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ABSTRACT 

 Open-Street Programs (Ciclovia) are public recreational programs where streets are temporarily closed to 

motorized transport to create a safe and pleasant space for the development of physical activity and 

recreation. To measure the effectiveness and contribution of such programs to public health, accurate 

estimators of the number of participants of a Ciclovia program during one event have become critical. To 

this end, a methodology using discrete-event simulation models has been developed by the authors. 

However, its application in the Ciclovia programs has been restricted due to the software requirements to 

build the models as well as the knowledge in simulation in order to run and correctly interpret the results. 

In this paper, we present the steps to design and develop an open source tool to facilitate the application 

of this counting methodology in the Ciclovia programs. We test our software on Zipaquira, which is a 

small-size Ciclovia, where we estimate an average of 2,655 participants per day. We also perform a 

validation analysis to study how accurate the results were, comparing flow statistics to field observations. 

  

1 INTRODUCTION 

Ciclovia is a public recreational program in which the streets are temporarily closed to motorized 

transport in order to create a favorable scenario for the development of physical activity and for the 

recreation for pedestrians, cyclists, skaters, and others. (Sarmiento et al. 2010).  

      In the recent years, the growth of the Ciclovia programs around the world and especially in the 

Americas, has led to the development of several indicators which allow the programs’ coordinators to 

measure and evaluate the benefits of implementing these programs in various cities. In order to obtain 

indicators such as the cost-benefit ratio and the metabolic equivalents, also known as MET, it is necessary 

to estimate the number of participants who participate in a Ciclovia program. Thus, instruments that allow 

improving the counting of the participants have been identified as central elements to measure the 

efficiency of Ciclovia programs in an adequate way (Sarmiento et al. 2010). 

Given the importance of this estimation and the increasing number and popularity of Ciclovia 

programs around the world, a flexible methodology is required to not only enable the estimation of this 

number but also allow the comparison of the results (Murcia et al. 2014). To fulfill this need, our team has 

previously developed a methodology based on discrete-event simulation in which we estimated the 

number of participants of Ciclovia of Bogota, currently the largest Ciclovia in the world (Murcia et al. 

2014). In this methodology, we divided the estimation of the number of participants in two phases. The 

first phase is associated with data gathering and processing, to be used as input parameters. The second 

step is the construction of a discrete-event simulation model to estimate the number of people that take 

part in Ciclovia.  

For the first phase, we defined that the input data required was: the type of activities that people do in 

Ciclovia including their averages velocities per type and the percentage of participants in each category; 

the distribution of the sojourn time in Ciclovia, and the number of participants that join at each point of 

entry to the Ciclovia at every hour. For the second phase, we first established how a Ciclovia program can 
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divide its streets using the concepts of tracks- or segments of the street- and intersections –or points that 

connect tracks. We also defined the routing process of the participants in the Ciclovia, including the 

places where they arrive and leave. The discrete-event simulation models that we designed were built 

using licensed simulation software. The members of our team were in charge of collecting and entering 

all the input data, and calibrating the model to be applied to our case study.  

However, the use of licensed software is a limitation to the wide-spread implementation of the 

methodology in different programs given their budgetary restrictions, and the requirement of simulation 

knowledge for model construction. Therefore, in this work we attempt to design and develop open source 

software based on the proposed methodology by Murcia et al. (2014). Its objective is to allow 

coordinators of multiple Ciclovia programs to estimate the average number of participants in their 

Ciclovia programs following a standard procedure. Thus, using our tool the coordinators only have to 

enter the input data parameters while the software builds the model and runs the simulation, obtaining the 

estimation of the number of participants and other statistics of interest for the Ciclovia programs, such as 

the metabolic equivalents. The purpose of this paper is to present the open source tool and test it, using 

the Ciclovia of Zipaquira as our case study, which is considered a good representative of most of the 

Ciclovia programs in the world, with an extension of less than 10 km (Sarmiento et al. 2010). 

 The rest of this document is organized as follows. In Section 2 we explain our previous work In 

Section 3 we present the software specifications, including how the Ciclovia structure is modeled, and 

how the simulation model is built. In Section 4 we present the case study for Ciclovia of Zipaquira and 

we compare the results using a commercial software and finally, Section 5 concludes the paper and points 

to future work.  

2 PREVIOUS WORK  

As we mention in the previous section, the estimation of the number of participants is a key element for 

evaluating the Ciclovia programs. In the case of Bogota, there was a study conducted by Universidad 

Nacional in 2005 (Universidad Nacional 2005). This work proposed a method that consists in counting 

how many people are in a specific distance at a determined hour. Then, they used some expansion factors 

such as the velocity of the participants, forecasting 1’400,274 participants per month. Using additional 

information of this study, we concluded that an average of 700,000 participants are estimated to 

participate daily in Bogota’s program. However, this work cannot be used in other Ciclovia programs due 

to the lack of data related to the expansion factors and their calculation.  

 Given the limitations of the previous study, we made a review of several methodologies that are used 

in various fields to count individuals concluding that, given the current conditions of Ciclovia programs, a 

discrete-events simulation model is a useful approach to estimate the number of participants.  Thus, we 

proposed a methodology in 2013 (Murcia, Rivera et al. 2013) which uses discrete-events simulation to 

establish the number of participants. In our methodology, we divided the estimation of the number of 

participants in two phases. The first of them is associated with data gathering and how it can be used as 

input parameters. The second step is related to the construction of a discrete-event simulation model to 

estimate the number of people that take part in Ciclovia.  

 For the first phase, we defined that the input data required was: the type of activities that people do in 

Ciclovia including their averages velocities per type and the percentage of participants in each category; 

the distribution of the sojourn time in Ciclovia, and the number of participants that enter in each point of 

the Ciclovia at every hour. For the second part, we established how a Ciclovia program can divide its 

streets using the concepts of tracks- or segments of the street- and intersections –or points that connect 

tracks. Then, we applied our methodology in Ciclovia of Bogota gathering the required parameters from 

some fieldwork, Universidad Nacional’s study, and a previous survey that was conducted in 2011 

(Sarmiento et al. 2011). We also defined its structure identifying a total of nineteen tracks connected by 

sixteen intersections, and we built the simulation model. One of the main assumptions that we used in the 

development of Bogota’s model is that arrivals only occur in the intersection points. Additionally, we 

assumed that, when a participant is going to change from one track to another via an intersection, he/she 
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randomly selects one of the “neighbor” tracks, each of them with the same probability. It is important to 

mention that these assumptions do not affect the estimation of the total number of participants. Using the 

methodology we estimated that, on average, 675,000 participants take part in the Ciclovia every Sunday.  

 Although the methodology was developed to be flexible enough to use it in Ciclovias of different 

sizes, in our work we only test the methodology in the Ciclovia of Bogota. Thus, the following step was 

to apply it in a small size Ciclovia. Torres and Vargas, both members of our team, conducted a study in 

Zipaquira in which they apply our methodology (Torres et al. 2014). In their work, they created a standard 

survey that every Ciclovia program can use in order to obtain information about the participants’ 

categories, their time in system and the place where they entered to the Ciclovia. Based on their fieldwork 

in Zipaquira, Torres and Vargas tested the assumption that arrivals are homogeneous during an hour, and 

they suggested that the methodology should not be changing the arrivals per hours but per half hours. 

They also structure the Ciclovia of Zipaquira, identifying a total of six tracks connected by seven 

intersections. However, they found out that, if a track was closed to some points such as parks and 

churches, the arrival rate differed from the same rate in other part of the track. Then, they concluded that 

the methodology should include more than an arrival rate for those cases, weighted by the distance that 

those points affect. As a result of the implementation of our methodology, including the modifications 

explained before, they estimated an average of 3,345 participants who daily take part in Ciclovia of 

Zipaquira. They also establish how to calculate the energy expenditure indicator obtaining a value of 

50,258 kcal/kg/day.  

 At the same time Torres and Vargas were testing the methodology in Ciclovia of Zipaquira, Murcia 

began to work in the relaxation of some of the assumptions, and the input data collection in order to 

improve the output of our methodology. The first assumption that she studied was that arrivals are 

homogeneous during the hours: based on the fieldwork that she made in Bogota, she established that the 

assumption can be held, opposite to Zipaquira’s results. The second assumption that she tested was that 

arrivals are homogeneous within a track. Initially, we defined tracks as streets between two intersections 

but she concluded that this assumption does not hold because of several facts such as geographical 

conditions. Thus, she redefined a track as a street segment within similar behavior. This approach would 

allow us to split the tracks according to their behavior instead of having more than one arrival rate for 

each track, which was the initial proposal of Zipaquira’s study. The third assumption that she evaluated 

was the independence of hour and location of the arrivals, concluding that it is a valid assumption and 

there is no need to modify it. The fourth assumption that she validated was the use of the same percentage 

per category on each track proving that there is no statistical difference among the tracks.  

 In addition, she established how to use the routing of participants through the Ciclovia in order to 

obtain measures of the flow of people in different tracks given the fact that the flow can be easily 

observed in Ciclovia programs. The comparison of the real flow and the flow estimated in the simulation 

model allows us to evaluate if the model is properly imitating the behavior of the Ciclovia (Murcia et al. 

2014). 

 Taking into account the previous work developed in Bogota and Zipaquira, the objective of this work 

is to design an open source software to be able to implement the methodology proposed by Murcia et al. 

(2014) and Torres et al. (2014), including not only the model to estimate the number of participants who 

go to a Ciclovia during a day, but also the statistics to validate the estimation.  

3 CICLOVIA SIMULATION SOFTWARE DEVELOPMENT 

The open source software is constructed following the Scrum agile methodology. Currently, five sprints 

and 18 user histories have been developed.  

 



Rivera, Akhavan-Tabatabaei, Sarmiento, Correal, and Valencia 

 

 

Figure 1: Sprints  

In the first sprint we design a product that allows the users to enter information related to the structure of 

a Ciclovia: its name, its tracks and their distances, its duration, among others. Additionally, we define the 

XML format that we are going to use for reading Ciclovia’s structure information. For the second sprint, 

we focus on registering the information associated with participants’ arrival: their type of activities, the 

time they spend in the Ciclovia, and the places (i.e. tracks) where they enter to the program. In the third 

sprint built a software that simulate the events of arrival and departure of the participants, and we collect 

the main statistics associated with the number of people who enter to a Ciclovia. For the fourth sprint, the 

software allows us to assign routes to the participants. Thus, we create events related to the movement of 

people through the tracks of the Ciclovia, and we also define the collection of statistics per track. The last 

iteration was designed to validate the simulation model allowing the software to collect statistics 

associated with how many participants cross specific points at the Ciclovia. As a consequence, we 

developed a tool that allows to estimate and validate the estimation of the number of participants who go, 

on an average day, to a Ciclovia program.  

 The code of our tool is programmed in Python, and the employed framework is Django1 . The 

architecture pattern that we chose was Model-View-Controller (MVC), and it can be observed in the next 

figure: 

 

 

 

Figure 2: Main components of the Ciclovia Simulation Software 

 In addition, a SQLite database is used, in order to persist the information related to a particular 

Ciclovia program and its simulation results2.  

                                                      
1 Django is an open source framework for Python, which facilitates the creation of Web applications, 

focusing on rapid development and the reusability of the components (Django Software Foundation, 

2015).  
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 In the rest of this section we explain each of the components of the software, and the algorithm that 

we used to model the arrivals to the Ciclovia, together with the events of movement, and departure of the 

participants. 

3.1 Model  

According to the methodology proposed by Murcia et al. (2014), there are two main aspects to model a 

Ciclovia program: the information that describes how the structure of a Ciclovia can be modeled (i.e., 

using tracks and intersections), and the data on the participants and their characteristics (i.e., type of 

activity or time in system). Based on these elements, the model is composed of two components: 

structure, and arrival information. In addition to these components, there is a third element which defines 

the objects associated with the simulation. 

 The structure is related to how Ciclovia streets are divided into tracks and are connected by 

intersections. In the construction of the software, unlike what is done in by Murcia et al. (2014), we assign 

the responsibility of creating and routing entities to the tracks and not to the intersections. Therefore, this 

component defines the objects that represent a Ciclovia, its tracks and their description (i.e., distances, 

adjacent tracks, and the probability of movement from one track to another). 

 On the other hand, the arrivals information component is in charge of including the required data to 

run a simulation. The inputs that conform this element are the ones that explain how the arrivals are 

distributed into the tracks, the types of participants, and their distribution of time in system. Thus, the 

component updates the objects of the structure component as well as defines other objects for the 

Ciclovia, such as the ones associated with types of participants.  

 Additionally, the simulation component is in charge of the results or the output of the simulation 

model, which include the main statistics such as the total number of arrivals of a run, and the average time 

in the Ciclovia, and in each track.  

 To update the information of the three components, the users of the software have to enter all the 

parameters that we defined beforehand. Nonetheless, the purpose of our tool is to avoid that Ciclovia’s 

coordinators enter their information every time they want to run a simulation. Thus, all the information 

about the structure, the arrivals, and the participants’ behavior is stored in a database. In that way, a user 

only has to access the software and run a simulation every time he wants to. Also, the user is able to add 

more designs of his structure and different arrival information, so he can compare the results of several 

models.  

3.2 Controller 

In our software, the controller component is the most important element because it is responsible for 

managing the simulation which includes administration of events and recollection of statistics. The 

controller can be divided into two subcomponents. The first of them is the one that communicates with 

the model, manipulating its information with the purpose of running the simulation or updating the 

objects, if necessary. The second subcomponent is in charge of communicating with View. Its 

responsibilities consist in notifying the view for presenting the information to the user and receiving the 

user’s input data. 

3.2.1 Events administrator 

As it was mentioned before, the simulation execution takes place in this element. It has to create the 

objects needed for the simulation (i.e., Ciclovia, tracks, type of participants), reading them from the 

database. Once all those objects are built, the simulation can be executed. 

                                                                                                                                                                           
2 See Appendix 1 for a detailed view of the software’s architecture. 
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 In order to simulate the Ciclovia, the SimPy3 library was used, allowing us to easily control the events 

of the simulation. As it was stated in the previous work, the participants are defined as entities that move 

between different tracks, according to the activity and time in system that were assigned to each of them 

in their creation. In order to define when and where (i.e., interval of time and track) the participants are 

going to enter the Ciclovia, the following algorithm was used: 

 Algorithm 1 Creation of participants  

 

function ARRIVALS 

create participantList 

for track in cicloviaTracks do:  

currentTimeInterval ← 0 

lastArrivalTime ←0 

for intervalTime in cicloviaIntervalTimes do: 

while lastArrivalTime is within currenTimeInterval do: 

intervalBetweenArrivals ← 
- ln (1-RANDOM)

track.arrivalRate[intervalTime]
 

arrivalTime ← lastArrivalTime + intervalBetweenArrivals 

if lastArrivalTime is within currenTimeInterval do: 

entity ← CREATE_PARTICIPANT  

ASSIGN_ROUTE(entity) 

ADD(entity, participants List) 

end if 

end while 

end for     

end for     

end function 

  

 As it can be seen from the algorithm, arrivals are created for each track and for each time interval given 

the arrivals rates associated with every track. We assumed the arrivals within each interval follow a Non-

homogenous Poisson Process which implies that inter arrival times are generated following an 

exponential distribution using a specific arrival rate which varies depending on the track and the time 

interval. Therefore, in each time period an arrival is generated and the participant is created if his arrival 

time is within that interval.  

 Based on the previous work, we identified four types of events required to simulate the Ciclovia. The 

first of them is the arrival of a participant to a specific track of the Ciclovia, assigning an initial track to 

this entity. The second event is the one associated with the movement between tracks. The third one is 

related to the departure of a participant from the Ciclovia. The last event is the end of the simulation. 

Thus, we developed a function which has the responsibility of creating all the events associated with a 

participant.  

 As it was mentioned, that function manages how a participant’s events are defined. Every time an 

entity arrives to the Ciclovia, an arrival event is created. Next, the time that he requires to go over his 

initial track is calculated, given the distance of the track and his velocity. Then, we compare that time 

with the time left for the entity to leave the Ciclovia. If the time left is not enough, the participant has to 

leave the Ciclovia, so a departure event is created. If the time is sufficient, a displacement event is 

created, selecting the following track according to its adjacent track, and their associated probabilities. 

The same procedure is repeated until the entity has no time left in the Ciclovia. The next algorithm 

represents how arrival, movement, and departure events are defined for each entity.   

 

                                                      
3 SimPy is a discrete-event simulation framework based on processes, implemented in Python. (Team 

Simpy, 2015). 
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Algorithm 2 Creation of events 

 

function ASSIGN_ROUTE(entity) 

create eventsList 

entity.timeLeft ← entity.timeInSystem 

arrivalEvent ← [entity.currentTrack, entity. ArrivalTime] 

ADD(arrivalEvent,eventsList) 

while entity has time left in Ciclovia do:  

timeInTrack ← 
entity.currentTrack.distance

entity.velocity
 

if timeInTrack is bigger than entity’s time left in Ciclovia do: 

departureEvent ← [entity.currentTrack, entity.timeLeft] 

ADD(departureEvent, eventsList) 

timeLeft ← 0  

else do: 

nextTrack ← SELECT_TRACK(entity.currentTrack) 

entity.currentTrack ← nextTrack 

entity.currentTime ← entity.currentTime + timeInTrack 

entity.timeLeft ← entity.timeLeft – timeInTrack 

movementEvent ← [entity.currentTrack, entity.currentTime] 

ADD(movementEvent, eventsList) 

end if 

end while 

entity.events ← eventsList 

end function 

  

After all the participants have their own events list, the software organizes all the events to create the 

simulation event list, including the end of simulation event. Every time the clock of the simulation 

changes, some statistics are recollected. These statistics are: the number of people who enter to the 

Ciclovia, the average number of people per track at any interval of time, the average time in system for 

the participants and its standard deviation, and the flow by each track. 

3.2.2 Views administrator 

This subcomponent defines which view is going to be presented to the user. For this reason, this element 

takes the information given by the Events administrator and uses it to update the information that the view 

is going to present. Additionally, it is in charge of sending the input data, which a user enters to the 

application, to the Events administrator. The view component includes all the HTML pages that present 

the information of the Ciclovia and the statistics of the simulation to the user.  

 

4. CASE STUDY: CICLOVIA OF ZIPAQUIRA 

4.1 Description 

Zipaquira, a municipality near to the north of Bogota, has an approximate area of 197 km
2
 (Alcaldía de 

Zipaquira, 2012) and a projected population of 112,069 by 2010, according to the general census of 2005. 

Its Ciclovia program was opened in 2010 and nowadays works on Sundays from 8:00 am to 12:00 pm. 

The entity in charge of this Ciclovia program is Instituto Municipal de Recreación Cultura y Deporte de 

Zipaquira (IMRCDZ). The route of the Ciclovia consists in a line that goes over the 15th Avenue, 19th 

Street and the 23thAvenue (see Figure 3) and its total extension is 3.4 kilometers, thereby it is considered 

an adequate representation of small size Ciclovia programs. For this reason and due to its accessibility, 

Torres et al. (2014) selected it for the implementation of the methodology. 
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Figure 3: Ciclovia of Zipaquira 

4.2 Input Data 

According to the methodology proposed by Murcia et al. (2014), the simulation model requires three 

types of input data. The first type is related to the activity category of the participant and the 

corresponding average speed, the second one is the distribution of the time that users spend in Ciclovia 

and the third type corresponds to the arrival rate, i.e. the number of participants that enter the Ciclovia at a 

particular time and place.  

4.2.1 Activity Categories and Average Speeds 

Torres et al. (2014) developed a survey to obtained information related to the activities of the participants. 

From that survey, they defined five categories and they estimated the percentage of participation in each 

category. Also they classified each activity according to their intensity level. The resulting percentages, 

the classification according with the intensity level and the average speed of each category that was 

estimated are shown in Table 1. 

Table 1: Percentage of participation by category, intensity level and average speed 

Category % Participation Intensity Level Speed (km/h) 

Cyclist 36.88% Vigorous 11.94 

Joggers 11.35% Vigorous 7.92 

Walkers 42.91% Moderate 5.76 

Roller Skaters4 8.16% Vigorous 10.52 

Skaters5 0.71% Vigorous 6.01 

4.2.2 Distribution of the Time in the System 

Torres et al. (2014) obtained from the survey the time a participant spends in Ciclovia. Figure 4 shows the 

frequencies of the answers that people gave when they were asked about how much time they usually 

spend in Ciclovia. In the software, the time in the system was modified in order to obtain a distribution of 

the time in system. This modification was required due to the fact that people tend to discretize the time 

they spend in the Ciclovia (e.g. 30 minutes, 60 minutes, etc.). Therefore, once the software receives the 

information of the time in system, we built a smoothed distribution. In order to do it, first we defined time 

intervals based on the answers of the survey and we assign a probability to each of those ranges. Then we 

generated a random variable that was uniform distributed between the values of that time interval. The 

only exception is the last interval, where we generated an exponential variable for the time. Additionally, 

                                                      
4 Participants that use a pair of shoes with four or more small wheels for sliding 
5 Participants that ride on skateboards 
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given that the simulation ends when the Ciclovia duration is reached, we defined that the maximum value 

of a participant’s time in system is the duration of the Ciclovia.  

 

4.2.3 Arrival Rate  

 

Taking into account that arrivals take place through any point of the streets, it is necessary to estimate the 

rate at which participants join the Ciclovia. Based on the methodology, it is required to estimate an arrival 

rate per meter at a specific point of the Ciclovia. This rate, which is called the reference arrival rate is then 

weighted considering two factors: the time at which arrivals occur, and the density of the track. These two 

factors are going to be explained in detailed in the following subsections. For the case of Zipaquira, 

Torres et al. (2014) obtained the reference arrival rate doing a fieldwork in a data collection point located 

at a place whose behavior can be considered representative of the Ciclovia.            

4.2.3.1 Weighing per Time 

From the survey, Torres et al. (2014) also obtained the weight per time, specifically from the question 

relating with the time that people arrive to the Ciclovia. According with the results, most of the people 

tend to join the Ciclovia at the start time and throughout the day the number of arrivals is decreasing.  

 The reference rate they selected was the one taken at 8:00 am that according with the results can be 

considerate as a peak hour due to its high frequency in relation with the remaining hours. In total, 106 

people answered that they had arrived at the moment in which the Ciclovia began. This information was 

used to estimate relative weights of each half hour. In this sense, the frequency of arrivals at every half 

hour was divided by 106 which is the frequency of the hour related with the reference rate. The results are 

shown in Table 2.  

Table 2: Relative weight of arrivals every half hour 

Arrival time 08:00 08:30 09:00 09:30 10:00 10:30 11:00 11:30 

Relative weight 100.00% 25.47% 45.28% 30.19% 37.74% 12.26% 15.09% 15.09% 

4.2.3.2 Weighing per Track   

With the purpose of estimating the weight of each track, Torres et al. (2014) asked to the participants for 

the entry point to the Ciclovia. The objective of that question was to estimate the number of people that 

enter in each point along the Ciclovia. They also selected the tracks according to the behaviors identified 

 

Figure 4: Empirical distribution of the time participants spend in the system 
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along the route of the Ciclovia and the responses obtained from the entry point question of the survey. As 

a result, they divided the Ciclovia into 6 tracks and for each one they determined the frequency of entries 

of participants. Then, they calculated the relative weights based on the track number 3, which is the one 

associated to the reference rate (see Table 3).  

Table 3: Weighing per track 

Track 1 2 3 4 5 6 

Number of entries 33 54 48 45 57 43 

Relative weight 68.75% 112.50% 100.00% 93.75% 118.75% 89.58% 

4.2.3.3 Estimating the Arrival Rates  

As it was mentioned before, the reference rate was the one obtained at 8:00 am in the track 3. This rate 

was weighted per time and also per track: the weighing consisted in multiplying the reference rate by the 

relative weight of a specific time (see Table 2) and the relative weight of a specific track (see Table 3), in 

order to obtain the corresponding arrival rate. The weighing per time was made each half hour with the 

objective of considering variations of the arrival rate within each hour.  

 In order to handle the assumption of homogeneity of the arrival rate within the tracks, variations of 

the arrival rate were included inside each one. The variations were considered based on the observed 

difference between the arrivals that occurred at the intersections (parts where the Ciclovia crosses a street) 

and the arrivals that took place on the sidewalks. This difference arises from the fact that the participants 

usually get into the Ciclovia through an intersection instead of any other part of a street due to the ease, 

especially for the skaters, roller-skaters and cyclists. For this reason, the data collection was made in such 

a way that it would be possible to make a distinction between the arrival rate of an intersection and the 

arrival rate of a sidewalk. Therefore, the reference rate was calculated using these two components: the 

reference rate for intersections and no intersections.  

 

4.3 Data entry  

Based on the input data described in the previous sections, we created two XML files6. The first of them 

contains the general information about the Ciclovia of Zipaquira (name, place, distance, start time, and 

end time) and the data about the tracks that we identified (id, distance, probability of coming back to the 

same track and probability of going to the adjacent tracks). The second file contains information related to 

the arrival behavior (reference arrival rate, proportion of arrivals per track and per hour, type of activities 

with their velocity and proportion, and the distribution of time in system). Then, we entered these files 

into the software website in two sections: the one related to the Ciclovia structure and the one associated 

with the arrivals’ behavior. In the following figure we can see the tables created by the software using the 

XML files’ information:   

 

                                                      
6 See Appendix 2 to observe the XML files.  
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Figure 5: Software’s tables for Ciclovia of Zipaquira 

 

4.4 Simulation results  

According to the methodology, the structure of the discrete-event simulation model includes entities and 

tracks, principally. The entities correspond to the participants of the Ciclovia of Zipaquira and the tracks 

represent bidirectional segments of streets that constitute the Ciclovia.  

 In the case study there are 5 types of entities, each one associated with an activity category: walkers, 

joggers, cyclist, skaters and roller-skaters. Each entity has time duration attribute, as well as speed, and is 

created based on the estimated arrival rate. Also there are 6 tracks. Each track has its associated distance, 

and it is bidirectional. The capacity of the tracks is assumed to be infinite, so that there is no limitation on 

the number of entities that get in.  

 Using the tool that we built, we loaded the two files explained in the previous section. Then, we ran 

the simulation, obtaining the number of participants who enter the Ciclovia. In order to compare the 

results with the ones estimated by Torres et al. (2014), we used their model which was built in Simio 

Simulation Software. 

 After the input data had been included in both of the simulation models, we ran 20 replications and 

estimated that the average number of participants per day in the Ciclovia of Zipaquira was 3,256.23 ± 

25.34 in the case of our tool, while using the simulation model built in Simio, we obtained 3,270.83 ± 

23.29. Using a confidence interval of 95% the results are not statistically different, as it can be seen in 

Figure 6.  
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Figure 6: Confidence Interval of the number of participants, tool vs Simio 

 5. VALIDATION 

Taking into account that there is no baseline reference for the number of participants of the Ciclovia of 

Zipaquira, the simulation model is established as a valuable tool for carrying out the validation of the 

methodology and hence, of the number that was obtained. This occurs due to the fact that the model 

allows making contrasts against an element of the real system that can be directly observed. The element 

of the real system is the flow of people, which makes reference to the count of participants that cross a 

determined point inside the Ciclovia and its importance arises from the direct relation with the arrival rate 

and hence, with the estimation of the number of participants. Therefore, the validation consists in 

comparing the flow of the real system with the flow of the simulation model, which allowed us to 

evidence the capacity of the model to represent the system.  

 Torres et al. (2014) obtained the results of the flow in Ciclovia of Zipaquira by manual counting -and 

using the lasers- and they noted that the results of the flow statistics of the simulation model were 

different to the flow they counted in their fieldwork. For this reason, they developed a sensitivity analysis 

modifying some input data related to the speed of the participants, the routing probabilities, and the time 

in system distribution. These parameters were modified according to previous studies and additional 

observations that they did in the fieldwork, allowing them to establish values that properly represent the 

real system.  

 Using our tool, we modified those input data parameters for the case study of Zipaquira and we 

studied the flow behavior, comparing the results with the fieldwork that Torres et al. (2014) performed in 

the third track. Additionally, we modified the model they built in Simio in order to collect the statistics of 

the flow at every track and every time interval, and comparing its flow statistics too. The results are the 

following:  

 

Figure 7: Flow per hour in track 3 
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After performing the comparison, it can be seen that the flow of the tool compared to Simio’s model is 

higher, although they have a similar behavior. This difference can be explained taking into account how 

the routing process works in both models. In the tool we assign to each participant a route and, every time 

an entity reaches an extremity of a track, the tool evaluates if the participant’s remaining time in system is 

enough to reach the end of the next assigned track. If it is not the case, a second verification is performed, 

calculating if the participant can reach the middle of the track, which is the point where the counter is 

located. If he has sufficient time, it is routed to the counter point and the flow statistics are updated. On 

the other hand, in Simio, every time that a participant reaches an extremity of a track, a process is done in 

order to verify if his remaining time in system is enough to reach the extremity of the longest track that is 

connected to the current track. If he does not have enough time, the entity is delayed in the extremity until 

his time is over. Thus, it is expected to have higher values for the flow using the tool, and it is assumed 

that the routing assignment for each participant imitates the behavior of the entities in the Ciclovia more 

accurately.  

 Additionally, when comparing the results with the ones obtained with the lasers, data that is observed 

in the real system, it can be seen that the flow of both models is higher than the one registered by the 

lasers, except for the last hour, interval at which the real system’s flow increases while both simulation’s 

flows decrease. Assuming that the sensitivity analysis performed by Torres et al. (2014), and the 

following modifications they did to the parameters -related to tracks’ density, time in system distribution, 

and participants’ velocities-  are accurate, the explanation for the difference in the flow statistics arises 

from the arrival rate used in both simulation models. Thus, studying the behavior within the third track we 

found out that the statistics obtained by the software were still high compared to the flow observations in 

the real system, indicating than the number of participants per day in the Ciclovia of Zipaquira was still 

overestimated. For this reason, we carried out a sensitivity analysis modifying the reference arrival rate, 

and we concluded that both flows coincide when the arrival rate is reduced between 33% and 38%, as it is 

shown in Figure 8. Thus, the average number of participants for Ciclovia of Zipaquira is 2,085.06 ±26.49.  

 In this case, it is important to mention that this result differs with the validation analysis that was 

done before by Torres et al. (2014) because they concluded that the arrival rate should be reduced 

between 15% and 20%. One of the possible reasons for this difference in the results is that the simulation 

model that Torres et al. (2014) built for the sensitivity analysis did not route the participants who were not 

able to reach the other extremity of the track. Thus, if a participant had enough time to reach the middle of 

the track, where the counter point was located, but he could not reach the end of the track because his 

time in the system was over, the flow was not affected. However, in our software we located counter 

points in the middle of each track, and we take into account all the participants who could reach the 

middle of the track rather than only counting those who could arrive to the other extremity of the track, as 

it was explained before.  

 

 

Figure 8: Sensitivity analysis of the flow of people 

0

1.000

2.000

3.000

4.000

5.000

0

500

1.000

1.500

2.000

2.500

3.000

3.500

AR11 AR10 AR9 AR8 AR7

Fl
o

w

N
u

m
b

er
 o

f 
ar

ri
va

ls

Reference Arrival Rate

RESULTS VALIDATION

Arrivals Simulation flow Observed flow



Rivera, Akhavan-Tabatabaei, Sarmiento, Correal, and Valencia 

 

 Taking into account the previous differences and the need of having a model built in a commercial 

simulation software in order to verify that the tool that we developed works properly, we modified the 

model proposed by Torres et al. (2014) and we created the routing process that behaves as the process 

designed in our tool. However, even thought that we used the University Design Edition license in Simio, 

we could not gather statistics in all the tracks due to the restriction of elements in the model. For this 

reason, we focused our analysis in the Track 3 and the results can be seen in Figure 9. The graph shows 

that the behavior of the adjusted Simio model and the tool is similar, and it shows that taking into account 

the routing process for the participants, including the middle of the track, the flow increases compared to 

the original Simio model. Using the adjusted Simio model, we concluded that the tool that we built 

assigns the route to the participants properly.  

 

 

Figure 9: Flow per hour in track 3 

6. CONCLUSIONS AND FUTURE WORK   

The simulation software whose development is described in this work allows the application of the 

methodology proposed by Murcia et al. (2014) in multiple Ciclovia programs, contributing to the 

achievement of a standard estimation for the number of participants in any Ciclovia on an average day. 

Furthermore, the inclusion of flow statistics in the methodology allows us validating the results. Given 

that the estimation of the number of participants cannot be compared to other measures or other sources 

of information, the flow statistics calculated using the simulation model can be contrasted with flow 

observations in certain points of a Ciclovia. However, the assignment of routing probabilities and 

participants’ speed have to be reinforced in order to obtain better flow statistics and thus, it will allow us 

to build a more precise model.  

 On the other hand, implementing the methodology in the case of Zipaquira, in addition to further 

validation of the main parameters, allowed us to estimate the number of participants per day as 2,085.06 

±26.49. 

 Future work should focus on the improvement of the arrival rate estimation and the design of a user-

friendly interface to promote the implementation of the methodology via the developed software. 
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APPENDIX 1  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 class M...

Vista

Controlador

Modelo

Ciclov iaObj

- name:  String

- place:  String

- startHour:  int

- endHour:  int

- numTracks:  int

- referenceTrack:  int

- referenceHour:  int

- referenceArrivalRate:  Decimal

- timeInSystemDistribution:  List

- arrivalProportionPerHour:  List

- typeParticipants:  List

+ init(List, int, int, int, String, String) : void

+ printInfo() : void

+ getTrack(int) : TrackObj

+ assignArrivalsToTracks() : void

TrackObj

- idNum:  int

- distance:  double

- probability:  double

- tracksId:  List

- tracksProb:  List

- arrivalProportion:  Decimal

- arrivalsPerHour:  List

- numberInTrack:  int

- numParticipantsInTrack:  List

+ init(List, List, double, double, int) : void

+ getProb(int) : void

+ giveNeighboorInDirection(var) : int

+ updateNumberInTrack(var) : void

SimulationObj

- replications:  int

- arrivalDistribution:  String

+ init(int, String) : void

Controller

+ buildCiclovia(String) : void

+ addTracks(CicloviaObj, String) : void

+ removeTracks(CicloviaObj, String) : void

+ printExperiment(CicloviaObj) : void

+ loadCiclovia(String) : void

+ simlationExecution(int) : void

Views

+ main(var) : render

+ index(var) : render

+ user(var) : render

+ detail(var) : render

+ detailArrival(var) : render

+ detailNeighboor(var) : render

+ upload(var) : render

+ uploadArrivalInfo(var) : render

+ simulationResults() : void

+ adminSimulation(var) : render

«device»

SQL Database

Main UserIndex

DetailDetailArriv al DetailNeighboor

Upload

UploadArriv alInfo

AdminSimulation

SimulationDES

- randomSeem:  int

- simTime:  int

- env:  Environment

- numberInCiclovia:  int

- totalArrivals:  int

- l istNumberInSystem:  List

- l istTimeInSystem:  List

- results:  List

+ execute(int) : void

+ init(int, int) : void

+ participant(int, int, int, int, double) : void

+ participantArrivals() : void

+ weightedValues(List, List) : void

+ numberInSystemStatistic() : void

+ timeInSystemStatistic() : List

+ calculateValuesTimeInSystemStatistic() : void

+ printResults() : void
ParticipantObj

- track:  int

- idNum:  int

- participantType:  int

- arrivalTime:  Decimal

- timeInSystem:  Decimal

- eventsList:  List

+ init(int, int, int, Decimal, Decimal) : void

+ assignRoute() : void

SimulationResults

«import»

obtiene actualiza

registra

tracks

actualiza envía acciones de usuario
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APPENDIX 2 

 

Ciclovia Structure XML example:  
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Ciclovia Arrivals behavior XML example: 

 

 

 


