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This Lecture

Note that Lecture 2 in Session 2 has been
incorporated into Lecture 1 in Session 3. If you
follow the PDFs on the blog, then you find this
material repeated for some of the slides in this

lecture
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Outline of the Lecture

1. The Context Once Again: Smart Cities, Real Time
Streaming, Big Data and Movement Data

. The Example of Transit in London
. The Supply of Vehicles: Trains and Buses

. The Demand for Travel: Smart Cards, Oyster

o b~ W N

. Resilience and Disruption
Examining Network Disruption: Station and Line
Closures
Examining Traveller Disruption: Stalled Trains

6. Other Measures: Daily Polycentricity: Information
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The Context Once Again: Smart Cities, Real Time
Streaming, Big Data and Movement Data

Now last time we looked at a simple model of smart cities where
we said that data flow and the analysis and prediction of
routine functions where computers of various sorts were

embedded into the built environment were the main subject
of our smart cities analytics.

The very best example of this is transit. For in enabling users and
vehicles to be computerised, we can collect large volumes of
data automatically — and in real time as users and vehicles
operate the system — and begin to examine problems of
management and control as well as prediction.

Urban analytics in this sense is about analysing the data,
visualising it, and building models for short term prediction
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Our focus on transport and communications mainly affect the
routine aspects of smart cities over short time periods

Physical Built
Environment

real-timed
streamed data g
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The Example of Transit in London

London is a good place because out of 8 million people in the
inner metro area, some 50% or more are riding public
transport — bus, tube (subway and light rail), heavy rail

Here are some parameters of the system

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.

e The system is particularly large and complex — our focus on tube, DLR and
overground has about 400 stations, tube about 270

e Approximately 640 stations across all modes

e 340 stations with Oyster Card readers served by National Rail trains

e 80 stations served by Overground trains

e 270 stations served by Underground trains

e 45 stations served by Docklands Light Rail

e 39 stations served by Tram

e 147 stations with some kind of interchange (between line or mode)
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Partial Views of London’s Network
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The Total Rail Transport Environments in London
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Tube, Overground and National Rail Networks in London
where Oyster cards can be used
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The Supply of Vehicles: Trains and Buses

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 — here is first is the block diagram showing
how we are assembling the data.
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https://www.youtube.com/watch?v=3CnQ iIxX9RU&feature=youtu.be
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Our Unified API

Our unified AP brings together data across all modes of transport into a single RESTful AP This AP| provides
access to the most highly requested realtime and status infomation across all the modes of transport, in a single and
consistent way. Access to the devioper documentation is available at hitps://api tfl. gov.uk

Example calls

APl area Example calls Description

Journey planning - https:/fapi tfl gov_uk/journey/journeyresults/westminster/to/bank Journey planner

Westminster to Bank supports many

(Disambiguation) parameters to help
find the right journey
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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

.--:,-—1

o

Key

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

o Centre for Advanced Spatial Analysis =




The Demand for Travel: Smart Cards, Oyster

UCL ENGINEERING
Change the world

Home - Projects — |y i

OYSTER GIVES UP PEARLS

How studying millions of Oyster Card journeys reveals
London's ‘polycentres’

Researchers from UICL have analysed milions of Oyster Card journeys in & bid to
understand how, why and where we travel in London.
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They used Transport for London’s database of 11 million records taken over one wesk
from the Oyster Card electronic ticketing system.
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Smart Card Data
Oyster Card Taps

e Tap at start and end of train
journeys

e Tap at start only on buses

e Accepted at 695 Underground and
rail stations, and on thousands of
buses. 1.053 billion Oyster Card taps
over July to September 201

e 762 million OD trips, 291 million
UG and rail trips, 11.5m Oyster
Cards. No routing data
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If you go to Vimeo or to you will get this movie
over a 7 day typical work second by second flows
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Resilience and Disruption
Examining Network Disruption: Station and Line Closures
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Representing the Tube Network

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

o. :Zaij \
J

o, :Za"’
I J

Degrees of the graph

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

O
Betweenness Centrality C, = L
2T

i

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

j
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Representing Flows

Trip Volume T = ZT”

Entries and Exits j L T = ZT‘ - ZTJ — ZZTij
| = | i j i

Changes in A =T —T ZA —ZA 0
Trip Volumes A =T -T/ ==l
Oii O
Weighted Betweenness Pix = 4 = . : Z Pug =1
: Oij Zaifj k
Centrality /

Oi;

CAfk - ZZTij Pig = ZZT” —
i i

o
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A Preliminary Analysis (1)
The Minimal Tube Network and the Three Centrality Indices

e =)

Cerngrugne Toba Map (Chch & nzsen ber meew! sew rag |

Betweenness Closeness
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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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Looking at Station Closures and Shifts of Travellers Using The
‘Shortest’-Path s

- o Bank & Monument Stations:
‘7\0 > / *5 Lines and 2 Modes
J g *60k Entries/Exits Weekdays
*35k Entries/Exits Weekends

Although a simple station/line network may be sufficient for small cities, for
‘Mega-Cities’ such as London, New York, or Tokyo a much more detailed network
is needed with interchanges measured down to the platform level. The ‘penalties’
for changing lines (and permitted Out-of-Station Interchanges) can be severe and
should be included in a schematic network representation.
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Methodology

1. Build average O/D flows between all Under- and Over-ground stations
— 33 days of activity with 100% coverage of pseudonymous Oyster cards

— More than 300 million unique trip segments
(of which 120 million by some form of rail)

2. Build walking network between all stations within 5km of each other

— Routing on OSM network provided by routino using realistic preferences
for walk speed and intensity of road usage

3. Build integrated travel-time network representation of both modalities
— End-to-end travel time extracted from routino routing
— Physical layout of stations inferred from real-time platform data
4. Simulate simultaneous disruption for 1 or 2 stations
— Use real O/D matrix and remap disrupted trip segments
— Realistic disruption on basis of entry/exit/interchange breakdown

— Measure changes in volumes and ‘lost’ travel times across segments

Centre for Advanced Spatial Analysis &




Link-Level Disruption

Digupted Stations: Raynars Lane & Stratford

+ Travel
Waking

]
T

Difference When Disrugted (Logio)

1 1 1
0 ) 4 B i
Mormal AM, Peak Link Flow (Leq10)

Difference When Cisrupted (Log10}

Disrupted Stations: Liverpool Straet & Victoria

= Trawl
© Walking

1 1 1 1
) 4 B L] 1 12
Meormnal &0, Peak Link Flove (Log 10}

Single- and dual-station disruptions produce unexpected link-level interactions:
changes in shortest-path typically cause some links to lose passengers, and gains are
often less than expected. Moreover, it is not the biggest and most central stations

that cause the largest shifts!
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The Undisturbed Network
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Liverpool Street & Victoria
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Two of London’s busiest stations — because of connections to mainline rail —
but if disruptions are localised to the Tube alone then there are many more
local substitutes.
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Rayners Lane & Stratford
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Secondary interchanges outside the core seem to cause greater disruption.
Major re-routing required to complete journey, and time lost to walking long
distances or travelling via more circuitous routes is much greater.
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Betweenness & Closeness: Liverpool Street & Victoria

Centrality Plot for Scenario #145 (Liverpool Street, Victoria)
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Betweenness & Closeness: Rayners Lane & Stratford
Centrality Plot for Scenario #8 (Rayners Lane, Stratford)
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Disruption: Examining Traveller Disruption: Stalled Trains

OXFORD CIRCUS

No
Change

Change
Origin

Change
Destination

Change
Mode

CLAPHAM NORTH

e ———"
[ ————

OXFORD CIRCUS
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London Underground and
Rail Network

Geographic form




No Change: Increased Travel Time

Greater than 2SD above mean increase on usual travel
time for that Oyster Card

Size equal to proportion of users that regularly travel from station
during time period, and travelled that during disruption




Origin Changes

Locations from where individuals changed
from their usual origin station




Destination Changes

Locations from where individuals changed their
usual destination station




Complete Switch to Bus

Locations from where users replaced usual
journey with a bus-only journey
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Partial Switch to Bus

Locations from where users replaced a part
of usual journey with a bus journey




Upton Park 78.9%
Dagenham East 76.7%
Dagenham Heathway 76.4%

Total Proportion Disrupted

Proportion of all 79103 users identified as being
disrupted from usual patterns




Disruption Analysis Some Key Points

e Behaviours vary across network

e Different areas of network more resilient to
disruption, due to available infrastructure and
individual ability to change

e But areas of network are naturally closely tied
through established usage patterns

e |[ndividual-based analyses provide insight into
behaviours underlying macroscopic flows

_ Centre for Advanced Spatial Analysis h
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Measuring Regularity
Version 2: DBSCAN Method

Oyster Card A — Origin 747

® ® 90000 0—0—0—0 0

Cluster 1
Mean: 08:07; SD = 6.2
Max: 07:45; Min: 08:16

Proportion of Days = 0.8

Cluster 2

Mean: 17:34; SD = 17.1
Max: 16:58; Min: 18:57
Proportion of Days = 0.6

Oyster Card A — Destination 647

0—00-0000-0 ® ®

90000 0—0—0—0-

Cluster 3
Mean: 08:37; SD=7.4
Max: 08:13; Min: 08:48
Proportion of Days = 0.8

Cluster 4

Mean: 18:06; SD = 18.1
Max: 17:26; Min: 19:28
Proportion of Days = 0.6
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Measuring Regularity

. Highest proportions of regular journeys by
each station during AM peak period




Measuring Regularity

Highest proportions of regular journeys by
each station during inter-peak period




Simulating Functional Resilience

Closing a station at 5pm, measuring mean proportional
increase in travel time

To be added

Line closures

Bus routes

Behavioural heterogeneity
@




Visualising Functional Resilience

Most Popular Destinations by Origin




Visualising Functional Resilience

Reliance on Bank station




Visualising Functional Resilience

Reliance on Westminster station




Daily Polycentricity: Information Flow

We are currently using information theory to figure out how
much information from trips is transmitted from station to
station through time by working out how many passengers are in
stations or on trains in stations over time. We are using the
concept of transfer entropy to do this. | don’t have time to say
much about this but here is a picture about this

Stations S Euston @ 8.2%9am

1
8.30am 13 | ®@ ny | 133 | w00 | 152 | ass | 3se | o8y | ye2 | g | ave’| iam | im0 | 144
iE1L | 164 | 199 | 138 | o4 | 1a4 | ane | a8 6ar | aam | Asr | 2 % 5

Time

(Ve ialye. xe)
p(esalye)

Tyx = Z PVe+1. Ve X} log
t=1

g 50 ns 10
8.50am | w0 | a4 | s | 183
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Second we are working with the Oyster data again with Melanie
Bosredon in out group and Marc Barthelemy in Paris on
extracting clusters from the travel data using a new method of
defining intensity. | will show this as a simple movie of origin
and destination intensities as they change over time of day.

Number of hotspots (stations)
vs. time

Monday H Tuesday HWednesdayH Thursday H Friday H Saturday H Sunday

type

60 7 — origin

— destination
40 -
20

H(®

6 10 14 18 22 6 10 14 18 22 6 10 14 18 22 6 10 14 18 22 6 10 14 18 22 6 10 14 18 22 6 10 14 18 22
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And to finish this section — let me show you a movie
where we combine this data with our 3D model and
build a rather beautiful 3D moving environment that
has all the problems of knowing how we should
interpret different kinds of cycles in time and space

This is the kind of thing that is possible with this kind of
big data and the current methods for visualisation —
in fact in the live version you can query the movers
and pull up some attribute data on them as the
movie plays

Courtesy of Gareth Simons, MRes Student CASA, 2014
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