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Introduction ςMotivation

ÅHigh car-usage exacerbates many problems

ÅEfficient solution : reduce private car use & increase public  
transport use (Goodwin, 1996).

ÅImproving public transport service quality can increase public 
transport use and lead to a large car use reduction (Eriksson 
et al., 2010).
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Introduction ςMotivation

ÅHeterogeneous mobility system: transport system with 
multiple transport modes, such as train, bus, subway, etc. 
has been applied widely (Habitat, 2013; Van Nes, 2002).

ÅImproving quality of heterogeneous mobility system
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Introduction ςObjective

ÅHelping experts, such as city planners,  discover and 
understand potential inefficiencies in heterogeneous 
mobility system.
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Introduction ςChallenges

ÅInefficiencies in heterogeneous mobility system are due to 
multiple reasons from different aspects.

ÅInefficiency patterns are usually not well defined.
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Introduction ςSolution

ÅUsing visual analytics techniques to explore the inefficiency 
patterns in heterogeneous transportation system.

Å Visualization: a technique to transform complex data to human-
understandable graphical information.

Å Visual analytics: a science of analytical reasoning facilitated by 
interactive visual interface (Thomas & Cook, 2006).
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Introduction ςWorkflow

ÅDefining and finding factors contributing to inefficiencies 
of public transport service. 

ÅBuilding proper visual analytics methods to explore 
spatiotemporal patterns of individual factor and their 
relations. 

ÅImplementing proposed methods with real data.
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Previous Work

ÅReview of public transport quality attributes (Redman et al., 2013)

ÅThis thesis focuses on operational attributes
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Attribute Definition

Physical Reliability How closely the actual service matches the route 

timetable

Frequency How often the service operates during a given period

Speed How time spend travelling between specified points

Accessibility The degree to which public transport is reasonable 

available to as many people as possible

Price The monetary cost of travel

Information Provision How much information is provided about routes and 

interchanges

Ease of Transfers or Interchanges How simple transport connections of vehicles, 

including time spent waiting

Vehicle Condition The physical and mechanical condition of vehicles, 

including frequency of breakdowns

Perceived Comfort How comfortable the journey is regarding access to 

seat, noise levels, driver handling, air condition

Safety How safety from traffic accidents passengers feel 

during the journey as well as personal safety

Convenience How simple the PT service is to use and how well it 

ŀŘŘǎ ǘƻ ƻƴŜΩǎ ŜŀǎŜ ƻŦ Ƴƻōƛƭƛǘȅ

Aesthetics !ǇǇŜŀƭ ƻŦ ǾŜƘƛŎƭŜǎΣ ǎǘŀǘƛƻƴǎ ŀƴŘ ǿŀƛǘƛƴƎ ŀǊŜŀǎ ǘƻ ǳǎŜǊǎΩ 

senses
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Methodology ςInefficiency factors 
overview
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Inefficiencies in 
Heterogeneous 
Mobility System

Unreliability

Frequency

Complexity

Accessibility

Previous work: focus on one aspect of inefficiency
This thesis: build an overview of inefficiency from four aspects 

with improved details as well as their relations
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Unreliability

ÅDefinition

Å The time difference between actual travel time for the trip and its 
official scheduled travel time.

ÅImportance:

Å The lack of reliability induces stress because of long waiting time 
(Cantwell et al., 2009).

Å Travel time reliability influence commuters travel mode decision 
because they attach high importance to the certainty of public 
transport (Bhat & Sardesai, 2006).
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Unreliability 

ÅAbsolute unreliability: accumulative result of delay or advance 
at certain position

Å Advance: absolute time difference is negative

Å On time: absolute time difference is close to zero

Å Delay: absolute time difference is positive

ÅRelative unreliability: delay or advance change between two 
adjacent stations

Å Decrease of delay/advance: relative time difference is negative

Å No influence on delay /advance: relative time difference is close to zero

Å Increase of delay /advance: relative time difference is positive
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Unreliability ςMethodology

ÅObjective: Where and when delay or advance incurs

Å Difficult to show spatial and temporal information at a large scale at 
the same time

ÅSolution from three aspects:

Å Trajectory-level: along a certain route over a long time period

Å Regional-level: over a large area during a short time period

Å Peak time distribution: detect significant time and position
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Unreliability ςMethodology

ÅTrajectory-level : trajectory wall

Å 2D map as spatial reference and stacking bands of trajectories ordered by 
time sequence. Colors indicates the behavior along trajectory.

Å Trajectory wall can show attributes attached to space and time by 
temporal ordering clearly
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An example showing speed of vehicle along the trajectory

Blue: > average speed
Yellow: average speed
Red: < average speed
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Unreliability ςMethodology

ÅRegional-level : calculating and visualizing expected value 
of delay or advance

Å Step 1: Select a time period of interest Tm

Å Step 2: Calculate excepted value of delay of each position in an 
area over a selected time period. At position S, delay X1 happens N1
ǘƛƳŜǎΧ Xm happens Nm times. The total number of delay records is 
N. Excepted value of delay Ὁ at S during Tm is:

Ὁ ὢ
ὔ

ὔ

Å Step 3: Define influenced area of each position

Å Step 4: Visualize excepted value of delay on map
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Unreliability ςMethodology

ÅPeak time distribution : significant time period and position

Å Overview of unreliability

Å Significant time and position: when and where the expected value of 
delay or advance is higher than a threshold.
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Frequency

ÅDefinition

Å How often the service operates during a given period.

ÅImportance

Å Change of frequency may minimize the waiting time at the start of the 
trip or at transfer (Pratt et al., 2000).

Å Many studies reveal frequency optimization particularly impacts the 
efficiency and demand of public transport. 
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Frequency

ÅFrequency should meet the demand of passengers and 
minimize waiting time under certain conditions. Waiting 
time is related to headway.

ÅHeadway: time interval of two sequential arrivals in one 
station of vehicles of same line

Å Short headway: passengers arrive at station randomly

Å Long headway: passengers arrive at station according to timetable
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Frequency ςMethodology

ÅIn general: where and when service frequency meets the 
demand of passengers or not.

ÅShort headway: excepted passenger waiting time is related 
to headway, can be given by (Wilson et al., 1992):

Åw = ρ ὧ

Å w = mean waiting time. h = mean headway. c = coefficient of variation, 
which is the ratio of the standard deviation to the mean headway 

ÅLong headway: unreliability is the key factor that increases 
waiting time. Where and when suffers unreliability and low 
frequency at same time should be pay attention by users.
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Complexity and Accessibility 

ÅDefinition 

Å Complexity: how many transfers are needed from origin to destination.

Å Accessibility: suitability for public transport taking individuals from 
origin to destination within a reasonable amount of time.

ÅImportance

Å Improved accessibility contributes to the increase of bus ridership. In 
some case it even leads to users selling their cars. (Loader & Stanley, 
2009)

Å A study in Quito found that one third of daily trips are using transfers, 
and the number of passengers decreases as the number of transfer 
increases (Bastidas-Zelaya & Ruiz, 2016).
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Complexity and Accessibility ς
Methodology

ÅIn heterogeneous mobility 
system, multiple transport 
modes offer better accessibility 
to passengers.

ÅIt is inevitable to make transfer in 
heterogeneous mobility system. 

ÅIn heterogeneous mobility 
system, passengers want 
maximizing accessibility and 
minimizing transfer times.

ÅCombination of flow map and 
isochrone map 
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visualization of complexity and accessibility 
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Methodology ςSummary 
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Case study: City of Warsaw

ÅData : 2016-09-01

Timetable: General Transit 
Feed Specification (GTFS)

GPS: VaVeLproject 

ÅSoftware

V-analytics

http://geoanalytics.net/V-Analytics/

(Andrienkoet al., 2007) 
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Name Example Description

Id 1_@_101_1_TO-

NWD_1

Identifya segmentalonga trajectory.

Trajectory

_id

101_1_TO-NWD_1 Identifya trajectory

Line 10 Identify line

Tripmode tram Informationof vehicle,busor tram

Start_ID 1462 Identifystart point of a segment

End_ID 1122 Identifyendpoint of a segment

Start_time 2016090100:00:00 Startingtime of the segment

End_time 2016090100:02:00 Endingtime of the segment

SegmentN 1 The sequencenumber of the segmentalong

the trajectory

Start_X 20.96036911 Longitudeof start point

Start_Y 52.31063843 Latitudeof start point

End_X 20.96449089 Longitudeof endpoint

End_Y 52.3132515 Latitudeif endpoint

http://geoanalytics.net/V-Analytics/
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Case study: City of Warsaw

ÅData

Å Blue points are real stops in Warsaw and red points are 
centroids of a group of points inside an voronoipolygon.
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Case study: Data process

ÅDate process: trajectory matching (example of tram line 10)

ÅDifficulty: one trajectory of GPS data contains many trips. 
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Left: timetable trajectories. Right: GPS trajectories. One selected trajectory is shown in black.
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Case study: Data process

ÅLooking for corresponding 
trajectory of timetable in 
GPS data 

Å Identifying corresponding 
trajectories by attributes of 
starting time and direction.

ÅResult: 

Original data records: 6794

Matching result records: 4765
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Result of matching trajectories of tram line 10


