Singapore University of Technology & Design

UROP Report
Expressway Data Analysis

Lee Ruijun & Ying Weirong Jared

1. Background
There are currently 10 expressways in Singapore. They are Ayer Rajah Expressway (AYE),
Bukit Timah Expressway (BKE), Central Expressway (CTE), East Coast Parkway (ECP), Kranji
Expressway (KJE), Kallang–Paya Lebar Expressway (KPE), Pan Island Expressway (PIE),
Seletar Expressway (SLE) and Tampines Expressway (TPE) and the newly constructed Marina
Coastal Expressway (MCE). The main purpose of expressways is to allow vehicles to travel
from satellite towns to the city centre and vice-versa in the shortest possible distance. All of the
expressways are dual carriageways with grade-separated access, allowing movement of traffic
to be smoother, with fewer interruptions, and at higher speeds. The speed limit ranges from 90
km/h (56 mph) to 70km/h (43 mph), depending on the demographic of the road. This project
focuses on the analysis of the travel time of 8 important expressways that connect to major
parts of Singapore. The 8 expressways are AYE, BKE, CTE, ECP, KJE, PIE, SLE and TPE.

2. Motivation
2.1 Problem
Traffic congestion occurs when the demand for space on the road exceeds the capacity of the
road. There are also other factors that contribute to congestion such as inclement weather, road
works and accidents. It is a common situation in Singapore during peak hours, resulting in long
travelling times for most urban. The peaks hours on a typical weekday are approximately from
07:00 - 09:00 and 17:00-20:00.
Human driving behavior on the road could worsen the traffic congestion. Small disturbances
such as motorists changing lanes or slowing down along the expressway could lead to a
butterfly effect that channel the effects to motorists at the lower end of the road. This kind of
butterfly effect is common during heavy traffic (Beaty, 2012). A simple action of motorists
stopping by momentarily to see an accident or something interesting could lead to a bottleneck
situation. The invisible wave of traffic congestion is created when the initial issue forces several
rows of cars to stop.
2.2 Implications
There are many underlying problems that this problem could escalate into, especially in a
cosmopolitan state like Singapore. The resulting traffic congestions could have a detrimental
effect on the people and on the economy of the state. Air quality would be affected due to
additional vehicle emissions; quality of life would worsen due to longer commuting time and
business activities would get affected due to additional costs and time wastage for deliveries
(Glen Weisbrod, 2003).

3. Problem Statement
3.1 Aim
Our aim is to empower the motorists with accurate traffic information so that they could better
plan their travel routes to avoid the congestion. With the analyzed data, we hope to improve the
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users’  personal  travel  experience, as well as increase the efficiency of the transport system in
Singapore.
3.2 Deliverables
We will acquire raw expressway travel time data from Land Transport Authority (LTA) and
analyse travel time patterns across various days on different roads. Then, we will derive
meaningful ways to visualize and communicate this information to commuters

4. Methodology
4.1 Data Sources
4.1.1 EMAS
Expressway Monitoring Advisory System (EMAS) is an intelligent incident management tool that
manages traffic along our expressways (Expressway Monitoring Advisory System, 2014). It
comprises 3 sub-systems - the Detection Camera System, Surveillance Camera System and
Information and Dissemination System. The 3 systems work together to detect accidents,
vehicle breakdowns and other incidents promptly, ensuring fast response to restore normal
traffic flow. The Detection Camera System also provides real-time information of travelling time
from the entry point of expressway to selected exits. Traffic data is recorded continuously to
allow system to present traffic health status on the Travel Time Displays (TTD).

4.1.2 TrafficScan
TrafficScan is an advanced transport system that enables updated travel information on roads
to be provided to motorists (TrafficScan, n.d.). Taxis are equipped with the Global Positioning
System (GPS) that gives information on their locations and speeds as they ply along roads. The
data collected is processed to give average traffic speeds along these roads.
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EMAS and TrafficScan are part of intelligent transport systems that provides travel information
that for motorists. Motorists can gain access to this information on the website or the Travel
Time Display along arterial roads and expressways.
4.2 List of steps taken
1. Acquire data from LTA data mall
The estimated travel time is derived from the traffic speed and distance between origin and
destination. The average traffic speed is gathered from systems such as the Expressway
Monitoring Advisory System (EMAS) and TrafficScan.
2. Trawl data from LTA data mall via Mathematica
Real-time datasets from LTA data mall are updated at an interval of 5 minutes. Mathematica
was running throughout the selected time frame in order to trawl the data from LTA data mall.
3. Convert data in JavaScript Object Notation (JSON) format
The data extracted out from Mathematica only works on Mathematica program. Therefore we
had to convert the Mathematica data files into JSON format in order to be seen on a web
application.
4. Load the data into database
JSON format is in human-readable text format to transmit data objects based on the attributevalue pairs. The converted data is being categorised into the database based on their attributes.
5. Host data on the local web-server
We used PHP to host our data on a local web-server. This allowed us to manipulate the data
further using javascript.
6. Provide a visualisation of travel time
A graph of travel time will illustrate our data collection across all the expressways in Singapore.
Different entry-exit pairs of each individual expressway could be selected for further analysis of
any trends.
5. Results and findings/ insights
Data is collected over a period of 3 months from January to March 2014. Each set of data is
categorised into 3 distinct characteristics as shown in the table below. We would like to
investigate the effect of festive seasons and school holidays on the occurrence of congestion or
bottlenecks of road segments along the individual expressways.
Date

Remark

1

13 January - 17 January

Monday - Friday

Normal week

2

21 January - 5 February

Tuesday - Friday

30 Jan is eve of Chinese New Year
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31 Jan to 3 Feb is the festive period
3

17 March - 21 March

Monday - Friday

School Holidays

5.1 Demographics of Expressways
Characteristics of Expressways
Expressway

Distance

Regions covered

AYE

26.5 km

East Coast Parkway (ECP) to Tuas

BKE

11.0 km

Bukit Timah to Woodlands

CTE

15.5 km

Bukit Merah to Central Area, Toa Payoh, Bishan, Serangoon and
Ang Mo Kio

ECP

19.0 km

Changi Airport to the Benjamin Sheares Bridge

KPE

8.4 km

Jurong to Woodlands

PIE

42.8 km

Tuas to Changi South

SLE

12.0 km

Kranji, Woodlands and Yio Chu Kang areas

TPE

14.4 km

Junction of the SLE and CTE at Yio Chu Kang to the PIE at
Changi

Average peak hours timing on a normal season
Morning Peak Hour

Evening Peak Hour

AYE

07:00 - 11:00

17:00 - 20:00

BKE

07:00 - 10:30

19:00 - 21:00

CTE

07:00 - 10:00

17:00 - 22:00

ECP

07:00 - 11:00

17:00 - 22:00

KJE

07:00 - 11:00

17:00 - 20:00

PIE

06:00 - 11:00

17:00 - 23:00

SLE

07:00 - 11:00

17:00 - 19:00

TPE

07:00 - 11:00

17:00 - 20:00
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Different expressways have various durations for their peak hours. This could be due to the
different demographics of the areas they are connected to. The complete travel time graphs for
each individual expressway is shown in Annex A.

5.2 Different Seasonalities
As shown in graph in Annex B, comparison between 24 January 2014 Friday (normal weekday)
and 31 January 2014 Friday (1st Day of Chinese New Year) is being made to see any
differences between them. According to the graph, the peaks are not so high during the festive
season as compared to a normal weekday. In Annex C, another comparison was made
between 15 January 2014 Wednesday (normal weekday) and 19 March 2014 Wednesday
(School Holiday). It can be seen that there is not much differences in travelling time across
expressways between school holiday and normal season.

5.3 Travel Time graph
Each entry-exit pair represents a road segment. We wanted to find out if the variability that
occurs along each expressway is due to any congestion at various road segments.
We started off by studying the variances of the travel times along different road segments on
each day, to identify the road segments with travel times that changed throughout the day.
However, we found out that higher variances could be due to 2 reasons. Firstly, the graph had
many small deviations from the mean. Secondly, the graph had high deviations from the mean.
Hence, the variance was not a good indicator of congestions.
To get more significant findings, we decided to look at the difference between the maximum and
minimum travel time in a day for all the road segments. This is also called the range. We will
assume that the minimum travel time along a particular road segment is the travel time required
when the traffic is smooth or when the road is empty. The higher the difference between the
travel time at that moment and the minimum travel time, the worse the congestion is. We
decided to use the range because it was a good indicator for detecting an occurrence of
congestion along the particular road segment on the particular day. We have set our threshold
to be 6 minutes, which means if the range is more than 6 minutes, there was congestion along
the road segment that day.
The table below shows which road segments experienced congestion during the three periods
of study. We have also excluded errors such as spikes that only occur once during a short time
frame.
13 - 17 Jan
AYE

●

Tuas West RdTuas West Drive

21 Jan - 5 Feb

17 - 21 Mar
●

Tuas CheckpointTuas West Rd
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BKE

●
●

BKE/SLE
InterchangeWoodlands Ave 3
Woodlands Ave 3 Woodlands Centre

●
●
●

CTE

●
●

Clemenceau Ave Moulmein Rd
Outram RdAYE/CTE
Interchange

●
●

BKE/KJE
InterchangeMandai Rd
Mandai RdBKE/SLE
Interchange
BKE/KJE
Interchange-Bukit
Panjang Rd
Clemenceau AveMoulmein Rd
CTE/PIE
InterchangeBraddel

●
●
●
●
●
●

ECP
KJE

PIE

●
●
●
●
●

SLE

Tampines Ave 5Jalan Eunos
Jurong West Ave
2-PIE/KJE
Interchange
Clementi Ave 6Bukit Timah Rd
Bukit Timah RdPIE/BKE
Interchange
PIE/BKE
Interchange-Eng
Neo Ave

AYE/CTE
Interchange-Outram
Rd
Clemenceau AveMoulmein Rd
Moulmein Rd-Jalan
Bahagia
CTE/PIE
Interchange-Braddell
Rd
Braddell Rd-Amk Ave
1
Outram Rd-AYE/CTE
Interchange

●

Marine Parade-Fort
Rd

●

Sungei TengahKJE/PIE
Interchange (Jalan
Bahar Flyover)

●

Sungei TengahKJE/PIE Interchange
(Jalan Bahar Flyover)

●

Tampines Ave 5Jalan Eunos
PIE/KJE
InterchangeJurong Rd
Jurong Rd-Jurong
Town Hall Rd
Clementi Ave 6Bukit Timah Rd
Bukit Timah RdPIE/BKE
Interchange
PIE/BKE
Interchange-Eng
Neo Ave

●

Pioneer Rd-North
Upper Jurong Rd
Clementi Ave 6-Bukit
Timah Rd
Bukit Timah RdPIE/BKE Interchange

●
●
●
●
●

●

●
●

Woodlands Ave 2-
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●
TPE

●
●

Sengkang ExitJalan Kayu
Jalan KayuSLE/CTE/TPE
Interchange

●

Woodlands Ave 12
Woodlands Ave
12-Mandai Rd
SLE/CTE/TPE
Interchange-Jalan
Kayu

●

Sengkang Exit-Jalan
Kayu

The road segments highlighted in yellow experienced congestions in all three periods, hence we
can conclude that these road segments are more popular than the others. These road segments
listed below have interesting characteristics that make them more popular.
1. CTE:
i. Clemenceau Ave to Moulmein Road
Residents in the southern end of Singapore like Bukit Merah and Queenstown could use the
CTE to travel to the northern side of Singapore. Motorists exiting from Moulmein Road will arrive
at Novena and Newton where commercial offices and healthcare industries such as Tan Tock
Seng Hospital, Ren Ci Hospital and Thomson Medical Centre are located. The peak periods are
usually in the morning from 07:00 - 11:00 as shown in Annex B.
2. PIE:
i. Clementi Ave 6 to Bukit Timah Road
It is an important segment because it links from the densely populated residential areas to the
commercial offices and educational institutions such as Ngee Ann Polytechnic, Hwa Chong
Institution and National Junior College. This explains the sharp peaks at certain time of the day
as shown in Annex B.
ii. Bukit Timah Road to PIE/BKE Interchange
PIE/BKE interchange is an important road segment for motorists coming from the central and
the east area to and travelling to the industrial factories in Woodlands, Woodlands Checkpoint
and Woodlands Causeway.
With the above findings, we could find out which road segments are the choke-up points for
motorists. Annex D shows the travel times along these road segments throughout the day for all
three periods.
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Conclusion
With the above analysis, motorists can now know the peak hours & highest travel times of
different roads. This gives them the flexibility to choose either leave their home/workplace
earlier (if they choose to go by the same road), or travel by a different road to avoid the
congestion.
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Annex A
Indication of Peak Hours during Normal season

AYE expressway

BKE expressway
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CTE Expressway

ECP Expressway
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KJE Expressway

PIE Expressway
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SLE Expressway

TPE Expressway
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Annex B
Comparison Between Festive and Normal seasons

AYE Expressway

BKE Expressway
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CTE Expressway

ECP Expressway
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KJE Expressway

PIE Expressway
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SLE Expressway

TPE Expressway
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Annex C
Comparison Between School Holidays and Normal seasons

AYE Expressway

BKE Expressway
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CTE Expressway

ECP Expressway
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KJE Expressway

PIE Expressway
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SLE Expressway

TPE Expressway
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Annex D
CTE: Clemenceau Ave - Moulmein Road

Page 21 of 23

PIE: Clementi Ave 6 to Bukit Timah Road
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PIE: Bukit Timah Road to PIE/BKE Interchange

Page 23 of 23

