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Abstract—The paper introduces an agent-based model for the
simulation of crowds of pedestrians whose main innovative ele-
ment is the representation and management of an important type
of social interaction among the pedestrians: members of groups,
in fact, carry out of a form of interaction (by means of verbal
or non-verbal communication) that allows them to preserve the
cohesion of the group even in particular conditions, such as
counter flows, presence of obstacles or narrow passages. The
paper formally describes the model and presents its application
to a real world scenario in which an analysis of the impact of
groups on the overall observed system dynamics was performed.
The simulation results are compared to empirical data and they
show that the introduced model is able to produce quantitatively
plausible results in situations characterised by the presence of
groups of pedestrians.

I. INTRODUCTION

The simulation of pedestrians and crowds is a consolidated
and successful application of research results in the more
general area of computer simulation of complex systems.
Relevant contributions to this area come from disciplines
ranging from physics and applied mathematics to computer
science, often influenced by anthropological, psychological,
sociological studies. The quality of the results provided by
simulation models was sufficient to lead to the design and
development of commercial software packages, offering useful
functionalities to the end user (e.g. CAD integration, CAD-
like functionalities, advanced visualisation and analysis tools)
in addition to a simulation engine1.

The last point is a crucial and critical element of this kind
of research effort: computational models represent a way to
formally and precisely define a computable form of theory
of pedestrian and crowd dynamics. However, these theories
must be validated employing field data, acquired by means
of experiments and observations of the modeled phenomena,
before the models can actually be used for sake of prediction.
This paper represents a step in this direction, since it presents
the application of methods from computer vision field for
performing automated analysis on pedestrian dynamics, which
are mainly aimed at the validation of an agent-based model
for its simulation. The paper breaks down as the following.
Description of the state-of-art of modelling and analysis of
crowd dynamics is presented in Sec.II. Experimental methods

1See http://www.evacmod.net/?q=node/5 for a large list of pedestrian
simulation models and tools.

for the automated analysis are described in Sec. III), while the
real world case study used for their application is described
in Sec. V-A. Then, the agent-based model for the simulation
is presented in Sec. IV). First results of the analysis methods
are described in Sec. V, while a discussion on the possibilities
to exploit these data for sake of validation of the simulation
results are presented in Sec. VI. Conclusions and future
developments end the paper.

II. RELATED WORKS

A. Synthesis

Pedestrian models can be roughly classified into three main
categories that respectively consider pedestrians as particles
subject to forces, particular states of cells in which the envi-
ronment is subdivided in Cellular Automata (CA) approaches,
or autonomous agents acting and interacting in an environ-
ment. The most widely adopted particle based approach is
represented by the social force model [1], which implicitly
employs fundamental proxemic concepts like the tendency of a
pedestrian to stay away from other ones while moving towards
his/her goal. Cellular Automata based approaches have also
been successfully applied in this context: in particular, the
floor-field model [2], in which the cells are endowed with
a discretised gradient guiding pedestrians towards potential
destinations. Finally, works like [3] essentially extend CA
approaches, separating the pedestrians from the environment
and granting them a behavioural specification that is generally
more complex than what is generally represented in terms of
a simple CA transition rule, but they essentially adopt similar
methodologies. The resulting models are agent–based, since
pedestrians are not merely states of cell. Along this direction
of endowing models of more complicated behavioural mod-
els, relevant innovative studies regard social aspects and the
transfer of emotions in crowds (see, e.g., [4]).

A recent survey of the field by [5] and by a report commis-
sioned by the Cabinet Office by [6] made clear that, even after
the substantial research that has been carried out in this area,
there is still much room for innovations in models improving
their performances both in terms of effectiveness in modelling
pedestrians and crowd phenomena, in terms of expressiveness
of the models (i.e. simplifying the modelling activity or
introducing the possibility of representing phenomena that
were still not considered by existing approaches), and in terms
of efficiency of the simulation tools. Research on models

http://www.evacmod.net/?q=node/5


able to represent and manage phenomena still not considered
or properly managed is thus still lively and important. One
of the aspects of crowds of pedestrians that has only been
recently considered is represented by the implications of the
presence of groups. A small number of recent works represent
a relevant effort towards the modeling of groups, respectively
in particle-based [7] (extending the social force model), in
CA-based [8] (with ad-hoc approaches) and in agent-based
approaches [9], [10] (introducing specific behavioral rules for
managing group oriented behaviors): in all these approaches,
groups are modeled by means of additional contributions to the
overall pedestrian behaviour representing the tendency to stay
close to other group members. However, the above approaches
only mostly deal with small groups in relatively low density
conditions; those dealing with relatively large groups (tens of
pedestrians) were not validated against real data.

B. Automated Analysis

1) Dominant Flows Motion Detection: Crowd flow seg-
mentation has multiple benefits: 1) enables clutter free visu-
alization of moving groups 2) independence from detection
and tracking 3) provide input for the pedestrian simulation
models. Automatic analysis of the crowd has become the
center of focus for most of researchers in computer vision. De-
tecting pedestrians and tracking are traditional ways of crowd
analysis. Most algorithms developed for object detection and
tracking work well in low density crowds where the number
of people are less than twenty but in density crowds where the
amount of people exceeds hundreds of thousand, detection and
tracking of individuals are almost impossible due to multiple
occlusions. Therefore, the research has focused on gathering
global motion information at higher scale. Global analysis of
dense group of moving people is often based on optical flow
analysis.

A survey about the crowd analysis methods employed in
computer vision is presented in [11]. An interdisciplinary
framework for crowd analysis to improve simulation models
of pedestrian flows is also presented in [12].

In [13] lagrangian coherent structures are detected by cal-
culating finite-time scalar Lyapunov Exponent (FTLE) field
over the phase space; these coherent structures represent
different crowd motion patterns generating by moving in
different directions. In [14] SIFT feature were instead used to
detect dominant motion flows: flow vectors of SIFT features
are calculated and then motion flow map is divided into
small regions of equal size; in each region, dominant motion
flows are estimated by clustering flow vectors. Crowd flow
is estimated using multiple visual features reported in [15]
where flow is estimated by the number of persons passing
through a virtual trip wire and accumulate the total number of
foreground pixels. Novel region growing scheme is adopted
in [16] for crowd flow segmentation where translation flow is
used to approximate the motion of crowd and region growing
scheme is employed to segment the crowd flow. Min-cut/max
flow algorithm is used in [17] for crowd flow segmentation.
Histogram based crowd flow segmentation is reported in [18]

where angle matrix of foreground pixels is segmented instead
of optical flow foreground. The derivative curve of histogram
is used to segment the flow.

2) People Counting in High Density Crowds: Estimating
Crowd density and counting people is an important factor in
crowd management. The increase of number of people in small
areas may create problems like physical injury and fatalities.
Hence early detection of the crowd can avoid these problems.
Counting of the people moving in the crowd can provide in-
formation about the blockage at some point or even stampede.
[19] proposed Bayesian model based segmentation to segment
and count people but this method is not appropriate for high
density crowds. [20] proposed blob features of moving objects
to eliminate background and shadow from the image. [21]
showed classification accuracy of 95% when crowd density
is classified into four classes by using wavelet descriptors.
[22] used texture descriptors called advanced local binary
pattern descriptors to estimate crowd density estimation. [23]
proposed a system that calculate the directional movement of
the crowd and count the people as they cross some virtual line.
[24] used specialized imaging system using infra-red imaging
to count the people in the crowd. [25] have discussed in
detail the concept of crowd monitoring using image processing
through visual cameras. [26] used simple background subtrac-
tion from the static images to estimate the crowd density. Some
other researchers [27], [28], [29] have also used the concept of
background removal to estimate the crowd area. To estimate
the crowd density using image processing, many researchers
have used the information of texture, edges or some global or
local features [30], [31].

III. EXPERIMENTAL METHOD FOR AUTOMATED ANALYSIS

A. Motion Flow Characterisation

In this paper, we use Horn & Schunck [32] to calculate
the dense optical flow field. The dense optical field calculated
also contains the background information. We remove the
background optical flow vectors by setting up a threshold. The
optical flow vectors that are coherent and are a part of same
flow are clustered. After clustering, some blobs appear which
are removed by blob absorption method.

1) Motion Flow Composition: The motion flow field is a set
of independent flow vectors in each frame and each flow vector
is associated with its respective spatial location. The motion
flow field is calculated by using optical flow methods. Given
two images, Ft and Ft+1 as input, we use Horn and Schunck
[32] to compute dense optical flow. Consider a feature point
i in Ft, its flow vector Zi includes its location Xi = (xi, yi)
and its velocity Vi = (vxi

, vyi), i. e. Zi = (Xi, Vi). We
denote by Ri(Zi) as the magnitude of a flow vector and
θi its angle or direction. The vector Mi = (Zi, Ri, θi)
summarises all the information associated to a feature i. Then
{M1,M2, . . . ,Mk} is the motion flow field of all the points
of an image comprising r × c features such that r × c = k,
with r the number of rows and c the number of columns.

When computing dense optical flow we calculate the move-
ment of all the pixels of an image, so it is usually the best



Fig. 1. Optical flow computed using the method described in [32], on the left, and compact representation of the movement direction of all pixels, on the
right.

choice to remove background, to reduce computational costs
without losing much information. To do so, a magnitude
threshold is set to eliminate features characterised by a low
magnitude that are considered background noise and that are
not taken into account. This technique can also be used in
computing coarse optical flow.

2) Motion Flow Field Segmentation: The motion flow field
{M1,M2, . . . ,Mn} is a matrix where each flow vector repre-
sents motion in specific direction as shown in Figure 1. Figure
1 does not show dominant motion patterns, so we can not infer
any meaningful information about flow. Therefore, we need a
method that automatically analyses the similarity among the
flow vectors. We compute similarity among the flow vectors by
applying similarity measure approach [33]. Similar vectors are
grouped together to represent specific motion pattern by using
clustering techniques [34]. This process of grouping vectors
that represent specific motion pattern is called segmentation.
After segmentation process, motion field is divided into small
segments. Flow vectors that have similarity among them are
clustered.

These blobs represent small clusters and resulted due to
following reasons. First, if the objects move slowly, the inside
and outside flow vectors of the objects are not same and as a
result are classified into two different flows. Second, if the two
opposite optical flow intersect, the optical flow at intersection
point is ambiguous. Usually these small clusters or blobs
are not the part of dominant motion flows. We adopt blob
absorption approach, where these blobs are either absorbed
by dominant cluster or by background. Let blob Bi of color
Ci is the blob to be absorbed. Then find the edges of the blob
by using Canny et al. [33] edge detector. For any point p(x, y)
on the edge of blob, we search 2 × 2 neighborhood of edge
point. If any of neighborhood points has different color Cj that
represents the dominant motion or background, then change
the color of blob Bi to Cj , the color that represents dominant
flow or background.

B. People Counting in a High Density Situations

In this paper, we have proposed a framework to count people
in the extremely dense crowd where people are moving at
different speeds. Foreground segmentation is done by various
methods of background subtraction namely, approximate me-
dian, and frame difference and mixture of Gaussian method.
Time complexity is calculated for these techniques and approx-
imate median technique is selected which fast and accurate.
Blob analysis is done to count the people in the crowd and
blob area is optimized to get the best counting accuracy. In this
paper, we extract the foreground by using Gaussian mixture
model and optical flow. After getting foreground objects we
use blob analysis method and optimize the blobs area by
comparing it with ground truth data. Experimental results
shows 90% accuracy of our results.

1) Motion Segmentation: Motion segmentation is the most
important pre-processing step for detecting the moving objects
from the video. Traditionally in video surveillance with a fixed
camera, researchers tend to find some sort of motion in the
video. There are two part of such of videos, background and
foreground part. The object in motion is the foreground part of
the video and the rest static part is the background. Motion de-
tection is used to extract foreground part from the video. Such
kind of extraction is useful for detecting, tracking and under-
standing the behavior of the object. Traditionally, background
subtraction method is used for extracting moving objects from
the video frame where pixels in the currents frame that deviate
significantly from the background are considered as part of
moving objects. Such kinds of methods are usually prone to
errors due to unpredicted and changing behavior of the pixels.
In addition, this method cannot accurately detect fast moving
or slow moving as well as multiple objects. Also these methods
are affected by change in illumination in the video frame.
Sometime change in illumination in static background will
be detected as part of moving object. Such errors and noise
must be removed from the foreground objects before applying
blob analysis. In order to extract valid and accurate foreground
objects, we employed both Gaussian mixture model and Horn



and Schank optical flow[32].
2) Blob Area Optimisation: Blobs are the connected re-

gions in a binary image. For blob detection, image is first
converted to binary image. Then next step is finding the
connected components in the binary image. After finding
connected components in binary image, the next step is to
measure the properties of each connected component (object)
in a binary image. In this paper, we are interested in measuring
the ‘Area’ of each connected components. Area is the number
of pixels in the region. Each binary image has a lot of
connected components of variable size. We are interested in
finding those connected components having area greater than
some specific value. Area of the connected component differs
depending upon the distance of camera from the scene. If the
distance between the camera and crowd is less, greater will be
number of pixels in a connected component and hence greater
will be the blob size of the object. Hence the first step in people
counting is to decide the optimal area of connected component.
For this purpose, we have used four initial frames whose
ground truth is available. In the iterative approach, we change
the area of the blob size and count the people. This count
is then compared with the ground truth of the frame (actual
number of people in the frame). For each frame, optimal area
is found for which the people count error was minimum.

IV. PEDESTRIAN SIMULATION MODEL

In this section the formalisation of the agent-based compu-
tational model will be discussed, by focusing on the definition
of its three main elements: environment, update mechanism
and pedestrian behaviour.

A. Environment

The environment is modelled in a discrete way by rep-
resenting it as a grid of squared cells with 40 cm2 size
(according to the average area occupied by a pedestrian [35]).
Cells have a state indicating the fact that they are vacant or
occupied by obstacles or pedestrians: State(c) : Cells →
{Free, Obstacle, OnePedi, TwoPedsij}.

The last two elements of the definition point out if the cell
is occupied by one or two pedestrians respectively, with their
own identifier: the second case is allowed only in a controlled
way to simulate overcrowded situations, in which the density
is higher than 6.25 m−2 (i.e. the maximum density reachable
by our discretisation).

The information related to the scenario2 of the simulation
are represented by means of spatial markers, special sets of
cells that describe relevant elements in the environment. In
particular, three kinds of spatial markers are defined: (i) start
areas, that indicate the generation points of agents in the
scenario. Agent generation can occur in block, all at once, or
according to a user defined frequency, along with information
on type of agent to be generated and its destination and group

2It represents both the structure of the environment and all the information
required for the realization of a specific simulation, such as crowd manage-
ment demands (pedestrians generation profile, origin-destination matrices) and
spatial constraints.

membership; (ii) destination areas, which define the possible
targets of the pedestrians in the environment; (iii) obstacles,
that identify all the non-walkable areas as walls and zones
where pedestrians can not enter.

Space annotation allows the definition of virtual grids of the
environment, as containers of information for agents and their
movement. In our model, we adopt the floor field approach [2],
that is based on the generation of a set of superimposed grids
(similar to the grid of the environment) starting from the
information derived from spatial markers. Floor field values
are spread on the grid as a gradient and they are used to support
pedestrians in the navigation of the environment, representing
their interactions with static object (i.e., destination areas and
obstacles) or with other pedestrians. Moreover, floor fields can
be static (created at the beginning and not changed during the
simulation) or dynamic (updated during the simulation). Three
kinds of floor fields are defined in our model: (i) path field,
that indicates for every cell the distance from one destination
area, acting as a potential field that drives pedestrians towards
it (static). One path field for each destination point is generated
in each scenario; (ii) obstacles field, that indicates for every
cell the distance from neighbour obstacles or walls (static).
Only one obstacles field is generated in each simulation
scenario; (iii) density field, that indicates for each cell the
pedestrian density in the surroundings at the current time-step
(dynamic). Like the previous one, the density field is unique
for each scenario.

Chessboard metric with
√
2 variation over corners [36] is

used to produce the spreading of the information in the path
and obstacle fields. Moreover, pedestrians cause a modification
to the density field by adding a value v = 1

d2 to cells whose
distance d from their current position is below a given thresh-
old. Agents are able to perceive floor fields values in their
neighbourhood by means of a function Val(f, c) (f represents
the field type and c is the perceived cell). This approach to the
definition of the objective part of the perception model moves
the burden of its management from agents to the environment,
which would need to monitor agents anyway in order to
produce some of the simulation results.

B. Pedestrians and Movement

Formally, our agents are defined by the following
triple: Ped = 〈Id, Group, State〉; where State =
〈position, oldDir, Dest〉, with their own numerical identifier,
their group (if any) and their internal state, that defines the
current position of the agent, the previous movement and the
final destination, associated to the relative path field.

Before describing agent behavioural specification, it is nec-
essary to introduce the formal representation of the nature and
structure of the groups they can belong to, since this is an
influential factor for movement decisions.

1) Social Interactions: To represent different types of rela-
tionships, two kinds of groups have been defined in the model:
a simple group indicates a family or a restricted set of friends,
or any other small assembly of persons in which there is a
strong and simply recognisable cohesion; a structured group



is generally a large one (e.g. team supporters or tourists in
an organised tour), that shows a slight cohesion and a natural
fragmentation into subgroups, sometimes simple.

Between members of a simple group it is possible to identify
an apparent tendency to stay close, in order to guarantee
the possibility to perform interactions by means of verbal
or non-verbal communication [37]. On the contrary, in large
groups people are mostly linked by the sharing of a common
goal, and the overall group tends to maintain only a weak
compactness, with a following behaviour between members.
In order to model these two typologies, the formal represen-
tation of a group is described by the following: Group :
〈Id, [SubGroup1, . . . , SubGroupm], [Ped1, · · · , P edn]〉.

In particular, if the group is simple, it will have an empty
set of subgroups, otherwise it will not contain any direct
references to pedestrians inside it, which will be stored in
the respective leafs of its three structure. Differences on the
modelled behavioural mechanism in simple/structured groups
will be analysed in the following section, with the description
of the utility function.

2) Agent Behaviour: Agent behaviour in a single simu-
lation turn is organised into four steps: perception, utility
calculation, action choice and movement. The perception
step provides to the agent all the information needed for
choosing its destination cell. In particular, if an agent does
not belong to a group (from here called individual), in
this phase it will only extract values from the floor fields,
while in the other case it will perceive also the positions
of the other group members within a configurable distance,
for the calculation of the cohesion parameter. The choice
of each action is based on an utility value assigned to
every possible movement according to the function U(c) =
κgG(c)+κobOb(c)+κsS(c)+κcC(c)+κiI(c)+κdD(c)+κovOv(c)

d .
Function U(c) takes into account the behavioural compo-

nents considered relevant for pedestrian movement, each one
is modelled by means of a function that returns values in
range [−1;+1], if it represents an attractive element (i.e. its
goal), or in range [−1; 0], if it represents a repulsive one
for the agent. For each function a κ coefficient has been
introduced for its calibration: these coefficients, being also able
to actually modulate tendencies based on objective information
about agent’s spatial context, complement the objective part
of the perception model allowing agent heterogeneity. The
purpose of the function denominator d is to constrain the
diagonal movements, in which the agents cover a greater
distance (0.4 ∗

√
2 instead of 0.4) and assume higher speed

with respect to the non-diagonal ones.
The first three functions exploit information derived by

local floor fields: G(c) is associated to goal attraction whereas
Ob(c) and S(c) respectively to geometric and social repul-
sion. Functions C(c) and I(c) are linear combinations of the
perceived positions of members of agent group (respectively
simple and structured) in an extended neighbourhood; they
compute the level of attractiveness of each neighbour cell,
relating to group cohesion phenomenon. Finally, D(c) adds
a bonus to the utility of the cell next to the agent according

Fig. 2. Graphical representation of Balance(k), for k = 1 and δ = 2.5.

to his/her previous direction (a sort of inertia factor), while
Ov(c) describes the overlapping mechanism, a method used
to allow two pedestrians to temporarily occupy the same cell
at the same step, to manage high-density situations.

As we previously said, the main difference between simple
and structured groups resides in the cohesion intensity, which
in the simple ones is significantly stronger. Functions C(c)
and I(c) have been defined to correctly model this difference.
Nonetheless, various preliminary tests on benchmark scenarios
show us that, used singularly, function C(c) is not able
to reproduce realistic simulations. Human behaviour is, in
fact, very complex and can react differently even in simple
situation, for example by allowing temporary fragmentation
of simple groups in front of several constraints (obstacles or
opposite flows). Acting statically on the calibration weight,
it is not possible to achieve this dynamic behaviour: with a
small cohesion parameter several permanent fragmentations
have been reproduced, while with an increase of it we obtained
no group dispersions, but also an excessive and unrealistic
compactness.

In order to face this issue, another function has been
introduced in the model, to adaptively balance the calibration
weight of the three attractive behavioural elements, depending
on the fragmentation level of simple groups:
Balance(k) =
1
3 · k + ( 23 · k ·DispBalance) if k = kc
1
3 · k + ( 23 · k · (1−DispBalance)) if k = kg ∨ k = ki

k otherwise
where DispBalance = tanh(Disp(Group)δ ), Disp(Group) =
Area(Group)
|Group| , ki, kg and kc are the weighted parameters of

U(c), δ is the calibration parameter of this mechanism and
Area(Group) calculates the area of the convex hull defined
using positions of the group members. Fig. 2 exemplifies
both the group dispersion computation and the effects of
the Balance function on parameters. The effective utility
computation, therefore, employs calibration weights resulting
from this computation, that allows achieving a dynamic and
adaptive behaviour of groups: cohesion relaxes if members
are sufficiently close to each other and it intensifies with the
growth of dispersion.

After the utility evaluation for all the cells in the neighbour-



hood, the choice of action is stochastic, with the probability
to move in each cell c as (N is the normalization factor):
P (c) = N · eU(c). On the basis of P (c), agents move in
the resulted cell according to their set of possible actions,
defined as list of the eight possible movements in the Moore
neighbourhood, plus the action to keep the position (indicated
as X): A = {NW,N,NE,W,X,E, SW,S, SE}.

C. Time and Update Mechanism

Time is also discrete: an initial definition of the duration
of a time step was set to 0.31 s. This choice, considering the
side of the cell (40 cm), generates a linear pedestrian speed of
about 1.3m/s, which is in line with the data from the literature
representing observations of crowd in normal conditions [35].

Regarding the update mechanism, three different strategies
are usually considered in this context [38]: ordered sequential,
shuffled sequential and parallel update. The first two strategies
are based on a sequential update of agents, respectively man-
aged according either to a static list of priorities that reflects
their order of generation or a dynamic one, shuffled at each
time step. On the contrary, the parallel update calculates the
choice of movement of all the pedestrians at the same time,
actuating choices and managing collisions in a latter stage.
In the model we adopted the parallel update strategy, that
is usually considered more realistic due to consideration of
conflicts arisen for the movement in a shared space [39], [40].

With this update strategy, the agents life-cycle must consider
that, before carrying out the movement execution, potential
conflicts3 must be solved. The overall simulation step therefore
follows a three step procedure: (i) update of choices and
conflicts detection for each agent; (ii) conflicts resolution,
that is the resolution of the detected conflicts between agent
intentions; (iii) agents movement, that is the update of agent
positions exploiting the previous conflicts resolution, and field
update, that is the computation of the new density field
according to the updated positions of the agents.

The resolution of conflicts employs an approach essentially
based on the one introduced in [40], based on the notion
of friction. Let us first consider that conflicts can involve
two or more pedestrians: in case more than two pedestrians
involved in a conflict for the same cell, the first step is to
block all but two of them, randomly chosen, reducing the
problem to a simple case. To manage a simple conflict, another
random number ∈ [0; 1]is generated and compared to two
thresholds, frict l and fricth, with 0 < frict l < fricth ≤ 1: the
outcome can be that all agents are blocked when the extracted
number is lower than frict l, only one agent moves (chosen
randomly) when the extracted number is between frict l and
fricth included, or even two agents move when the number is
higher than fricth (in this case pedestrian overlapping occurs).
For our tests, the values of the thresholds make it quite
relatively unlikely the resolution of a simple conflict with one
agent moving and the other blocked, and much less likely their
overlapping.

3essentially related to the simultaneous choice of two (or more) pedestrians
to occupy the same cell

Fig. 4. From the left: an overview of the Vittorio Emanuele II gallery and
the quasi-zenithal of passerby within the walkway.

V. EXPERIMENTAL RESULTS

This section discuss about the qualitative analysis of the
results obtained from experiments. We carried out our exper-
iments on a PC of 2.6 GHz (Core i5) with 4.0 GB memory
and video by Bandini et al [41], whose scenario is described
with the following.

A. The Analysed Scenario

The survey was performed the last 24th of November 2012
from about 2:50 pm to 4:10 pm. It consisted in the observa-
tion of the bidirectional pedestrian flows within the Vittorio
Emanuele II gallery (see Fig. 4), a popular commercial-
touristic walkway situated in the Milan city centre (Italy).
The gallery was chosen as a crowded urban scenario, given
the large amount of people that pass through it during the
weekend for shopping, entertainment and visiting touristic-
historical attractions in the centre of Milan.

The team performing the observation was composed of
four people. Several preliminary inspections were performed
to check the topographical features of the walkway. The
balcony of the gallery, that surrounds the inside volume of
the architecture from about ten meters in height, was chosen
as location thanks to possibility to (i) position the equipment
for video footages from a quasi-zenithal point of view and
(ii) to avoid as much as possible to influence the behaviour
of observed subjects, thanks to a railing of the balcony partly
hiding the observation equipment. The equipment consisted
of two professional full HD video cameras with tripods. The
existing legislation about privacy was consulted and complied
in order to comply with ethical issues about the privacy of
people recorded within the pedestrian flows.

B. Automated Analysis Experimental Results

We computed optical flow at a coarser resolution to reduce
computational time as shown in Figure 1(a); let the output
of optical flow be a binary image Fb. The gaussian mixture
model was applied to the same sample frame to compute
foreground; let the output of the Gaussian mixture model be
called Fgm. Later on, Fgm and Fb were put into logical AND



Fig. 3. Sample frame (a); its foreground image (Ff ), computed by GMM and optical flow (b); the result of clustering flow vectors (c) and the result after
applying blob absorption (d).

to extract foreground image Ff as shown in Figure 3(b). After
computing optical flow and generating foreground image,
similarity among the flow vectors in Fb was determined by
using a similarity measure. Similar flow vectors were clustered
to represent a specific motion pattern. Blob absorption method
was applied to remove small clusters. Blob analysis method
was applied on foreground image (Ff ) to count the number
of people.

Figure 3(c) and (d) show clustering result, flow vectors
which satisfy similarity measures are combined into one
cluster. Each cluster in the figure is color coded representing
different motion patterns. Some blobs appear due to problems
discussed in section III-A which are removed by the blob
absorption method. Figure 3(d) shows a more refined version
of motion patterns. As we can see from the Figure 3(c) and
(d), there is a dominant motion towards North, a minor but
still significant motion towards South, little motion towards
West and almost negligible motion towards East.

Such little motion makes small clusters, which are usu-
ally absorbed by the blob absorption method, as shown in
Figure 3(d). The results shows that large number of people
moving towards North while there is less movement in other
directions which is further illustrated in Figure 5.

Figure 5(a) shows ground truth calculated manually by
using the Ground Truth Annotation (GTA) tool: 62 people
were manually counted. After blob analysis, instead, 52 people
were automatically detected in the whole scene as shown in
Figure 5(b). Figure 5(c) shows instead the count of people
moving in different directions: while studying dominant di-
rection of crowd, analysis of speeds of crowd is important
to understand overall crowd dynamics. Figure 5(d) shows the
speed magnitude of all flow vectors. We use color codes to
represent the magnitude of speeds. The bar scale represents
different speeds where dark color or magnitude of 1 represent
high speed while blue region shows zero magnitude. Figure
5(d) leads us to an important observation that the people
moving alone are moving with high speed while others moving
in groups move relatively slower. This kind of observations is
important and provides a useful input to pedestrian simulation
models.

Our proposed algorithm detects dominant motion patterns
in the scene. Once motion pattern are detected, we can find
the source and sink of each pattern. Sources refer to locations
where objects appear and sinks are the location where objects
disappear. Most of the scenes contain multiple sources and
sinks: for example, a market place where multiple groups of



Fig. 5. The ground truth counting performed with GTA tool (a), people detected automatically by our algorithm (b); count of people in dominant flows (c)
and the heat map describing speeds of pedestrians (d).

pedestrians move in distinct directions, originating multiple
sources and sinks; similarly we could analyse flows in train
stations or large floors of malls. The analysed video considers
a situation in which, however, the flow of pedestrians is mostly
on the North-South axis (referring to the video orientation). By
analyzing sources and sinks of multiple motion patterns we can
achieve information about the mostly visited or most attractive
areas in the scene that can help us in understanding the
behaviour of different pedestrian groups. In a transportation
scenario, we could go as far as producing a so called origin–
destination matrix which is an essential input for the creation
of simulation scenarios. So, a generalisation of the presented
work on dominant flows is object of current and future works.

VI. DISCUSSION

The above described results of automated video analysis
represent a first step in the direction of a more compre-
hensively integrated overall study of pedestrians and crowd
dynamics. As of this moment, they still require some improve-
ment to be directly applied, but in this section we will clarify
some of the most immediate ways to exploit these results to
support modeling and simulation.

A first employment of the above results is related to the
actual configuration of the simulation scenario: qualitative
analyses characterising the flow direction segmentation clarify
that in the analysed portion of the environment most pedestrian
movements are along the North-South axis (i.e. some pedes-

trians actually stop by a windows in one of the borders of the
scenario or actually enter a shop, but their number is very low
compared to the overall pedestrian flow). So, when designing
the simulation environment we can exclude the presence of
points of interest / attraction along the Eastern and Western
borders of the environment: this was not obvious, since the
analysed scenario comprises shops along the borders and since
pedestrian behaviour in other areas of the gallery are quite
different.

In particular, based on these data, we configured the envi-
ronment as a large corridor with size 12.8 m × 13.6 m. At
each end, one start area is placed for the agents generation,
respecting the frequency of arrival observed in the videos;
corridor ends also comprise a destination area corresponding
to the start area positioned on the other end.

A second way to exploit data resulting from automated
video analysis is represented by pedestrian counting and
density estimation: the indication of the average number of
pedestrians present in the simulated portion of the environ-
ment is actually important in configuring the start areas.
In particular, in order to reproduce the counted number of
pedestrians, also characterised according to their direction,
we configured two different frequency profiles for the start
areas which lead to achieve, respectively, 30 and 50 pedes-
trians in the environment on average. Should the automated
analysis be able to discriminate different types of groups (i.e.
individuals, couples, triples, etc.) this characterisation could



Fig. 6. Cumulative mean density maps calculated in a short period of the simulation (near 60 steps), which contains values of flow respectively towards
North (a) and South (b).

further improve the starting areas configuration. The count
of pedestrians in areas of the environment, and in particular
portions of the overall analysed scene, could help generating
Cumulative Mean Density maps [42], a heat-map diagram
that can be used to validate simulation results. Examples of
this type of result on the side of simulation (in the Galley
scenario) are shown in Fig. 6, with an “instantaneous” (first
60 steps of the simulation, corresponding to 25 seconds of
simulated time) calculation of the average perceived4 local
densities in the simulated environment, divided in the two
directions of flow (i.e. North and South-bound). Even if it is
only an example, this results is already able to provide useful
information about the space utilization: while the flow towards
North has remained relatively compact by forming one large
lane, the one on the opposite direction has been divided in
more lanes where little jamming are arisen, easily identifiable
by the level of densities.

Finally, a third way to employ data resulting from automated
video analysis is still related to the validation of simulation
results and it still employs people counting data as a primary
source. In particular, assuming that most of the counted
pedestrians is actually in motion to enter or exit the monitored
area (that could be a portion of the overall scene, like the
northern border), we could estimated the instantaneous flow
of pedestrians and average this value for certain time frames.
The achieved measure can be compared to simulation results
and this is particularly interesting in scenarios in which the
density conditions have significant variations, since it could be
possible to validate several points in the flow-density profile
characterising the so called fundamental diagram [5] that can

4Values of local densities in each cell, contained in the density grid, are
stored for the average calculation only when a pedestrian is located inside it.

be achieved by means of simulation results.
Additional ways of employing other results of computer

vision techniques for helping a simulation project, not nec-
essarily discussed here or already employed for this analyses,
could be done. For instance, once a source–sink analysis has
been carried out, one could track a number of pedestrians
completing a certain path and average out the travel time
to have a reference value for evaluating simulations. How-
ever, the applicability and accuracy of tracking and many
other techniques heavily depend on contextual factors like
lightning conditions, changes in velocities and directions,
but also crowding: a high density of pedestrians is very
frequently always causing occlusions that can mislead the
tracking algorithm. This work represents one first step in a
more general research work aimed at contributing a fruitful
interaction between pedestrian simulation and computer vision
research producing (i) vertical results, namely techniques and
case studies in specific contexts, and (ii) guidelines for the
adoption of the most appropriate technique for a given context
and situation.

VII. CONCLUSIONS

This paper has introduced the first results of a research effort
putting together techniques of automated analysis of pedestrian
and crowd dynamics and approaches towards the synthesis of
these kind of phenomena. While in the present form the results
of automated analysis mostly provide qualitative indications to
the modeler, in the future they will represent also a quantitative
empirical data for the initialization, calibration and validation
of simulation models. The main contribution of the present
work is represented by a systematic collaboration of automated
analysis and simulation approaches in a specific and challeng-
ing real-world scenario, already producing useful indications



that, however, will soon be improved for an even smoother and
more quantitative integration. The main future directions are,
on one hand, aimed at a more thorough quantification of the
results of analyses and, on the other, at the identification and
understanding the behaviour of pedestrian groups in the scene
(e.g. source-sink analysis, converging to a point or dispersing,
circling around points of reference).

REFERENCES

[1] D. Helbing and P. Molnár, “Social force model for pedestrian dynamics,”
Phys. Rev. E, vol. 51, no. 5, pp. 4282–4286, May 1995.

[2] C. Burstedde, K. Klauck, A. Schadschneider, and J. Zittartz,
“Simulation of pedestrian dynamics using a two-dimensional cellular
automaton,” Physica A: Statistical Mechanics and its Applications,
vol. 295, no. 3 - 4, pp. 507 – 525, 2001. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0378437101001418

[3] C. M. Henein and T. White, “Agent-based modelling of forces in
crowds.” in Multi-Agent and Multi-Agent-Based Simulation, Joint Work-
shop MABS 2004, New York, NY, USA, July 19, 2004, Revised Selected
Papers, ser. Lecture Notes in Computer Science, P. Davidsson, B. Logan,
and K. Takadama, Eds., vol. 3415. Springer–Verlag, 2005, pp. 173–184.

[4] T. Bosse, M. Hoogendoorn, M. C. A. Klein, J. Treur, C. N. van der Wal,
and A. van Wissen, “Modelling collective decision making in groups and
crowds: Integrating social contagion and interacting emotions, beliefs
and intentions,” Autonomous Agents and Multi-Agent Systems, vol. 27,
no. 1, pp. 52–84, 2013.

[5] A. Schadschneider, W. Klingsch, H. Klüpfel, T. Kretz, C. Rogsch, and
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