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Outline
• Smart Cities, Big Data & Urban Analytics
• Computers Any Where & Every Where
• Real-Time Streaming: Dash Boards & Portals
• Intelligent Transit: Mobility from Big Data

Variabilities – Heterogeneity and Travel Profiles
Disruptions – Signal Failures, Stalled Trains
Variable Locational Dynamics of Demand

• Related Real -Time Data: Social Media

• Automation in the City: The Long Term Future



What Are Future Cities? Smart Cities?
The spreading out of computers into public places & 

the built environment and all their consequences
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• The way we access the smart city is through 
technologies that let us generate and use data and 
its useful equivalent – information (data) is key

• Access through mobile and fixed devices like 
phones, smart cards, fixed sensors, web access 

• These usually complement rather than substitute for 
data which we collected and used in the past. This 
data still essential and highly relevant.

• This has introduced time into our thinking – in the 
past most urban planning for future cities was 
timeless –garden cities, new towns, master plans

• This is all part and parcel of increasing complexity; 
more time scales, more opportunities, more diversity



Computers Any Where & Every Where

• Virtually every element of the city is now being 
influenced by computers. This is simply an extension 
of what has been happening since computers 
were invented juts before and during world war 2 
some 70-80 years ago – miniaturisation of course 
but also the convergence of telecoms and 
computers and sensors

• You have seen many lists of items where we are 
seeing digital automation – transport of course but 
digital services, waste, food, buildings and their 
energy, everything from street lighting to the 
delivery of media and print to us



• There are now many varieties of automation for 
control and associated data that let us sense the 
real-time city, sometimes called the 24 hour city

• These are increasingly based on sensors and the 
main ones so far are of course our access to the 
web, to networked information but also fixed 
sensors relating to mobility and mobile sensors –
smart phones – relating to media and combinations 
thereof

• These are being gathered together in portals or 
dashboards and there are now an increasing 
number that enable us to provide a continuing 
picture of the real time city. 3D fly throughs are also 
being used to display such information.

• Here are some that we have fashioned in CASA



Real-Time Streaming: Dash Boards & Portals



http://vis.oobrien.com/panopticon/

http://vis.oobrien.com/panopticon/
http://vis.oobrien.com/panopticon/
http://vis.oobrien.com/panopticon/






• We are building a 3D version of London which captures real 
time data in real time and displays it almost immediately – this 
kind of application is moving very fast at present and there 
are countless variants on the web



• Let me show this movie instead as it has some good real time 
content – no I can’t show this one as I have to load Quick 
Time and we don’t have time



Intelligent Transit: Mobility from Big Data
• It is in the area of transit – fixed transport systems like 

your MTR that greatest progress is being made –
largely because we have data from smart cards for 
passenger demand for travel by time and place, 
and supply of  vehicles/trains (and buses) which 
relate to demand

• This is generating big data – without much attribute 
data of course but excellent portraits of what 
happens in time and space

• In London we have a very complex system which is 
accessed by Oyster Card. Unlike your own Octopus 
Card, ours cannot be used for other transaction 
and thereby lies another dimension of the smart city



Real-Time Streaming: The Oyster Card Data Set

Tap at start and end of train journeys
Tap at start only on buses

Accepted at 695 Underground and 
rail stations, and on thousands of 
buses 

Many Data Variants
991 million Oyster Card 
taps over Summer 2012 
– this is big data by any
standards – it won’t fit in 
an Excel spreadsheet 



Tube, Overground and National Rail Networks in London
where Oyster cards can be used

The Complexity of London’s Rail Network



Let me show you a little movie to get a sense of how our tubes are different from yours



Jon Reades’ movie at https://vimeo.com/41760845

I have shown this many times before but it gives 
a sense of how we piece the data together

https://vimeo.com/41760845




Variabilities – Heterogeneity and Travel Profiles

First we will look at some of the data and how it varies 
in terms of the diurnal flows  usually morning and 
evening peaks, with a small blip (peak) around 10pm 
at night



Entries

Exits



And for Particular Events: Weekdays, Saturdays and 
Sundays

Nightlife

Work Tourism?

Events



Comparing Variability for different time intervals for 
Three World Cities: London, Beijing and Singapore 

Zhong, C., Batty, M., Manley, E., Wan, J., Wang, Z., Che, F., and Schmitt, G. (2016) Variability in Regularity: 
Mining Temporal Mobility Patterns in London, Singapore and Beijing using Smart-Card Data., PLOS One, 
http://dx.doi.org/10.1371/journal.pone.0149222

http://dx.doi.org/10.1371/journal.pone.0149222

Table 1. Summary statistics of one-week of smart-card data (metro trips only)

		

		London

		Singapore 

		Beijing



		Monday 

		3,457,234

		2,208,173

		4,577,500



		Tuesday 

		3,621,983

		2,250,597

		4,421,737



		Wednesday

		3,677,807

		2,277,850

		4,564,335



		Thursday

		3,667,126

		2,276,408

		4,582,144



		Friday

		3,762,336

		2,409,600

		4,880,267



		Number of stations (1)

		400

		130

		233



		Number of tube line 

		13

		4

		17



		Area (2)

		1,572 km2

		718.3 km²

		2267 km²



		Total population (3)

		8.63 million

		5.3 million

		21.15 million



		Ridership of Metro

		20%

		35% 

		21%



		Length of metro lines

		402km 

		182km 

(MRT+LRT)

		465 km







(1) Number of stations is the number of stations with smart-card records generated.

(2) The area of Beijing only counts the area enclosed by the 6th ring road for a fair comparison.

(3) From the World Population Review, http://worldpopulationreview.com/world-cities/  accessed 20 April 2017



From 1 minute intervals to the whole day 



Comparing variability for  different time Intervals over
the whole day






Figure 4. Variability of regularity in the trip matrix over time.

Note: Each box plot shows the variability of 400 stations over time measured at different temporal scales. Overall, eight subplots give a similar trend where lower variability appears during peak hours (around 9 am in the morning and 6pm in the evening). More details can be captured as differences of variability between each time unit are magnified as we decrease the temporal scale from 12h to 4 minutes.
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Comparing variability for different time intervals and 
spatially by stations for Three World Cities: London, 
Beijing and Singapore 



Disruptions – Signal Failures, Stalled Trains

Disruption in the very short term – over minutes and 
hours is a key issue. There is disruption due to strike 
action and also problems with trains over weeks and 
months even but our focus is on the 24 hour city. We 
will look at both demand and supply data, noting it is 
very hard to tie these data sets together

• We will look at three disruptions – the Circle and 
District Lines which had a 4 hour stoppage on July 
19th 2012 

• And a Bus Strike in East London and how this shows 
up in the data

• And typical pattern of delay on all modes visualised 
for Greater London



Circle and District line 
part closure 

From Edgware Road to 
Aldgate/Aldgate East

19th July 2012
07:49 to 12:04

1234022 Oyster 
Cards with regular 

pattern during 
disrupted time 

period travelled



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



Real Time Capture of the  Public Transport System in 
Terms of Vehicle Flows: Supply



The real time trains data can be displayed in several ways in real 
time and a posteriori





A lot of data is now coming online for travel and one of our group 
Oliver O’Brien has some 97 bike schemes world wide for which he has 
online data in real time - Bikes Data – 4200 bikes, started Nov 2010, all 
the data– everything – all trips, all times, all stations/docks

Related Real -Time Data: Social Media





The Website: Real Time Visualisation of Origins and 
Destinations Activity http://bikes.oobrien.com/london/

http://bikes.oobrien.com/london/


Ethnic Diversity from Twitter Feeds: The Challenge of 
Adding/Integrating New Data and Value to Real 
Time Data



Visualising Real Time Data in 3D: Twitter Feeds in 
Proportion to Building Heights



Automation in the City: The Long Term 
Future

• As computers are now all pervasive there are few 
areas of the city that will not be affected by them

• Autonomous vehicles are all the rage at present but 
my view is that it will take a very long time, if ever, to 
really automate transport

• This will depend on general AI and progress in that 
area is highly controversial

• Energy in buildings is another area but much of this 
automation is entering the city in a piecemeal 
fashion

• Bigger issues in fact relate to the automation of jobs, 
migration, the nature of the economy, aging etc.



• The big question is what will cities look like in the next 
50 -100 years

• We will all be living in them at different size
• Migration rather than growth is likely to dominate
• Longevity and economic inequality will be major 

issues
• Urban form my be much less important in a global 

world
• Today I have talked about bits and pieces of a new 

science of the short term city but there is a new 
science of the long term city being developed

• Building the bigger picture – integrating the short 
term urban analytics and big data with long term 
theory and models will be a major quest
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