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Introduction

• Tourism industry, a key economic driver for Singapore:
– 15 million foreign visitors a year
– 23 billion Singapore Dollar receipts in 2012

• Understanding tourists travelling behaviors is important:
– Where do they go?
– How they travel from one place to another?
– Where do they stay?

• Useful to stake holders:
– Government (tourism board, city planning, public transport): better 

planning, improve existing services
– Private (travel agencies, taxis, hotels, restuarants, advertising etc): 

better or new business
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Introduction
• A highly efficient transport system in 

Singapore
– Buses, MRTs, LRTs
– Payment mostly with commuter card (EZ-link)
– Trajectories (partially) recorded

• Utilized by both locals, business travellers, 
and tourists in Singapore

• Who Are the Tourists 
Among the Commuters?
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Introduction
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Introduction
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Main focus
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Background – public transport

• The public transport system

– MRT, similar to the subway in NYC

– LRT, short distance neighborhood 
railway transport

– Bus
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Background – ticketing & Payment
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Background – travel record
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The travel record Schema
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Background

• Many tourists use standard tickets to travel around

• Tourists travelling patterns from standard tickets records
– Problem: discontinued trajectories, no bus records, 

size could be small

• Our goal: identify tourists from regular EZ-link card 
users
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Our Approach

• A Two staged processs:
– Stage 1: Initialization

• Score each MRT/LRT station based on the 
attractiveness to tourists

– Stage 2: Iterative Refinement
• Update the scores for both MRT/LRT stations and 

tourists in a graph
• Classify one as a tourist/non-tourist after the final 

iteration
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Our Approach – Stage 1

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖

• We solve for each station:

Score 𝑠𝑠𝑚𝑚𝑖𝑖 ~ Pr 𝑡𝑡 𝑚𝑚𝑖𝑖
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Our Approach – Stage 1

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖

• We solve for each station:

Score 𝑠𝑠𝑚𝑚𝑖𝑖 ~ Pr 𝑡𝑡 𝑚𝑚𝑖𝑖 = Pr 𝑡𝑡 ⋅ Pr(𝑚𝑚𝑖𝑖|𝑡𝑡)
Pr(𝑚𝑚𝑖𝑖)
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Our Approach – Stage 1

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖

Score 𝑠𝑠𝑚𝑚𝑖𝑖~ Pr 𝑡𝑡 𝑚𝑚𝑖𝑖 = Pr 𝑡𝑡 ⋅ Pr(𝑚𝑚𝑖𝑖|𝑡𝑡)
Pr(𝑚𝑚𝑖𝑖)
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Our Approach – Stage 1

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑠𝑠 number of trips with standard tickets at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑟𝑟 number of trips with regular EZ-link card at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑡𝑡 number of trips from tourists with standard tickets at station 𝑖𝑖

Score 𝑠𝑠𝑚𝑚𝑖𝑖 ~ Pr 𝑡𝑡 𝑚𝑚𝑖𝑖 = Pr 𝑡𝑡 ⋅ Pr(𝑚𝑚𝑖𝑖|𝑡𝑡)
Pr(𝑚𝑚𝑖𝑖)
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The estimation of Pr 𝑚𝑚𝑖𝑖 𝑡𝑡 :
• Idea: standard tickets records, but isolate the effects of locals 
• �𝜃𝜃 is the probability that a local uses a standard ticket
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Our Approach - Stage 1

• The estimation of �̂�𝜃: 
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�𝜃𝜃

�𝜃𝜃
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Dover surroundings: - An isolated educational institution
- No closeby residences
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Our Approach – Stage 1

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑠𝑠 number of trips with standard tickets at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑟𝑟 number of trips with regular EZ-link card at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑡𝑡 number of trips from tourists with standard tickets at station 𝑖𝑖

Score 𝑠𝑠𝑚𝑚𝑖𝑖 ~ Pr 𝑡𝑡 𝑚𝑚𝑖𝑖 = Pr 𝑡𝑡 ⋅ Pr(𝑚𝑚𝑖𝑖|𝑡𝑡)
Pr(𝑚𝑚𝑖𝑖)
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The estimation of Pr(𝑚𝑚𝑖𝑖) :
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Our Approach – Stage 1 

• 𝑡𝑡 - a tourist commuter
• 𝑚𝑚𝑖𝑖 - an event that a commuter has visited station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑠𝑠 number of trips with standard tickets at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑟𝑟 number of trips with regular EZ-link card at station 𝑖𝑖
• 𝑛𝑛𝑖𝑖𝑡𝑡 number of trips from tourists with standard tickets at station 𝑖𝑖

Score 𝑠𝑠𝑚𝑚𝑖𝑖 = Pr 𝑡𝑡 ⋅ Pr(𝑚𝑚𝑖𝑖|𝑡𝑡)
Pr(𝑚𝑚𝑖𝑖)
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where
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Our Approach – Stage 1
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Top Ranked stations based on attractiveness
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Our Approach – Stage 2
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Labeled commuters

Unlabeled 
commuters

Scored stations

A toy Station-Commuter Relationship graph
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Our Approach – Stage 2

• While # of iterations < predefined threshold (e.g 150) :

– Update the class distribution of each commuter based on its current 
class distribution and the class distributions of stations that they visited

– Update the class distribution of each station based on its current 
disribution and the class distributions of commuters who visit them 
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Our Approach – Stage 2
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Our Approach – Stage 2
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Our Approach – Stage 2

• Updating functions:
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Update for commuters

Update for stations
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Our Approach – Stage 2

• Final class assignment:
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For 𝑐𝑐 ∈ {Tourist, Non−Tourist}
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Experiments
• One-month EZ-link records from LTA

• Preprocessing:
– Exclude commuters with less than 6 records

• Data description:
– 1.7 million commuters
– 49.5 million records
– Training set: 1000 tourists and 250,000 locals

• Competitors:
– FTF (Fast Transversal Filter):  a state-of-the-art iterative inference algorithm
– SVM 

• Evaluation metric:
– F1 score: 𝐹𝐹𝐹 = 2×𝑃𝑃𝑟𝑟𝑃𝑃𝑃𝑃𝑖𝑖𝑠𝑠𝑖𝑖𝑃𝑃𝑃𝑃×𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅

𝑅𝑅𝑃𝑃𝑃𝑃𝑅𝑅𝑅𝑅𝑅𝑅+𝑃𝑃𝑟𝑟𝑃𝑃𝑃𝑃𝑖𝑖𝑠𝑠𝑖𝑖𝑃𝑃𝑃𝑃
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Experiments
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Comparison Results
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Case Study
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Places visited by tourists by popularity
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Case Study
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Where do tourists go from the airport?
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Case Study
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Where do tourists go from bugis?
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Cast Study
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Why do tourists visit Ang Mo Kio?
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Related Work

• Mining public transport data
– Improve public transport in a city
– Behaviors of populations (what’s the popular shopping places)
– Behaviors of individuals (what’s one’s home, work place)

• Mining tourists data
– Travelling patterns of tourists (e.g based on Geo-tagged images)
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Conclusions

• Extract tourists records from public transport data
– Meaningful to stakeholders, both private and government

• Proposed an algorithm based on:
– Station scoring and iterative score refinement

• Verified findings with experiments

• Hope to attract interest to solve similar problems in other cities, e.g. 
Hong Kong, NYC, London etc.
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Thank you
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