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Abstract 

 

The changes of the transport conditions during the recent years are significant. Cities are enlarged and 

the movements of their citizens are more complex (especially due to higher densities). A result of this 

is the increase of emergency situations (situations when an area has to be evacuated in a short time 

period). This study is an effort analysis of the basic transport magnitudes of pedestrian movement, in 

order to be used for pedestrian evacuation. The primary aim is to investigate the factors that affect 

pedestrian movements. Based on the literature review we cluster the factors and we examine the 

influence of one cluster. Through different scenarios the impacts of each factor in the cluster in 

pedestrian behavior and movement are measured. The results of the simulations evince the impacts of 

the factors. Finally the constraints of the simulations and the way that affect the results are described. 
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Περίληψη 

 

Οι μεταβολές στις συνθήκες μετακίνησης κατά τα τελευταία χρόνια είναι σημαντικές. Οι πόλεις 

μεγεθύνονται και οι κινήσεις των κατοίκων τους γίνονται περισσότερο περίπλοκες (ιδιαίτερα εξαιτίας 

των υψηλότερων κυκλοφοριακών πυκνοτήτων). Αποτέλεσμα αυτού είναι η αύξηση των συνθηκών 

έκτακτης ανάγκης (καταστάσεις όπου μια περιοχή χρήζει εκκένωσης σε σύντομο χρονικό διάστημα). 

Η παρούσα εργασία αποτελεί μια εξέταση των βασικών κυκλοφοριακών μεγεθών κατά την κίνηση 

των πεζών, ώστε να χρησιμοποιηθεί για περιπτώσεις εκκένωσης περιοχών στις οποίες συμμετέχουν 

πεζοί. Ο βασικός σκοπός είναι η διερεύνηση των παραγόντων που επηρεάζουν την πεζή κυκλοφορία. 

Βασιζόμενοι στη βιβλιογραφική ανασκόπηση ομαδοποιούμε τους παράγοντες και εξετάζουμε την 

επίδραση της μιας εκ των ομάδων. Μέσα από διαφορετικά σενάρια υπολογίζονται οι επιδράσεις του 

κάθε παράγοντα από την ομάδα στη συμπεριφορά και στην κυκλοφορία των πεζών. Τα αποτελέσματα 

των προσομοιώσεων καταδεικνύουν τις επιδράσεις των παραγόντων. Τελικώς περιγράφονται οι 

περιορισμοί των προσομοιώσεων και ο τρόπος με τον οποίο επηρεάζουν τα αποτελέσματα. 

 

Λέξεις κλειδιά: Πεζοί, προσομοίωση, κυκλοφοριακή  ροή, μέση ταχύτητα 
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1. Introduction 

 

1.1 Background 

The significant increase of the densities of cities and the concentration of a relatively large 

number of people in a limited space, has significantly affected their lifestyle. As it mentions in 

bibliography (Klingsch, 2010), the contribution of modern infrastructures, e.g. underground 

railway stations, shopping malls, tall buildings, is significant. This also includes the change in 

the transport. Large cities and metropolitan areas are continuously expanding. They have 

become more demanding because their citizens cover longer distances for commuting, 

entertainment etc. Therefore, the construction of necessary infrastructures and the 

management / regulation of existing ones, is of great importance.  

For this reason it is necessary to study the behaviour and the mode of movement of the 

citizens. Pedestrians’ movement differ a lot from traffic (vehicle movement). The basic issue 

is that it is not a “clear” movement. Pedestrians tangle as they walk. As Burstedde et al. 

(2001) mentioned, pedestrians are more flexible and more intelligent than cars and they can 

choose an optimum route according to the environment around. Also slight bumping is 

acceptable and need not be absolutely avoided as in traffic flow models (Burstedde et al. 

2001).   

In recent years significant progress has been made on this field. Advanced models of traffic 

simulation, which can determine, with considerable accuracy, the means by which users 

choose to move, the driving style, possible origin - destination places as well as other issues 

related to the way of movement, have been developed. In many studies pedestrians are 

compared with the movement of the fluids. Econometric models, which rely greatly on 

probabilities as well as models, which take into account psychological factors, are used in 

these models. Moreover, models based on scientific disciplines (physics, biology, chemistry, 

etc.) are also being developed. 

In this study we focus in pedestrian movement, under conditions that they do not interact with 

cars. 

 

1.2 Aim of the Study  

The subject of the current study is the analysis of pedestrian movements. Its aim is to examine 

the factors that change the behavior and by extension the movements of pedestrians.  

 

1.3 Structure 

The study is separated in four parts. The first part consists the literature review in which 

relevant studies with their results are described. In the second part is presented the 

methodology for similar issues. In the third part is described the methodology of this study 

through the examination of some scenarios and the change of their parameters. The results of 

the simulations are presented in the fourth part.  
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2. Literature review 

 

In this section is presented the literature review that is relevant to pedestrian simulation. 

Through a recursion in the past, the first studies are mentioned but also the later. In addition 

their results are pointed out. In the end of this part is introduced a clustering of the factors that 

affect pedestrian movement. 

The models of pedestrian simulation are divided in microscopic (Gipps and Marksjo 1985, 

Lovas 1994, Nagatani 2001, Weifeng et al. 2003, Teknomo 2006, Blue and Adler 2001, 

Burstedde et al. 2001) and macroscopic (Hughes 2000). Microscopic models examine 

disaggregated characteristics of a traffic flow in contrast to macroscopic that examine 

aggregated (average values of characteristics).  

Macroscopic approach does not appear well some phenomena in pedestrian simulation. Due 

to this, it was come off the need of use microscopic models in pedestrian simulation. But 

microscopic simulation requires high computational skill, which overcame a lot with the 

enhancement of hardware and software. (Teknomo 2006). Also macroscopic models in 

pedestrian simulation fail to take the differences between the agents (Lovas 1994). 

In microscopic level is used the cellular automata approach (Gipps and Marksjo 1985, 

Burstedde et al. 2001, Blue and Adler 2001, Weifeng et al. 2003, Flötteröd and Lämmel 

2015). In most of the studies (Burstedde et al. 2001, Weifeng et al. 2003, Isobe et al. 2004) 

the dimensions of the cells are 0.4m. X 0.4m, but in Löhner and Haug (2014) the length of the 

cell is 0.3m. and the width is 0.5m. 

One the earliest approaches was that from Gipps and Marksjo (1985), when it was set the 

need of using microscopic models in pedestrian simulation, mostly, due to lack of 

macroscopic modes to determine the variations in pedestrians’ movements. The method (in 

Gipps and Marksjo model) was based in the repulsive effects that a pedestrian or an obstacle 

has on another pedestrian (“subject” as they were called in the project). Each cell has specific 

and the same dimensions with the others. Through a function is measured the gain of a subject 

as moving to one of the coterminous cell. As it is obvious the subject moves to the cell with 

the highest gain. An advantage of this method is that it refers to the perceived from the 

pedestrian distance and not to the actual distance. This model is in an early stage of 

development and is not validated. Some enhancements are needed to be done, such as the size 

of the cells. 

In Weidmann’s (1993) study (one of the primary) the fundamental diagram shown in Figure 1 

(relation between density and velocity) for pedestrian streams was presented. This diagram 

shows that velocity is inverse to the density. The diagram has been verified in later studies 

(e.g. Seyfried et al. 2005). 
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Figure 1: Fundamental diagram for pedestrians (Weidmann’s 1993)  

 

It is important to mention that the measuring unit of density (p) in pedestrian flows is square 

meters (1/m
2
) and is related to the surface that pedestrians occupy. The measuring unit of 

density in traffic flows relates to lane-kilometers (veh/km/lane). The cause of this difference 

is that vehicles are organized in specific lanes and they typically move one behind another. 

On the other hand, pedestrians do not necessarily walk in specific lanes (expect of some cases 

that are analyzed below), but scattered (in some level) in space. So, it is crucial to examine, 

except from the length, the width of the examined area in pedestrian streams. In addition, the 

maximal density in this diagram is 5.4 pedestrians per square meter.  

Lovas (1994) mentions that maximum of the traffic flow varies between different populations, 

situations and walkways. Pedestrian’s velocity does not differ a lot as he walks down or up. 

Another factor that affects pedestrian flow is whether somebody walks through a door or 

through a corridor with the same width. In the door is obvious the queue phenomenon, which 

is described very well in this paper, including the factors that can cause it. Also Lovas 

mentions that pedestrian’s velocity is a function of personal factors and situational factors and 

as personal factors implies velocity under no congestion situations. He analyzes in a more 

temporal way rather than in spatial. He does not consider the repulsive forces between 

pedestrians or obstacles and he does not validate his results from the simulations. 

Hughes (2000) simulates pedestrian velocity using differential equations. He sets three 

hypotheses 

 Pedestrian velocity is depending on surrounding pedestrian density and pedestrians’ 

behavioral characteristics; 

 They move forward to their destination; and  

 Pedestrians minimize their travel time, but temper this in order to avoid high densities. 
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Hughes (2000) then analyzes the way that pedestrian’s velocity decreases when density 

increases (without providing a fundamental diagram). This study implies that velocity 

depends only on density without considering surface non-uniformity, in contrast to Lovas 

(1994). Also it does not consider different types of pedestrians. Applying this formulation in a 

case study, shows that psychological state of pedestrians can completely change the flow 

pattern. 

Burstedde et al. (2001) innovated in cellular automata method by introducing the floor field, 

which is a second grid of cells underlying the main grid. It acts as a substitute of pedestrian 

intelligence. This floor field demonstrates the interactions between pedestrians. 

Nagatani (2001) presents a model that is based on the probability one pedestrian to move from 

one cell to a close one. The simulations result that the density increases proportional to the 

density in the entrance point. There is a critical entrance density where the flow rate saturates. 

Critical density depends on the dimensions of tunnel (width of the narrow part / width of the 

wide part). Also density in exit point affects the relation between the mean flow rate and the 

entrance density. 

Weifeng et al. (2003) break the deadlock of back stepping which was introduced in Nagatani 

(2001). Pedestrian velocity under normal conditions is 1,00m/s. In this model is adopted the 

Von Neumann neighborhood which involves four adjacent cells. The simulation results that in 

low density pedestrians move freely and in “crowder” situations the system is self-organized 

in lanes, which is in line with Bršcic et al. (2014). In Teknomo (2006) lane segregation has 

high influence in the average delay and in average velocity, up to one value (comparing with 

the mix lane policy). Blue and Adler (2001) mention that pedestrians generally tend to move 

in the same side in a bi-directional movement. As the total density continues to increase, the 

existing lanes merge in two lanes, where in the right lane are the up walkers and in the left the 

down walkers. In jammed state (higher density) only some of the pedestrians can move. Also 

due to the back stepping, the system will not come easily to jammed state (pedestrians can 

easily adjust their positions). Finally in this paper is introduced the possibility in which a 

pedestrian will move in the next time step. For the countries that pedestrians prefer to move in 

the right side, pr> pl, and vice versa. (Weifeng et al. 2003) 

After the observation of 19 videos, total duration 71 minutes and 38 seconds, we ascertained 

that pedestrians moving in free flows tend to choose the same side of the sidewalk with the 

side of the road for the cars. Both left-side and right-side countries were examined.  

The model of Seyfried et al. (2005) examines normal conditions in pedestrian movements (not 

in panic). They used a corridor width 0.8m. As it is mentioned, the width of the corridor is not 

very crucial as long as it does not impede the free flow of the pedestrians. Depending on the 

facilities (stairs, ramps, bottlenecks or halls) and the numbers of directions of the streams 

(uni-directional / bi-directional), the fundamental velocity-density relationship may differ. 

Seyfried et al. present the relation between required length (the distance to the next close-by 

pedestrian) and velocity, in one-dimensional system.  

Teknomo (2006) attempts to understand the behavioral movement of pedestrians, through 

three scenarios: 

 Compares one-way and two-way movements; 

 Increases the percentage of the older people; and 

 Lanes segregation. 
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The characteristics of each pedestrian are: 

 His own initial location; 

 Initial time; 

 Initial velocity; 

 Predetermined target location. 

Pedestrians prefer to follow other pedestrians than make their own path. Lattice gas model 

establishes that pedestrians tend to follow their leading as they move (Isobe et al. 2004). This 

study demonstrates the relationship between velocity and density in one way and on two way 

pedestrian traffic. In the first situation the relationship is linear and in the second is 

logarithmic (R
2
 equal to 0.82 and 0.90 respectively). Also the average velocity decreases 

logarithmically as the percentage of the elderly people increases. 

In addition, Blue and Adler (2001) result: 

 Separated flow: volume/density curve does not differ a lot from unidirectional to 

balanced flow (fundamental diagram of velocity – density is similar to this of 

Teknomo 2006) 

 Interspersed flow: speed/density curve differs from unidirectional to balanced flow, 

due to the fact that, when pedestrians have the option to exchange places, they can 

pass by slow pedestrians 

 Dynamic multi-lane (DML) flow: speed/density curves differs depending on the 

exchange probability – in high values of exchange probability the curve has a smooth 

shape 

 Sidestepping/density curves shows that, sidesteps increases according to density till a 

density value, and conversely to this value. 

 The largest differences in volume, speed and density occur in maximum flow. 

Blue and Adler (2001) recognize the fact that pedestrian’s velocity depends on the place of 

other pedestrians in the area. They utilize cellular automata for pedestrian simulation using 

microscopic models. They examine the way that pedestrians act as they move and set some 

possibilities whether or not they will change lane.  

Three scenarios in bi-directional flow were examined: 

 separated flow; 

 interspersed flow; 

 DML flows. 

Rarely pedestrians do not move in lanes but scattered (in this cases are emergency situations). 

The basic fundamental diagram (speed – density in one direction / 100/0 pedestrian ratio for 

each direction) is in line with this in Weidmann’s (1993) study. 

Lassarre et al. (2012) studied pedestrian’s behavior in crossings using a GIS-based method. 

Their experiment result that 

 Pedestrians tend to minimize their primary crossings (across the trip roadway) per trip; 

 Tend to commit their primary crossings firstly; 

 They do not prefer mid-block crossings; 

 Mid-block crossings are mostly in non-protected areas. 
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According to Zanlungo et al. (2014), as the size of pedestrians groups is growing, the velocity 

will decrease and pedestrians are “pressed” to move in the center of their group from the 

surrounding environment. 

Bršcic et al. (2014) characterize as moving pedestrians those that have an average velocity 

more than 0.5m/s (1.8 km/h). They find that the height of a person affects his velocity, an 

almost linear growth between 1.45 and 1.8 meters. Pedestrian velocity depends on the time 

during the day, namely higher velocities in rush hours (even in high densities) and lower in 

the later hours. Also taller people walk faster, but their movement is decelerated as the 

number of short persons is being increased. Generally the results in this paper correspond to 

the fundamental diagram (velocity – density) except from the rush hours in working days. 

Flötteröd and Lämmel (2015) identify the fundamental diagram (volume – density) in bi-

directional flows. They set the conflict delay as one of the crucial factors, which is the delay 

between two pedestrians from the opposite directions when they face each other. In their 

model, the ratio for density of each direction is 50/50. 

Some studies use the lattice gas model (Muramatsu et al. 1999, Muramatsu and Nagatani 

2000, Isobe et al. 2004) emphasizing in the strength of drift. 

Muramatsu et al. (1999) presented one of the primary studies that utilizes lattice gas model in 

order to simulate pedestrian flow. This study has not the option for pedestrian’s back step. 

Their system has two dimensions. The study separates the walkers in right walkers (move to 

the right) and the left walkers (move to the left). It bases on the probability of walkers to 

choose his next site in the next time step. The probability depends on the drift strength (D). 

The study takes into account that the density of the right walker on the left boundary and the 

density of the left walker on the right boundary are set by a constant value. Their results are 

the above: 

 the jamming transition does not depend on the system size; 

 the mean velocity increases with increasing drift; 

 the mean velocity and the occupancy do not depend on the ratio of the right walkers to 

all the walkers; 

 The jamming transition does not also depend on the ratio of the right walkers to all the 

walkers. 

Muramatsu and Nagatani (2000) examined two type models of pedestrian simulation, one in 

two-way pedestrian flow and one in four-way. In the first type walkers can move up or right 

and in the second in all directions. In the simulation of the first type (two-way) the density of 

the right walkers is equal to this of the up walkers. Simulation shows that the jamming 

transition point depends on the system size for small system sizes. For large system sizes and 

for D=0.0, the density of jamming transition point reaches to a constant value. Also by 

increasing drift, critical density decreases and mean velocity increases. The density of 

jamming transition for lattice gas models is almost equal to this in cellular automaton models 

for D=1.0. In cellular automaton models the turn capability is taken into account. In the 

simulation of the second type (four-way) the density is equal to each type of walker. Jamming 

transition appears even in small system sizes. The density of jamming transition does not 

differ significantly from the one in two-way type. In four-way the mean velocity above the 

transition point is almost zero, but in two-way is a low non-zero value. Critical density and 

mean velocity “reacts” in the same mode in both types (two-way and four-way) but the 

patterns are way different. 
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Isobe et al. (2004) utilized also a lattice gas model. They present a bi-directional pedestrian 

flow inside a channel with the assumption that the number of pedestrians is equal in each 

direction. The walls of the channel are boundaries for the pedestrians and have repulsive 

forces to them. In bi-directional movement the filing phenomenon occurs, as far as 

pedestrians in one direction meet the pedestrians of opposite direction, from one level of 

density. Increasing the front watching area, the filing phenomenon becomes clearer. They 

found, using a lattice gas model, that a walker tends to move in the region where more 

pedestrians moving in same direction with him. The probabilities in which direction a 

pedestrians will move, depend on the strength of the drift. The arrival time increases 

exponentially as the density increases and the mean arrival time increases highly by 

increasing drift D. 

Finally there are some studies in the field of control pedestrian behavior. Siques (2002) 

presents the effectiveness of control devices in human behavior. He examined scenarios in 

grade crossings. He found that active warning devices, such as pedestrian automatic gates or 

pedestrian flashing lights, are more powerful in preventing pedestrian grade crossing as a train 

approaches, than simple visual signs. Keegan and O’Mahony (2003) examined the impact of 

countdown timers in traffic lights of pedestrian crossings. They found out that countdown 

timers affect the movements of pedestrians in crossings. Especially they reduce (but not 

sufficiently) the proportion of those that cross the street even with the red man in the traffic 

light. The main cause for the reduction is that countdown timers inform pedestrians on how 

many seconds the red man will switch to green. Due to pedestrians that do not wait for the 

green light, usually overestimating their waiting time, countdown timers have a great impact 

on pedestrian’s movement behavior. Zhao et al. (2012) pointed out that the factor of 

pedestrian flows’ stability is crucial in order to control the flow. Small perturbation in 

unstable flows can cause serious effects. The proportion of pedestrians that follow the traffic 

guidance (TGS pedestrians) is important for the “stabilization” of the streams (as the 

proportion grows the flow becomes more stable). Also the initial distribution of the TGS 

pedestrians is not important on the stability of the flows. 

In conclusion the factors that affect pedestrian’s movements are clustered in the following 

categories: 

 

Geometrical characteristics of movement 

 The number of directions of the streams (Seyfried et al. 2005); 

 The architecture of the facility, including the topography of the area (Seyfried et al. 

2005); 

 The width of the corridor or the ratio of width in the narrow part to the width in the 

wide part of the corridor, as it does not impede pedestrians’ free flow (Nagatani 2001 

and Seyfried et al. 2005); 

 Whether they move through a door of through a corridor with the same width (queuing 

phenomenon in the door) (Lovas 1994). 

 

Traffic 

 The density of their moving area (repulsive effects in microscopic level) (Gipps and 

Marksjo 1985 and Isobe et al. 2004); 
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 The lane formation in bi-directional flows (the ratio of pedestrians in each direction) 

(Weifeng et al. 2003 and Teknomo 2006); 

 The side of the road where the cars move; 

 The time period in a day or in a week (rush hours) (Bršcic et al. 2014); 

 The conflict delay in bi-directional flows (Flötteröd and Lämmel 2015); 

 The critical density on the entry point (Nagatani 2001); 

 Minimization of their travel time (not in case of avoiding high-density crowds) 

(Hughes 2000). 

 

Human factors 

 The drift strength (lattice gas model) (Muramatsu et al. 1999, Muramatsu and 

Nagatani 2000 and Isobe et al. 2004); 

 Their demographic characteristics (mainly their age) (Teknomo 2006); 

 The height of the agents (Bršcic et al. 2014); 

 Psychological state of pedestrians (Hughes 2000). 

 

3. Methodology 

 

3.1 General Description 

The steps of the research process are shown in Figure 2. The first step is the designation of the 

issue that will be examined in the study. The issue can originate from a previous reference. In 

the same time the literature review is carried out. The designation of the issue interacts with 

the literature review. In the end the previous studies that are relevant with the issue are 

presented and their results that they came up. This occurs in order to learn what has been 

made, to understand the methodology, to investigate the problems/constraints and to know 

about any further research that their writers may propose to. The second step is about the 

planning of the methodology. Some scenarios are made by changing the parameters that may 

affect our situation and to come up with the level of the influence of them. A sensitivity 

analysis is very important in this step. With the sensitivity analysis can be assigned the effects 

of a minimum change in the parameters. The collection of the data is the third step. Also the 

way that the data have been collected is mentioned and any problems that may exist. 

Subsequently the data area analyzed and their acceptances are mentioned. The final step is the 

presentation of the results that should be described very clear. In this step could be proposed 

any issues for further research. 
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Figure 2: Steps of research process 

 

3.2 Experiment Planning 

The collection of the data for relevant studies could be carried out with the following ways:  

 Experiments in the fields; 

 Random and representative measurements in the field; 

 Simulations, mostly, by software in computers. 

 

In addition, the conditions of the experiments should be formulated, such as 

 Geometric characteristics of the area (may include the topography); 

 Traffic conditions; 

 Allocation of the traffic volume. 

  

4. Case studies 

 

4.1 Description of Tools 

In this study, simulations of pedestrians’ movements have been carried out by means of the 

software named Aimsun and especially by the engine called Legion that specializes in 

pedestrian modelling (Transport Simulation Systems, 2014). The software is based on the 

Designation of the 

issue 
Literature review 

Data Collection Data Analysis 

Sensitivity Analysis 

Results 

Methodology 

Planning 
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principle that the agents move by making the least effort. The meaning of effort contains the 

above concepts: 

 The divergence of pedestrian’s desired speed 

 The deviation of the preferred direction 

 The number of interferences as pedestrian walks (Personal communication 2015 with 

Legion Ltd – James Stewart / Software Development Manager) 

The parameters of the issue were changed in order to examine their results. The current study 

does not involve movements where pedestrians react with cars but only among pedestrians. 

The basic element in the simulations is a corridor with entrances and exits, which were 

changed for the needs of each scenario.   

 

4.2 Assessment of the Optimum Number of Replications  

Every replication is stochastic. This means that by keeping the same geometric and traffic 

characteristics of a pedestrian area, the results of each replication (e.g. pedestrian velocity) 

could be different. For this reason is necessary to assess the optimum number of replications 

for each simulation. A small number of replications could cause to insecurities due to the fact 

that an extra replication could differ a lot the results (e.g. the value of mean velocity). On the 

other hand, a high number of replications could cause to useless waste of time and cost.   

According to Antoniou et al. (2014) as the number of replications in a simulation is growing, 

the possibility to achieve the covetable value of a magnitude is growing, through to the 

average of the values after each replication. In this way the affect of an outlier is moderated. 

The number of replications should be proportionate to standard deviation of the magnitude. 

As the standard deviation (after each replication) falls off the optimum number of replications 

is also falling off. 

In the current study the optimum number of replications is examined through the change of 

the average velocity after each replication. The lower the change is, the lower the number of 

extra replications is needed. As shown in Figure 3, the average velocity tends to stabilize after 

the ninth replication. Therefore we consider that the optimum number of iterations is 10. 

However, it is noted, that if one is only interested in a more rough approximation, already 3 

replications provide a reasonable approximation.  
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Figure 3: Optimum Number of Replications 

 

 

4.3 Experiment Analysis 

As is mentioned above, the factors that influence pedestrians’ movements are clustered in the 

following clusters: 

 Geometrical characteristics of movement; 

 Traffic; 

 Human factors. 

In the current study the factors that are included in the cluster of geometrical characteristics, 

are examined, as mentioned below: 

 The number of directions of the streams;  

 The architecture of the facility; 

 The width of the corridor or the ratio of width in the narrow part to the width in the 

wide part of the corridor, as it does not impede pedestrians’ free flow; 

 Whether pedestrians move through a door of through a corridor with the same width 

(queuing phenomenon in the door).  

All the simulations were carried out for three different pedestrian flows (different volumes). 

 

4.3.1 The Architecture of the Facility  

In order to assess the impact of the architecture of the facility in pedestrians’ movements we 

use a corridor 30 meters long and 2.5 meters wide with one entrance and one exit. Firstly the 

corridor is straight without any curves. Then we made a curve in the middle so that the 

pedestrians had to turn in order to arrive in the exit. There were three types of angles in the 

curve, 45
o
, 90

o
 and 135

o
. The vertical curve (angle 90

o
) is presented in Figure 4. 
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Figure 4: Corridor with vertical curve 

 

The results show that the movement in straight corridor appears higher velocity than the 

movement in curves. 

 

 

 

Figure 5: Movement in curve 

 

Particularly the movement in curve is faster than the movement in 135
o
 curve following by 

the movement in vertical curve and in 45
o
 curve. 

 

4.3.2 The Ratio of the Corridor’s Width 

In this case we use a corridor with the shape of trapezoid. The width in its entrance is 5 meters 

and it falls off as the pedestrians move to the exit. We examined five scenarios with different 

ratios between the widest and the narrowest parts of the corridor: 1/5, 2/5, 3/5, 4/5 and 5/5 

(equal width). 
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Figure 6: Corridor’s Width Ratio 

As it is shown in Figure 6, the narrowing of the corridor affects pedestrians’ velocity. The 

impact is higher in low width ratio (1/5) and in higher traffic volumes. 

 

4.3.3 Queuing Phenomenon 

Finally the fourth factor is related to the movement through a corridor and through a door in 

the same width. The scenarios comprise two corridors (one in each scenario) of different 

width (1 meter and 2 meters, respectively). Then we placed two doors, width 1 meter and 2 

meters respectively, inside and in the middle of two other corridors.  
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(b) width 1 meter 

Figure 7:  Movement in door/corridor (a) width 2 meters, (b) width 1 meter 

From Figure 7 we conclude that the existence of the doors inside a corridor, even if they are in 

the same width with the corridor, decelerate the movement of pedestrians. This is in line with 

Lovas (1994) due to the phenomenon in which pedestrians tend to make queues as they try to 

pass through a door. In addition we find out that as the traffic volume grows, the difference in 

pedestrians’ velocity between corridor and door is higher. 

 

5. Discussion and conclusions 

 

In the current study, a cluster of factors that affect pedestrian’s movements is examined. The 

cluster is related to the geometrical characteristics of movement and involves four factors: the 

architecture of the facility, the ratio of the corridor’s width, the condition whether pedestrians 

move through a door or through a corridor with the same width (queueing phenomenon) and 

the number of directions of the streams. For the needs of the experiments we use a corridor 

with one entrance and one exit. We set the optimum number of replications to a conservative 

value of ten, according to the variance of the average velocity after each replication and to the 

literature review (Antoniou et al. 2014). 

The results of the simulations indicate that the angle of the curve in a corridor affects the 

average velocity of pedestrians. Particularly as the degrees of the angle are increasing, the 

average velocity is decreasing. The impact is slightly higher for higher traffic volumes. 

Subsequently as the ratio between the narrowest and the widest part of the corridor is 

decreasing, the average velocity is also decreasing. Moreover in this factor the impact is 

higher for higher traffic volumes. Further, pedestrians’ movement is slower as they pass 

through a door than as they pass through a corridor with the same width. In this case the 

impact is higher for level of width (door/corridor). 
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We attempted, also, to simulate pedestrians’ movement using two corridors (one entrance and 

one exit for each corridor) in the same width (2.5 meters) in vertical alignment (they 

intersected in the middle of one another – as the shape of a cross). Due to a limitation in our 

software, we could not load more than 3000 pedestrians/hour in the two directions 

(horizontally and vertically) totally. The results (Figure 8) indicate that the existence of one 

direction does not affect (significantly) the other. This needs to be researched further, as the 

conflicts among pedestrians in the intersection of the two corridors should reduce the average 

velocity. On the other hand the traffic volume that we loaded is not sufficient in order to cause 

enough conflicts and by extension to reduce the average velocity. 

 

 

 

Figure 8: Corridor’s Width Ratio 
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