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Abstract
Architectural artefacts are not just physical entities, but social entities that structure relationships of co‐
presence and encounter among their users by distributing movement flows and, consequently, organizing
uses.
Based on this assumption, and in light of the need to understand space‐use relationships in greater depth,
this paper examines analytical procedures aimed at the study of the functional condition of architectural
artefacts and, as a result, the promotion of a better understanding of the connections established with
spatial conditions. The goal is to contribute to the development of techniques based on computer vision of
mobility and users’ interaction, producing non‐arbitrary registries of their movement/navigation and
occupancy/co‐presence patterns via a quantitatively based analysis.
Video technology allowed movement and space to be recorded simultaneously. Computer vision of mobility
in informal learning spaces (atriums) made it possible to gather the amount of data necessary to carry out
the space‐use analysis. The proposed method implied the installation of an image acquisition system suitable
as an input to an algorithm of automatic user detection and tracking.
Movement/navigation and occupancy/co‐presence patterns were correlated with configurational properties
obtained by applying the space syntax descriptive model (Hillier e Hanson, 1984). It was possible to analyse
relations between the spatial configuration and the movement/navigation and occupancy/co‐presence
patterns, a key question within the architectural conceptual process.
The paper is organized in three parts. The first one describes the methodological procedures applied. The
second refers to the analysis of the results obtained. Patterns of user mobility and patterns of spatial
configuration are compared. Correlations between space and mobility are established. In the third part, the
potential of the proposed method is discussed.
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INTRODUCTION
Measure everything that is measurable.
Make measurable what can not be measured.

Galileo Galilei

Evaluated in theoretical terms, Space Syntax framework (Hillier and Hanson, 1984) represents a turning
point within a set of fundamental assumptions for the research and demonstration of space‐function reality.
The analytical relevance of the syntactic model is based on a social logic of space: the way in which,
following a binary logic, connections between spaces are present or absent within a specific system, thus
enabling or preventing the establishment of relationships of co‐presence and encounter between users. This
social logic is the basis for the formulations of Space Syntax, systematically organised according to
descriptive and simplified representations of spatial systems aimed at the analysis of the concrete and
contingent nature of the relation between the built space and its use. However, by virtue of their contingent
nature, such facts can only be established through observation. Through studying these facts, the
conditional factors which shape them can be revealed, and the question of whether these conditional
factors are governed by rules established.
The issue of observation has been the vexata quaestio troubling the theoretical framework of Space Syntax.
The observation methods employed are unexpectedly basic and surprisingly uninformed by contemporary
technology. They resort, almost exclusively, to ‘field observers’, collaborators who are assumed to have the
intellectual and physical qualities necessary for the act of observation and the ability to graphically record
the patterns of navigation that occur in the spaces being studied and, furthermore, to be amenable to
positioning themselves, at any time, in any spatial context. From the information available, there is no
evidence that such collaborators are professionally trained, which suggests, on the one hand, that they are
unlikely to possess such a combination of ability and amenability and, on the other, that subjective elements
will emerge in the interpretation of the facts observed. Lahr (1948:373) states that observation must be
exact and comprehensive, that ‘it should perceive everything that exists, nothing more than what exists,
never confusing the objective verification of facts with our more or less subjective interpretation of them’.
There should also be a stipulation for observation to be permanent and continuous in order for all phases of
observed actions to be studied, as well as the sequence in which they occur. Such standard procedures are
hard to detect within the Observation Procedures Manual (Vaughan, 2001) produced within the Space
Syntax community (UCL Bartlett School of Graduate Studies, Space Research Group, Space Syntax
Laboratory).
The recourse to simulated movement flow through agents (Turner and Penn, 2002), virtual pawns who,
informed by the visual layout of the space, progress stochastically through the spatial systems, is equally not
a credible alternative to the deficiencies of an observation manual based on human input and pen and
paper. Such an approach renders the syntactic model self‐referential, as it validates itself according to its
own parameters rather than evaluating its approach and developing through tackling the functioning of
constructed environments in use (Figure 1). In addition, the observational procedures defined by the
Manual remain the means of validating the agents’ navigational patterns. From any perspective, the
observation of movement is an unavoidable issue within the context of syntactic theory.
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Figure 1 – Syntactic model: auto‐validation based on movement simulations (agent‐based environment) versus external validation
based on the observation of real movements. DECivil (Civil Engineering and Architecture Pavilion), Instituto Superior Técnico (IST)
campus, Lisbon: uses in action (South Atrium); convex map (ground floor).

Thus, the inadequacies of the methods of observation enshrined in the Observation Procedures Manual, and
currently practised within the syntactic community, not only compromise the validity of the syntactic model,
but also impede its development.
If a space has a configuration, i.e. a way in which its parts relate to one another, the movement flows
modelled by the configurational structure of the space will also have a configuration, i.e. a structure
understood as the sequential organisation of spatial positioning. Both configurations – that of the space and
that of movement – necessarily establish relationships with each other, in that the former conditions and
the latter is conditioned. Clarifying the nature of these relationships requires prior consideration of the
objective visualisation and characterisation of movement configuration (Figure 2). The Gate Method
referred to as the ‘workhorse’ of observation processes (Vaughan 2001) for the supposed quantity of data
that it allows to be gathered (the reason for its common application) only supplies
intermittent/disconnected information regarding this configuration.
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Figure 2 – How can we catch movement configuration?
Space configuration: convex map of the DECivil (Civil Engineering and Architecture Pavilion), ground floor.

Being able to visualise the configuration of movement would make it possible to categorise these
movements according to the geometry and density of recorded trajectories, establishing a systematic
classification of mobility configurations (Heitor and Tomé, 2009) as yet unexplained by syntactic models
which merely describe spatial movements in relation to the basic patterns of occupation and movement
(Hillier, 1996). The taxonomy of mobility configurations also raises the question of measuring movement
configuration – or somehow rendering it measureable – and thus establishing a basis for the occurrence of
rules governing space and use. Measuring, in other words, the relationship between them or, at least,
establishing non‐arbitrary correlations.
Taking into account the relevance of Space Syntax, as well as the limiting of its analytical capacity by the
inadequate basic methods of syntactic practice, we set ourselves the objective of providing the study of
space‐use relations with systematically applicable tools for gathering information relating to movement, the
area of these relations which, with currently available technology, would be the least complex in terms of
representation and interpretation, yet of greatest interest with respect to the concepts of Space Syntax.
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1.

METHODOLOGICAL PROCEDURES

What techniques and methods make it possible to render human mobility explicit and measurable?
In terms of the objective set, videographic processes offer considerable advantages, since they make it
possible to:


Register movement within the spatial context under observation, a process which is not practical using
the methods set out in the Space Syntax Observation Procedures Manual.



Describe movement over a period of time.



Observe spatial behaviour without disturbing it (non‐intrusive observation).



Record continuously over lengthy periods.



Represent observed factors accurately, being unsusceptible to error or manipulation.



View the records repeatedly, a key feature for in‐depth understanding of movement phenomena.



Quantify the dynamics of movement under observation.



Share data comprehensively amongst researchers.

The acquisition of precise data is an essential requirement for the analysis of space‐use relations and the
more data that is gathered, the easier it is to infer the nature and degree of occurrence of the movements
observed. Only thus is it possible to identify regularities, i.e., patterns in surface phenomena (Hillier, 1996,
p.4). Once such regularities have been identified, it will be possible to establish connections with the spatial
properties of the contexts which underpin them. In addition, the observational continuum will allow
movement phenomena to be recorded comprehensively, a relevant factor in the study of users’ exploratory
behaviour and an important contribution to a future taxonomy of movement and a study of user‐user and
user‐space interactions. Such conditions imply recourse to methods which permit data to be gathered and
processed, only possible by technical means of data acquisition and computational methods of
interpretation.
As a suitable context for study, an educational building ‐ the DECivil1 ‐ located at IST2 campus in Lisbon, was
chosen, due to the intense daily use of the building by the academic population (predominantly students).
Observation of the dynamics of use focussed on the central atrium of DECivil, the great centre of transition
between interior and exterior. Within this space there is a daily convergence of members of the academic
community in addition to the students, such as lecturers and staff of the departments and services housed
therein. Due to the location of the three columns of vertical access, the central atrium is composed of two
distinct zones: the North Atrium and the South Atrium. The two atriums present very different use dynamics
(Figure 3).

1

Pavilion of the Department of Civil Engineering, Architecture and Georesources.

2

Instituto Superior Técnico.
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3

1

2

Figure 3 ‐ DECivil: the central atrium – plan of ground floor. South Atrium (1) and North Atrium (2).
The plan shows the viewpoint of the images. Fount disabled (3) in the South Atrium: visual relationship with entrance atrium.
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The South Atrium, adjacent to the entrance atrium and the cafeteria, acts as the distribution platform for
internal flows. The North Atrium, adjacent to design studios3 and the canteen, though less intensively used,
is a space suited to curricular and extracurricular events such as exhibitions and other activities in which
academic learning is extended beyond the classroom or exhibited publicly.
The significance of the atriums, informal learning spaces,4 stems from the fact that their patterns of use are
not pre‐determined but characterised by variability/mutability, as a result of the unconditioned nature of
their associated activities, enabling them to be seen as spaces with generative capacity (Hillier and Penn,
1991), in terms of the production of patterns of encounter.
Computer vision of mobility in the Atriums of DECivil required the installation of a system of continuous
acquisition of image data, composed of two AV5100 Arecont Vision high‐resolution surveillance video
cameras (Figure 4), which were regarded as necessary and sufficient. Data processing was conducted using
the ArquiTracking application, an automatic detection and surveillance algorithm developed by INOV5
specifically for the purpose of the study.

Figure 4 – Image acquisition system – overview.

3

Masters Degree in Architecture.

4

Spaces characterised by a spatial organisation which is minimally conditioned, or flexible, capable of sustaining the mutability of
layouts, favouring diversity of spatial behaviour in the process of knowledge transmission and acquisition.

5

Inesc Inovação, Instituto de Novas Tecnologias (http://www.inov.pt/).
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The technical specifications of the Arecont cameras, equipped with F1.8/4‐10mm lenses, corresponded to
the prerequisites of the computing system: 5 Megapixel resolution and a frame rate of 9 FPS.6 They also
complied with the image transmission requirements via the RGB7 system and compatibility with an IP8
address. These cameras, fed by (11) volts via a transformer, also offered the option of POE9 functionality,
which was not installed.
Thanks to the available height of the atriums (12 metres), it was possible to position the cameras overhead
with the following advantages:
1) reduction of users to minimal dimensions, simplifying the reading and planimetric interpretation of the
trajectories recorded;
2) minimisation of the possibility of recognising the identity of users, ensuring privacy;
3) reduction in the mutual visual concealment of users, a factor in inverse proportion to the level of the
positioning of the cameras;
4) the capture of scenes through wide shots encompassing all spatial interactions;
When installing the cameras, the angles of observation were previously examined with the 3D World Builder
software,10 allowing the most advantageous options to be selected (Figure 5).

6

Frames Per Second

7

Red, Green and Blue.

8

Internet Protocol

9

Power over Ethernet

10

Developed by INOV (http://www.inov.pt/).
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Figure 5 – Simulation of localisation of Camera 2 (North Atrium) produced by 3D World Builder (attached to access towers)
(above/left). Volumetric diagram of central atrium. Initial camera localisation hypotheses in North and South Atriums (grey cameras)
and selected locations (red cameras) (above/right). Installation of camera in South Atrium (below/left). Installation of camera in North
Atrium (below/centre/right).

Image gathering (using Recorder software, developed by INOV5, for this purpose) (Figure 6) took place from
November 2007 during different use scenarios, i.e. spatial occupations during determined periods of time,
characterised by specific types of utilisation, defined by the number of users and type of use. Current use
scenarios were recorded in both atriums and events were recorded in the North Atrium. The recordings took
place principally during term time, the period with the highest level of use. The development of the beta
version of the algorithm focussed on the most intense period of daily use: from 8am to 6pm.
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5

Figure 6 – Recorder (INOV ) software interface. South Atrium.
Current use scenario.

The processing of the images (Figure 7) resulted in maps of occupation (represented by shaded areas) and
maps of flows (represented by lines) (Figure 8). The maps of occupation broke down into two types:
occupation by time and occupation by numbers of people. The first corresponded to the length of stay in the
atrium expressed as a percentage relative to the period of observation; the second to the counting of users
within the spaces under observation. The flow maps register their trajectories. Each map corresponds to a
mobility index. Intersection between occupation indices made it possible to establish correspondences
between the length of stay and the number of users observed.

Figure 7 – Video detection frame (event in North Atrium). Detection is the process via which the algorithm “learns” to distinguish the
background (fixed area) from moving targets. Each user is identified by an ID (IDentification number) and the user’s position at each
moment in the two‐dimensional space of the image is defined according to xy coordinates. This is the basis for the subsequent
extraction of data.
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The shaded areas of occupation were represented using the RGB colour scale (Figure 8). The maximum value
of the index (during the period of observation) is shown in pure red. On the flow maps, the introduction of
transparency in the lines made it possible to identify overlapping, thus flagging the zones of most frequent
transit. During the study period of 8am to 6pm, maps were calculated for each hour and for the total of the
hours observed.
The occupation indices (ALL) were broken down into sub‐ indices according to the state of mobility of the
users: STOPPED (stationary users) and MOVING (users in movement). Occupation by time took into account:
a longer lasting occupation, with respect to stopped users (velocity =0); a more fleeting occupation, the
moment at which users step on a particular spot (velocity≠0). Similarly, within occupa on by number of
people, STOPPED corresponds to the number of stationary people, i.e. with velocity=0; and MOVING to the
number of people in movement, i.e. IDs who conform to the condition velocity≠0 (Figures 10 and 12). In the
flows, the sub‐ indices STOPPED identified trajectories which included at least one example of null velocity
and NONSTOPPED trajectories in which null velocity was never recorded. In the occupation maps, the
information refers to occupation translated into time or number of people (colour/intensity) and their
spatial distribution (location/extension of the shaded areas) in the space under observation.
The occupation maps are statistical maps. They make it possible to include the reported dynamics of
movement into the group. They describe, in quantitative terms, the way in which the space is occupied
based on length of stay of users or their numbers. Such numeric recordings do not consider each movement
individually (as is the case in the flow maps) though they do break them down, in the sense that the results
of the occupation maps are the consequence of transversal totals of all the individual movements which
occurred in the space under observation. They therefore constitute syntheses of the appropriation of the
space, contributing to the construction of a comprehensive description of this process of appropriation.
In contrast, the flow maps are not statistical maps. The networks obtained are derived from the sum total of
individual flows. For this reason, these maps are particularly useful in recording the detail of trajectories of
spatial navigation, in other words with respect to the occurrence of individual, less habitual, exploratory
behaviour, which is difficult to detect within the statistical patterns of the occupation indices ascribed to the
behaviour of the group (Figure 8).

Figure 8 – North Atrium: current use scenario. Occupation map by number of people (ALL) and map of flows (ALL) referring to the
period of 1pm. In the flow map, detailed spatial trajectories of users can be observed, such as the red flow (Fr) which is not visible on
the occupation map, as can the less dense networks of flows which occur in zones A and B of the occupation map.
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The maps of occupation by time were represented according to a dynamic scale and a fixed scale (Figure 9).
On the dynamic scale, for each hour, the maximum value of the index is calculated, i.e. on each occupation
map, pure red represents a different maximum time of occupation, whilst the distribution of intermediate
values on the chromatic scale also varies. The fixed scale establishes an identical reference point for all
maps. The dynamic scale has the advantage of offering the possibility of capturing low times of occupation
since it defines a specific scale of values for each period of observation. For this reason it only makes it
possible to establish direct comparisons between the maximum values on the maps. The fixed scale makes it
possible to establish direct comparisons between hours albeit with a lower dynamic range in cases where
there is low occupation by time. In the maps relating to the number of people was justified just the dynamic
scale.

Figure 9 – North Atrium: current use scenario. Occupation map by time referring to the period of 1pm.
Dynamic scale (left) and fixed scale (right).

The analysis was based on two complementary approaches: a qualitative approach based on the evaluation
of the intensity and spatial incidence of the indices in the atrium, made possible by the analysis of the
patterns of occupation expressed in the maps; and a quantitative approach based on the comparison and
analysis of the evolution of the maximum values for each index during a given period of observation. Finally,
an analysis was conducted of the correlations between the occupation/movement configuration and the
configuration of the space associated with each use scenario being studied.

2.

RESULTS

The results presented correspond to current use scenarios in the South and North Atriums of DECivil. They
correspond to maps relating to the total period of observation (eleven hours). The maps are defined
according to a dynamic scale in that they permit a more detailed reading of the spatial distribution of the
occupation indices. This being the case, in quantitative terms, only the maximum values of the indices (the
red islands) are directly comparable.
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The patterns of occupation reveal a markedly asymmetric spatial distribution of the number of users (Figure
10). In both atriums, users essentially concentrate on the eastern side. In the South Atrium, the eastern side
has a relationship of direct contiguity with the entrance atrium, characterised by a great physical and visual
permeability between the two spaces. The fount disabled (refer to Figure 3), a central element in this
atrium, constitutes a favoured point of encounter and visual control for those entering and leaving the
building. Also on the eastern side, to the South, is the bar, one of the facilities within DECivil which is most
used on a daily basis by the academic population of IST. The outside seating area for the bar is another
favoured access point, a factor which, like the two previous factors, helps to explain the concentration of
users to the east. The proximity of stairs to the auditoriums on the lower floor is the cause of another
branch of occupation on the eastern side of the atrium, most accentuated in MOVING. In the North Atrium,
the concentration of users on the eastern side is caused essentially by the need to circulate between the
two access towers, central and north, by anyone accessing the building via the entrance atrium.

South Atrium – Occupation by Number of People
ALL _max_770

MOVING_max_439

STOPPED_max_752

ALL_max_616

MOVING_max_429

STOPPED_max_440

North Atrium – Occupation by Number of People
Figure 10 – South Atrium and North Atrium. Current use scenario. Occupation maps by number of people for the entire period of
observation (eleven hours) superimposed over test image.

The scarcity of users to the west is explained by the fact that the atriums don’t have functional polarities
strong enough to compete with the eastern side. In the South Atrium, the western side harbours a museum,
with very restricted opening hours and not particularly striking exhibition content. In the North Atrium, the
architecture studios located on the western side cater to an active but limited student population, meaning
it receives little traffic.
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The patterns also reveal a distribution of users in the atriums in a diagonal direction. This distribution is most
marked in the North Atrium between the south/eastern vertex (the nearest point to the entrance and exit of
the building) and the canteen, on the opposing vertex. This is a very popular circuit, essentially during the
lunch period, since it corresponds to a feature which attracts the entire campus population. In the South
Atrium, diagonal occupation (similarly orientated to the north diagonal) describes an alternative circuit
resulting from a certain polarisation exerted by the architecture studios located to the North. Note the
accentuated shaded area in MOVING.
The maximum values of the index reveal that the South Atrium exhibits a greater number of users (ALL_770)
than the North Atrium (ALL_616). They also reveal that, proportionally, the South Atrium has a greater
capacity for detaining users than the North Atrium (the difference between the maximum values of
STOPPED and MOVING is greater in the South Atrium). This capacity is easily explained by functional
contiguities in the South Atrium (the bar and access points) and by the possibility for sitting and staying
offered by the fount combined with the intense visual permeability that characterises the South Atrium,
particularly on the eastern side, as illustrated by the visibility graph (Figure 11). It should also be noted that
the maximum values are found to the South around the access to the bar and to the North, on the
south/eastern vertex, a specific zone equally distinguished by a high level of visual integration (Figure 11–
A).

Figure 11 – Visibility graph of ground floor of DECivil (Depthmap, Alasdair Turner). A – zone of greatest visual integration in the North
Atrium showing spatial coincidence with maximum values of occupation indices.

8015:14

Proceedings: Eighth International Space Syntax Symposium
Santiago de Chile: PUC, 2012.

This capacity for detaining users is corroborated by the longer times of occupation in the South Atrium
(ALL_7 min) than the North Atrium (ALL_2 min) (Figure 12). And, additionally, by the fact that the stationary
users remained longer in the South (STOPPED_max_6 min) than in the North (STOPPED_max_2 min). Also
note the marked discrepancy between MOVING and STOPPED in the South whilst, in the North, the sub‐
indices register very similar maximum values. In fact, the North Atrium is essentially a transitional space
whilst the South Atrium is a space where people spend more time. Another aspect to highlight is the fact
that the maximum values of occupation by time do not spatially coincide with the shaded areas related to
the concentrations of users in the South. Instead they are distributed in other points of the Atrium, revealing
a pattern of stopping associated with smaller groups scattered around the space. In the North, in contrast,
longer times of occupation and greater concentrations of users show greater spatial correspondence,
supporting the idea that the atrium is used according to clearly defined zones.

South Atrium – Occupation by Time
ALL _max_7 min

MOVING_max_<1 min

STOPPED_max_6 min

ALL_max atrium*_2 min

MOVING_max atruim*_1 min

STOPPED_max atrium*_2 min

North Atrium – Occupation by Time
* The maximum values recorded in the atrium are illustrated by the colour values closer to the red areas.
Figure 12 – South Atrium and North Atrium. Current use scenario. Occupation maps by time referring to the entire observation period
(eleven hours) superimposed over test image.

The differences in configuration between the islands of occupation of the two atriums represent different
spatial behaviour patterns. To the South, the islands spread out, registering irregularities in their density
(denoting a variation in the number and length of stay of users). The eastern concentration becomes
dispersed, creating other islands; in the North, the occupation is defined by shaded areas which are
chromatically more cohesive and smaller in area. The first case is represented by movements which are
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distributed around and evolve in the atrium. They correspond to more exploratory spatial behaviours. The
second case corresponds to more localised movements, directed towards and orientated according to an
objective. They are represented by simple crossings of the space. This is confirmed by analysis of the
patterns of flows (Figure 13).

Figure 13 – South Atrium (current use). Flow maps for 11am (positive occupation peak for number of users) superimposed over test
image. North Atrium (current use). Flow maps for 1pm (positive occupation peak for number of users) superimposed over test image.
ALL maps.

Analysis of the evolution of the maximum values of the occupation indices, hour by hour, made it possible to
gain a greater understanding of the dynamics of mobility in the spaces under observation. It was possible to
identify the variation of the indices and sub‐indices throughout the period of observation, characterise and
relate the hourly variation of the curves of each index, identify occupation peaks and draw correlations
between them.
In short, it was possible to conclude that in the South Atrium the evolution of the number of users was
characterised by a dichotomy between values that were higher overall, registered between 8am and 11am
and, lower values, registered from 12pm onwards (Figure 14). The initial period was characterised by the
progressive growth in the maximum numbers of users, whilst the second evolved in a more linear fashion.
Midday marked a clear frontier between the two phases of evolution of the curves, registering the lowest
number of users for ALL (144) and the clearest drop with respect to the sub‐indices. At 11am, the maximum
peak of 322 users was registered for ALL and 303 for STOPPED whilst MOVING registered only 160.
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Figure 14 – Hourly variation of maximum values for occupation indices: time and number of people.
Relation between the respective occupation peaks.

The asymmetry that characterised the evolution of the number of people index wasn’t directly reflected in
the evolution of the occupation by time index. The drop in the number of users, registered at 12pm, and
maintained over subsequent hours, corresponded to an increase in the time of occupation of the atrium,
which reached its maximum value at 1pm. There was a greater correspondence in the evolutionary nature
of the dynamics of occupation after 2pm. During this phase, the decline in the times of occupation
corresponded to lower numbers of users present in the atrium. In this sequence, 4pm (one of the periods
with the lowest number of users) coincided with a period of shorter times of occupation of the atrium. At
5pm, a growth phase in the number of users corresponded to a secondary peak in occupation by time.
In the North Atrium, the evolution of the curves relating to occupation by number of people was
characterised by the growth and decline in the maximum values of the index, with 1pm being a pivotal
point. The proximity of the MOVING and STOPPED curves is evident as is, at most hourly points, the
dominance of the MOVING curve over the STOPPED curve, signifying that the greater number of users
present in the atrium reflects the contribution made by users in transit rather than stationary users. The
principal peak of occupation of the atrium was registered at 1pm with the maximum number of 181 users
for ALL and 125 for MOVING. STOPPED registered a maximum of 108 users.
Throughout the hours of observation, the variation in the number of users present in the atrium
corresponded to occupation times that were relatively stable yet ephemeral. The peak in users registered at
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1pm had no equivalent in the respective maximum times of occupation which were relatively identical over
the hours. However, slight increases (of around one minute) for ALL and STOPPED were recorded. MOVING
remained constant. The peak for occupation by time, 4pm, corresponded with one of the lowest periods for
numbers of users.
In the South Atrium, the evolution of occupation by time was characterised by the oscillation and gradual
progression of the ALL and STOPPED curves, whilst MOVING showed a much more stable evolution.
Occupation motivated by users in transit was relatively insignificant and almost invariable. The ALL and
STOPPED curves registered the highest peak of occupation at 1pm with 46 minutes (76%) for STOPPED and
47 minutes (78%) for ALL. MOVING registered a maximum time of just two minutes (3%). In the North
Atrium a similarity was observed between the maximum times for STOPPED and MOVING and very
ephemeral occupation times. The evolution of the curves over the hours observed was characterised by an
almost linear and superimposed pattern. The peak of occupation occurred at 4pm when the maximum time
of 6 minutes (10%) was registered for STOPPED and ALL. All other maximum times of occupation fell below
the 10% line.
The analysis of patterns of occupation also made it possible to identify the structure underlying the
occupation/movement configuration in the atriums, i.e. the group of axes which dominate or, more
frequently, regulate the nature of occupation/movement (Figure 15). It was possible to identify the eastern
axis, the main vector promoting movement in the atriums and two secondary diagonal axes which
‘discharged’ into the former, converging with or emerging from it. Together they reflect the configurational
similarities between the atriums, principal conduits for the flow between the spaces. A third axis, much less
emphatic, is only slightly more defined in the North, basically sustained by the polarising effect of the
architecture studios. It is dispersed in the South. The canalisation of flows is predominantly diverted along
the diagonal towards (or from) the eastern axis.
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Figure 15 – Axes which structure the configuration of occupation/movement in the atriums.

There is a direct correspondence between the configurational structure of mobility in the atriums and the
axial configuration of the space (Figure 16). The atriums are regulated by axes of physical and visual
accessibility A, B, C, D, F, G, H and I. A and B constitute the major axes that link the two atriums and into
which the transversal axes discharge. They constitute the primary structure of accessibility in the atriums of
DECivil. Of the two of them, it is axis A that has the highest integration values, thus establishing a direct
correlation with the mobility configuration defined by the eastern axis. In the case of axis B (in spite of the
fact that it registers integration values close to the maximum value of the axial system) the correlation is
partial. This fact is explained by the limited power of attraction of the contiguous functional poles on the
western side of the atriums. Thus, axis D (with the highest integration value of the specific axes of the North
Atrium, D and I) has a direct correlation with the diagonal of the patterns of occupation/movement.
In the South, axis F (with the greatest integration value for the specific axes of the South Atrium, C and E to
H) does not correspond with the configuration of mobility due to the weak functional polarity of the
museum. In this absence, axis C (in spite of its lower level of integration) assumes an explicit correlation with
the diagonal of occupation/movement in this atrium. Axis E (the second most integrated in the South
Atrium) will contribute (together with axis A) to account for the concentration of users to the east.
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Axes

Integration

A
B
C
D
E
F
G
H
I
X
Y
Z

2.67
2.47
2.11
2.25
2.18
2.74
2.09
2.05
1.61
3.12
2.70
2.63

MINIMUM
AVERAGE
MAXIMUM

1.09
1.66
3.12

Figure 16 – Civil Engineering and Architecture Pavilion (DECivil). Ground floor. Axial map. Integration. (above). Integration values
associated with the axial map of the ground floor of DECivil (below).

The greater profusion of physical and visual accessibility axes in the South Atrium, in contrast to the scarcity
that characterizes the axial web in the North Atrium, should also be noted. Such profusion is consistent with
the expression of mobility in the atriums: a more enlarged movement configuration to the South, which
correlates with the multiplicity of spatial accessibility axes; to the North, a more ‘zoned’ movement
configuration associated with a smaller number of spatial accessibility axes.
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3.

CONCLUSIONS AND FUTURE DEVELOPMENTS

The results obtained reveal the potential of computer vision to provide an objective, systematic and
quantitative description of the dynamics of mobility associated with the use scenarios studied. It was
possible to describe in a quantified manner navigational behaviour in the atriums through contrasting
indices directly associated with the computer‐derived patterns of mobility. These indices quantified the
description of the movements of the users demonstrating their potential applicability far beyond the limited
counting of individuals, and subjective description of their trajectories in the space, characteristic of the
observation procedures practised within Space Syntax community. The mobility patterns made it possible to
confer visibility on the configuration of movements in the spaces observed.
The systematic and continued recording of regularity or invariance in the phenomena of mobility, and its
statistical treatment, made it possible to reveal the configuration of occupation and movement (i.e. its form
or the way in which this is organised in the space) and thereby comprehend the structure that regulates it
(i.e. the set of dominant axes of occupation/movement that determine the nature of occupation and
movement). The representation and description of the movement configuration was an essential step in the
analysis of links with the space configuration.
In computational vision of mobility, recordings are characterised by their intermutability: the graphic results
are generated by the statistical results; if the former are lacking, they can be reconstructed using the latter.
One of the consequences of this capacity is a direct association between space and mobility indices, in that
the maps represent the spatial distribution of the indices. The maps of occupation and the maps of flows
constitute descriptions of space through the movements that occur within it. The statistical maps, obtained
through computational vision, are effective synthetic representations of space‐use relations, mathematically
expressed through graphic means, in which factors cannot be separated.
For this reason the maps of occupation make it possible to establish direct connections with visibility graphs
allowing (in the same way) the configuration of movement to be interpreted in graphic terms and also
quantitatively. The superimposition of the two records (maps and graphs) makes it possible to establish, for
each point of the observed space, the correlation between the value of the configurational property of the
space and the value of the index of mobility.
The occupation maps are also characterised by the consideration of group behaviour and the breaking down
of individual movement (when the pauses are totalled – a characteristic of the sub‐indices MOVING and
STOPPED – the sequence of movement to which they belong is not taken into account). They are essentially
designed to identify regularities in the dynamics of mobility. The statistical treatment of this data makes it
possible to reveal the movement vectors that structure these dynamics, whose interpretation is an essential
part of the study of space‐use relations.
For this reason, the occupation maps also make it possible to analyse links between the structure of the
dynamics of mobility and the axial map. Once again, it is possible to determine the values of the occupation
indices associated with the axes of mobility and correlate them with the integration values, for example, of
the axes of (physical and visual) spatial accessibility.
Complementarily, the flow maps allow the analysis of movement to detail since they correspond to the
descriptions of users’ individual navigational behaviour as a whole. The possibility of identifying each
trajectory in the space constitutes the basis for a future taxonomy of movement and, also, a bridge to more
in‐depth investigation in the area of spatial cognition. Each trace of movement corresponds to the
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expression, in the space, of the individual who produced it and of the way that individual wove relationships
with the context. Diverse behaviour and behaviour which deviates from the norm defined by the group
emerge from the flow patterns.
The evolution of this method is a result of the experience gained in the development of its experimental
version. The practice revealed the necessity of developing technologically supported analytical procedures.
The volume of results obtained was not compatible with a sustained analysis using manual processes. The
analysis and interpretation of the results would benefit from the development of a support tool which
would enable procedures to be automated and establish, amongst other functionalities, the desired links
between maps, between maps and referential images, and would automatically calculate the indices for
each point or zone on the map in question (Figure 17). It would also benefit from the possibility of
dissociating and recombining flow maps in accordance with specific analysis criteria (associated with the
number of pauses and the geometry of the trajectories, for example). It would be desirable for such
functionalities to also encompass the possibility of linkage with syntactic representations and the automatic
production of synthetic elements such as graphics and diagrams of dispersion, for example.

Figure 17 – Development of software to support the analysis of results:
calculating the value of the index associated with an axis of occupation.

Since the acquisition of images is fundamental to any method of movement analysis, it is important to
streamline related procedures. Greater complexity of methods means more information but, also, more
technical problems. Hence the significance of minimising this complexity and increasing operationality
through recourse to other types of equipment such as portable cameras.
The importance of data acquisition procedures being efficient lies in the possibility of making them universal
and thus creating a bank which can be shared by researchers. Such a bank, by permitting large numbers of
diverse use scenarios, and their respective patterns of mobility, to be brought together, would constitute a
significant contribution to the study of relations between the morphology of space and the morphology of
movement. The detection of regularities between spatial and movement typologies will facilitate the
establishing of project criteria aimed at the efficacy of the functional aspect of spaces based on anticipating
the dynamics of movement and occupation which will be generated by projected spaces. Programmes,
prescriptive rather than normative, would no longer be specified exclusively on the basis of the
identification of areas and functional and technical requirements. They will also and adequately be informed
by the configurational structures of movement and interaction which they should encourage, or in other
words, by an objective characterisation of the typologies of use they are to sustain.
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Computational vision of mobility in the DECivil atriums revealed an analytical tool of an evolutionary nature
particularly suited to the study of relationships between space and its uses. The constant increase in the
processing capacities of computer systems and related hardware will make it possible to support, in a
credible way, the evolving nature of the method. The computational vision of mobility is vision through the
eyes of mathematics and statistics supported by the interpretative capacity of the microcomputer.
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