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Why do we need to model how people
walk ?
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Outline of the Talk

1. Agents — Behaviour — Randomness — Geometry
2. Mobility and Random Walks —
3. Constraining Randomness — Organic Growth

1. Agents — Behavior — Randomness — Geometry

| appreciate that many of you here, in fact most,
don’t want to be lectured on theory — these are
[ [ lem n’t lets make them




First this style of modelling is based on what we call
‘agents’

And second, it is a style of modelling based on
‘averages’ We basically model how a large number

Defining Agents — objects that have motion

The concept is broad, hence confused — there are at
least four types in various kinds of modelling

f——




Agents in this talk (and these models) are mainly
people, literally individuals, but sometimes other
objects such as physical objects like streets and
barriers and plots of land can be treated as

— this i r of '

2. Mobility and Random Walks

| will begin with randomness which is at the basis of
much movement in physical systems and then




The classic one-dimensional walk ........

Here we simply
generate a random
deviation from the line

The one-dimensional walk with memory ...

Here the random
deviation is added to
the position of the




Let’s suppress time ...

This is exactly the
same walk as the
previous one but now
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Now think of the walk in two dimensions

This is a random walk
which is the basis of
an awful lot of
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E 1-d Random-walk-random-change
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Note how these movements are independent of
scale — not how they look the same at all scales —
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3. Constraining Randomness — Organic Growth

Let us constrain randomness — and add some
geometry — we saw how we might do this by not
letting the two-d random walk move outside the

This then adds to the seed — there is now a
connected structure — carry on with the process of
bombarding the structure, and whenever the
walker touches the structure, its grows a bit.
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Adding Geometry — the Diffusion
Limited Aggregation Model

A
UCcL
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4. Adding Intentions: Social Behavior — Utility

Let us try to add some socio-economic logic to the
random walk — we will assume that the walkers
are moving to some specific destination — which
we will encode into the spatial environment on

Here are some of our examples and we will run
some movies to show what happens

We start with a street, launch
walkers and then narrow the
street to see the effect of

crowding
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Q Narrow Street — no obstacles

Q

f——

5. Models of Crowding — Buildings and Town
Centres: Panic, Evacuation, Safety

We have developed a number of these models all
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Let us simply show what we can do

A Town Centre:
Movements from car parks and stations into the
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Fire Evacuation:
How Fire spreads through a building and how
people crowd and panic in evacuation

SHILE

RealPlayer

http://fseq.gre.ac.uk/

There is some
work going on on
visualizing
outputs from
models such as
these and these
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6. My Major Example: The Notting Hill Carnival

How to solve problems of packing many people into
small spaces and not letting them crush each
her h, an velopi li
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Intelligent Space were contracted by the GLA Carnival
review group for the project and CASA was involved
in the modeling

Intelligent Space is a spin off company from the Bartlett
School of Planning and CASA

intelligent space

Project Manager

a.What is the Notting Hill Carnival

A Two day Annual event based on a street parade
and street concerts in inner London which is a
celebration of West Indian ethnic culture.
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b.The Project: Public Safety

We have been involved in the problem of
redesigning the route location for the parade

e 710,000 visitors in 2001.

» continuous parade along a circular route of nearly 3
miles

» 90 floats and 60 support vehicles move from noon

until dusk each day.

4 :




c. Observing the Carnival: Data

We have used 4 different methods to determine the number
of people at carnival 2001

days

1022 digital
images, creating a composite image of carnival 2001
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Visitors to Carnival 2001

Source Sunday Monday Total
ISP survey 172,344 366,636 538,980
Extrapolated Counts 39,217 48,222 87,439
Westbourne Park Tube : 13,726 25,810 39,536
Residents 44,353 44,353 44,353

Sum Routes 1-4

Road Name % of % of
Total Total
Flows Flows
In Out

1. Kensington 19% 14%

Park Road

2. Westbourne 15% 10%

Grove (East)

3. Ladbroke

Access to Carnival is very unevenly distributed
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A Digression: our Tokyo Project — Measuring
Pedestrian Volumes and Directions

We are hard at work with the Shibasaki Lab in the U
of Tokyo who are experts in remote sensing of
pedestrians and traffic. Here are some examples
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7. The Model: Flocking and Crowding: Swarms

We need to simulate how visitors to the carnival
move form their entry points to the events that
comprise the carnival — the locations of the bands

We define agents as walker/visitors (W) who move,
the bands that can be moved (B), the paraders
who move in a restricted sense (P), and the
streets (S) that can be closed
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We run the model in three stages, slowly introducing
more control to reduce congestion

1. We first find the shortest routes from the ultimate

Here is a flow chart of how we structure the model

¢ ¢
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The First Stage: Computing the Attraction-
Access Surface

We compute the access surface using the concept
of swarm intelligence which essentially enables

Let me show you how this works — we will load in
the agents onto the parade routes and the sound
systems, then let them wander randomly without
imposing a street network, and they will find a
selected set of entry points — the subway stations
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The Second and Subsequent Stages

In essence, once we have generated the access and
shortest route surfaces, we use these or a
combination of these — a linear/weighted
combination — as the final surface and we then pass
to a second stage.

We use a regression model to estimate entry point
volumes and then let these walkers out at the entry

UcL




Let me run the
Second Stage

f
iy
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In the third stage, we figure out where the crowding
Is worst and then introduce simple controls — close
streets etc

In fact in the existing simulation we already have
several streets and subway stations controlled and

f
iy
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Crowd Analysis

There is a substantial amount of analysis possible
from this model with numerous additional graphics
such as peak density analysis etc

Basically we can compute densities for each pixel

ft
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Stage 1 Stage 2 Stage 3
Exploration Simulation Optimisation

A k

Density, occupancy, distance traveled & population at risk

o

[N

8. Using such Models in Policy

There are six routes which were given to us by the
GLA and Westminster — essentially we are engaged
in ‘what if analysis’. The general principles is to break
the loop of the carnival & reduce densities.

32



Here are the density maps for each scheme where
the model has been run given new entry points and
volumes from the regression model
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Analysis of Crowding

Statistics Existing Alt 1 Alt 2 Alt 3 Alt 4 Alt5 Alt

Carnival MO8 MO5 MO7 MO6 MO4 MO9
maximum density 116 47 64 75 77 88 50
max neighbor density 47 98 190 227

265 297 132

| will give you a quick visual tour of the model — three
components — object forces, line of site, agent preferences

Force A — NT
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10. Questions
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