities. Nonetheless, using cyclic functions 

formula, simple yet specific functionality simulation and 

development processes were initiated for the Melbourne 

Metro Rail's ITS. In addition, a simple example of such 

process was also drawn-up. It was noted that, such 

processes need to be robust to allow for the Melbourne 

Metro Rail's ITS demanding nature. As was shown in this 

paper, that overall benefit of such a process must be 

supported by on-going simulation and development of the 

KPI's functionality to further maintain high-quality and 

convenient transportation network. 
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