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Abstract 
 

Pedestrian walking and choice behavior presented was first studied by Fruin in 1971, and since then a lot 

of research have been carried out in order to understand how humans move and what does make them 

make choices and obtain certain patterns. In relation to pedestrians, a significant bottleneck inside public 

stations evaluated by research are the level-change facilities, as Stair Walks and Escalators. The aim of this 

research is studying how pedestrian behave in the vicinity to stairways and escalators, and how does that 

affect pedestrian choice, speed and acceleration when choosing one of the two facilities. Also, with a need 

for more data on pedestrian traffic, further data collection is a big requirement to analyze their behavior 

and use as tools in future measures. At last, how to optimize the movement of pedestrians in relation to 

level changes, considering the effects of the movements observed. Two case studies were analysed, 

Stockholm Central Station and Uppsala Central Station. 

The study compares data collection methods, tracking methods and previous studies to better fit the scope 

of this research. The data is backed up from previous research and explains which method better fitted 

the options available. As a result, video data collection was chosen to collect the data, a semi-automatic 

tracking software called T-analyst was used to extract speed, trajectories and acceleration from the videos, 

and microsimulation modelling from VISSIM further investigated different design options to optimize the 

overall performance and improve travel time in the same area. The analysis found out that there was a 

possibility to increase the overall performance of the location in higher flow levels, where the most 

significant queues could be seen, since there was the possibility to achieve higher speeds by modifying the 

width and position of the stair walks, which allow for a smaller queue in both directions. 

 

Keywords: 
Pedestrian Walking Behavior, Pedestrian Route-Choice Behavior, Approaching Vicinity, Surrounding 

Environment, T-analyst, VISSIM, microsimulation. 
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Sammanfattning 
 

Fotgängares valbeteende studerades först av Fruin 1971, och sedan dess har en hel del forskning 

genomförts för att förstå hur människor rör sig och vad som gör att de gör sina val som genererar vissa 

mönster. Avseende fotgängare, är en betydande flaskhals i offentliga stationer och 

nivåförändringsanläggningarna, såsom trappsteg och rulltrappor. Syftet med denna studie är att studera 

hur fotgängare uppför sig i närheten av trappor och rulltrappor och hur det påverkar fotgängarens ruttval, 

hastighet och acceleration när man väljer en av de två alternativen. Behovet av mer information om 

fotgängares trafikmönster kan tillfredsställas med ytterligare insamling av data, vilket är krav för att 

analysera deras beteende och användas som verktyg och beslutstöd inför framtida åtgärder.  I denna 

studie behandlas även hur man optimerar fotgängarnas rörelse i förhållande till nivåförändringar med 

tanke på effekterna av de rörelser som observerats.  Två fallstudier har genomförts, i Stockholm 

centralstation samt i Uppsala station. 

I studien jämförs insamlingsmetoder, spårningsmetoder och tidigare studier inom forskningsområdet. 

Uppgifter hämtas från tidigare forskning och förklarar vilken metod som bäst passade de tillgängliga 

alternativen. Som ett resultat valdes insamling av videodata för att samla in av data, en halvautomatisk 

spårningsprogramvara kallad T-analytics användes för att extrahera hastighet, bana och acceleration från 

videorna, och mikrosimuleringsmodellering från VISSIM undersökte ytterligare olika designalternativ för 

att optimera totala prestanda och förbättra restiden i samma område. Som resultat av analysen 

identifierades en möjlighet att öka den totala prestandan för platsen i högre flödesnivåer, där de mest 

betydande köerna kunde ses, eftersom det fanns möjlighet att uppnå högre hastigheter genom att ändra 

trappgångens bredd och läge, vilket möjliggör mindre trängsel i båda riktningarna. 

 
 

Nyckelord: 

Gångbeteende för fotgängare, Gångvägsbeteende för fotgängare, närmande närhet, T-analyst, VISSIM, 

mikrosimulering. 
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1. INTRODUCTION 
 

Regarding global targets of reducing climate change impacts, reducing vehicular traffic has been one of 

the big aims of Stockholm in the last few years. With the launch of the city plan ‘The Walkable City’ the 

Municipality plans to 2030 is to reduce the use of car and majorly expand walking, cycling, and the use of 

public transport (Stockholm Stad Walkable City Plan). In line with this development, increasing the 

pedestrian share of traffic can contribute to smaller environmental and public health impacts. As a result, 

understanding and optimizing pedestrians as a separate group became as a very important task for traffic 

planners.  

Pedestrians are the largest traffic group since most of the trips begin or end with walking (Daamen 2004). 

The creation of pedestrian dominated facilities as walkways, ramps, escalators and stairs brings to light 

the need of studying pedestrian flows in order to plan and design those facilities. These facilities allow 

horizontal and vertical movements, but usually create bottlenecks that reduce the efficiency of these flows 

and to properly understand how pedestrians interact with these facilities can optimize the flow and speeds 

around these facilities. Even though not being significant when considering the total circulation inside a 

public transport station, stairs and escalators can decrease or increase the overall movement inside the 

station. In Lee (2005) a study was made in modelling walking and route-choice behavior on stairways and 

escalators, but some aspects were not discussed. This thesis aims on discussing approaching vicinity and 

self-organization phenomenon in relation to stairways and escalators, and how does that affect walking 

behavior in these two types of facilities. 

In order to bring attractiveness to public transport stations, having an efficient and well-planned station is 

essential, and to understand how these pedestrians interact with each other is crucial to achieve a well-

planned station. To understand their behavior, models of pedestrian traffic can be used. These models can 

be used to analyze pedestrians in certain traffic situations. With that, investigating the existent 

infrastructure with future flows can determine the need of future improvements on design in order to 

achieve a better capacity of the station. These interactions can be studied using microscopic approach, 

where the pedestrians are evaluated as single individuals, which enables to evaluate pedestrian-

pedestrian and pedestrian-infrastructure behavior. 

The earliest research on pedestrian traffic are shown in Fruin (1971) on the LOS concept for pedestrians 

and since then, more research has happened, but there are still gaps on quantitative experimental 

research gathering pedestrian data. It is important to notice that the main difference between pedestrian 

and vehicle is that pedestrians move in areas and can make maneuvers to avoid obstacles or other 

pedestrians, so it is more difficult to collect and evaluate pedestrian data than vehicle data. The methods 

have improved slowly with the addition of video and infrared detectors and facilitated the process of data 

collection on quantitative studies. Even though studies on pedestrian traffic has happened in the last 40 

years, as it can be seen in Lee (2005), Fris & Svensson (2013), Helbing & Monar (1998) and Boltes & Seyfried 

(2012), there is still a rather larger focus on research related to vehicle traffic, creating relevance for more 

pedestrian studies.  
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There are different tools for microscopic simulation of pedestrians. The most commercially used today is 

VISSIM, because it allows for several inputs and analyses with models for both vehicles and pedestrians. 

With the package Viswalk, VISSIM is capable of simulating and predicting several types of behavior in 

relation to pre-determined parameters of the software. These parameters comes from models called 

Social Force Model (Helbing & Molnar 1995) and Dynamic Potential Model (Kretz et al 2011). There is the 

possibility of changing these parameters in order to optimize the prediction of the behavior in relation to 

the real scenario, and with that, include several conditional behaviors that might be particular to a location 

or a certain type of population. This thesis also aims, in regarding to the results founds from the simulation, 

determine the effects of vicinity for different flow levels and populations. 

 

1.1 Purpose and Aim 

This thesis aims on studying how pedestrian behave in the vicinity to stairways and escalators, and how 

does that affect pedestrian choice, speed and acceleration when choosing one of the two facilities. Also, 

with a need for more data on pedestrian traffic, further data collection is a big requirement to analyze 

their behavior and use as tools in future measures. At last, how to optimize the movement of pedestrians 

in relation to level changes, considering the effects of the movements observed. 

 

1.2 Research Questions 

RQ1: What are the pedestrian flow effects of the vicinity to stair walks and escalators in their route-choice? 

RQ2: How are the patterns of pedestrian walking behavior in relation to the choice between stair walks 

and escalators in transfer stations when considering the approaching vicinity to the facilities? 

RQ3: Can the efficiency of the level-change facilities be optimized considering the movements in the 

vicinity of level-change facilities with different design options? 

 

1.3 Methodology 

In order to elaborate the research, a method can help on realizing the crucial steps to conduct a research, 

and according to Lodico, Spaulding & Voegtle (2010), the inductive approach is referred as the approach 

where observations are used to describe a phenomenon that is being studied, and from there establish 

statements to explain it. On this thesis, observations will be done with the data collection, analysis will be 

performed after the collection is done and further analyzed with the simulation, and statements will be 

made after the analyses is performed. 

The research activities expected to this thesis are expected to be divided in 5 steps. A literature review 

conducted with the background on pedestrian behavior, modelling and simulation. Data Collection and 

Processing, where a study review on the different methods is present. The data collection was done in one 

case study. Furthermore, data analysis of the collection in order to find patterns and write statements. 

Modelling & Simulation of the scenarios with modelling in order to show visually the situation found in the 

real case study trying to optimize that would suit the cases in Stockholm and reflect real cases in the 
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Stockholm Public transport System. At the end, a conclusion stating the main findings and discussions with 

further research issues to be addressed. The methodology diagram is presented below in figure 1. 

 

 

Figure 1 - Methodology of the research project 

 

The methodology of this report is based in Concept Phase, Experimental Phase and Conclusion Phase. On 

the Concept Phase, only the literature review is included, where the goal is to strengthen the knowledge 

on the key subjects of the research, provide input from the most important literature available and identify 

the research gaps that create the opportunity and conceptualized the research question for this project. 

Following, the experimental phase was divided in Data Collection and Processing, Data Analysis, and 

Modelling and Simulation. In the Data Collection and Processing, the observation and tracking techniques 

were studied and analyzed. The choice of the study cases was described, and the reasoning was presented. 

The site arrangement, data collection and processing were described as well. Afterwards, the data analysis 

was described. The choice of variables, evaluation of the effects in walking and route-choice behavior are 

analyzed. The fundamental diagrams are estimated for the data collected and relationships are derived 

between pedestrians’ choice and variables analyzed. Lastly, the Modelling and Simulation, where the 

models were created, the input parameters were applied. Then, the models were simulated, and the 

behavioral parameters from VISSIM were calibrated with GEH-value method with other adjustments; 

finally, a last simulation was performed. The conclusion phase, present the results, shows the total 

influence of the behaviors analyzed and presented the discussions on the data collection, possible new 

parameter values, and future research issued that could be analyzed. 
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1.4 Limitations  

This project has limitations in some areas that are important to be highlighted. First, the study 

concentrated only in the environment of the vertical movement of pedestrians, and therefore will only 

analyze the behavior in the surroundings of the facilities that promote this kind of movement and will not 

consider the public transport station. Secondly, during the calibration of parameters, only data from 

Stockholm, Sweden will be used. Even though Sweden being considered a country with multi-cultural 

backgrounds, pedestrian traffic limits itself when racial and cultural backgrounds are considered, and 

therefore the parameters found will only be valid for Swedish environments. 

 

1.5 Project Structure 

This report is separated in 6 steps which are considered as: In chapter 1, an introduction is made, a 

background with the research questions and limitations were established. In chapter 2, A literature review 

containing key findings, gaps and uncertainties found in the literature. In chapter 3, a data collection with 

presents the set-ups for the counting of pedestrians and the procedure of the observation and decision 

on the case studies; a data analysis showing all the results from the analysis that have been made, as well 

as main findings and statements that could be taken from the data. In chapter 4,  a conclusion section 

relating the findings to the aim and purpose of the work; In chapter 5,  future recommendations for 

research are metnioned. 
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2. LITERATURE REVIEW 
 

2.1 Pedestrians 

In Daamen (2004), pedestrian is considered as the biggest traffic group, even though not being the primary 

mode of transport. They begin and end most trips. Taking that in mind, any person initiating or finalizing a 

trip can be considered as being a pedestrian. Therefore, pedestrians can be, slightly differently than what 

it is said in the Uniform Vehicle Code (2000) as “any person afoot”, any person that initiates or finalize a 

trip can be considered as pedestrians, so wheelchair users and other people with disabilities could also be 

considered as pedestrians. 

 

2.1.2 Pedestrian Behavior 

Pedestrian Behavior can be categorized in three levels: strategic, tactical, and operational, as described in 

Hoogendoorn et al. (2001). The Strategic level is related to the departure time and activity pattern choices, 

which determines the beginning of the trip and the activities to be done, and since the strategic level is 

considered exogenous of the modelling and simulation process, this level is not detailed further. The 

tactical level determines location of activities, their schedule and the route-choice from the pedestrian’s 

origins, immediate locations and final destinations; finally, the operational level determines instantaneous 

decisions, which should be in line with the tactical level. Also, the decision or performing an activity or just 

waiting is also part of the operational level. Thus, it is possible to understand that the tactical level define 

to the route-choice behavior of pedestrians from the origin to their destination, and that determines the 

walking behavior on the operation level. 

In Weidmann (1993) Pedestrian walking behavior determines, at the operation level, how pedestrians 

move, and what affects their behaviors while walking, as: their characteristics, movement conditions and 

the infrastructure conditions. Human characteristics can be considered as gender, age, physical size, health 

and fitness, cultural and racial background or even luggage presence. This characteristic determines 

different types of walking behaviors, but are not necessarily correlated. One example is that physical size 

might be correlated to gender or racial background. Factors that are related to age, as health and fitness 

are determinant to their walking behavior. Regarding movement conditions, the factors might be trip 

purpose, time of the day, weather and ambient conditions, length, travel directions (ascending or 

descending), attractiveness and group size. And regarding infrastructure characteristics, gradient, 

infrastructure types (walkway, ramp, stairway, and escalator) and surface conditions are found in the 

literature as influencers of walking behavior. 

 

2.1.2 Human Spacing 

In Fruin (1971a) a human male ellipse was represented in a plan view as being 18 inches of depth by 24 

inches of breadth, as shown in figure 2. This dimension determines several pedestrian facilities as sidewalk 

widths and queuing area sizes. The plan view observed by Fruin also considered an area for presence of 

carry-on articles and an inter-person spacing determined by social conventions and body sway . This model 
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is a very efficient static model to visualize for example confined pedestrians, but there are no dynamic 

features involved in this model. 

 

Figure 2 – Fruin, J. (1971a)  Human Body Ellipse in Plan view 

 

Regarding personal space, pedestrians adopt personal spaces in order not to hit other pedestrians, and 

this space is usually perceived differently in each culture or country. Furthermore, in Fruin (1971a), studies 

showed that both genders demonstrated a tendency to keep a smaller separation from females than 

males, probably explained by the aggressiveness that can be withdrawn by males. A study made by Cheung 

& Lam (1998), concluded that stair walks in Asia have higher capacity than the ones in Europe, but that 

was a cause of the smaller physical size of Asian pedestrians, which required less space for movement and 

personal space. That explains how the body ellipse and the inter-personal space for different cultures are 

important when studying pedestrian behavior. 

 

2.1.3 Human Locomotion 

In Fruin (1971a) when trying to move, the space required for pedestrians in divided in pacing and sensory 

zone. The pacing zone is the next foot space, which is just the space required to going one step forward; 

and the sensory zone is used for perception, for evaluation and reaction of their movement. These two 

zones are influenced by different factors discussed forward. 

For the pacing zone, age, gender, speed and physical size are important, as well as terrain and traffic 

conditions. Physical size, which varies according to gender, is directly correlated to the step length. Age 

and gender also influence walking on the capacity of pelvic rotation that are differs for each sex and 

decrease their range of motion with age. For example, considering a stride in a stair walk, females would 

require a greater range of hip movement to perform a step. Finally, the configuration of stairs and available 

space would also influence the pacing zone. 

For the sensory zone, the reaction times, perceptual and psychological factors, specifically the vision, are 

important factors for the stimuli responses. The human vision has a big effect on pedestrian locomotion, 

being responsible to the judgment of needed speed, distance and direction of other pedestrians. Literature 

studies has shown that people with poor sight walk slowly and are more careful when taking stair walks. 

In free-speed, pedestrians will use a visual angle of about 65 degrees with a distance of 2 meters from the 

next person, but in high density situations, the non-possibility of vision tends to lower their walking speed. 
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In relation to the reaction times, studies of Fruin (1971a) has shown that the reaction time when braking 

a vehicle increase with age, with probably explains the longer boarding time on escalators for elderly 

pedestrians. The distinction between the pacing and sensory zone can be seen at figure 3. 

 

 

Figure 3 -Fruin, J. (1971a) Pacing and Sensory Zone of Pedestrians 

 

2.2 Pedestrian Walking Behavior 

In Weidmann (1993) the process of walking is defined on a submicroscopic level as ‘leg movement’. This 

leg movement being characterized as the oscillating movement, where the speed depends of the 

frequency of the leg. This speed can be increased by the frequency or step length. Regarding the 

microscopic level, which represents the biggest level of detail, trajectories and time headways are 

considered as main variables, while in the macroscopic level speed, flow and density are defined as main 

variables. 

In the microscopic level, trajectory is the representation of the walked path over a certain time. The 

trajectories represent the whole pedestrian motion in the direction they took. It’s important to remark 

that the graphical representation needs to represent both longitudinal and lateral movements. The time 

headway defines the time (seconds) between the preceding pedestrian and the pedestrian considered at 

the same point of passing. In the macroscopic level, the flow is considered as the pedestrians passing a 

cross-section of an area per a unit of time (usually per second). The flow is usually expressed in P/m-s 

(Pedestrians per meter-seconds). Density is the number of pedestrians present on a given area in a specific 

moment. The usual unit for density is P /m². Speed indicated the mean speed of pedestrians, which can 

be averaged over time (pedestrians crossing in a point for a certain period of time), or over space 

(pedestrians instantaneous average speed in an area at a given moment). 

According to Daamen (2004), the fundamental relation of traffic flow characteristics, considering a 

stationary and equal state, (flow, density as speed), is given in equation 1: 

 𝑞 = 𝑘 ×  𝑢 (1) 

 

When considering pedestrian traffic, q is the flow, k is the density and 𝑢 is the average walking speed. The 

fundamental relation presents a graphic representation that is called the fundamental diagram of 

pedestrian traffic.  This graph can be seen on figure 4. 
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Figure 4 –Daamen, W. (2004) Fundamental Diagrams of Pedestrian Traffic 

 

In Daamen (2004), it is shown that the fundamental diagram presents the relation between flow and 

density, where special points can be taken out, as free speed (u0), which is the mean speed if flow and 

density are 0, and it is equal to slope of the function q(k) at the origin of the graph. The capacity qc, which 

is the maximal flow, is not equal to the maximum walking speed; according to Pushkarev & Zupan (1975) 

the relation between density and speed dictates that pedestrians have to shorten their steps when only 

having a few spaces available, tending to a lower walking speeds as a cause of the higher density on 

maximum capacity; it can also be seen in the “stable” area on the graph, where if the density increase 

towards maximum capacity, the speed decreases. The capacity speed (uc) occur when the capacity is 

maximal, and jam density kj occurs if the speed and flow are equal to 0, which symbolize a completely 

congested situation. According to Hoogendoorn (2012), the interpretation of the fundamental diagram of 

pedestrian traffic is based on the average area walked by a pedestrian, and differently than in vehicular 

traffic, physical contact drives the dynamics of pedestrians, so it is likely that the free flow speed of 

pedestrians is more sensible to their density than vehicles. According to Daamen (2004), free flow is 

unimpeded if the density is lower than 0.5 P/m2 and the capacity flows are identified to be between 1.1 

and 1.67 P/m-s, where the range occurs because of walking conditions, but in stations, this capacities are 

higher and towards 1.67 P/m-s. 

Also discussed in Fruin (1971), pedestrian density was rather a difficult to use variable because it has 

fractional values in pedestrian units per square meter. In order to get a more accurate output on density, 

this variable was expressed as Space Module M in (m2/ped), which is the inverse of pedestrian density. In 

that case, the flow density relationship would be expressed as it is in figure 5, with a difference that the 

flow is expressed in minutes instead of seconds as it was expressed in Daamen (2004). 
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Figure 5 – Mathew, T. (2014) Flow density diagram of pedestrian expressed with space module 

 

2.2.1 Empirical Data on Pedestrian Walking Behavior in Vertical Dimensions 

Research on pedestrian studies have been conducted on the last 50 years, with findings on both macro 

and microscopic levels of flows. Studies on different aspects as free speeds, capacity and density-speed 

relationships in the vertical dimension are important background to the research presented in this report. 

The first aspect, free flow speed, determines how fast pedestrian walk when there is no obstacle or 

perceive factors to lower their speed. In that sense, several studies have been made in different countries 

trying to estimate their average walking speed. Since racial and cultural background also have impact on 

their walking behavior, different results were expected from these studies. In Fruin (1971a), 1.35 m/s was 

found for the USA, while in Morrall et al. (1991), 1.40m/s was found for Canada. In Asia, the studies 

presented smaller walking speeds, as 1.08m/s in Saudi Arabia and 1.20m/s in China (Schmitt & Atzwanger 

1996). In Europe, a study made in UK found 1.6m/s and 1.54m/s in Austria (Schmitt and Atzwanger, 1996). 

Daamen (2004), in an attempt of estimating a total mean walking speed, 1.34m/s was found. 

Regarding vertical movements, age, gender, direction and infrastructure types and configuration are 

essential factors affecting pedestrian free speeds. Age determines the ability of movement when walking. 

In Fruin, (1971), average walking speeds of people of age 81-87 were 20% slower than people from age 

20-25, which was caused by a reduction of physical ability and pelvic rotation, changing their speeds and 

step length. When coming to gender, Fruin (1971a) discussed that walking speeds between men and 

women differentiate in 10%, respectively as 1.37 m/s and 1.29 m/s; regarding direction, it is known by 

literature that pedestrians in the descending direction walk faster than pedestrians in the ascending 

direction, since it requires more human energy. Even though free walking speeds are considered as 

normally distributed, Fruin (1971) divided pedestrian flows into fast and slow walkers in descending 

situations. Considering the type and configuration, stairs locomotion is always restricted with level 

changes, since the configuration of the stair risers and treads might change the speeds of pedestrians. In 

addition, according to Fruin (1971), the energy dependence limits the average pedestrian speed. 

Therefore, lower walking speeds are measured on stairs with higher step heights because of a higher 

energy consumption involved on walking these stairs. 
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In the literature, different studies estimated free-flow speeds in different vertical situations in comparison 

to the type of facility and the direction. Fruin (1971a) in a bus terminal in the US, Daly et al. (1991) in a 

metro station in the UK and Lam et al. (2000) in a metro station in Hong Kong, compared estimated free-

flow speeds on level walk ways in comparison to stair walks and escalators in both directions. The results 

of that studies can be seen at the table 1. 

Table 1 - Comparison of studies on free flow speeds 

Infrastructure Fruin (1971a) 

USA 

Daly et al (1991) 

UK 

Lam et al. (2000) 

HK 

Walk-way 1.35 1.47 1.37 

Stairway up 0.51-0.57 0.59 0.86 

Stairway down 0.67-0.77 0.67 0.97 

Escalator up - 0.84 0.89 

Escalator down - 1.00 1.05 

 

It can be seen from the studies that a pattern of the descending directions being faster than the ascending 

one is clear. Additionally, in the escalator way down, the stand/walk choice raise the average walking 

speed on the facility, since the speed in the escalator can be determined as fixed. Other than that, the 

different stairway speeds shown related to stair with different configurations and inclinations, which as 

mentioned before, change the amount of physical effort required. 

The second aspect, capacity, is one of the most critical aspects when it comes to design in public transport 

facilities. Also, in Daly et al. (1991) and Lam et al. (2000) flow studies were conducted in order to 

investigate the capacity of these facilities. The results of these studies showed the same numbers when 

considering escalator capacities (about 120 P/esc/min) in both directions. When it came to stair walks, the 

numbers were 62 P/m/min for the UK and 70 P/m/min for HK in the ascending direction while in the 

descending direction the numbers were 68 P/m/min and 80 P/m/min respectively. When compared, it 

could be seen that the capacity of escalators were equal in both countries, but the stair walks presented 

different capacity values, and that can be due to the fact that Asian pedestrian have a higher level of 

acceptance of closer spacing or their smaller physical size enables a higher capacity of stair walks. The 

formula for the stair walks capacity is calculated as: 

 𝐶 = 𝐶𝑢 × 𝑊𝑒 (2) 

 

 

Where C = capacity of the stair walk; Cu = capacity per unit width of a stair walk, and We = effective width 

of a stair walk. The Cu is dependent on the pedestrian characteristics, movement conditions and 

infrastructure (Hoogendoorn, 2004), and the We is estimated in cause of a behavior called “Shy-away” 

distance, which is represented by the part of the infrastructure that is not used by the pedestrians, 

therefore it’s capacity should be calculated by the effective width, which means, the actual used part of 

the facility. Additionally, this shy-way distance is defined by the infrastructure type and freedom of 
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movement of pedestrian, which can change in occurrence of opposing flows, obstacles, and different 

densities (Daamen, 2004).However, in 2005, Hoogendoorn & Daamen indicated that the capacity of a 

pedestrian bottleneck occurs in a stepwise manner instead of a linear one. This concept of capacity was 

determiner for unidirectional bottleneck and used their concept of “dynamic layers”. 

The last aspect, speed-density relationship dictates how pedestrians’ groups relates with different 

pedestrians infrastructures. Most studies assumed a linear relationship between them, as in Fruin (1971b), 

Lam et al. (1995), Sarkar & Janardhan (1997); the only exception was in Weidmann (1993), where a double 

S-bended curve was described. The linear speed-density equation is described as: 

 𝑢 = 𝑢0 [1 −
𝑘

𝑘𝑗
) (3) 

 

 

Where u is the speed, u0 is free flow speed, k is density and kj is jam density. It can be observed by the 

equation that as space reduce (density increase), pedestrians lower their speeds in order to avoid physical 

contact. Based on the literature, the empirical data on speed-density relation enable different models that 

represent the relationships found in Fruin, Lam, Sarkar and Weidmann, as it can be seen in figure 6 from 

Lee, Y (2005). In the figure, the models of speed-density relation are divided into 1 – Level surfaces, 2 

stairway-up and 3 stairway-down. 

 

Figure 6 – Pushkarev, B. and Zupan, J.(1975) Speed-Density relationships found in the literature 

 

Looking into the graph in figure 6, it can be clearly seen the different trends related to the walkways and 

stair walks. For the graph, no specific model for escalator traffic was used, because of the lack of data. But 
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it could be seen, that the group 1, represented by larger free-speeds, are represented by the walkways 

movements, while the pink and blue are represented by the walkways, where the group 3, represented by 

the blue, is the descending direction and have higher free-flow speeds, in comparison to group 2. Between 

both methods, it could be noticed that Fruin (1971) actually shows a higher jam density that the one 

noticed in Weidmann(1993). This difference lies on the assumptions about how pedestrians perceive 

space. Fruin assumes different jam densities for different flows (4.09, 7.37 and 6.7) while Weidmann 

assume a constant value of 5.4 P/m2.  According to Fruin (1971), pedestrians would assume a smaller 

spacing in stair walks than in walkways; in stair walks while ascending, pedestrian would need more space 

than while descending, because of the hip movement. Other than that, the behavior of pedestrians in stair 

walks is different from walkways, for example, the configuration of the stair walks will cause a different 

physical distribution in the longitudinal direction, so the jam density can also be determined by the tread 

length of the stairs. In addition, the stair walk jam density will be smaller than the walkway density for the 

safety measures necessary to be taken when taking stairs. 

In addition, when comparing the ascending and descending directions, it was noticed by Davis & Dutta 

(2002) that passengers tend to be closers to each other on descending since they don’t lose their visibility 

when going down, as it can be seen in figure 7, while the stand further away from each other when going 

up so they can keep their visibility when walking up. This is caused because Davis & Dutta found that an 

intrusion of the facial ellipse can cause anxiety and discomfort to the pedestrians. Therefore, the jam 

density on the descending direction tends to be higher than the density on the ascending direction, since 

the pedestrians will require less space for visibility, because of the configuration of the stair walks in the 

descending direction. 

 

Figure 7 – Davis, P. and Dutta, G. (2002) pedestrian visibility on ascending and descending direction respectively 

 

2.3 Pedestrian Route-Choice Behavior 

In Hill (1982), pedestrians’ strategies were analyzed in choosing and describing routes. It was concluded 

that their route selection is usually subconscious. In addition, directness is the most common reason for a 

route choice, but it not only includes the length of the route, but also the complexity of it, which includes 

the direction changes. Thus, pedestrians always seem to be choosing the shortest route even though they 

are rarely aware this is the primary strategy in route-choice (Seneviratne & Morall 1985; Guy 1987). 
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Additionally, in Helbing (2001), pedestrians show a strong aversion to taking detours or moving opposite 

to their desired walking direction, even if the route they want is crowded. If alternative routes are of the 

same length, a pedestrian tend to choose the one that they can go straight as long as possible and change 

direction as late as possible. 

Regarding route-choice model, it is assumed that a pedestrian always choose the route with the highest 

subjective utility between his choices. According to Daamen (2004)The factors influencing this behavior, 

are categorized as network characteristics: overlapping of alternative routes, route characteristics: 

distance, time, pleasantness, directness, crowdedness, safety, weather protection, noise and air pollution, 

walking surface, and personal characteristics: decision style and trip characteristics as trip purpose. 

Specifically, to route-choice behavior in vertical dimensions, time, distance and effort are the most 

important factors. (Daamen, W., 2004). 

Travelers always prefer the route that takes less travel time. If the time perceived by a route is the smallest 

one, it plays a substantial role on the choice of that route. This factor is usually more valued by commuters. 

The extension of the travel time is perceived by the pedestrians is dependent by the trip purpose and the 

time pressure perceived by the pedestrians. This time pressure includes the scale of time of the 

pedestrians as well. The value of a 10-minute walk might be different from a 30-minute walk, depending 

on the amount of time pressure included subjectively by the pedestrian. The distance, on the other hand, 

might be directly related to the travel time, but depending on the situation, the route with least travel 

time might differ from the shortest route, from the presence of obstacles. Even though pedestrians might 

accelerate their speeds to achieve lower travel times in a route, this acceleration requires some extra 

energy, which increases the physical effort involved in that route. This effort is related to the configuration 

of the infrastructure, distance, direction and the personal characteristics of these pedestrians. Depending 

on the direction, the route might be perceived as more demanding as it can contain stair walks. In addition, 

walking does not only involve physical activity but also mental reaction, the possible presence of other or 

opposing pedestrians can reduce the comfort of the route. Therefore, distance and effort are correlated. 

 

2.3.1 Route-Choice Between Stairs and Escalators 
According to Cheung & Lam (1998), in pedestrian route choice, the horizontal dimensions is very similar 

to a car traffic assignment, where the users will choose the shortest travel time, travel distance or both. 

But, when pedestrian movement is inside underground stations, this assignment involves movements in 

both horizontal and vertical dimensions, where the main choice is between escalators and stairways. 

When considering the vertical movement, pedestrians not only consider time and distance, but also the 

effort, time pressure, safety, comfort, personal characteristics and vicinity (Lee 2005). In Cheung & Lam 

(1998), a study made in Hong Kong estimated a route-choice model that would analyze the perceived 

difference in between choosing stair walks and escalators. During their research, they divided the 

environment of the stairway and escalator were divided in two sections for analysis: the stairway/escalator 

section, and the walkway leading to the escalator. It was discovered that the most different influencing 

factors of this model were: delay on the walkway leading to the escalator and stair walk, delay on the 

escalator/stairway and length of the escalator and stairway. As a result of that study, it was found that 

capacity of stairways in China are higher than in Europeans cities, because the Asian physique would 
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require less space for movement, and that in their vertical movement, pedestrians are more sensitive for 

the relative delays(between stair walks and escalators) in the descending direction than in the ascending 

one; when ascending, the pedestrians tend to choose the ascending escalator since they are more affected 

by the effort of using the stair walk on the ascending direction. It was also observed that concerning 

direction, 85% of pedestrians are willing to use an escalator when the relative delay is 7.8 s in the 

descending direction but 17.4 s when ascending direction is considered.  

In Daamen et al. (2005), three models were estimated in the route-choice between stair walks and 

escalators. The first model, the reference model, looked into the path-size, walking time and scale factor 

of routes, and the results was that pedestrians looked for less walking time and routes that have less 

overlaps. Regarding the data, the average number of chosen alternatives in a choice situation was 1.5 out 

of 3, which means that almost all passengers chose similar routes. The second model divided walking times 

into different types of infrastructure, as it was done in the Cheung & Lam model in 1998, and the results 

presented a negative utility for walking, which means that walking is considered a disutility for the 

pedestrian. Regarding type of infrastructure, stairs had the higher disutility, which escalators being more 

preferred than ramps. The third model was estimated not only taking into account the walking time, but 

also the route overlap and the influence of level changes in the route-choice procedure. The function 

divided the walking times in escalators, stair walks and ramps, and the walking direction was distinguished 

between upwards and downwards. The results were, as expected, that pedestrians experience walking in 

the upward direction as being more negative than walking in the downward direction, which was in line 

with the studies found in Cheung & Lam (1998). 

In Lee (2005), a discrete-choice model was made in order to describe the most important parameters when 

analyzing the route-choice between escalators and stair walks. During the research, a choice analysis 

described which choice they made in relation to their age, gender and luggage presence in both 

descending and ascending directions. Regarding the gender, above 60% of males and females use 

stairways on the ascending direction, and this trend decrease dramatically when considering ascending. 

Females tended to have a lower preference towards stairways around 15%, and males were around 24%. 

When considering the age, the same trend was found in both ascending and descending, but with a high 

usage of stairways by youth when descending (71%), and a small usage of stairways by elderly in around 

31%. When it comes to the ascending scenario, youth and commuters have around 20% while elderly have 

less than 10%. It is interesting to see the big difference between youths, elderly and commuters in that 

study, since the willingness of taking the stairway reduces with the age. Lastly, regarding luggage, on the 

descending direction, 26% of the pedestrian still choose to use the stairways even though they had 

luggage, while in the ascending direction, no pedestrian chooses to go up the stairway with luggage. As a 

result of the thesis, the author concluded that the hypothesized choice models showed weak explanatory 

power over the estimated results of the route-choice between stair ways and escalators, and the possible 

explanations for it were time pressure, vicinity and incomplete travel time information. Since time 

pressure, by definition, is a rather subjective matter, it is hard to be measured on pedestrians. Complete 

travel time would require questionnaires, which would increase the required time substantially. As a result 

of that, vicinity of the facilities would be the most likely factor to be measured.   
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Also, in Lee (2005), hypothesized fundamental diagrams for escalators and stairways were calculated 

based on the data collected on the study. The fundamental diagrams were divided in ascending and 

descending. Although based on the measurements, the findings were quite limited since there were only 

low flow conditions presented. No significant relationships could be observed. Daamen & Hoogerdoorn 

(2005), on the other hand, found that the capacity of a bottleneck increases with the width in a stepwise 

manner. In Burghardt et al. (2013), the fundamental diagrams of stairways were compared with different 

planning guidelines. The study indicated that the change of the flow is not necessarily initiated by a 

geometrical narrowing at stair ways, but more likely to be affected by the transitions from the horizontal 

level to the vertical one. 

 

2.3.1.1 Vicinity 

In Kretz et al. (2011), an obvious first idea for the direction of speed in arbitrary geometries is towards the 

direction of the shortest path. With that being said, it would be clear that pedestrians would choose stairs 

and escalators depending on their position, so in situations where the flows are parallel to each other, only 

factors as travel time and comfort of the facility would determine the choice behavior, so elements as 

stride length, length and width of the facilities (design aspects) would come into place, as it is shown in 

figure 8. 

 

 

Figure 8 – Lee, Y. (2005) Choice behavior in parallel flows 

 

However, in non-parallel situations, the choice behavior can be influenced by the approaching direction of 

the pedestrians. That means, that obstacles present at the vicinity of these facilities can alter their route-

choice behavior. In Kretz et al. (2011), Cheung & Lam (1998), it was concluded that pedestrians also look 

into their travel time, which will cause the shortest path and the quickest path most likely to differ for 

many pedestrians in relative time spans. As a result, it was seen that the use of the quickest path gave 

better results and avoided situations that were considered unrealistic when simulating pedestrians. 

These factors, on the vicinity of escalators and stair ways can increase or decrease pedestrian travel times. 

Conflicting pedestrians, as mentioned in the literature it is noticeable the biggest obstacle that could alter 

the attractiveness of the route-choice behavior, since it will require interaction, will increase access time 
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and decrease the comfort, therefore affecting their choice, as it can be seen in figure 8. (Lee, Y., 2005). 

These effects on the vicinity of the facilities can, therefore, be influent on the choice between stair ways 

and escalators, depending on the direction and position of the flow, which enhance the importance of the 

vicinity in relation to escalators and stair ways, subject that has not been studied in the literature before, 

as seen in figure 9. 

 

Figure 9 – Lee, Y. (2005) Choice Behavior on non-parallel flows 

 

2.3.1.2 Self-Organizing pedestrians 

Pedestrians tend to organize themselves in lanes of uniform walking directions if the density is high 

enough, and when crossing, they tend to show a river-like stream. At bottlenecks, the direction of 

pedestrians when passing tend to oscillate with a frequency that depends on the width and length of the 

bottleneck, which is relatable to the ‘Ticking Hourglass’ (Pennec et al. 1996; Wu et al. 1993). 

The behavior force model has been simulated on computer software for large flows of pedestrians under 

different conditions. Even though the model is simple, it demonstrated the observed phenomena quite 

realistically, where the behavior of self-organization can be observed, just as can be seen in bird swarms 

(Reynolds 1987). The name self-organizations comes from patterns not planned or prescribed by any law 

or conventions, and solely from the non-linear interaction of pedestrians, as it will form varying lanes of 

pedestrians with the same desired direction, and this phenomenon of lane formation is observed from 

pedestrians not needing to frequently decrease their deceleration to avoid maneuvers to keep moving, 

increasing the efficiency of their flow (Helbing, 2001). The figure 10 below, represents a figure of a corridor 

where different lanes of pedestrians are formed, and pedestrians avoid conflicting with each other with 

the same probability in both sides. The figure shows position, direction and arrows representing positions, 

directions and speeds of pedestrians, respectively. 
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Figure 10 – Helbing, D. (2001) Varying lanes of crossing pedestrians in corridors 

 

As it can be seen from the image, when faced by opposing traffic, pedestrians tend to reduce their 

speed, and shorten their distance between each other, as their density increase. At the upper side of the 

image, it can be seen a lane with arrow with very small length, which represents pedestrians with very 

low speeds trying to cross a big lane of opposing flow. At the lower part of the figure, it can be seen very 

long arrows more distant from each other, representing a lane of pedestrians with more speed, since 

there is no obstacle presented. 

In Navin & Wheeler (1969) studies the effects or inverse and crossflow traffic in a passageway of 

pedestrians. They found that only a 10% traffic stream can reduce 14.5% of maximum flow, but when the 

streams are of equal proportions, only a 4% reduction is observed, because line streams are formed. On 

the other hand, in stair walks, this effect is bigger. In Fruin (1971), it is stated that a minor opposing 

pedestrian flow can reduce the stair walk capacity in half, especially in narrow cases, since bypassing and 

step-slide maneuvers will unlikely occurs because they decrease the safety and comfort in stair walks. 

 

2.4 Vissim 

Vissim is a microscopic simulator software that is largely used by research and the industry when 

simulating traffic situations in the microscopic levels. When it comes to pedestrians, the software can be 

used either with the Helbing Model and the Weidermann model. When using the Social Force Model 

(Helbing, 2001), the software is capable of considering pedestrian behavior when walking into areas and 

being dictated by the existence of obstacles and routes that are beforehand modelled or estimated. When 

the Weidermann model is considered, the pedestrians are treated as vehicles, and are only existing in 

order to provoke conflict with the real vehicular traffic.  (VISSIM Manual 11, 2018). 

In Friss & Svensson (2013), a study discussed the appropriate ways of simulating pedestrian traffic between 

Vissim (Weidemann) and Viswalk(Helbing), Viswalk being a package of Vissim only responsible for 

pedestrian traffic in areas. As a conclusion of their study, it was found that the use of the model is totally 

dependent on the scenario that would be simulated. When the pedestrian scenarios get complex and 
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irrational, the Helbing method is advised in order to present the reality in a more trustworthy way. 

According to their study, Viswalk is more advised when simulating large pedestrian flows, interaction 

between pedestrian and vehicles over longer distances, pure pedestrian flows, conflicts between 

pedestrians, bottlenecks in city structures and visual representations. The only limitation found on their 

study was the inability of Viswalk simulating pedestrian groups, which also existed in Vissim. 

 

2.4.1 The Social Force Model in Viswalk 

According to Helbing & Molnar (1998), a stimulus causes a behavioral reaction on pedestrians that 

depends on their personal aims and is chosen from a set of behavioral alternatives, looking to achieve their 

maximal utility. These changes are guided by so called social forces. This stimulus is classified into simple 

and complex. However, in simple situations, the pedestrian face situations that he is usually confronted 

with, having a more automatic reaction of what reaction would be the best on that situation. Therefore, 

the social forces would have a rule in the equation of motion and would be called the vector quantity F.(t). 

This force would represent the effect of the environment on the pedestrian behavior. This force would be 

rather a concrete motivation to act on the pedestrian, which can cause an acceleration or a deceleration 

from the information perceived by the pedestrian about their environment. In conclusion, the action of a 

pedestrian in simple or standard situations would be subject to external forces that are called the vector 

Social Force. 

The social force model established and used in Viswalk controls the operational level of pedestrian choice 

and parts of tactical level, which according to section 2.2, defines the pedestrian actual 

movement(avoiding oncoming pedestrians, navigate into a dense crowd or to simply continue towards his 

destination), and parts of the route-choice between two destinations. 

 

2.4.2 Social Force Model parameters 

The social force model in VISSIM is governed by a series of parameters that are defined for each pedestrian 

type. The software allows users to change this parameter values as they want. In addition, there are also 

VISSIM-specific parameters that can also be manipulated. 

There are 7 model parameters in VISSIM for the social force model that can be manipulated. Tau (T) is 

known as the relaxation time or inertia that can be related to a response time. It is the difference between 

desired speed and desired direction with the actual speed and actual direction.  

Lambda_mean(λ_mean) is the amount of anisotropy (property of being directionally dependent) of the 

forces from the fact that events do not influence a pedestrian as much as if they were in front of him.  

A_soc_isotropic and B_soc_isotropic are the forces that together with λ govern the forces between 

pedestrians.  

A_soc_mean defines the strength and B_soc_mean defines the range of the social force between two 

pedestrians.  
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Noise govern the force that is added if a pedestrian remains below his desired speed for a certain time. 

This means that at one poing, a pedestrian will step back and another one will pass through.   

React_to_n dicts the force caused by the closes n pedestrians. By default, VISSIM considers the 8 closest 

pedestrians.  

Queue_order is the degree of order of a queue and Queue_straightness is the degree of straightness of a 

queue.  

Side_preference defines if pedestrians prefer to use right or left when passing each other, -1 for right, 1 

for left and 0 means they do not shun each other. 

 

2.4.3 Global Model parameters 

Global model parameters are used if the user does not define pedestrian routes, since they are used as 

default in case pedestrian routes are defined. Changing global parameters won’t change pedestrian routes 

that were defined beforehand. 

Grid_size changes the maximum distance that a pedestrian influences each other. As a default of Vissim, 

this value is 5m.  

Routing_obstacle_dist ensures that pedestrians choose a wide corridor instead of a narrow passage when 

there are both options with same length. This parameter influences the static potential, and it is not 

considered on the dynamic potential discussed on section 4.4.4. This is generally a certain distance that 

pedestrians stay from nearby walks, which comes as default 0.50m.  

Cell_size distances the distances of control points for the calculation of distances to a destination, with a 

default of 0.15m  

Never_walk_back define if pedestrians should stop if the desired direction is more than 90o. The default 

value is 0, which means that it does not happen, but with the parameter value = 1, if the direction of the 

movement and the desired direction derive for more than 90 o, the pedestrian will stop. 

 

2.4.3.1 Dynamic Potential in Viswalk 

In Kretz (2011), the direction of the desired speed was discussed. On the social force model developed by 

Helbing & Molnar (1998), the direction of the desired velocity was discussed as quite an obvious 

parameter. Since the studies were made in straight corridors, there were no doubts on questioning the 

calculation of this directions, since different methods would result in very similar directions. A first idea, is 

to think that pedestrians would choose the shortest path as discussed in topic 4.2.3, but as a results of the 

study, in certain situations, as station halls, U-turns, 90o degree corners and conflicting situations where 

pedestrians need to face other pedestrians static and make a choice or turning or getting inside the crowd. 

In a conclusion of that study, it could be seen that for many pedestrians the shortest path resulted in a 

bigger travel time, and with the sensibility of choosing the quickest over the shortest path, the simulation 

would look more realistic. 
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2.4.3.2 Dynamic Potential parameters 

In the VISSIM user Manual, (2011): 

Dynamic_potential_g(general strength) defines how the loss time in a grid cell is estimated in relation to 

an unoccupied one (default 1.5). The  

dynamic_potential_h(direction impact) defines the influence of speed on the estimated travel time of a 

cell (default 1.5) .  

Dynamic_potential_direction_change_clipping limits if the angle can increase between the fastest and 

shortest route at any speed (Allowed if parameter is 1, no test if the parameter is 0).  

Dynamic_potential_direction_change_p: limits the maximum permitted increasing angle between the 

quickest and shortest path at each time step. If this deviation is larger, the quickest path is determined 

from the last quickest time plus the angle calculated (default: 4 degrees). 
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3. METHODOLOGY 

 

3.1 Data Collection 
 

3.1.1 Study and Comparison of Methods and Observation techniques 
On the literature, it is possible to recognize two different data collection methods regarding pedestrians 

in order to analyze pedestrian behavior. One is to collect data in a controlled environment as laboratories, 

as in Hoogendoorn & Daamen (2002), where experiments were conducted with 60 pedestrians inside 

laboratories to detect different types of behaviors, recording with a video camera to keep all the 

information. And there are uncontrolled situations, which are Real-life scenarios, as in Cheung & Lam 

(1998), where video recording equipment were used in order to collect pedestrian travel times, flows, 

capacities and physical dimensions of vertical facilities, and in Lee, Y (2005), infrared detectors and video 

camera were simultaneously used to record pedestrian trajectories in a layout between escalators and 

stair walks. For this project, since it would be hard to simulate this experiment in a controlled environment, 

this research will be done in a real-life scenario in an uncontrolled environment. 

Between the Observation Techniques, it is clear the development of several different techniques. In Lee 

(2005), several techniques are described: Manual Counting, Questionnaire, Stalking, Video and Infrared. 

There are also other methods as laser scanners and GPS (Global Positioning System). 

Manual Counting is considered to be most simple way of counting. It is very simple, since there is no device 

involved, but it is very time consuming and labor-intensive. The biggest problem with the manual counting 

is the performance on high flow situations, which is very poor. Error are difficult to know or avoid, since 

the whole counting depends on human action. 

Questionnaires are interesting when collection route-choice of pedestrians. As mentioned before, time 

pressure is an important factor in the choice decision process, and it can be asked subjectively during a 

questionnaire. An advantage of the questionnaire is that alternative choices can be shown that were not 

beforehand explicated to the researcher. A big disadvantage is that the information is hard to get from 

commuters because of the typical hurry behavior presented when commuting. In conclusion, it is hard to 

sense real behavior since the questionnaire will only present a preference, not the real behavior. 

Stalking is a method that the researcher chooses to follow the travel time information of a pedestrian, as 

origin, destination, and the complete trajectory of the pedestrian. Contrary to the questionnaire, stalking 

will only get the real behavior of the pedestrian. On the other hand, it requires a large amount of time, 

and there might be problems related to privacy when following pedestrians during their journey. 

Infrared detectors were used sometimes in the tracking of pedestrians. In Armitage et al. (2003a), Kerridge 

et al. (2004) and Lee (2005) low-cost infrared detectors were used to extract pedestrians’ trajectories. 

Both studies extracted pedestrians’ trajectories in a predefined counting line, and a big advantage is that 

these detectors work with temperature difference which permit them to work in any light situation. The 

disadvantages of these detectors are that they are usually mounted in the downward position, so a fixed 

location about the area is required. Another disadvantage is the image resolution that is low, making 
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personal characteristics difficult to be analyzed from the images. Another disadvantage is that at the edges 

of the view of range of the detectors, it is harder for the detector to catch objects. As a result, sometimes 

detectors are installed together to enlarge the detecting area, but then there is a problem with matching 

all their trajectories later in the data analysis, and According to Armitage et al. (2003b), only 60% of the 

trajectories are usually matched, because of the problems caused by the edges of the field view, as shown 

in figure 11. In Kerridge et al. (2004), an algorithm was created to track pedestrians’ trajectories in flows, 

and the result was that the detectors could match trajectories without conflicts accurately, but it would 

have problems when there were conflict and matching data between several detectors. In Kerridge, et al. 

(2007), the accuracy of the sensors was improved with a more sophisticated tracking algorithm that used 

a higher frame rate to match the trajectories of the pedestrians, reducing the error. 

 

 

Figure 11 – Armitage et al. (2003b) Infrared detectors and detection technique 

 

GPS Receivers were used to track pedestrians in Ladetto et al. (2000), with a triaxial accelerometer.  The 

position of pedestrians was determined by signals from the accelerometer that indicated that a step was 

performed, and when the position could not be found, dead reckoning was used. In Ladetto et al (2000), 

an experiment was conducted in a circuit of 1310 meters, were speed, stride frequency and stride length 

were taken, as shown in figure 12. The results were that the difference between the actual and extracted 

distance was less than 2%. The biggest disadvantage of the GPS receivers is the amount of estimated values 

that needs to be done about position, and in high flow conditions. 

 

Figure 12 –Ladetto et al (2000) GPS Receiver and detection Technique 

 

Laser Scanners have also been used to detect pedestrians, as in Shao & Shibasaki (2005), an algorithm was 

created to track moving feet, when there was not possible to use video cameras to track pedestrians in a 



 29 
 

large area, because of the difficulty of combining the data. Using laser scanners made it possible to track 

in larger and open areas, as shown in figure 13. One advantage of using laser scanners is that coordinates 

in real-life dimensions are received, and there is no need to convert the coordinates as it is done in the 

video cameras method. During the experiment, computers were connected to each laser scanner and a 

cluster technique was used to connect the trajectories of the pedestrian in the area. The experiment was 

also evaluated by a computer simulation. As a result of the experiment the authors realized that the 

algorithm could not track pedestrians in a higher level of density, mostly when pedestrians walked close, 

crossed or were temporary blocked. Thus, the scanners were good for larger areas, and with some filtering 

techniques, as in Cui et al. (2006), the accuracy was improved. 

 

Figure 13 – Shao and Shibasaki (2005) Laser Scanner and detection technique 

Video cameras has shown to be the most accurate way of collecting the data from pedestrians, since it 

can collect the whole trajectory of the pedestrians and is able to show the whole movement. In 

Hoogendoorn et al. (2003), experimental research was used in different flows of pedestrians: uni-

directional, bi-directional, crossing and bottlenecks. 60 to 90 pedestrians were used divided in two groups 

with different instructions. The study was filmed by a digital camera with wide lens at a height of 10 

meters. The videos were converted to images, changing the conditions as brightness to improve the 

tracking process. The pedestrians were identified by a cluster technique with a detection zone with an 

algorithm that should be able to handle the changes of shape and color of the pedestrians. The tracking 

was done in order to find the location of pedestrians in the sequence of images. The images were then 

adjusted by real/life coordinates, and then the trajectories were filtered from the tracking, and finally the 

visualization of the trajectories were extracted. According to Hoogendoorn, et al. (2003), microscopic data 

can be extracted from the data with high accuracy once they are detected in a specific zone and the results 

can improve the knowledge about pedestrian walking behavior. 

In Johansson (2009), videos were used to extract both microscopic and macroscopic information of 

pedestrian traffic data to validate and calibrate a microscopic model based on the Social Force Model by 

Helbing. The videos were made in uncontrolled situations in three different places: two escalators in 

Budapest, Hungary, a free movement in a shopping mall in Budapest, and a pedestrian crossing with 

students in Germany. The pedestrians were tracked semi-automatically. Once the head appeared, the user 

needed to click so the software would track the pedestrians. If the software failed, the used could correct 
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the trajectories, increasing the efficiency. The height of pedestrians was fixed as 1.7 meters. By mounting 

the camera in a higher height, the compensation was smaller, and distortions would decrease. According 

to Johansson (2009), this method of tracking would have 100% accuracy if the user is careful and there is 

no extremely high density in the area. The approach would be reasonable if not more than dozens of 

pedestrians were in the area and the video would have a scale of minutes, and not areas. 

In Li et al. (2012), video data was used in a signal-controlled traffic with an automatic cluster technique 

using histograms. The data was collected automatically with a cluster technique using histograms. 31 

minutes of video were used, and the number of automatically recorded pedestrians were reasonably close 

to the manual count, turning the automatic tracking reliable. It is also argued that there is a different in 

speed between young and older pedestrians, and that the speed is also affected by the area type. There 

were no interactions with the pedestrians, but they were divided into categories as age and gender, where 

it was found that men walk slightly faster and the older group had the lowest speed. 

In Boltes et al. (2010), a software was developed in order to track pedestrian trajectories. For an accurate 

extraction, there was a need for a special hat that would clearly contrast the pedestrians in the footage. 

The 4-step process required a calibration to remove distortions; recognition of the pedestrians and their 

height class, where the iso-lines with the same brightness are detected and then a shape and color analysis 

was performed; tracking the pedestrian movement between frames with the use of a pyramidal image 

analysis method and calculating the optical flow; at the last step, the height detection corrects the 

perspective distortion of the video, and the height of the pedestrians are taken from the color marker on 

the pasteboards, which represents the height accuracy of 5 centimeters. 

The software was tested in Boltes et al. (2010) in a controlled environment of corridors and bottlenecks. 

The video was 1024 x 768 pixels and it was 25 frames per second. Speed, flow, density and individual 

distances data were extracted from every time step, and positions were also extracted. It was concluded 

that the maximal error was 5.1 centimeters from the head position to the ground, which was explained 

from the variation of pedestrians’ heights. The authors also concluded that the software was accurate 

analyzing pedestrian behavior. 

In Boltes & Seyfried (2013), Petrack was developed even further to be able to track unmarked pedestrians 

in stereo recordings by using a disparity map obtained by a semi-global block matching algorithm that 

separates stereo images directly. This technique has advantages over the conventional 2D techniques 

because there is an easier foreground-background distinction, less affect from illumination and shadows, 

and the possibility to get access to the real dimensions of an object. With that in hand, it is possible to 

analyze the behavior of people with the possibility of knowing their height, acceleration and individual 

distance. 

In Laureshyn (2010), an automated video analysis system was developed at Lund University to extract 

trajectories with other different parameters as speed, size and orientation. This system was divided into 

three main parts: the video recording, the processing and the data interpretation, Digital videos were then 

processed to detect road users and extract the trajectories. The technique to do so was as following:  

1. Detection of the moving objects in a certain area and in a certain direction.  

2. Trajectory Extraction I: automated detection and tracking of users to provide the trajectories. 
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3. Transformation from image coordinates to real world coordinates by scaling. 

4. Estimation of speed as differentiated positions. 

5. Trajectory Extraction II: Detection and tracking of road users to detect trajectories. 

In the same study, this system was tested in two practical cases: a road user detection technique to detect 

cyclists that went against the traffic in one-way streets in Stockholm. The comparison was that the 

automated technique detected 70% of the cyclists counted manually from the videos. In the second study, 

the Trajectory Extraction I was used in two different roundabouts with focus on cyclists. The results from 

the analysis had a detection rate between 18 to 72% in comparison to the manual counting of the videos. 

(Laureshyn 2010). 

In result of the error, extra accuracy tests were performed with four cameras in urban intersections at 

different angles in the whole intersection, while the other cameras focused on some other parts of the 

intersection. A car equipped with a speed logger and a GPS receiver was driven in the intersection around 

20 times. The trajectory extraction I was applied with a video camera that covered the whole intersection. 

The trajectory Extraction II technique was then used and compared with the trajectory technique I and 

showed a better position curve than the Trajectory Extraction I technique. (Laureshyn 2010) 

Since the analysis of was that there were errors from the development of the system in 2010, a semi-

automated video analysis software called T-analyst was developed in (Laureshyn 2014). In the software, 

are tracked manually by placing them in three dimensional boxes in video frames, and the software 

calculated the position and speed in each frame for each road user. (T-analyst Manual 2019). The website 

of the software shows different steps and has a manual explaining the calibration and processing steps for 

the use of the software, creating an intuitive environment where it is easy to detect the moving objects 

through the videos, as seen in figure 14. 

 

Figure 14 -Youtube,(Accesed on 15.03.2019) T-analyst envinroment 
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PeTrack, even though very precise with a height error of 5 cm if properly adjusted, requires a lot of 

computational time and work with cameras in order to be estimated in a real-world environment in 3D 

structures. After a talk directly with Professor Boltes, it made it clear that for the use of PeTrack under 

environments of stair walks and escalators, a lot of resources would be needed, as the stereo cameras that 

are rather expensive together with a disparity map algorithm in order to extract the exact heights and 

trajectories of the pedestrians. Since T-analyst is a semi-automatic software, it becomes possible with 

cheaper tools and less resources, though most likely required more manual work with the recognition of 

pedestrians. During a talk with Professor Laureshyn, A., it could see that it was more feasible to extract 

the trajectories in a semi-automatic way using T-analyst, where the processing and calibration would be 

more feasible. 

As a result, a comparison between the methods can be done, in order to find to most reliable and efficient 

method to be used when tracking pedestrians’ trajectories. From the examples and techniques mentioned 

above, a table was made in order to compare the techniques presented in this section. The table was 

divided in method, an overall evaluation of the data collection, and the ability of each method to collect 

values as: flow, travel time, personal characteristics and choice decision between the stair walks and 

escalators. Then, an overall evaluation of the time for the site arrangement and the data processing. The 

evaluation was divided in good, ok, and bad, going in the respective order from best to worst, as seen in 

table 2. 

Tablel 2 -Comparison of the methos of pedestrian data collection 

Method 
Data 

Collection 
Flow 

Travel 

Time 

Personal 

Characteristics 
Choice 

Time for 

site set-up 

Time for 

data 

processing 

Manual 

Counting 
good x x x x bad bad 

Questionnaire bad     x x bad bad 

Stalking bad   x x x bad bad 

Infrared ok x x   x good good 

GPS ok x x   x good ok 

Laser Scanners ok x x   x good ok 

Video Cameras good x x x x good ok 

 

As a conclusion of the comparison, it can be seen that most methods have advantages and disadvantages. 

For the purpose of this research, to investigate walking and route-choice behavior of pedestrians, the use 

of video cameras would allow all the values to be analyzed, with a good time for site arrangement and a 

fair time when doing the data processing. The use of video cameras also allows a complete view of the site 

for multiple observation of the reality, being much more precise in comparison to the manual counting on 

site. Also, the use of manual counting would be very labor-intensive, and would require a lot of time as 

well. GPS and Laser Scanners, in comparison to Video Cameras, have much higher costs in resources than 

wide view video cameras, and even though video cameras might be more time consuming to process data 
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than infrared detectors, personal characteristics are easy to be taken of the view of the cameras when 

analyzing the images. 

Therefore, as time constrains and cost limits for this research project, video cameras were used to collect 

and analyze the data since SWECO was able to provide the cameras and all the equipment necessary. For 

this matter, the data processing requires attention and precision to avoid errors and possible mistakes 

that could be made during the tracking process. In that sense, several methods of pedestrian tracking are 

analyzed in the next section. 

 

3.1.2 Case Studies 
When considering case studies, some characteristics are important to be considered related to the 

research questions and how relevant they are for this research project. For this analysis, in relation to the 

time available, two study cases will be discussed for the research proposed. 

According to Jernhusen (2017), Stockholm Central Station is Swedish Largest passenger node, with more 

than 250,000 visitors per day, and as a CBD (Central Businesss District) the station is crucial for Stockholm’s 

Growth. It connects itself to the main metro station (T-centralen), commuter train Station since 2017 

(Stockholm City), and also connect the national railway network, a bus terminal and the express train 

connecting to Arlanda International Airport (Arlanda Express). For that reason, thousands of passengers, 

commuters and visitors pass through central station every day, which demonstrates the importance of the 

station to be studied and analyzed. 

The Stockholm Central Station area is the last continuous development area, also constituting a very 

important entrance to the city. Jernhusen has a project of growth for that area which includes the creation 

of 50,000 new jobs, directs and indirect, and an economic growth 3,5 million Swedish Kronas. The stations 

will be extended to support longer trains. The station will be divided into two buildings at each side of 

Klarabegsgatan, and the road is expected to be transformed in a new city square, with change point 

function, bicycle parking, etc. The new area will also facilitate the creating of new offices, services, 

increasing the attractiveness for the Station. With that, the number of visitors, commuters and travelers 

is expected to increase substantially. The area that will be reconstructed at central station can be seen at 

the figure 15 below. 

 

Figure 15 – Jernhusen, (2019) - Central Station construction project 
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The second study case, Uppsala Central station, is the last station that connects the commuter train line 

to the north of Stockholm, and it is defined as one of the main stations for student commuters, considering 

that there is a substantial flow of students living in Stockholm and studying at Uppsala University, with 

around 42,000 students. The station is connected by the commuter train line and it is part of the Swedish 

railway system, which makes it interesting as comparison to central station since there will be pedestrians 

connecting to and from the city to the national railway system and to the public transport system of both 

Stockholm and Uppsala. However, the flow is expected to be smaller than central station, which also show 

how the variances of flows might affect the choices the pedestrians did in both cases. Another factor 

consists on the possibilities of using another route in Uppsala to connect to the Railway system. In Uppsala, 

as seen in figure 16, a passenger can access the tracks from the central station and from both southwest 

and northeast of Centralpassagen, which reduce the flows considerably. Only the passengers passing 

inside central station were considered because of permission bureaucracy, as it can be seen in figure 16. 

 

 

Figure 16 – Google Maps (Accessed in 15.06.2019) Uppsala Central Station  

 In order to do the data collection, some discussion over the potential locations of stair walks and 

escalators needs to be made. A criterion was made in order to analyze the potential locations for the data 

collection: 

1. Possibility to attach a video camera. Since it is highly favorable to have a bird-view on the cameras, 

it is necessary to attach the cameras in a stable way in a way that they can be high enough and 

still get high-quality footage. 

2. Number of Origins and Destinations. The number of origins and destinations should be limited and 

recognizable so the trajectories can be extract and position from where the pedestrian is coming 

can be identified as well. 

3. Pedestrian Composition. Different types of characteristics in pedestrians should be recognizable 

in the video films, so the location should have a high enough flow for that to happen. 

4. Brightness. The area should be high enough for the pedestrians to be recognized and 

distinguished. In addition, getting an easier contrast for the data processing and the extract of the 

trajectories afterwards. 
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With that process in mind, the locations inside the stations were discussed. Starting with Stockholm 

Central Station, there were three layouts of stair walks and escalators. Two that connect the lower level 

and the main level, and one that connects the main level to the bus terminal, as it can be seen from a map 

of the main level on the figure 17 below. 

 

Figure 17: Arlanda Express (Accessed in 15.30.2019) Map of the main level of Central Station  

 

Since it is necessary to understand the position of pedestrians before they access the stair walks or 

escalators, makes it difficult to analyze the group that connects the station with the bus terminal since 

there is a revolving door very close, which makes it difficult to film and see the behavior discussed on this 

project. The other two groups are more likely to present interesting characteristics. Both groups have flows 

coming from the commuter train and metro in the lower level, and general visitors connecting to other 

modes from the main level to the lower level. The first group is consisted of two escalators and one stair 

walk in the middle, as it can be seen in figure 18 below. This facility makes the connection between the 

bus terminals, Arlanda Express and flow from Klarabergsgatan to the public transport and national railway 

line. The local presents a considerably high flow, which was observed on a first visit site during the 

collection week. From the options for level changes, there is also an elevator, which is located close to the 

right side of the figure. 

 

 

Figure 18: First Group of stair walks and escalators inside Central Station. 
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The second group has the same layout of the first one, but it is located to the other side of the station. It 

connects mainly a track from the national railway line and the flow coming inside the station from 

Vasagatan to the public transport and the lower level of the station. This group presented a smaller 

observed flow than the first group, since the pedestrians coming from bus terminals and other tracks 

mainly use other stairs and escalators to connect to the lower level. Another situation that cause an 

unpredictability of this facility, is the position of the camera that would not be so accessible for the 

cameras during the video recording as shown on figure 18 below. Therefore, only the first group of the 

stair walk, and escalators will be used on this research. 

Considering Uppsala Central Station, there were only one set of stair and escalators to be used. They are 

the same layout as the one in Stockholm, but with a much wider stairway, where the design presents a 

difference of 1,5m between both stair walks, (1,75 at Central Station and 3,25 at Uppsala), which would 

increase the intention of pedestrians to use the stair instead of the escalator, because there would be less 

conflict between pedestrians using the facility, on the other hand, according to previous research, would 

decrease the average speed of pedestrians, which could also increase the average speed in the 

approaching vicinity of the facility. 

The layout on both groups are made with one stairwalk, an escalator in the ascending direction and one 

in the descending direction. The difference in both cases is the width of stairs. In Stockholm Central Station, 

the width of the stair walks are 1.70 meters, while the width at Uppsala is dimensioned in 3.20 meters. 

According to Jinten, S. (2015), the walking speeds of pedestrians tended to increase as the width of 

stairwalks increased until the width of 2.68m, but after that value, the speeds tend to decrease. 

Considering the previous research, it is expected that the speed levels were different in both cases, 

depending on the flow levels on the peaks. Furthermore, since the environment close to stair walks and 

escalators is perceived by pedestrians from 1.95m as mentioned in Cheung & Lam (1998), the area 

considered for this project will start 2.5m before the facility in both directions. For this project, the 

percentage of pedestrians will be counted for each choice they made during the data collection. 

 

3.1.3 Permission Process 
The new GDPR rule, regulated by the European Paliament in April 27th of 2016, was released with the aim 

to protect personal data and to grant the right of protection of the processing of any personal data. 

According to the the Regulation (EU) 2016/679: 

(1)  The protection of natural persons in relation to the processing of personal data is a fundamental 

right. Article 8(1) of the Charter of Fundamental Rights of the European Union (the ‘Charter’) and Article 

16(1) of the Treaty on the Functioning of the European Union (TFEU) provide that everyone has the right 

to the protection of personal data concerning him or her.  

(2)  The principles of, and rules on the protection of natural persons with regard to the processing of 

their personal data should, whatever their nationality or residence, respect their fundamental rights and 

freedoms, in particular their right to the protection of personal data. This Regulation is intended to 

contribute to the accomplishment of an area of freedom, security and justice and of an economic union, 

to economic and social progress, to the strengthening and the convergence of the economies within the 

internal market, and to the well-being of natural persons. 
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In that regard, it was necessary to make sure that no personal data was processed, and that the whole 

data collected would be further deleted and not used for additional or commercial matters. It was also 

necessary to get a permission from the company who owned the station in order to collect the data. One 

extra care was to make sure that people that did not wish to participate were taken off of the videos and 

that the author was present during the whole collection to provide any explanations necessary and explain 

the use of the data collected from the videos. 

In order to be able to collect data inside public transport station, a permission was asked before the data 

collection happened. In a talk with Daniel Bojie from Jernhusen, the permissions were granted, with the 

need to follow some guidelines that would permit the safety and privacy of the visitors and commuters 

inside Central Station: 

1. Not get in the way of the passenger flows or intrude the businesses of the tenants. 

2. Mounting of equipment like tables, chairs and lights are not allowed without a special permit. 

3. Respect the station visitors. Do not film or photograph people that decline participation. 

4. Do not intrude the event areas that were rented for marketing purposes. 

5. In case of damage to the interior, call the customer service immediately. 

With these guidelines in hand, all the preparation was made necessary in order to thoroughly follow the 

instructions asked by Jernhusen. In addition, regarding privacy of the visitors and passengers, Jernhusen 

asked that all footage would be deleted after the analysis. 

 

3.1.4 Site Arrangement 

In order to make the site ready for the data collection, some procedures were needed to make sure the 

data collection would occur correctly. These procedures were: 

1. Define the size of the study area 

2. Find the best location for the cameras in order to have bird-eye view of the environment close to stair 
walks and escalators. 

3. Adjust the calibration points for the data processing afterwards 

4.  Make sure that the cameras are secure and positioned in the right place 

The first procedure was to define the area of the study case. As mentioned before, the area needed to 
have at least 2.5m from the environment of the stair and escalators in order to be able to observe the 
behavior of pedestrians in that space. The total study area is therefore, 2.5min the radius of the stair walks 
and escalators in both directions.  

The cameras used in this collection were two GOPRO HERO5 BLACK borrowed from SWECO with mounts 
to ensure safety and be able to mount them in the position wanted. The videos, similar as in Hoogendoorn 
et al. (2003) and Boltes et al. (2010), was recorded in 24 frames per second with a resolution of 1920 x 
1080 pixels (16:9). With that in hand, made itself necessary to analyze the position of the cameras. Since 
the objective was to mount the cameras as high as possible in each area, one in the ascending direction 
and another one in the descending direction, the author tried to find a good location for the camera. The 
first one, located on the ascending direction, is located perpendicular to another group of stairs and 
escalators, so it made it easy to install the first camera with a bird-eye view of the ascending area. The 
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camera was mounted with a suction cup together with a duct tape to make sure that no equipment would 
be in risk of falling over the pedestrian passing under the camera. The cameras were mounted as 
perpendicular to the flow was possible, to cover the area as best as possible and still be able to see the 
pedestrian movements and the calibration points. There was always one camera in the ascending 
direction, and another one in the descending direction, as shown in figure 19. 

 

 

Figure 19:  Cameras mounted in the ascending and descending direction of the study area, respectively. 

 

The next step was to prepare the calibration points in site and make the measurements necessary to know 
the real-world coordinates. The calibration points can be simple tiles on the floor, or prepared marked 
points in order to take the measurements. For that, rectangular duct tapes of 5x10cm were used in order 
to mark extra points for the calibration. The aim was to produce a coordinate point with x and y to mark 
an area bigger than the study area (2,5m in the radius of the stairs and escalators), and other areas of 
interest that could be used during the data analysis. It is important to clarify that previous studies showed 
some difficulty in expressing coordinates with z coordinates, therefore only x and y coordinates were used. 
With that, the real-world coordinates could produce a better prediction in the virtual world when 
conducting the processing in the T-analyst software. For each direction, at least 16 points were used. The 
process created a plan of coordinates that will be shown further in this report. 

Finally, with a phone, the author was able to connect the cameras to an app directly and see the camera 
views over the study area. A special care was made in order to in the camera views, be able to visualize all 
the calibration points on the views chosen and to visualize the most out of the study area. The two views 
are shown in the figure 20 and 21 below. 
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Figure 20 - Views of Camera 1 and 2 of Stockholm Central Station 

 

Figure 21 - Views of Camera 1 and 2 of Uppsala Central Station 

As a result of selection of locations, the cameras were put at a minimum of 3 meters from the ground, or 
completely in a vertical direction that guaranteed the bird-eye view suggested on the T-analyst manual. 

 

3.1.5 Data Collection 
In order to start with the data collection, the film permit was obtained and brought to the site. The 

collection happened during week 13 (25.03.2019 until 31.03.2019) and the data collection occurs in two 

days as shown in the table 3 below. 

Tablel 3 - Data Collection Periods 

Date Hour Peak 

27.03.2019 5 PM until 6 PM Afternoon 

29.03.2019 8 AM until 9 AM Morning 

05.06.2019 7 AM untill 8 AM Morning 

05.06.2019 5 PM until 6 PM Afternoon 

 

Considering the Morning peak as 6 to 9 AM and the Afternoon Peak as 3 to 6 PM, all collections were made 

during the peak, morning and afternoon, since it is the common practice in the research available and the 

peak hours presents a certainty to have enough pedestrians to be analyzed. Both collections were done in 
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weekdays, since week-days present a more regular commuting behavior. Both cameras were installed with 

the duct tape and the calibration points were kept during the whole collection. Since the cameras were 

mounted slightly different during the three days, the calibration points kept on the ground with duct tape 

made sure that the processing of the data would still be accurate to reality since the calibration points 

were the same, therefore the distances and accuracy of the tracking would be the same. 

 

3.1.6 Data Processing, Calibration and Tracking 

With the videos completely collected, it made itself necessary to do the data processing in order to extract 

the outputs from the video files. Since the output data wanted is flow, trajectories, speed, and 

acceleration, the software T-analyst was chosen in order to extract the data. Since T-analyst is a semi-

automatic tracking software, for the time limitation, 8 hours would be rather time consuming, so the 

decision was to analyze only the first 15 minutes of each video and make an equivalency for the flow per 

hour of pedestrians. 

The first process in the T-analyst to extract the correct trajectories, is to fix the distortions from the virtual 

footage with real-world coordinates. According to the Start Guide to T-Calibration (2014), to run the 

calibration, a set of images from the video recording are necessary, with a set of points that can be easily 

measured in the real world. With these points, it is easier to translate the real-world coordinates to the 

video coordinates, and this procedure, according to professor Aliaksei, it’s more accurate than using 

satellite images. In this project, for each video footage, between 10 to 15 points were taken in order to 

establish a real-world coordinate in the video footage. 

For the calibration points in the images, it was important to define points in the 2.5 meters close to the 

stair walks and escalators, creating a radius of 2.5m around the entrance of both facilities. A perspective 

where the area in relation to the origin of the pedestrians could be analyzed. Since the ascending and the 

descending directions were considered, the points were added in both areas. Eight calibrations files were 

produced, since there was not a possibility to keep the cameras in place between the days where the 

collections were performed, the distortions needed to be reconsidered for each camera view in each peak. 

The points can be real points used were either real measurements from the field, as a distance from a 

sticker on the floor or markings made by the author. One example of the set of calibration points is shown 

in figure 22. 

 

Figure 22 - Calibration points on the ascending direction 
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The calibration process is done by creating an X, Y coordinate system in the image, an input with the real 

distance between two points and subsequently inserting the points of interest. One of the obstacles from 

the data processing was to adjust the real-world coordinates in order to acquire a real tracking. If a point 

inserted for the calibration did not match the real distances, this point would be discarded, as it can be 

seen in figure 21. In order to perform a better measurement with the real-world values, two cameras views 

were used during the calibration. After the calibration is done, the software displays a map error and a 

camera error, which shows how the map view might be deviating from real-world coordinates, and how 

the camera view might be deviating from the real-world coordinates in the map view. In all cases, the max 

error was not bigger than 5cm and the average error was not bigger than 1cm in all cases. Which 

considering 2,5m of area, it means an error of only 0,4%. 

In order to do the tracking, the videos were converted in image frames in order to track the trajectories of 

the pedestrians, with a frame rate of 25 frames per second as the original video quality. That means that 

each image was away from each other in a rate of 0.04 seconds, which results in a time error of less than 

0.02 seconds. With the calibration imported, the tracking procedure was to insert each pedestrian and 

their location clicking on the image on the middle between their feet as close as possible every 5 frames 

to 10 frames, creating their trajectories. In order to fulfill the whole trajectory, the smooth function was 

used to produce a smooth curve between the marked positions, which helped in case it was not possible 

to visualize the feet of the pedestrians in a certain group of frames. The smooth function uses a linear 

interpolation to calculate a moving average between the marked and estimated clicked points, therefore 

positions through the fixed interval frames that the videos were converted.  

During the tracking, pedestrians that showed unusual trajectories, as for example, U-turns from one facility 

to the other, or origin and destinations outside of the trajectory area were discarded and only pedestrians 

that went through either a stair walk or escalator were tracked in the direction that was being filmed, 

which mean, that in the ascending direction, only pedestrians ascending on the escalators and stair walks 

were tracked, while the other pedestrians were only considered as obstacles. The tracking started as soon 

as the pedestrian crossed one of the calibration points marked by the software, which guaranteed the 

accuracy of the real-world distances they were performing. With the real-world trajectories, the smooth 

curve function created the trajectory as it calculated the walking speed in each frame in relation to the 

three adjacent frames before and after the frame considered, allowing the software to give a speed for 

each frame. 

 

3.2 Data Analysis 

 

The analysis consisted in three procedures of processing data from the video. The first procedure was 

analyzing the pedestrian composition and how that affected the choice between stair walks and 

escalators. The second procedure divided the origin of the flows and how the position of that origin 

affected their choice. The last procedure used T-analyst to collect the trajectories, as well as the speeds 

and accelerations over time. 
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3.2.1 Pedestrian Composition Related to their Choice Behavior  

A first overall assessment was estimating the flow of all pedestrians passing through each study case. The 

types of pedestrians were composed between gender, luggage presence and vicinity. For gender, male 

and female; for the luggage presence, any passenger carrying a luggage that did not consist on a backpack, 

and the vicinity will be discussed more specifically forward. 

For each direction, 15 minutes of videos were used to count pedestrians. In total, 2354 pedestrians 

counted and tracked at Stockholm central Station and 683 in Uppsala Central Station, which gave a total 

estimated hourly flow of 9416 in Stockholm and 2732 in Uppsala. The estimated hourly flows for each data 

collection is presented on table 4 below separated between period, date and directions. 

Table 4 - Estimated Hourly Flows for all data collected 

 

 

The first observation was the difference between the morning and afternoon peaks. In Stockholm, the 

hourly flows were bigger during the afternoon peak, which represents the trend for pedestrians to connect 

from the buses and trains to the metro system in the afternoon, while the opposite happen during the 

morning, with only a 3% difference on flow level. Regarding Uppsala, the morning peaks presented much 

bigger flow levels than the afternoon peak, what most likely represents a bigger share of passengers using 

the station during the morning to communicate with Stockholm or other cities. Considering ascending and 

descending directions, Stockholm did not present a clear trend while Uppsala presented a much bigger 

trend of higher flow levels on the descending direction. That mostly likely was caused by the different 

options of paths that can be taken when getting to Uppsala, reducing the ascending flow levels. 

Only the passengers that pass through either the escalators on stair walks on the corresponding direction 

were counted. The results were separated between ascending and descending, since the directions 

present different behaviors in relation to the comfort and effort involved. It is expected from the results 

to show a higher tendency to choose the escalator, but dividing it into compositions, the tendency to 

choose the stair was expected to change.  In addition, when observing luggage presence, it was interesting 

to see there was not a clear dominance of luggage in the pedestrians. It probably means that even though 

being a transfer station, most pedestrians passing by both study cases are likely to be daily commuters 

and not long-distance travelers. This makes sense since the facilities connect the railway system to the 

Period Date Direction
Estimated Hourly 

Flow

St
o

ck
h

o
lm

U
p

p
sa

la AM 5.06 Ascending 584

AM 5.06 Descending 1128

PM 5.06 Ascending 256

PM 5.06 Descending 764

PM 27.03 Ascending 2108

AM 29.03 Descending 1644

AM 29.03 Ascending 2792

PM 27.03 Descending 2872
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public transport alternatives, but long-distance travelers and tourists would most likely choose to take 

taxis and might not have previously knowledge of the station. 

The first analysis consisted on analyzing the pedestrians’ compositions on their choice behavior between 

stair walks and escalators. As mentioned before, gender and luggage presence were collected from the 

data in order to be used as comparison to the sensibility of approaching vicinity. For the gender, 

passengers were separated between Male and Female; for the luggage presence, only the use of hand 

luggage was analyzed, which consisted on any type of luggage that was detached from the body, which 

did not include backpacks or purses.  

Furthermore, the results of the choice between the pedestrian compositions groups are presented on the 

charts below. The charts are separated between AM and PM. The first line presents the average choice 

between stair walks and escalators in each direction. For the Ascending direction, the percentage of choice 

was 83% for escalators and 17% for stair walks. In the descending direction, the percentage was 70% or 

escalators and 30% for stair walks. 

The first composition separate by gender, has the expectation that the use of stair walks would be more 

accentuated in males than in females, as discussed in section 4.1.3. In the ascending direction, 15% of 

males were willing to use the stairs in the afternoon while the tendency was higher in the morning, 24%. 

Females, on the other hand, were both around 15% that were willing to use the stair walks instead of 

escalators. On the descending direction, a higher tendency to choose the stair walk was seen. In the 

morning peak, both male and female were willing to use the stair walk in a rate of 23%. In the afternoon, 

a higher number of males were seen using the stair walks in 33%, which can be caused by males having a 

higher hip motion than women. The variance between morning and afternoon in both charts might be 

caused from the higher flows in both morning ascending and afternoon descending, which most likely 

caused more males to choose the stairs instead of the escalators, as shown in the Stockholm Central 

Station data in figure 23. 

 

 

Figure 23 - Chart with choice by gender composition of pedestrians per direction in Stockholm Central Station 
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In figure 24, the results for Uppsala Central Station were presented. In contrast with Stockholm Central 

Station, the use of stair walks was much higher than the percentages on Stockholm Central Station. The 

contrast between males and females followed the same trend, showing that there is a trend of males being 

more acceptable of using stair walks. The highest values were found in the descending direction for males, 

with percentage of use of Stair Walks of 38%, while very small values were found in the ascending direction 

of around 6%. 

 

  

Figure 24 - Chart with choice by gender composition of pedestrians per direction in Uppsala Central Station 

 

The second composition was the luggage presence of pedestrians in both directions. As expected, 

pedestrians with no luggage had a higher inclination to use the stair walk than pedestrians that had luggage 

on. The presence of an additional weight reduced the average speed and locomotion, inclining them to 

use a more comfortable route as the escalator. In the ascending direction, the willingness to use stair walks 

ranged between 4 and 14% when having luggage and between 3% and 10% on the descending direction. 

In Stockholm Central Station, as shown in figure 25, the percentage of use of stair walks contrasted with 

the same trend when having or not the luggage presence. 
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Figure 25 - Chart with choice by use of luggage composition of pedestrians per direction in Stockholm Central Station 

 

When analyzing Uppsala Central Station, the use of luggage was not as sensible to their choice as shown 

in Stockholm Central Station. The use of luggage in both directions still showed a higher tendency to 

choose stair walk when not having luggage, but with bigger percentages of choosing stair walks even when 

having luggage, which can have been caused by the bigger width of the stair walks and the lower flow 

levels in Uppsala Central Station, as it can be seen in figure 26. 

 

 

Figure 26 - Chart with choice by use of luggage composition of pedestrians per direction in Uppsala Central Station 

 

Comparing the different parameters counted in the first analysis, it is possible to observe the sensitivity of 

pedestrians in relation to their different parameters. Relating gender, even though small, there is a small 

difference between male and females, which shows that gender is likely less sensitivity than the other two 

parameters, showing only an increase or decrease of around 3%. Finally, is possible to observe that the 

luggage presence presents a higher sensitivity in both directions. When pedestrians were carrying a 

luggage, they were most likely to choose the escalators instead of the stair walks, for the increased effort 
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of moving the luggage. In both directions, a reduction of 71% in willingness to use the stair walk could be 

observed in average. Between all parameters, it could be concluded that the luggage presence was the 

most sensible parameter in the route-choice between stair walk and escalators. 

 

3.2.2 Pedestrian Approaching Vicinity in Relation to their Choice Behavior 

The route-choice for each facility in relation to the approaching vicinity of pedestrians were compared. In 

order to do that, each direction was separated in origins that were either closer to the stair walk or the 

escalator In blue color, it can be seen that left side was much closer to the escalators, while the red color 

was closer to the stair walks. If an origin was closer or in a straight line to the escalator, it is expected from 

the pedestrian to tend to use that choice, unless there are obstacles involving that decision, as mentioned 

in section 4.3. The results were compared to the counted route-choice data, in relation to each origin in 

which the flows were separated. The origins were identified by visually observing the origin of the 

pedestrians’ flows towards the escalators and stair walks. For the descending direction in both study cases, 

4 origins were identified, and for the ascending direction, only 2 were identified, as seen in the figure 27 

below. 

 

 

Figure 27 - Separation of approaching directions for both ascending and descending for Stockholm Central Station 

 

Regarding obstacles, on the  ascending direction in both study cases, there were columns situated within 

the area where pedestrians perceive the stairs and escalators, creating a rather specific case, since most 

pedestrians were not able to visualize the stairs or escalators and make their decision until they pass 

through the obstacle. On the descending direction, however, a more generalized perspective can be 

achieved since there were no clear obstacles in the area where pedestrian make their choice, and the 

origin of the flows are broader, where more analysis can be withdrawn from each different origin. 

The expectation regarding the directions was that, the facilities that presented more directness towards 

the approaching origin of the coming pedestrians and also presented the shortest path in relation to their 

time, would be most likely to present the bigger percentage on their route choice. As for example, in the 

ascending direction, the left approaching direction is coming towards the escalators, and the right 

direction is coming towards the stairs, therefore the expectation is that even though the escalator is the 
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most chosen route, flow levels coming from the  right side would present a higher tendency to choose the 

stairs than flows coming from the left origin, being the shortest path for the users coming from that 

direction, for the flow coming from the respective approaching direction.  

When analyzing the flows from each origin, each direction was given a name from left to right in relation 

to a top view. In the ascending direction, the flows were separated in left and right, and in the descending 

direction, the flows were separated in L1(most left origin), L2, R1 and R2(most right origin). In Both study 

cases, the same type of origins could be observed, which made it easy to compare the results. 

The result for the ascending direction is shown in the figure 28 below. The chart was separated in an 

average of choice for every peak, and the choice when the origin came either from the left or the right 

side. 

 

 

Figure 28 - Pedestrian choice percentages on different approaching directions in Stockholm Central Station Ascending and 
Descending 

When looking at the approaching directions, it is important to remark the difference on flows coming from 

both directions. On the right origin, there were 1091 pedestrians, and 134 pedestrians in the right origin 

in total. Although the flow level was smaller, it was possible to observe a higher tendency to choose the 

stairs coming from the right origin: every 44 pedestrians out of 50 chose to use the stair coming from the 

right origin, while only 5 pedestrians chose to use the stairs when coming from the left origin. That 

demonstrated that, even though the visibility is reduced because of the column, there was a higher 
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tendency to choose stairs when coming from the right origin. Secondly, the number of users choosing the 

escalators when approaching from the right side. The 12% of pedestrians that chose the escalators would 

only do so when there was a gap on the queue line for the escalator, and they would most likely choose 

to walk on the escalators instead of just standing. Regarding the pedestrians that chose to use the stair 

walks when coming from the left side, it was clearly observed the tendency to acquire faster speeds to 

reduce their whole travel time. 

Regarding the descending direction on Figure 28, the afternoon peak presented a bigger share of use of 

stair walk, which might be a cause from the concentration of flows, or from the average speeds on that 

period. When comparing the origins, it can be seen a tendency of a bigger choice to the stairs as the origins 

get closer to the facility. When analyzing each origin, L1 presented very low or no choice of stair walks, 

since it would be very uncomfortable for any pedestrian to pass through the obstacles of pedestrians 

entering the escalators to get to the stair walk. Only between 0 to 3% of the pedestrians chose to use the 

stair walk when coming from L1. L2, considered being the most direct origin to the escalator, has its origin 

from the flows coming from the train tracks presented in the station. The percentages for the pedestrians 

coming from L2 choosing the stair walks is between 20 to 22%, which is already higher than the 

percentages before. In R1, which is the origin more related to the waves coming from the Arlanda express 

and the bus terminal, presented a bigger trend towards the stair walks in a ratio between 26 to 28%. R2, 

which is the last origin, which related to origins more related to the rest of station and the city busses, 

presented a ratio of choosing the stair walks between 29% and 50%, which shows a really high tendency 

of choosing the stair walk when coming from that origin. It shows that the approaching vicinity to the 

origin of the pedestrian in that case altered the choice of pedestrians as close as their origin got to the 

stairs. 

In Uppsala Central Station, the same separation was made and analysed, as seen on figure 29 below. 
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Figure 29 - Pedestrian choice percentages on different approaching directions in Uppsala Central Station Ascending and 
Descending 

 

 

Even though the proportions on the choices differed between Stockholm and Uppsala, a clear tendency 

of choosing the closer facility to their approach was founded. In comparison to luggage presence and 

gender, which are parameters considered as relevant in previous research to the choice between stair 

walks and escalators, approaching vicinity was observed to also be a relevant parameter for pedestrians 

performing level-changes. 

 

3.2.3 Evaluation of the effects on walking behavior aspects 

When analyzing choice behavior between pedestrian compositions, it is important to make remarks 

regarding characteristics of the case studies that might create some individual results for this research. 

First, the width of the stair walks. In Jiten, S. (2015), parameters as flow, density and average walking speed 

were concluded as being strongly influenced by the width of stair walks. It is also mentioned on their 

results that the pedestrian flow behavior is more sensitive with stair walks width smaller than 2.5 meters. 

The average walking speeds would increase until a width of 2.68m, which would decrease after. Since the 

stair walk in Stockholm Central Station have a width of 1.75m, the pedestrian walking behavior is expected 

to be highly affected by the width presented, while in Uppsala Central Station, since the width is 3,25m, 

the speeds are expected to be decrease, and to be less affected by the width. Since the two case studies 

presented different flow levels, the choice and speeds are expected to be more sensible on higher levels 

because of the higher density at the approaching vicinity of the facilities. The expectation from the choice 

behavior in this study is to get different results in comparison to the previous studies mentioned on section 

4.3.1. Another important observation is the existence of obstacles in the approaching environment of the 

stair walks and escalators. In the ascending direction on both study cases, a column located around 1.5 

meters from the beginning of the escalators can be seen for people coming from different origins to see 

the stair walks and escalator facility. On the descending direction, there is no clear visual obstacle in 

relation to visualizing the facilities in front of the pedestrians, which gives a more generalized perspective 

on the results. 
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The data extracted from T-analyst, after calibration every camera view from the data collection, needed a 

script in order to filter and plot the results. The data was presented in Frames and was saved as a text file 

after the tracking. A script in Python was produced in order to filter this data, and the software Spyder was 

used in order to run the scripts. The script aimed to separate the data extracted from T-analyst: Map 

trajectories, Speed and Acceleration, which are walking behavior aspects to every pedestrian. The script 

also deleted clear outliers from tracking errors produced by the software, and the results are shown below. 

The table below presents the summary of every data collection performed in the T-analyst software. The 

table show the number of pedestrians tracked in each file, the average speed, and the average speed on 

stairs and escalators, as it can be seen on table 3 below. Every data collection is marked by the data, with 

MA meaning “Morning Ascending” and AD meaning “Afternoon Descending”, as seen in table 5. 

Table 5 - Data Summaries for the T-analyst tracking 

 Stockholm Central Station Uppsala Central Station 

 

290319
D 

290319
A 

270319
D 

270319
A 

050619M
D 

050619M
A 

050619A
D 

050619A
A 

Number of 
Pedestrians 384 308 492 308 179 48 264 57 

Average Speed (m/s) 1.1017 1.02 1.09 1 1.25 1.11 0.95 1.09 
Average Speed Stair 
(m/s) 1.25235 1.31 1.57 1.31 1.04 0.8698 0.78 0.8597 
Average Speed 
Escalator (m/s) 1.0615 0.91 1.019 0.9361 1.3577 1.2273 1 1.13 

 

 

As a first analysis, in Stockholm Central Station, the speeds on the stairs were much higher than the 

escalators. The speeds on the approaching vicinity to stairs ranged from 1.25 m/s to 1.57 m/s, while the 

speed to the escalators ranged between 0.91m/s to 1.06m/s. In contrast, the opposite happened in 

Uppsala. While users on the vicinity to the stairs ranged between 0.78m/s to 1.04m/s, the users on the 

vicinity to the escalators ranged between 1m/s to 1.35m/s. This different was assumed to be caused by 

the different on flow levels in every study case. In Stockholm Central Station a higher formation of queue 

was observed, which made the speed on the vicinity to the escalator to have lower values. In contrast, in 

Uppsala, it was observed a non-frequent formation of queues, which facilitated the higher speeds on the 

vicinity to the escalators encountered in Uppsala. 

To clearly visualize the results of the data, the highest flow levels in both ascending and descending 

direction were chosen in order to show the differences between Ascending and Descending direction. For 

this study, 270319D (March 27th,2019 in the Descending Direction) and 270319A (March 27th, 2019 in the 

Ascending Direction). The differences between stairs and escalators were highlighted in blue and red, with 

red being escalators and blue being stair walks. The graphs plotted included a trajectory map, a plot with 

average speeds and accelerations, and histograms showing the frequency of speeds for either stairs or 

escalators. The results are shown in the figure 30 below. 

 



 51 
 

  

Figure 30 - Example of a trajectory Map respectively on the Descending and Ascending Direction, Stockholm Central Station 

 

In figure 30, examples of trajectory maps are shown to demonstrate the complexity of visualizing this type 

of data. To better understand these graphs, a comparison with figure 20 can show that the graphs present 

top views from the trajectories realized by every pedestrian. The numbers presented in X and Y are meters 

from the coordinate system created by T-analyst, where the trajectory began from the Top to the Low part 

of the Graph, the same manner as seen in the video cameras. Additionally, is important to say that even 

though the graphs had coordinates between 3 to 6 meters in length, the speeds and acceleration were 

only took from 2.95 meters to the edge of the stair walks and escalators. The graph is extended in order 

to give a better view in comparison to the video camera. 

Although comparable to reality, the graphs can’t show any important data for the analysis between stair 

walks and escalators. In order to produce this type of graph, the final locations of pedestrians were 

classified as mentioned beforehand, and the results are shown in the figure 31 below. 

 

 

Figure 31 - Trajectory Maps separated by choice on the Descending and Ascending Direction respectively 
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Observing figure 31, it is clear the tendency shown on the graph on figure 28, demonstrating that the  

origins that shown the shortest paths to the right side of the graph, where the stair walks are located, 

presented a bigger tendency to choose the stair walk over the escalator, even if the flows for the choice 

of escalators were much higher. When analyzing the graphs for figure 31, it is possible to strengthen the 

statements found during the manual counting. 

 

 

 

Figure 32 - Average Speed and Acceleration for respectively Descending and Ascending Direction, Stockholm Central Station 

 

Looking at figure 32, the average speeds and acceleration for the respective descending and ascending 

direction can be observed. Comparing the average speeds, it is possible to observe that the average speeds 

for pedestrian choosing stair walks (in blue), tend to be higher than the speeds for pedestrians using 

escalators. It is also possible to note the average speed by every pedestrian in the order that they appeared 

on the data collection. Additionally, when looking at acceleration, there was a tendency for pedestrians to 

achieve higher accelerations when taking stair walks, which demonstrate pedestrians accelerating when 

approaching the facility, while there was no clear tendency observed. 

Finally, the last plot was the histograms with the frequencies of average speed intervals for stair walks and 

escalators. The result in shown in the figure 33 below. 
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Figure 33 - Histogram of pedestrian speeds of Stair Walks and Escalators respectively on Descending and Ascending direction, 
Stockholm Central Station 

 

Looking at figure 33, it is possible to remark some differences. When comparing Speeds for Stair Walks 

and Escalators for both cases, it is possible to observe a normal distribution for the speeds, and it is also 

possible to note that the speeds on the stair walks had higher concentrations on higher values on the stair 

walks than on the escalators. As an example, in the Stair Walk, the highest concentration on the 

descending direction was around 1.5 m/s with a frequency of 7, while the concentration for Escalators was 

0.5m/s with a frequency of 18. The same trend could be observed in the ascending direction. All the graphs 

plotted for every data collection can be seen on APPENDIX 1. 

The conclusion of this analysis is that pedestrians using stair walks present higher and more concentrated 

average speeds than pedestrians that chose to use escalators on Stockholm Central Station, while for 

pedestrians at Uppsala Central station, the opposite trend was presented. The observation of the tables 

show that the high level of the flows caused a saturated capacity of the escalators which reduced the 

speeds on the escalators, increasing the average speeds on the stair walks, both in the ascending and the 

descending directions. 
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3.3 Modelling and Simulation 

 

3.3.1 Creation of models in VISSIM 

In order to create the model on VISSIM, blueprints were needed to collect and transcribe the design 

information into the model. The information was conceded by Jernhusen in order to create the model. 

Since the models present very similar dimensions, origins and obstacles, only one model was created in 

order to validate and make changes to the design. The model used was the design from Stockholm Central 

Station which is set up with one stair walks and two escalators, in ascending and descending direction. The 

difference in level was 3,28 according to the design, and the escalators are always presenting 27 steps 

while the stair walks present 19 steps. The figure 34 below shows the representation in 3D of the model 

created in VISSIM. 

 

 

Figure 34 - 3D representation of the model of Stockholm Central Station in VISSIM 

 

3.3.2. Input of Flows, Speed Distributions and Calibration of the Model 

The flow input of pedestrians on VISSIM was done accordingly to the observed origins during the data 

collection. 4 points of origin in the upper level and 2 points of origin in the lower level. Since the 

pedestrians move in VISSIM according to the area and do not follow a clear route, two pedestrian static 

route decisions were created for every origin, which represent the intention of a pedestrian to perform 

the route, separating the percentages of choice between stair walks and escalators by every routing 

decision, in order to try to better reproduce the reality. The choice percentages were represented by the 

highest flow values as mentioned beforehand on this report (March 27th, 2019). 
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In order to calibrate the model, visual and random stochastic simulation were performed. Visually, the 

objective was to make necessary adjustments for the simulation to look similar to the reality. During the 

simulations, random seeds were added in order to produce values deviating from the inputs given to 

guarantee that the randomness of the simulation is guarantees. In order to be on a reasonable range, 15 

simulations with increment of random seeds were performed. Since the biggest input of the model was 

the flow of pedestrians, the same was used to calibrate and compare the random seeds used during the 

simulation. The results is shown on table 6 below. 

Table 6 - 15 simulation runs with increments of random seeds 

Simulation Runs Time Interval Input Flow GEH-value 

Original 900-4500 4980   

1 900-4500 4957 0.33 

2 900-4500 5023 0.61 

3 900-4500 5018 0.54 

4 900-4500 5001 0.3 

5 900-4500 4957 0.33 

6 900-4500 4987 0.1 

7 900-4500 5068 1.24 

8 900-4500 5145 2.32 

9 900-4500 5165 2.6 

10 900-4500 5067 1.23 

11 900-4500 5086 1.49 

12 900-4500 5090 1.55 

13 900-4500 4971 0.13 

14 900-4500 4957 0.33 

15 900-4500 5000 0.28 
 

 

The error used to evaluate the deviations is the GEH-value, which is a statistical measurement by 

Trafikkontoret Stockholm Stad (2005), where the values are considered satisfactory when GEH error is <5 

for 85% of the modeled traffic volumes. The GEH-value is calculated as: 

 

𝐺𝐸𝐻 =  √
(𝐸 − 𝑉)2

(𝐸 + 𝑉)
2

 

 

(4) 

 

Another adjustment that can be done is the speed distributions. VISSIM allows for traffic groups to 

demonstrate an S-shape distribution of speed where the input is the maximum and minimum speed for 

every pedestrian group. One of the speed distributions can be seen on figure 35 below. 
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Figure 35 - Speed distribution of pedestrians that chose Escalators in Stockholm 

 

 Regarding calibration parameters, VISSIM allows for many adjustments of calibration as mentioned in the 

sections before. An Increase of the social force parameter made pedestrians evade each other earlier, 

creating a more realistic view, other than the one seen before. Another parameter, the dynamic potential, 

determined the rate in where the pedestrians walk around each other when walking in each other’s path. 

According to previous research, as Friss, C & Svensson (2013), 30% is a good value, and it presented good 

results when changed into the model. 

 

3.3.4. Test of Different Designs for Optimal Flow 

With the model calibrated, is was possible now to change the designs of the model in order to try to 

optimize the flow in the case studied. In order to do that, the average speed was compared for every case, 

and every design was submitted to a 15 simulation runs in order to keep the same range as done in the 

calibration. The route decisions percentages were kept, in order to observe if the design itself would be 

enough to find different results, taking into account that when changing the design, the direction from 

where a pedestrian approaches changed, changing their travel time and consequently changing their 

speeds. 

Mentioned on this report, one of the situations that could optimize the flow was to increase the width of 

the stair walks to obtain optimal speed values. In Scenario 1, one of the escalators would need to be 

removed, which would only allow pedestrians to descend with the stair walks while they would still have 

the same options when ascending. The width of the stair walk would turn out to be 3.29m, guaranteeing 

more space for pedestrians to use the facility in both ascending and descending direction. The Scenario 2, 

in order to test the functionality of the vicinity sensibility, was to change the escalators to being closer to 
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each other, leaving the stairs to the side. The expectation of the second design was to decrease the overall 

efficiency of model, since the two highest flows close to each other are supposed to create big obstacles 

for pedestrians to use the stair walks. A figure with every different design can be seen in the figure 36 

below. 

 

 

Figure 36 - From left to right, the existent design, Scenario 1, and Scenario of Stockholm Central Station 

 

For every model created, 15 simulation runs were performed with 42 random seeds. The objective of the 

random seed is to guarantee that the randomness in the microssimulation is accounted for when 

considering every case. The differences between every run is known as to be random deviations, causing 

different effects as changing speeds, flows and densities, as they are products of the fundamental relation 

of traffic flow. In order to analyze the comparison between every study case, densities and average speeds 

were extracted as an output from the simulation, and the total number of pedestrians were used, with 

maintaining the desired speed distributions for escalators and stair walks separated. VISSIM allows for 

several different parameter outputs, but because of time constraints, only speed and density were 

analyzed, as it can be seen on table 5 below. 
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Table 7 - Results of the simulation runs for the existent design, scenario 1 and scenario 2 

 Existent Design Scenario 1 Scenario 2 

Simulation 
Runs 

Average 
Density(ped/m2) 

Average 
Speed (m/s) 

Average 
Density(ped/m2) 

Average 
Speed (m/s) 

Average 
Density(ped/m2) 

Average Speed 
(m/s) 

1 0.35 0.84 0.27 0.99 0.39 0.75 

2 0.36 0.84 0.28 0.99 0.40 0.75 

3 0.36 0.84 0.27 1.00 0.40 0.75 

4 0.36 0.83 0.28 0.99 0.40 0.75 

5 0.35 0.84 0.27 0.99 0.39 0.75 

6 0.36 0.83 0.28 0.99 0.40 0.75 

7 0.36 0.83 0.28 0.98 0.40 0.75 

8 0.37 0.84 0.28 0.99 0.41 0.75 

9 0.37 0.84 0.29 0.98 0.41 0.75 

10 0.36 0.84 0.28 1.00 0.40 0.75 

11 0.37 0.83 0.28 0.99 0.41 0.75 

12 0.36 0.84 0.28 0.99 0.40 0.75 

13 0.35 0.84 0.27 0.99 0.40 0.75 

14 0.36 0.83 0.28 0.99 0.40 0.75 

15 0.36 0.84 0.28 0.99 0.40 0.75 

Average 0.360 0.836 0.278 0.991 0.401 0.753 

 

 

Analyzing table 7, the existent design presented an average of 0.36 ped/m2 of density and an average 

speed of 0.836 m/s. When looking into the outputs of the different designs, regarding Scenario 1, the 

average speeds increased in 18% while density decreased in 23%. It was noticed, by looking into the 

designs, that the removal of the escalators in the existent design produced a positive output, that is most 

likely to be caused by the possibility for pedestrians to acquire faster speeds in the approaching directions 

where there was a more concentrated flow. Since the queue length to alight the escalator was nonexistent, 

the flows coming on the directness of the stair chose the stair and were able to increase the overall 

performance of the model. 

Looking at Scenario 2, it was possible to observe the creation of queue lines of pedestrians trying to access 

the stairs. The descending escalator created big queue lengths for the stair walk users. As a cause of that, 

the output presented lower average speeds and a higher density, not being the optimal results if the aim 

is to increase the overall performance of the model. 

Furthermore, in order to analyze the sensibility of the flow levels and parameters in the same scenarios, 

another data collection period was taken. The data from 05.0619 Morning at Uppsala was used, where 

flows in the ascending and descending direction, percentages of routes between escalator and stair walks, 

and desired speed distributions for pedestrian who choose stair walks and escalators were changed to 

simulate the speeds found in the data collection. Beforehand, the data analysis showed, that low flow 
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levels did not have the same influence during the difference on speeds between stair walks and escalators, 

but the speeds were demonstrated to be on a higher average for the descending direction, and on the 

same level at the ascending direction, which is most likely caused by the smaller number of pedestrians, 

which guaranteed a smaller density for the descending direction, but did not have the same influence on 

the ascending direction since there was not a big amount of pedestrian using that direction. In relation to 

the efficiency of the model, simulations were done in order to see the differences on the average speeds, 

as it can be seen on table 8. 

 

Table 8 - Results of the simulation runs for the existent design, scenario 1 and scenario 2 in low flow levels 

 

 

When comparing tables 7 and 8, it can be noticed that the densities on were in average much lower in all 

scenarios. Furthermore, in relation to average speeds, the average of the 15 simulations shown, the speed 

on the existent scenario was 5,8% smaller, not being completely significant for the model. On the other 

hand, in Scenario 1, when using Scenario 1, an increase of 17% on the average speed could be noticed, 

while in Scenario 2, only a difference of 6% was noticed. 

 

 

 

 

 Existent Design Scenario 1 Scenario 2 

Simulation 
Runs 

Average 
Density(ped/m2) 

Average 
Speed (m/s) 

Average 
Density(ped/m2) 

Average 
Speed (m/s) 

Average 
Density(ped/m2) 

Average 
Speed (m/s) 

1 0.07 0.80 0.05 1.14 0.07 0.81 
2 0.08 0.79 0.05 1.15 0.07 0.80 
3 0.08 0.80 0.05 1.15 0.08 0.81 
4 0.08 0.79 0.05 1.16 0.08 0.80 
5 0.08 0.79 0.05 1.16 0.08 0.80 
6 0.08 0.79 0.05 1.16 0.08 0.80 
7 0.08 0.79 0.05 1.14 0.08 0.80 
8 0.08 0.79 0.05 1.15 0.08 0.80 
9 0.08 0.80 0.05 1.15 0.08 0.81 

10 0.08 0.79 0.05 1.18 0.08 0.80 
11 0.08 0.79 0.05 1.17 0.08 0.80 
12 0.08 0.78 0.05 1.17 0.08 0.79 
13 0.07 0.79 0.05 1.15 0.07 0.80 
14 0.07 0.80 0.05 1.15 0.07 0.81 
15 0.08 0.79 0.05 1.14 0.07 0.80 

Averages 0.08 0.79 0.05 1.16 0.08 0.80 
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4. CONCLUSION 
 

Studying pedestrian behavior brings light to many individual characteristics that define pedestrian choices 

and movement. When analyzing level-change facilities, effort and comfort are the most sensible factors 

that define a choice of facility when performing a level-change. When evaluating gender and luggage 

presence, the conclusion was that, as expected, males accepted a higher effort when doing level changes, 

and therefore had a higher percentage of choosing stair walks over escalators on their approaching 

vicinity. Regarding luggage presence, pedestrians with luggage showed a high sensibility for the effort 

involved in carrying a luggage, reducing significantly the percentage of choosing the stair walks. 

RQ1: What are the pedestrian flow effects of the vicinity to stair walks and escalators in their route-choice? 

Furthermore, when analyzing vicinity, the origin of pedestrians were considered, and not only their 

personal characteristics. The expectation was that the approaching origin of the pedestrian would affect 

their choice between stair walks and escalators as much as luggage presence and gender, since the origin 

would define the shortest path for a pedestrian, even if that path would mean a bigger effort from the 

pedestrian. After the data collection, it was possible to see that was true for both study cases (Stockholm 

Central Station and Uppsala Central Station), where the origins with the shortest path to the stairs showed 

a higher tendency to choose stair walks over escalators, in all cases, even in ascending directions where 

the effort was considered to be higher. 

The use of the software T-analyst showed itself to have efficacy but rather manual during the data 

collection. With 8 hours of footage, the software showed itself to be able to track data with a big level of 

detail and a small margin of error, in average 1 to 2 cm, but it was rather a manual process than an 

automatic one. The software was also not efficient when tracking data with different height levels, which 

required the footage to be analyzed separately. The calibration of the software was accurate, and the 

guidelines of the software made it easy to adjust and follow the instructions. 

RQ2: How are the patterns of pedestrian walking behavior in relation to the choice between stair walks 

and escalators in transfer stations when considering the approaching vicinity to the facilities? 

When looking into walking behavior aspects, flow, trajectories, speeds and acceleration patterns were 

observed. The flows were observed to have different levels between Stockholm Central Station and 

Uppsala Central Station, with Stockholm being a high flow level and Uppsala being a low flow level, and 

that was observed to change the other parameters. Looking into the trajectories, it was possible to 

strengthen the assumption that the vicinity does play an important role in the choice of pedestrians. A 

filter between colors demonstrated how the origins made pedestrians choose one facility over the other 

and showed an important pattern of organization behavior represented by the lanes the users tended to 

organize themselves into, and therefore showing the trajectory maps shown in the report regarding 

speeds, in high flow levels, was evaluated to be much higher on pedestrians approaching stair walks than 

pedestrian approaching escalators. The cause of that was most likely due to pedestrians trying to avoid 

queue lengths or pedestrians trying to reduce their travel times from waiting to alight on the escalators. 

In contrast, in low level flows, the speeds on escalators were higher than stairs, since they are still not in 
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full capacity, and allow passenger to approach without waiting or reducing their speeds. Therefore, when 

considering acceleration, Stockholm Central Station pedestrians demonstrated higher acceleration when 

approaching stair walks, since they most likely are changing their choice or trying to avoid a queue length, 

with even positive values, even though the natural tendency is for the acceleration to reduce, when 

pedestrians will approach a level-change facility. In Uppsala Central Station, the accelerations did not show 

significant changes of behavior. 

RQ3: Can the efficiency of the level-change facilities be optimized considering the movements in the 

vicinity of level-change facilities with different design options? 

When trying to optimize the efficiency of movement in level-change facilities, VISSIM models were created 

in order to analyze different designs of stair walks and escalators. The first procedure was to calibrate the 

model using flow input and dynamic potential and social force model parameters. The results of the 

calibrations resulted in visual and numerical accuracy, as the GEH-value was smaller than 5. Furthermore, 

15 simulation runs were performed with three different designs, maintaining the routing decision 

percentages found in the manual counting. The different designs consisted in the existent one, one with 

an optimized stair width, and one with different location for escalators. The results showed that it is 

possible to optimize the movement of pedestrians changing the set-ups of stairs and escalators, because 

the routing percentages can reproduce faster speeds, with less queue lengths when alighting the level-

change facilities. It is important to remark that this analysis is particularly related to the cases of Stockholm 

Central Station, and can be used as a guidelines for future research when modelling and predicting the use 

of stair walks and escalators inside public transfer stations, as well as public transport stations. The 

distinction of the most concentrated origin can be designed with bigger stair walks to increase the 

efficiency and avoid queue lengths, reducing travel times in the total flow of the station. 

Looking at the different results from the scenarios, it could be stated that the low flow caused smaller 

average speeds in general in relation to the high flow levels, that was most likely caused by the differences 

in behavior between Uppsala and Stockholm, and the fact that the congestion on the approaching vicinity 

caused pedestrian to increase their speeds in order to decrease their travel time, which in consequence 

increased the efficiency of the model when having high flow levels, even if the densities were higher. 

Looking into the different scenarios, all scenarios tended to show the same behavior, which strengthen 

the assumption that Scenario 1 is the most optimized designed for both flow levels. 

With the results of this analysis and simulations, it can be said that the use of approaching vicinity in 

pedestrian behavior can be useful when making future assumptions about origin and destination matrices, 

route-choice, walking behavior and design of level-change facilities. If considering the cases of Stockholm 

and Uppsala, it is possible to predict that using the design of Scenario 1 will most likely show the better 

results for the movement of pedestrians inside public transfer facilities. 
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5. RECOMMENDATIONS 
 

In relation to the research carried out in this report, there are some recommendations to be remarked. 

Since this study analyzed only the approaching vicinity areas of stair walks and escalators, a data collection 

that could analyze the whole trajectory from approaching to departing the level-change facility would 

enlarge the research in order to produce new parameters as: the visual aspect of a pedestrian when 

looking up of down the stair walk effect o their choice behavior, and the trajectory of pedestrians departing 

from a facility and how that affect the approaching flows. 

Furthermore, using real-time data tracking would reduce the time used in data collection, which was one 

of the obstacles of this research. New devices in the market make it possible to track pedestrian in real 

time and be able to extract all the data directly without the need for a semi-automatic tracking. In addition, 

would help with privacy and safety of the data used, since these devices can extract trajectories without 

saving any image of footage, even though expensive. With the use of more automatic devices, makes it 

possible to increase the number of study cases and receive a more generalized statement from different 

areas and locations. 

Different parameter of the data collection could be analyzed. It was observed that flow plays a big part on 

the behavior on vicinity of level-change facilities, but these flows are not constant. Analyzing the 

pedestrians only during the formation of queue could probably strengthen even more the effect of 

approaching vicinity on pedestrians’ choice and self-organization between stair walks and escalators. 

Lastly, a sensitivity analysis could be performed with the parameters of calibrations assumed, in order to 

see the effects of them in the outputs of the simulation. Changing those parameters would cause different 

behaviors, changing the outputs shown in this report, strengthening the assumption of the parameter 

values chosen to perform the simulation. 
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