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Abstract 

A comprehensive understanding of patronage forms the foundation for the network planning 
and operation of Yarra Trams’ services. Our goal is to optimise resource allocation by aligning 
services and infrastructure with user demand and preferences.  
This paper explores the utilisation of Automatic Passenger Counting (APC) system and mobile 
GPS data to enhance the tram system. We provide an overview of the methodologies for 
collecting and processing APC data, alongside the development of dashboards for 
visualisation through incorporation of user feedback. Additionally, we introduce a novel data 
platform Patterns, which makes it possible to reconstruct individual trajectories from GPS 
traces. Unique features provided by GPS data, such as origin-destination matrices and 
first/last mile trips, are highlighted. Furthermore, the usage of APC and mobile GPS data is 
examined through a use case scenario of timetable adjustments. This paper demonstrates 
that Yarra Trams can apply data to adapt to evolving passenger demands, enhance service 
quality, and contribute to the sustainable development of Melbourne's tram network. 

1 Introduction  
Melbourne’s tram network is the largest in the world, consisting of 250 kilometres (160 miles) 
of double track, 493 trams, 24 routes, and 1,763 tram stops, with 74% of the network shared 
with other road users. Supporting 200+ million passenger trips each year, and operating for 
over 100 years, the network would cost at least $20billion to rebuild today. As Australia's 
fastest-growing capital city, with a projected population increasing from 4.5 million to 7.9 
million by 2051, the tram network faces unprecedented challenges. Anticipating an increase 
of more than 80% in daily trips, it is critical to optimise resource allocation by aligning 
infrastructure and service offer with user demand and preferences. A comprehensive 
understanding of patronage forms the foundation for the network planning and operation of 
our tram services, which is done in detailed collaboration with the State government transit 
agency, which in Melbourne is the Department of Transport and Planning (DTP). Most transit 
operators recognise that data generated by ticketing systems contain valuable information to 
support operational decision making. However, Melbourne’s tram network faces challenges 
in accessing high-quality ticketing data due to multiple reasons, such as fare evasion, a free 
tram zone, and the usage of boarding passes (Yin et al., 2023). Hence, alternative solutions 
are implemented to understand patronage information.  
In response to these challenges, Automatic Passenger Counting (APC) systems, introduced 
by Dilax in 2020, offer a promising avenue for data collection. Installed on high-capacity E-
Class trams operating across five routes, these systems automatically record boarding and 
alighting demand, providing transit operators with invaluable, automated insights into 
ridership rates. Yet, while APC data provides valuable information, it has limitations in 
collecting the finer details of passenger behaviour, such as how they access tram services. 
To bridge this gap, mobile GPS data emerges as a complementary tool in understanding 
multi-modal travel patterns. Leveraging the Patterns platform developed by Hove, we derive 
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insights by aggregating individual trajectories from mobile GPS data, providing a holistic 
view of passenger movements across various modes of transport. 
This practice paper describes our operational efforts in implementing APC and mobile GPS 
data to enhance our understanding of passenger needs. Through the development of 
informative visualisations and the collection of user feedback, we aim to provide 
stakeholders with actionable insights to improve services. An illustrative example highlighting 
the use of these data in timetable adjustments demonstrates their practical utility. As the 
transit industry undergoes a paradigm shift from being data poor to data rich, automatic data 
gathering systems opens for new analysis methods. Beyond meeting conventional data 
needs, they provide opportunities for more customer-oriented performance evaluation and 
management. This paper serves as a valuable reference for transit planners navigating this 
data-rich landscape, offering practical insights and methodologies for leveraging data to 
optimize public transport network operations. 

2 Automatic passenger counting (APC) data 
2.1 Data collection techniques 
A range of APC technical solutions are available but from an operational perspective they are 
all designed to : 

- operate automatically with a high level of reliability and accuracy without the necessity 
for any specific preventive maintenance and with low operational expenditure 

- provide 24/7 coverage of services, providing insights across the full span of hours 
- operate independently from ticketing systems and associated data collection, which 

may be designed to meet different business rules and requirements 
The visualisations presented in this paper are developed from data collected using the ‘DILAX’ 
system fitted to 100 E-Class trams, the largest vehicles operating on the Melbourne tram 
network. Each door is equipped with several active infrared sensors and each sensor works 
with two beams (to distinguish between boarding and alighting). A Passenger Counting Unit 
checks the status of all the beams and calculates the number of boarding and alighting 
passengers per door and stores the data.  
Counts from the DILAX passenger counters system is stored in a Microsoft SQL database 
managed by DILAX, accessible to Yarra Trams and DTP via a remote desktop connection 
using the Remote Desktop Protocol. Utilizing the Microsoft SQL Server Management Studio 
application, users can seamlessly query the database. Currently, data uploads occur at the 
depot, ensuring availability for analysis the following day. Consequently, the data cannot 
currently be utilized for real-time customer information or operational purposes. 

2.2 Dashboard development and visualisation 
Traditional public transport planning typically relies on mean load at peak times to establish 
headways and monitor crowding. However, this method inadequately reflects the impact of 
crowding on passengers. Recognizing the significance of overcrowding frequency for both 
passengers and operational efficiency, we have crafted several views to enhance customer-
centric service planning, supplementing the mean load profile. 
2.2.1 Variation of passenger load 
A large sample size of APC data enables the analysis of extreme values and variation of 
passenger loads. Figure 1 shows the visualisation designed to describe the variation of 
passenger loads. Red dots represent passenger loads of all services at the selected stop 
during the selected period, ordered chronologically by the actual arrival time. Additionally, 1-
hour and 15-minute average lines are incorporated to illustrate variations around the mean 
for each value.  
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Figure 1: Departure load from a Melbourne central business district (CBD) tram stop, between 
August 2023 and February 2024 

 
In the provided example, on average, load is less than the number of seats, which deceptively 
suggests that everybody should get a seat and that there should be little problem of crowding. 
In fact, the variation of passenger load is extremely high. During the afternoon peak (4-6pm), 
some passengers may find themselves aboard packed trams accommodating 180 
passengers, while others may encounter nearly empty trams. Consequently, relying solely on 
mean load metrics may lead to erroneous service design conclusions.   
 
2.2.2 Crowding level of service 
With a large sample size of passenger load data, we can measure the percentage of 
passengers experiencing various levels of crowding. Fruin Service Level (1971) serves as the 
basis for the DTP’s proposition for a Crowding Level of Service (CLoS), correlating passenger 
density with onboard standing space. In conjunction with the floor area of E-Class trams, we 
have defined the crowding levels outlined in the following table. A key threshold of the Fruin 
CLoS ranges has been selected to align with the contractually defined planning capacity of an 
E-Class tram, at 180 passengers. 
Of particular interest from a professional practice perspective is that the standard Fruin terms 
for Level of Service (with alphanumeric codes) happen to also be used routinely to describe 
the classes of tram in Melbourne (including distinguishing between “D1” and “D2” classes of 
trams).  To ensure comprehension by data users within Yarra Trams, we developed new 
crowding labels to mitigate this source of potential confusion. 
Table 1: Crowding level of service 

Crowding 
level (label) 

Fruin 
Service 
Level 

Range of 
passenger loads 
onboard 

Description 

Near empty  [0, 5) Only a few passengers onboard. 
Light Load  [5, 31) Half of the seats are available.  
No conflict A [31, 62) Seating available. Standing, circulation within 

queuing area possible without disturbing 
others.  

Minimal 
conflict 

B [62, 78) Seating full. Standing, partially restricted 
circulation. 

Low conflict C [78, 98) Standing, restricted circulation by disturbing 
others, “excuse me” zone. 

Medium 
conflict 

D1 [98, 138) Standing without contact possible, but 
movement is restricted and disturbing others. 

High conflict D2 [138, 180) Standing without contact difficult, movement 
is severely restricted and disturbing to others. 
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Packed E and F >180 Close contact with all. Uncomfortable and 
psychologically disturbing.  

 
DTP defines the desirable CLoS, as outlined in Table 2. The desirable CLoS is based on 
people’s expectation of crowding levels, varying with time and location. For instance, during 
peak periods in the CBD, passengers are understood to have a higher tolerance for crowding, 
reflecting expectations and travel behaviour. Consequently, the desirable CLoS is higher 
compared to other locations and time periods. 
Table 2: Desirable crowding of service 

 Peak Inter-Peak Weekend Evening Off-Peak 
CBD corridors High conflict High conflict High conflict Medium 

conflict 
Low 
conflict 

Trunk corridors High conflict Medium 
conflict 

Medium 
conflict 

Medium 
conflict 

Low 
conflict 

Premium 
routes 

High conflict Medium 
conflict 

Medium 
conflict 

Medium 
conflict 

Low 
conflict 

Suburban 
routes 

Medium 
conflict 

Low conflict Low conflict Low conflict Low 
conflict 

 
To visually represent the distribution of crowding level by trips, we have designed the following 
stacked bar chart. Each bar within this chart represents an individual stop along the selected 
route, with different colours denoting the proportion of trips at each crowding level. For 
example, on 60% of the trips, passengers experience at least medium level conflict at the 
busiest CBD stops.  
Furthermore, we offer users the capability to highlight trips exceeding the desirable CLoS. In 
the provided example, trams in the CBD are expected to operate under the “High conflict” 
level. As a result, trips classified as “packed” are highlighted. Conversely, at other stops that 
are designated as trunk corridors, where trips are expected to operate under “Medium conflict” 
level, both “High conflict” and “packed” trips are highlighted. This approach provides network 
planners with a customer-centric standard to improve service quality. Notably, because 
passenger perceptions of crowding are particularly sensitive to extremes (Transit Cooperative 
Research Program, & Furth, P.G., 2006), the tool provides the network planners with the ability 
to examine the probability and distribution of trips on which passengers experience crowding, 
place them in context and develop appropriate responses. 
Figure 2: Percentage of vehicle trips in certain CLoS, of a DILAX equipped service during the 
evening period (7-10pm), from August 2023 to October 2023 

 
The next chart illustrates the relationship between CLoS and planned frequency. The x-axis 
represents the planned start time of each tram service of a selected route in one direction, 
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with the gap between bars signifying the planned headway. In this example, it is observed that 
during the evening period, over half of the trips have exceeded the desirable CLoS, 
accompanied by relatively wider headways compared to other periods. Conversely, during the 
morning peak, services are more frequent and all trips are adhering to the desirable CLoS. 
This implies potential opportunities to adjust service frequency to enhance passenger 
satisfaction. 
Figure 3: CLoS performance of a DILAX equipped service during the evening period (7-10pm), 
from August 2023 to October 2023 

 
2.2.3 User feedback collection 
In the development of this dashboard, gathering user feedback has been fundamental to 
ensuring its effectiveness and alignment with user needs. We engaged key stakeholders in 
discussions to collect their insights and perspectives. Users were encouraged to provide 
feedback on various aspects of the dashboard, including its design, usability, and ability to 
meet their requirements. Drawing upon this feedback, we identified areas for enhancement 
and prioritized changes based on their significance and feasibility. 
A notable example illustrates how user feedback informed modifications to a visualisation. 
Figure 4 shows stop activity, calculated as the total sum of boarding and alighting, at a selected 
stop. A stacked bar chart was utilised to visualise the number of passenger boardings and 
alightings. In the initial visualisation, the x-axis of this visualisation is the actual arrival time 
(Figure 4 (a)), so each bar represents the total boarding and alighting generated by a specific 
service. However, since there are a few services that generated a huge amount of boardings 
and alightings, representation of data with bars made outliers more obvious. It also generally 
over-emphasised the highest values observed, with the eye drawn to the top of the columns. 
Feedback revealed that users were likely to misconstrue the presence of numerous high-
patronage services during specific periods. To address this issue, boardings and alightings 
were plotted separately on scatter plots (Figure 4 (b) and (c)), facilitating a clearer impression 
that those high values were generated by only a few trips, and also providing further insight 
into the variability of stop activity. Additionally, stop activity was recalculated at 5-minute 
intervals of the actual arrival time, with the average value plotted on the stacked bar chart 
(Figure 4 (d)). This adjustment mitigated the impact of outliers and enabled users to discern 
the overarching trend of stop activity over time with greater clarity. 
 
Figure 4: Visualisation of stop activities: (a) stacked bar chart of stop activities for each 
individual service, the initial design, (b) scatter plot of boardings for each individual service, (c) 



ATRF 2024 Proceedings 

6 

scatter plot of alightings for each individual service, (d) stacked bar chart of the average stop 
activities over 5-min time interval 

 

 

 
2.2.4 Limitations of data 
Despite its advantages, APC data comes with several limitations that need to be addressed 
for comprehensive analysis.  
Firstly, the partial coverage of the fleet means that extrapolation from alternative data sources 
is required to obtain network-wide usage statistics. A research project has been conducted to 
estimate the onboard load profile of public transport services based on the limited coverage 
of APC data and the fare card data in Melbourne (Yin et al., 2023), developing an algorithm 



ATRF 2024 Proceedings 

7 

to overcome the data skew inherent particularly in the ticketing data, which as noted above is 
constrained by business rules and other factors.  
Secondly, passengers sometimes alight and re-board the same vehicle to facilitate the 
movement of other passengers, particularly when the tram is crowded. This poses a challenge 
in accurately counting individual passenger journeys, potentially skewing the data and 
requiring careful consideration during analysis.  
Additionally, no information on origins and destinations of passengers or multimodal trips can 
be directly observed from APC data. This can be partially addressed by the supplementing 
with mobile GPS data, as introduced in the next section.  
These limitations highlight the importance of supplementing APC data with additional sources 
and employing robust methodologies to ensure the reliability and accuracy of insights derived 
from the data. 
 

3 Mobile GPS data – Patterns 
While an APC system efficiently captures accurate data regarding passenger boardings and 
alightings at stop levels, its capabilities are limited when it comes to collecting data at more 
granular levels. Notably, the system does not provide information regarding the origins and 
destinations of passengers. To access a deeper level of patronage insights, we established a 
collaboration with Hove and utilised their platform ‘Patterns’ to understand mobility within a 
territory based on mobile GPS data. This platform enables the reconstruction of origin-
destination matrices, assessment of modal shares, and evaluation of the attractiveness of 
points of interest. 

3.1 Data collection techniques 
GPS data is collected through software development kits (SDK) integrated into partner mobile 
applications. When users of these applications consent to share their locations, the SDKs 
automatically and continuously collect individual trajectories, whether in the foreground or 
background. In Melbourne, the GPS data was sampled from approximately 400,000 active 
users across the entire metropolitan area, representing 8% of the population. A heuristic rule-
based method is then applied to estimate travel patterns for the broader population. The 
Patterns platform, which processes and visualises this data, only provides aggregated counts 
of a certain behaviour rather than detailed timelines of individual travel trajectories, thus 
ensuring the preservation of individual privacy. 

3.2 Unique features provided by mobile GPS data 
One of the most significant features of mobile GPS data is its ability to offer insights into origin 
and destination flows. The following example shows the estimated proportion of origin and 
destination flows between segments of Route 58, running from West Coburg to Toorak Rd.  
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Figure 5: Origin and destination flow diagram of Route 58 

 
While Automatic Passenger Counters furnish precise data on boarding, alighting, and load at 
each stop, understanding the number of trips generated between specific origins and 
destinations is equally crucial for planning special services or network reforms. For example, 
if we consider the option of a short-run service between West Coburg and Flagstaff, it is 
important to understand the number of passengers that travel beyond Flagstaff, because these 
passengers may be impacted by the proposed change. By utilising mobile GPS data, as 
shown in Figure 5, we can construct origin-destination flow diagrams to visually assess the 
impact of our proposed changes. Ensuring minimal disruption or confusion for the majority of 
passengers is fundamental in public transport planning. Compared to traditional origin and 
destination surveys, this data offers a more efficient ways of data collection and analysis. 
Another valuable feature of mobile GPS data is its ability to provide insights into multi-modal 
trips. As mobile GPS data records the entire travel diary of a user, we can analyse various 
aspects of trips that either access or egress from tram stops. For instance, Figure 6 illustrates 
the estimated mode split, distance distribution, trip duration distribution, and the distribution of 
origins and destinations of the access and egress trips of Route 82. 
Figure 6: Characteristics of access and egress trips on Route 82 

 
As shown in Figure 6, at Footscray station, which serves as a major interchange hub for train 
services, a significant portion of access and egress trips at the Footscray Station tram stop 
involve transfers with trains and buses. This pattern suggests that many individuals utilize 
trams to connect from trains and buses, and vice versa, at Footscray Station. On the other 
side, Moonee Ponds is also a major stop for bus interchange, with numerous access/egress 
trips observed via bus routes. This insight holds significant potential for coordinating network 

West Coburg - 
Flagstaff 

Anzac - 
Toorak Flagstaff - 

Anzac 

West Coburg - 
Flagstaff 

Flagstaff - Anzac 

Anzac - Toorak Anzac - Toorak 

West Coburg - 
Flagstaff 
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design and schedules across different modes of public transport. For instance, if it becomes 
apparent that a majority of passengers arriving at a specific tram stop originate from buses, 
network integration can be preserved and enhanced through line design and schedule 
development. 
Furthermore, Patterns also presents the average distance and duration of the access/egress 
trips by mode, along with their respective origins and destinations. This information serves as 
a valuable tool for assessing the accessibility of the network. For example, stops where 
individuals may face prolonged walking distances can be identified. Such insights are crucial 
for informing future transport strategies, particularly those centered on on-demand services 
and mobility-as-a-service, which aim to integrate various modes of transportation seamlessly. 
Presently, such detailed information typically requires labour-intensive self-reported travel 
diaries, such as the Victorian Integrated Survey of Travel and Activity (VISTA). However, the 
utilization of mobile GPS data offers a more efficient means of analysing travel patterns in 
multi-modal contexts. 
 

4 Case study: master timetable adjustment 
This case study demonstrates how the analysis of APC and Mobile GPS data contributed to 
decision-making regarding tram timetable adjustments. The implemented adjustments can 
be found on Public Transport Victoria’s (PTV) website. This section elaborates the reasons 
behind these decisions. 
Figure 7: Adjustments to tram timetable implemented in October 2023, retrieved from 
https://www.ptv.vic.gov.au/footer/about-ptv/improvements-and-projects/tram/tram-timetable-
changes/ 

 
 

4.1 Friday night service uplift 
There have been some significant changes in travel patterns on public transport in 
Melbourne following the COVID-19 pandemic. Although overall patronage has not recovered 
to pre-covid levels, instances of overcrowding were observed at certain times of the day. By 
comparing APC data samples between 2019 and 2022, we identified differences by time 
periods in the degree to which patronage has returned to the pre-covid levels as the basis 
for considering changes in service frequency. Due to the high variation in the data, direct 
comparison of the means of these two samples may lead to an erroneous conclusion. To 
address this, we applied a t-test to evaluate the change in patronage after COVID-19. A 
t-test is an inferential statistic used to ascertain whether there is a statistically significant 
difference between the means of two samples, taking into account the mean, standard 
deviation, and size of each sample (Kim, 2015).  
Following this process, we compared passenger loads at the stop that is used to build the 
timetable of each route between data samples from 2019 and 2022 during different time 
periods. In this way, we identified the time periods in which the means of passenger loads are 
statistically the same between 2019 and 2022, indicating the patronage has returned to the 
pre-covid levels.  
Figure 8 shows results of the t-test conducted for an E-Class route at the busiest stop in the 
CBD on Friday, categorized by arrival hours. ‘Y’ represents there is a significant difference 

https://www.ptv.vic.gov.au/footer/about-ptv/improvements-and-projects/tram/tram-timetable-changes/
https://www.ptv.vic.gov.au/footer/about-ptv/improvements-and-projects/tram/tram-timetable-changes/
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between 2019 and 2022 in that hour, while ‘N’ indicates there is no significant difference 
between 2019 and 2022.  
Figure 8: Results of t-test conducted at the busiest CBD stop on Fridays, categorized by arrival 
hours. ‘Y’ signifies a significant difference between 2019 and 2022 during that hour, while ‘N’ 
indicates no significant difference. 

 
Our analysis revealed significantly lower patronage in 2022 during morning periods (6-10 am), 
with no significant difference post-6 pm. Consolidating these findings with insights from DTP's 
survey data we concluded that CBD patronage had returned to pre-COVID levels. Combined 
with activity-based modelling undertaken separately, and in the context of post-pandemic 
economic recovery objectives and behavioural insights, this supported the decision to 
redistribute service to enhance service frequency on Friday nights. 

4.2 Removal of Route 3a on weekends 
Route 3 operates from Melbourne University, travelling south through the CBD on Swanston 
Street. After crossing the Yarra River, it continues south along St Kilda Road before travelling 
eastwards via Balaclava and Caulfield activity centre and railway stations, before terminating 
at Darling Road. On weekends, route 3 was designed as route 3a, diverting from the regular 
route at St Kilda Junction to include St Kilda Beach and Luna Park before rejoining the regular 
route at the corner of St Kilda Road and Carlisle Street.  
This unique route offered supplementary capacity for passengers travelling to St Kilda on 
weekends from the Swanston Street corridor, and was introduced primarily to provide a cost 
effective uplift of capacity between the central city and St Kilda.  
When operating along this path, Route 3a largely duplicates tram Route 16, but with a unique 
catchment at the eastern end of the route. Between the city and St Kilda, two other routes are 
also available, including the Route 96 service, which in the time since Route 3a was introduced 
has been substantially upgraded through the use of high capacity E-Class trams. 
With the enhancement of Route 96’s capacity, which also serves passengers to St Kilda, the 
necessity of Route 3a needed to be reconsidered. The potential removal of Route 3a would 
result in cost savings in both vehicle and operational expenses, which could be reallocated to 
improve other tram services. It would also improve the legibility of the tram network, as 3a was 
a deviation from the otherwise highly consistent ‘same path every trip’ model generally applied. 
An assessment of patronage was important to measure the impact of eliminating Route 3a. 
Results from Patterns provided evidence to support the idea of removing Route 3a. To 
evaluate the impact of removing Route 3a, it is crucial to understand the proportion of 
passengers reliant on Route 3a for travelling to these major destinations. Patterns provides 
the patterns of trips specific to various points of interest. Albert Park is one of the points of 
interest that can be analysed through Patterns.  
The heatmap in Figure 9 illustrates the density of trip origins via public transport to Albert Park 
on weekends. Tram stops exclusively served by Route 3a are highlighted in the red box. Within 
the shared corridors, such as St Kilda loop, passengers have alternative routes. We observed 
that except for the terminus, few trips to Albert Park originated from the highlighted stops, 
suggesting a negligible reliance on Route 3a. The majority of passengers predominantly 
originate from shared corridors, indicating the availability of alternatives after the removal of 
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Route 3a. Hence, we concluded that the removal of Route 3a would have minimal impact on 
the majority of the passengers while yielding substantial operational efficiencies.  
Figure 9. The origins of trips that travel to Albert Park by public transport on weekends 

 
 

5 Conclusion 
This professional practice paper presents a comprehensive exploration of utilising Automatic 
Passenger Counting (APC) systems and mobile GPS data to enhance the tram system. 
Through the Dilax systems and the Patterns platform, valuable insights into mobility patterns 
are obtained. These insights not only contribute to improving operational efficiency but also 
enhance passenger satisfaction. 
The development of dashboards plays a crucial role in transforming raw data into actionable 
insights. By providing informative visualisations from APC data, such as variation of passenger 
load and crowding levels of service, stakeholders gain a comprehensive understanding of 
service performance and passenger experiences. Moreover, the incorporation of user 
feedback ensures that the developed tools are aligned with user needs and requirements, 
enhancing their effectiveness and usability. The utilisation of mobile GPS data through the 
Patterns platform enriches the understanding of passenger mobility patterns, including 
insights into origin-destination flows and multi-modal trips. This granular level of insight 
enables informed decision-making in network planning and service adjustments. 
Furthermore, as demonstrated in the case studies, the paper highlights the significance of 
data-driven decision-making through statistical analyses. By analysing patronage data from 
both APC data and mobile GPS data, informed decisions regarding service frequency 
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adjustments and route modifications can be made to better meet passenger needs and 
optimise resources. 
It is important to recognise that these data collection methods each continue to improve in 
terms of accuracy, data sampling methods and representativeness of the underlying mobility 
market.  As the underlying data visualised in dashboards changes, it places a responsibility 
on the data analyst to inform dashboard users so that they can continually improve the quality 
of their insight into passenger needs. 
Overall, this paper serves as a valuable reference for transit planners navigating the data-rich 
landscape of public transport operations. By leveraging advanced data collection techniques 
and analytical methodologies, Yarra Trams can adapt to evolving passenger demands, 
enhance service quality, and contribute to the sustainable development of Melbourne's tram 
network. 
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