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Abstract. This paper presents an overview of the current developments in people
flow analysis in Buro Happold’s analytical group SMART Solutions.
The role of people flow analysis has become an established one, within many
leading consultancy firms with their own specialist groups supporting the
architects and planners in the design of buildings and urban spaces.
This paper proposes that the key development in the progression of this work
is a due to a change in emphasis, away from a passive analysis task where its
key role is to validate assumptions of flow and alleviate areas of high concern
to using the process as a design instigator/driver. The new paradigm emerging,
involves calculating people flow at the conceptual stage of a project in
collaboration with the respective architectural firm, and using this information
as a primary design input.
This paper describes and analyses the two objectives set out by Buro Happold’s
SMART group in order to improve the process of design; firstly to make it more
prominent in the design environment and secondly to see if it has the potential to
work as a design driver. These objectives create a design methodology defined
by people flow and suggest value in innovating and conceiving of robust simple
methods of improving designs.
Keywords. People flow, pedestrian flow, multi-objective optimization,
masterplanning, network analysis.
Introduction
The role of people flow modelling and analysis has
become an established one, ], within many leading
consultancy firms such as [1] [2][3] with their own
specialist groups supporting the architects and planners in the design of buildings and urban spaces. A

variety of approaches are used that range from grid
based, e.g. Exodus (Owen et al 1996) to network
based e.g. SMART Move (Sharma and Tabak 2008),
and space syntax based e.g. Depth Map (Penn et al
1994) to origin-destination based e.g. Legion (Still
2000). There is a further distinction in the suitability
of these tools for emergency evacuation or day to
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day circulation scenarios. The majority of the tools
available involve an extended phase of microsimulations for given architectural plans, highlighting potential congestion hotspots which then inform the
design and management of the spaces.
This paper proposes that the key development
in the progression of this work is a due to a change
in emphasis, away from a passive analysis task where
its key role is to validate assumptions of flow and alleviate areas of high concern to using the process as
a design instigator/driver. The new paradigm that
emerges involves calculating people flow at the conceptual stage of a project in collaboration with the
respective architectural firm, and using this information as a primary design input.
This paper describes and analyses the two objectives set out by Buro Happold’s SMART Solutions
team in order to improve the process of design;
firstly to make it more prominent in the design environment and secondly to see if it has the potential
to work as a design driver. These objectives create
a design methodology defined by people flow and
suggest value in innovating and conceiving of robust simple methods of improving designs.

People flow: analysis vs. design
Traditionally people flow simulation software have
been developed predominantly as analysis tools
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(Sharma and Tabak 2008) e.g. Exodus, Legion, etc.
Since 2003 the SMART Solutions team have developed the design centric analysis tool ‘SMART Move’,
embedded within the already established and
widely used CAD platform (McNeal’s Rhino3D [4]). In
doing this, the developed people flow tools are rendered both accessible and readily available as an extension to the existing software. By utilizing designer’s familiarity with CAD software it has allowed us to
streamline our work into the typical concept design
workflow. It is this which has had the largest impact
on engaging architects with the concerns of people
flow modelling. This easily allows the capability to
lever the superior visual output of CAD software (advanced viewpoint/camera control, rendering) to articulate the analysis into the individual people modeled on to the building CAD model (Figure 1). By creating a clear direct visual medium for representing
the results of people flow analysis it was found that
this allows for intuitive understanding of scenarios,
without a need to abstract information from graphs
etc; as well as the simulations ‘humanizing’ design input; thus adding extra value to the work undertaken.
Existing Design tools which simulate people usage of buildings and the built environment often
fall into two categories; those that look purely into
worst case evacuation type analysis, and those that
look at a general sense of quality about the space
often through geometrical means as is with space
syntax (Penn et al 1994), or more agent based methods such as with mouseHouse [5]. As the orientation
of SMART’s work was to produce a design-informing
tool, the required emphasis of the analysis had to be
tailored appropriately. SMART Move uses a network
model directly applied onto a CAD model, to provide
the geometrical topology. This network model is
augmented with information relating to the people
flow such as; link widths, node capacities and nodal
wait times, which constitutes all of the passive information about the model. An origin destination matrix is also utilized which in its simplest form dictates
when people are active on the network where they
emerge form and desired routes and destinations.
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Figure 1
Image showing an example of a frame from
video output of SMART
move simulation.

Additional capabilities have also been implemented
due to project requirements such as intermediate or
‘via’ destinations and dynamic queuing. This represents the active information about people’s desired
circulation. When the analysis is run, this mediates
between desired circulation (Origin-Destination matrix) and permitted circulation (network model), by
finding the agents shortest/quickest routes through
their itineraries and dynamically moving them along
the network. It also takes into account the emerging properties of the system such as interaction of
people within a space – such as a corridor, and the
subsequent reduction in rate of flow, resulting in a
reduced Level of Service (Fruin 1971). It is felt that
this methodology is flexible due to the varying resolution of information that can be inputted (specific/
approximate), relating to the scale of the project,
and defined by the architect or ‘people flow’ consultant. In addition, the system produces visual results
relating specifically to the geometry of the building.
The scenario can therefore be allowed to run, whilst
recording pertinent data. In this way it attempts to
reunify the pure geometrical methods and the pure
mathematical timetabling methods.

People flow as design optimisation
Following on from a design-centric people flow
analysis, the authors have considered the possibility

of allowing the flow of people to contribute to the
design in addition to informing it. People flow has
traditionally been a passive design input. This refers
to the fact that except for exceptional circumstances
(points of crowding, legal requirements etc) people
flow does not have a direct influence on the considered construction. It is felt that by allowing people
flow analysis to influence design, the efficiency of
the design can be improved.
As structural engineering requirements are imposed on the building in its entirety, in order to ensure its structural integrity – thought of as a ‘hard,’
pass or fail constraint, the determination of fit for
purpose with respect to people flow is a more ‘soft’
constraint, as it refers to levels of comfort. In this way
it was deemed to be valid to look at how people flow
could be more interactive in the early stages of the
design process whilst increasing the impact that it
has on the subsequent development of the form.
This observation has led to the exploration of
a variety of novel approaches which simulate the
predicted or anticipated movements of the end users of the building to improve the initial design. The
following case studies provide relevant examples of
where this methodology has been applied.

Master plan scale
People flow at a master planning or urban scale has
the ability to define whole networks of infrastructure

Figure 2
Image showing an existing
network (left) and the relaxed result (right), colours
of links show the expected
footfall which is proportional
to the links strength in the
simulation.
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prior to construction, whilst being constrained by
the existing topology and boundary of the designated area, such as the existing city routes. It was
noted that this is similar in intent to work in structural formfinding such as (Williams 2001) where nodes
were moved around to improve force flow, but in this
situation it would be to improve movement around
the site.
In this approach to optimization a physical interpretation was taken which simulated a physical
network of nodes and elastic ‘spring’ like links, similar to the modeling process adopted for the design
of tension structures (Wakefield 1999). The nodes
represented the key people gathering points, whilst
the springs between them mark the desired circulation routes. The intention is to optimize the routes
between the nodal points with a target of achieving
a route length as close to zero as possible. In initial
un-optimized geometry, the rest unstressed length
directly mirrors the proposed or existing route network. The importance of stress was obtained using
a weighted multi-objective summation and each
link and node was then assigned physical parameters. These included; gravitation, mass and friction
for nodes, and unstressed length, stiffness for links.
There was an inversely proportional relationship between the stiffness of the link between two nodes
and the projected footfall for that route, based upon
an initial footfall analysis. In this way there was a
hierarchy of elements; with heavily used links essentially possessing a stronger force between their
attached nodes, and thus become shorter distance
themselves.
This was applied to master planning projects by
‘relaxing’ current manually derived designs to make
relatively subtle changes to the geometry and improving the overall performance of the network.
Another exploration at the same urban scale was
to develop a network design method, which essentially attempted to automatically define the width
of the network’s links (roads, paths etc) based on
footfall analysis. This work was inspired by another
structural paradigm namely stress based member
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sizing (Winslow et al 2009). This worked by capturing the density of users (measured in users per unit
of link length) on any link at any tine and determining a relationship between minimum width of link
and people density. If at any time during the analysis
a link was subject to densities above this allowable
level then the link was automatically widened by an
increment. This resulted in a network which reacted
to the constant flux of people flow density, ensuring
that it was never overpopulated at any instance in
time.

Street scale
People flow on a street scale deals with similar
levels of densities of people as at the previous
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Figure 3
Image showing width based
optimization run on the same
networks as shown in fig 2
the link thickness is an exaggerated scale showing the
proposed link widths for the
whole network

Figure 4
Image showing an example of
base network of possibilities
with links colored in terms of
gradient based penalization,
with red link being no penalization to blue being highest.

master-planning scale. In this example the required
outcome was to define a set of routes across an open
domain, from one or more diffuse source to one or
more sinks. Additionally it had to conform to a maximum allowable travel time, over constricting terrain
where there was a desire to minimize the number
of routes produced. The practicality of the route, affected by angle of descent/ascent, predicted journey
time, and the desire to discourage large quantities of
users on individual paths were all taken into account.
A dense matrix of nodes and connections was
created within the designated design domain, which
represented all the paths that could be chosen. The
design domain was initially characterized by a bi-directional grid, which was further elaborated by extra
Figure 5
Image showing an example of
resultant design based on two
methods. On top a basic minimum distance traveled for
each source. Below a more
advanced optimization taking
into account ease of terrain
negotiation as well as penalties for doubled up routes.

links between all nodes lower than a set distance
between one another. These additional links allowed
for a greater complexity of logical connectivity. Each
specific connection was then assigned a penalization value associated to factors relating to the plausibility and suitability of that link as a prospective
route. These factors included the availability of the
land, land value, and the overall surface gradient
directly correlating to ease of use to travel on. The
most suitable combination of links was then calculated by multiplying the physical distance between
the links by the penalty values, and amalgamated
to form the shortest route from each origin to each
destination.
In an attempt to increase the efficiency of the
network a method was devised to reduce the number of individual routes. This was achieved through
the incorporation of a polarisation effect, which penalized links on adjacent paths which ran parallel to
each other in the same direction of transit. The application of a severe penalty to these links forced the
system to converge neighbouring routes thus amplifying the volume of pedestrian traffic down that specific route, one these routes combined they would
go to the destination together as the now both have
the same shortest route. It was however noted that
this polarisation effect significantly reduced the
number of viable links, and therefore the influence
of this effect had to be balanced with the maximum
journey time – a strict functional requirement within
the system.

Building scale
In this study, the optimal placement of rooms within
the context of a larger volume was explored, with
relation to successful and efficient people flow
through the building. This theory was modeled in
association to a specific case, however it is thought
that this application can be flexible in approach.
Research was pursued which looked into how
genetic algorithms (GA) (such as those described by
Shapiro 2001) could be implemented to move rooms
around a confined floor area to maximize efficient
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Figure 6
Image showing an example of
GA organizing small volumes
around a large center volume
with key circulation point and
key circulation routes between
them, each cell is an instance
of a design managed by the
optimization

movement within that space.
Due to the discretization of the building into a
grid it allowed for a relatively simple method for describing the design. In the case study scenario; the
inputs to the model were the placement of a large
event space and a number of smaller rooms within
a fixed envelope. The measure of functionality of the
building was determined by the length of the routes
between 6 key points which correlated to entrances
and exits into the main building space.
A network was then created automatically between the 6 key nodal points through the remaining grid points absent of any built form. Dijkstra’s
algorithm was then applied to the network and the
routes between all of these key points was calculated, with the weighted-sum) of their lengths (based
on volume of people taken as the fitness of the specific design. The genetic information of the rooms
was simply stored as an integer array of grid coordinates of the rooms’ vertices. A whole generation
(collection) of designs were then created at random
and then ‘bred’, with chances of selection for breeding linked to the fitness of the individual arrangement. This new generation was then bred again and
eventually more efficient designs dominated. The
‘breeding’ was carried out by randomly swapping
the information regarding room placement belonging to half of one sample with half of another, whilst
adding some ‘mutation’ or low chance of random
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perturbation of rooms.
This method was effective in showing that this
could be used to assist the placing of spaces within
a volume to design for efficient people flow performance. This has further advantages, namely that the
algorithm requires no understanding of the problem in order to process it and produce results. This
property would allow further performance criteria
to be incorporated into the system without increasing solver complexity. Additional criteria explored
within this case study were; the density of the added
buildings, rooms of different functions and importance (toilets, café, bar etc), ensuring that high use
buildings are not adjacent, ensuring the roof spans
are not extreme. These qualities could all be integrated within the model and would begin to provide
a more accomplished design solution.

Conclusion
This paper presents a series of novel methods of
applied people flow design described at a variety
of scales existing in the built environment. The development of visualization for people flow analysis
was reviewed. The advancements of Buro Happold’s
SMART Solutions team in relation to people flow
modelling were described as well as the impact of
this on the design process. Applied ideas in generative people flow design are outlined, alongside case
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studies which were developed to show the possible application of these methodologies in real-life
scenarios.
It has been shown that it is possible to promote
ways for the design to be actively effected by people
flow. By allowing the analysis to influence the design
through the right mechanism, a better design can
emerge which takes into account human factors as
true design drivers. It is the opinion of the author
that this will become more pertinent as the ‘hard’
technical aspects of structures become more predictable and resolved, that there should be a change
in emphasis towards making buildings and external
spaces function well for the experience of the users.
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