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Digital Twins, Triplets & The Rest

An Outline of the Talk 
• What Is the Smart City? The High Frequency and Low 

Frequency City. What Does the Digital Twin Relate to? 
• Where Do Digital Twins Come From?
• A Cornucopia of Twins: Maps as Analogies
• Hardware Turning into Software and Vice Versa
• Multiple Abstractions: Many Models
• Now for Examples: Three Very Different Types of Twin

VR and AR, 3D City Models and BIMS
Real Time Simulation: Passenger Demand, Trains Supply & Flows
Long Term Urban Change: The QUANT Model

• Is the Concept Useful ?
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What Is the Smart City? The High Frequency and Low Frequency 
City. What Does the Digital Twin Relate to? 

The smart city has emerged essentially as the high frequency 
city. That is the 24 hour city or the city over short period. This is 
not the low frequency city, thus many ideas we have about the 
long term city barely apply to the short term

Much of this is because of new information technologies and 
there is an assumption that the the digital world is the world of 
the smart city where IT is being embedded into the city fabric

I adopt this assumption here, notwithstanding it is controversial   
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Our Theories of
the City

Let me define the smart city from a simple diagram. I have 
used quite a bit but it helps focus ideas. 
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Let me turn to the idea of the digital twin. Of course we in this 
audience would immediately say this is a ‘model’ and models 
are abstractions, simplifications of the real thing

We throw a lot more away than we keep. In fact arguably the 
best models are the simplest - but much depends on purpose.

So how then can we think a model is a twin – this sounds far too 
close to the thing we are simulating or representing. But as we 
move from long to short term and from low frequency to high, 
our models change and perhaps, just perhaps, some of them 
will get, are getting ‘closer’ to the real thing. 

This talk is about how close is the model to the original – the real
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So the digital twin cannot be a mirror image, it may be a 
replica, but it cannot be the same as the original (or can it? 
……). And to an extent, we assume it is a simulation.

There are some other features. First models depend on their 
media and if the media is close to the media of the original 
model, then we might think it is a ‘digital twin’ – especially if we 
imagine the system in question is digital. If we want to build ‘a 
digital’ model of this, then there is the prospect of building a 
twin. Then this might be the same as the original

Second can the digital twin be used for predicting a future that 
does not exist? Models might be about only the future, not the 
present – can a digital twin have this role? If there is no present.
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There is a third feature: is the digital twin reactive rather than 
predictive and if it is predictive, how close is the prediction to 
the real system? 

Thus a digital twin might be a coupling – a relation between the 
original and digital – a transfer of information and this is not 
necessarily so for a model. A model does not formally transfer 
material from itself to the real, or does it?

Fourth there is a sense in which a digital twin might be used to 
control a system – and this suggests it might be a controller or a 
mechanism to be embedded in the system. Hardly a model.
The systems we deal with are not top down, if anything they are 
bottom up, so does a twin have any role in our world? 
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Where do Digital Twins Come From?

The term appears to have been first coined in the early 2000s 
by Michael Grieves (2014) whose expertise in product design 
initially rooted the concept in production engineering.

In this sense, one can see the twin as being very close to the 
real thing especially as production systems are being 
continually automated and this automation is largely digital.

The closest in our world are the components of the built 
environment that make up the city – buildings, utilities, physical 
infrastructures – and it is no surprise that in this perspective of 
the smart city, this is where the idea is getting a lot of mileage
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A Cornucopia of Twins: Maps as Analogies: A Digression

The most evocative metaphors relate to maps – for maps are 
simplifications and there are many stories that suggest that the 
level of simplification is problematic. In fact there is a famous 
paper that some of us know by Benoit Mandelbrot called ‘How 
Long is the Coast of Britain? Science in 1967. The answer is – the 
length is infinite but the real answer is ‘it depends’

But the best story I have heard is the one from Lewis Carroll who 
in his last work Silvie and Bruno Concluded (1893) tells of a 
conversation between himself and a German gentleman 
about making a map close to the real thing. Let me read it out.
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The conversation goes like this: between ME and Mein Herr (MH)
ME: ‘What a useful thing a pocket-map is!’ I remarked.

MH: ‘That’s another thing we’ve learned from your Nation’, said Mein Herr, ‘map-making. 
But we’ve carried it much further than you. What do you consider the largest map that 
would be really useful?’

ME: ‘About six inches to the mile’.
MH: ‘Only six inches!’ exclaimed Mein Herr. ‘We very soon got to six yards to the mile. 
Then we tried a hundred yards to the mile. And then came the grandest idea of all! We 
actually made a map of the country, on the scale of a mile to the mile!’
ME: ‘Have you used it much?’ I enquired.
MH: ‘It has never been spread out, yet’, said Mein Herr: ‘the farmers objected: they said it 
would cover the whole country, and shut out the sunlight! So, we now use the country 
itself, as its own map, and I assure you it does nearly as well’. (Carroll, 1893 [1982])
This notion of the map being the same as the territory has been explored by others, by 
Jorges Luis Borges, Gregory Bateson, Joan Robinson, Braudrillard, Gerlenter. Even D. H 
Lawrence said that “the map appears to us more real than the land” (1925) 
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I would be remiss if I did not say that somewhat independently of these 
origins. My friend and late colleague Lionel March used this example from 
Carroll in his paper to the 1974  Urban Development Models conference at 
Churchill College Cambridge. 
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Somewhat later, Jorge Luis Borges (1946) in his essay ‘On Exactitude in 
Science’ more or less tells the same story of cartographers so obsessed 
with their art that they decided to produce the most detailed map of their 
Empire that they could make at a scale of 1 to 1. The next generations less 
enamoured of cartography than those who made the map had little use 
for it but Borges concludes by saying 

‘In the Deserts of the West, still today, there are Tattered Ruins of that 
Map’, 

conjuring up images from the movie The English Patient. I wonder if the 
same fate awaits the digital twin: possibly in terms of terminology but the 
power of simulation and the prospect of getting better and better 
simulations shows no sign of stopping. The prospects are enticing even if 
the experience continues to daunt it …… We will see.
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To Conclude my Interlude: Maps Based on Our Perceptions
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Hardware Turning into Software and Vice Versa

Of course, in essence what we are really heading towards here 
is that software is turning into hardware and vice versa. Building 
information models are classic in this regard. We can no longer 
design buildings without such models but for the building to 
function, the model must remain in place. It’s changing 
architectural design and the management of buildings.

This extends the idea of the smart city in that it is not just about 
an embedding of soft into hard but of hard becoming soft.

There are some key issues here in that if the twin merges with 
with the artifact, then the latency between the one and the 
other is problematic – it can no longer function separately
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But for any model to function independently, there must be 
some latency between the real thing and the thing simulated –
the model. 

Another feature is that if the twin is so strongly coupled with the 
original object or artefact or even the social system, the twin 
disappears if the original system disappears – the dependence 
is critical to the function of both the twin and the real system.

Much relates to the extent to which the digital will merge with 
the physical in the future.

In this context, it is clear that the twin cannot predict the future 
of the system to which is attached for prediction in this context 
means control, and control is essential for the real system.
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Multiple Abstractions: Many Models

Let me quote again from a famous book to impress these points 
about many models, many twins and so on; and indeed in 
parallel many variants of cities. I have not speculated at all on 
digital triplets, quads, identical twins – they are all talking points

While I am throwing out ideas about how close is the map to 
the territory, let me say recount one of the polemics from Italo 
Calvino from his 1974 book Invisible Cities between Kublai Kahn 
and Marco Polo. One of the stories there goes as follows. I used 
it in a lecture in Liverpool about 12 years ago, about different 
models, not unlike the pitch I am giving here. (Model cities, TPR, 78 (2))
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All Calvino’s stories are like this:

KK: ‘And yet in my mind I have constructed a model city from which all 
others can be deduced,’ Kublai said. ‘It contains everything 
corresponding to the norm. Since the cities that exist diverge in varying 
degree from the norm, I need only foresee the exceptions to the norm 
and calculate the most probable combinations’. 

MP: ‘I have also thought of a model city from which I can deduce all 
others’, Marco answered. ‘It is a city made only of exceptions, exclusions, 
incongruities, contradictions. If such a city is the most improbable, by 
reducing the number of abnormal elements, we increase the probability 
that the city really exists’. Calvino, 1974, 69 
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Now for Examples: Three Very Different Types of Twin

I am going to look at three very different conceptions of the 
spatial and physical structure of cities, 

• First using a physical representation of the elements that 
define the buildings in the city – building in digital 
representation, VR, AR and thence BIM – this is the hf city

• Second of flows of traffic which is a problem in demand and 
supply in term time; this is the high frequency city with long 
term implications

• Third a model of the low frequency city simulating long term 
urban growth and change
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VR and AR, 3D City Models and BIMS
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Demand by Travellers Supply of Trains

How do we match demand & supply without passenger tracking?

Real Time Simulation: Passenger Demand, Trains Supply & Flows
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Tube, Overground and National Rail Networks in London
where Oyster cards can be used
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Passenger Demand for Travel: Flows From Tap-In to Tap-Out Data
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!! !

! ! !
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The Public Transport System in Terms of Vehicle Flows and also Passenger Flows from Oyster
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Supply of Trains From the Tracker-Net
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Streams of City Data

Numbers of 
Tube Trains

Tube Status

Bus Numbers

South Western Rail
Southeastern Rail
First Great Western
East Anglian

Count all trains

Count late trains

VIC PIC NOR MET JUB
CIR DIS CEN BAK



Digital Twins, Triplets & The Rest

8 March 1939: Some of the 
four million tickets collected 
from London Underground 
passengers are examined in 
a survey by London Transport 
to discover the most and 
least used routes to help 
future infrastructure 
development

Big Data 
in 1939
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Long Term Urban Change: The QUANT Model

Our model is a LUTI model built sectors that interact using spatial interaction 
and it is scaled up to Great Britain and it is web-based – all the action is 
on this kind of implementation, not on the model per se
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Colour 
Scale

Web Site Web Services
WCF

QUANT 
Model

MapBox GL JS
(modified)

MSOA 
Vector Tiler

DATA
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Unity?
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Client & Server Architecture



Digital Twins, Triplets & The Rest



Digital Twins, Triplets & The Rest



Digital Twins, Triplets & The Rest

http://quant.casa.ucl.ac.uk/

http://quant.casa.ucl.ac.uk/
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Employment Density               Population Counts
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QUANT CAMBRIDGESHIRE 
(Cambridge, SouthCam, EastCam, Fenland, Peterborough, Huntingdonshire)

487 LSOAs à 97 MSOAs 
We modified the original QUANT 
model  to work at two different 
geographical scales:    MSOA & 
LSOA and to work with data from 
two different sources: LUISA & Census
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Is the Concept of the Digital Twin Useful ?

• I leave you to judge. Like many things, Yes & No. It forces us to 
think about how cities are changing, how models are prolif-
erating. How do we deal with many models of the same 
problem?

• It forces us to think about what smart cities really are, which is 
of course is part of the wider debate about what cities are 
and how that are being transformed by new technologies.

• It forces us to think about what a model really is and the 
extent to which we can link many models together for one 
system but also how we can think of many models and many 
different conceptions of the same system at the same time.
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