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Outline of the Lecture

1. The Context Again: New Data for and from the Smart City:
Illustrating Smart Cities with Movement Data

2. Why London?

3. A Partial View of London’s Network

4. Three Approaches, Three Problems —

a. Problem 1: Flows on the Tube Lines — by trains; some buses
b. Problem 2: Representing Networks

And the 3™ problem we will leave until next time

c. Problem 3: ‘Shortest’-Path Problems and Disruption
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Our focus on transport and communications mainly affect the
routine aspects of smart cities over short time periods
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Environment
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Context: New Data for and from the Smart City

Here we are going to move directly to networks in the literal sense,
Remember Metcalfe’s Law, so we will look also at flows on networks

Our understanding of urban flows tends to be based almost exclusively on
single-mode systems and each mode is handled separately; arguably we
need to look an integrated networks — multiplex networks

The increasing availability of large behavioural data sets from Public Transport
Networks (PTNs), combined with the increasing power and sophistication
of computational approaches, creates new ways of exploring travel
demand: real time streamed day

Greater spatial resolution — down to station or bus stop, and greater temporal
resolution — down to the minute, and greater coverage — centralised
collection of data means a single data store for an entire city

PTN-derived data also avoids many of the privacy issues associated with
mobile network data because the user becomes invisible as soon as they
leave the system.
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Why London?

Transport for London’s (TfL) RFID-based ‘Oyster Card’ is particularly attractive because
users typically need to use their card at both ends of a trip, providing us with
detailed origin and destination data for more than 3 million daily users.

The system is particularly large and complex:

Approximately 640 stations across all modes

340 stations with Oyster Card readers served by National Rail trains
80 stations served by Overground trains

270 stations served by Underground trains

45 stations served by Docklands Light Rail

39 stations served by Tram

147 stations with some kind of interchange (between line or mode)

Aboveground coverage by Open Street Map (OSM) is also particularly good, allowing
us to model walking behaviour using open source tools that respect pedestrian
preferences for balancing directness with quieter streets.
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A Partial View of London’s Network

Although many users — especially visitors — are used to thinking about London in
terms of the Beck schema, the combination of an online Journey Planner and

regular travel on the network enable many to identify the quickest route even if it
doesn’t appear to be the most direct.
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Three Approaches, Three Problems

1. To explore what is happening to actual movements of trains — to
compute delays — currently Transport for London TfL have an API for
tubes and buses that enables the user to query the location and of all
trains/buses on the network and to examine how they move — from this
we can calculate delay and compute a variety of measures. This is what
Richard Milton, one of my colleagues has done and | will show some of
this — it is very preliminary

2. Use of classic graph measures to show how the network can be disrupted
— this is largely a topological graph/network approach that shows how
betweenness centrality or accessibilities is disturbed — | am responsible
for this and will show some work

3. Fully fledged flow and graph measures in a multimodal context — tube,
overground, walk so far — where we are computing changes in flow — this
work that Jon Reades is doing — we will look at this next time and focus

on disruption.
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Problem 1: Flows on the tube lines — by trains

As we will demonstrate, through the “Trackernet” system for London

Underground and the “Countdown” system for buses, it is now possible to
collect and visualise the positions of vehicles in real-time.

At peak periods there can be 7000 buses, 900 trains and 450 tubes running on
the system. 270 underground stations.

Delays for these transport systems were calculated by using an archive of

historic data to find the mean wait time for every hour and every station
or bus stop.

This can then be visualised in real time or after the event for further analysis.
We show a mix of these visualisations in the figures that follow — as yet we
have not developed an integrated analysis but all the ideas are there. We

show the analysis first for the tube but here is the block diagram showing
how we are assembling the data.
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Tube Cutputs

Status: Distupted line
segments

Stations: Higher than mean
wWalt

Calibration

Buses: Estinated positions
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Flows During the Olympics — we are looking at this as a case study
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The Effect of Bus Strike

Tuesday 22" May 2012, 09:00 Wednesday 234 May 2012, 09:00

The left image shows the effect of the bus strike on 22" May 2012, while the image
on the right shows a normal day.
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Delays from Tube, National Rail and Bus Fused
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National Rail
more than 5
minutes late

Tube stations
showing a wait
time 15% above
expected

Bus stops
showing a wait
time 20% above
expected

Tube delays from the
TfL status feed are
also plotted as lines
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| want to introduce a little more background on the automated
scheme in London that we are discussing — some history first
and then a map of the network

It is quite confusing because so many networks overlap so we
should be clear about the core network — the underground
which has 270 stations; the Docklands Light railway has 45;
the overground has 83 but this extends outside of Greater
London: then national rail is more complicated because it
dovetails with overground and underground stations also
coincide but are not the same as national rail stations.

We are mainly going to deal here with the greater London
networks but the touch card data is for a much bigger area
and also for the bus system and it can also be related to
national rail.
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on City Airport

The Overground
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The simplest network for the first problem, based on an analysis
of the network, not the flows: shown below are the degrees
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Problem 2: Representing Networks

We use standard graph algebra to represent the network
where we define three indices of centrality

o. :Zaij \
J

o, :Za"’
| J

Degrees of the graph

[ O'ZZO'i :Zj:O'j =sz:aij

: O i
Betweenness Centrality C, = Zz_kl
i j Ojj

-1
Closeness Centrality L =KD = K[z:d j
i i ij

j
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Representing Flows

Trip Volume T = ZTij

Entries and Exits j L T = ZT‘ — ZTJ _ ZZT”
51 . , — <

Changes in A =T -T/ ZA ZA 0
Trip Volumes A; =T, =T/
O O
Weighted Betweenness Pix = 4= = : Z Py =1
: Oj; Zo'wj k
Centrality

:Z;Tijpikj ZZTu o
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A Preliminary Analysis (1)
The Minimal Tube Network and the Three Centrality Indices
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A Preliminary Analysis (2)

eTop Stations
*By Centrality

Station d Station C . Station L{_

Baker Street 7 Green Park 16399 Green Park 2157
King's Cross 7 Waterloo 15644 Westminster 2.107
Bank & Bank 15008  Bond Street 2.101
Earl's Court & Baker Street 14441 Cneford Cirous 2.089
Green Park & Westminster 14139 Waterloo 2.089
Oxford Circus G Bond Street 1142%  Bank 2074
Waterloo ] Liverpool Street 11186 Baker Street 2.071
Canning Town 5 Stratford 10814 Victoria 2.065
Liverpool Street 5 Mile End 10302 Hyde Pk Corner 2.053
Paddington 5 Bethnal Green 10017 Embankment 2.041

Shadwell 5 Finchley Road B905 Piccadilly Cirous 2.041
Tumham Green 5 Earl's Court B706 5t. James's Fark 2.035
Acton Town 4 King's Cross B&7D Regent's Fark 2.032
Bond Street 4 Wembley Park T96EB King's Cross 2.029
Camden Town 4 South Ken 7182 Liverpool Street 2.026
CanadaWater 4 Euston 7156 Markle Arch 2026
Canary Whart 4 Glougester Rd 7042 Tottenham Ct Rd 2026
Embankment 4 Paddington 7028 Moorgate 2.020
Euston 4 Victora 6558 Charing Cross 2017
Finchley Road 4 Harrowe-o-t-Hill 6253 Great Portland 5t 2017
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A Preliminary Analysis (3)

Closing Liverpool Street




A Preliminary Analysis (3)

Closing Green Park
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