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Abstract 
 

Idrottsparken roundabout in Norrkoping is located in the more dense part of the city. 

Congestion occurs in peak hours causing queue and extended travel time. 

This thesis aims to provide alternative model to reduce queue and travel time. Types of 

observation data are flow, length of queue, and travel time that are observed during peak 

hours in the morning and afternoon. Calibration process is done by minimising root mean 

square error of queue, travel time, and combination both of them between observation and 

calibrated model. SUMO version 0.14.0 is used to perform the microsimulation. 

There are two proposed alternatives, namely Scenario 1: the additional lane for right turn 

from East leg to North and from North leg to West and Scenario 2: restriction of heavy goods 

vehicles passing Kungsgatan which is located in Northern leg of Idrottsparken roundabout 

during peak hours. For Scenario 1, the results from SUMO will be compared with AIMSUN 

in terms of queue and travel time. 

The result of microsimulation shows that parameters that have big influence in the calibration 

process for SUMO are driver imperfection and driver’s reaction time, while for AIMSUN is 

driver’s reaction time and maximum acceleration. From analysis found that the model of the 

current situation at Idrottsparken can be represented by model simulation which using 

combination between root mean square error of queue and travel time in calibration and 

validation process. Moreover, scenario 2 is the best alternative for SUMO because it 

produces the decrease of queue and travel time almost in all legs at morning and afternoon 

peak hour without accompanied by increase significant value of them in the other legs. The 

comparison between SUMO and AIMSUN shows that, in general, the AIMSUN has higher 

changes value in terms of queue and travel time due to the limited precision in SUMO for 

roundabout modelling. 

 

Keywords: microsimulation, SUMO, AIMSUN, roundabout, root mean square error, queue, 

travel time. 
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1. Introduction 

1.1. Background 

Transportation is an important sector to support the development of countries in terms of 

highway design, road systems and management of traffic. It has been considered by many 

countries as a challenge. For an example, in urban and inter-urban roads especially in 

roundabouts, the congestion becomes an issue and it needs management to solve. Proposals 

for the solution could be geometric intersection design, improvements of traffic signal plans, 

etc. Traffic simulation model can be applied in order to determine a solution that can be used 

to achieve significant benefits such as travel time decreased, less conflicts, less truck, etc. 

Traffic simulation can be conducted by using computer programs, which will help to 

evaluate solutions for the traffic management. One such program is SUMO (Simulation of 

Urban Mobility) software. It is microscopic simulation tool and open source software. 

In this thesis, microscopic simulation will be carried out in Idrottsparken roundabout in 

Norrkoping, Sweden. It has four legs and located in the intersection of the Södra 

promenaden, Kungsgatan and Albrektsvägen. This location was chosen because based on the 

preliminary survey, the number of vehicle which passed the roundabout is larger and it is a 

potential problem that could be congestion and chance for conflict with another vehicles. 

 

1.2. Study Objectives 

The aim of this project is to set up, calibrate, validate and experiment a simulation model of 

current traffic at Idrottsparken roundabout by using SUMO. The project will use three types 

of observation data traffic flow, travel time and the queue length data. The data is used in the 

calibration and validation process for getting the model calibrated to field measurements. 

Then, two scenarios will be developed in order to reduce travel time and the queue length and 

find out which best scenario for improvement of the roundabout performance.  

The purpose of this project is to give knowledge how traffic simulation models combined 

with statistical analysis can be applied for investigating road traffic in the real word. Another 

purpose is to compare how well the open source software SUMO 0.14.0 compares with the 

commercial software (AIMSUN). The comparison is related to the result of proposed 

alternative model with similar scenario which output data and selected feature in software. 
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1.3. Delimitations 

The project limitations of study are as follow. 

 The data collection will be conducted in three days in a week. They are Tuesday, 

Wednesday and Thursday which the time for survey is during morning (07.15-08.15), 

and evening (16.30-17.30). 

 The scope of study will be observed at the Idrottsparken roundabout and the analysis 

focuses only in the roundabout. 

 SUMO is not applicable for pedestrian and two-wheeled vehicles based on Maciejewski 

research, 2010. 

 Disregarding the pedestrian and cyclists is to simplify the model  

 

1.4. Outline 

Chapter 2 presents the traffic simulation description included its classification which is a 

method with a specific process and computer program in order to get a better traffic 

management in a real transportation system. Chapter 2 also presents the detail of SUMO as 

an application which will be used to build a simulation with several steps in making 

simulation run. In this chapter, the process in term of getting better model compare to field 

data will be described and it is known as calibration and validation process. Additionally, 

chapter 2 presents the previous research that has relationship with the research as comparison. 

Chapter 3 presents the method of the research will be conducted which is starting the study 

area map in Idrottsparken roundabout. The microsimulation process also presents in this 

chapter which is described the general process for. 

Chapter 4 presents model analysis according to data collection which is presented in 

previous chapter. A base model simulation will be developed by conducting several processes 

in order to get good model that can be used to the next simulation scenario. They are error 

checking methods, calibration and validation process for simulation output. 

Chapter 5 discusses the results of the simulation output and comparison between 

simulation with SUMO software and a simulation with AIMSUN software for similar 

scenario. It also presents the scenario results either for morning model or for afternoon model 

in terms of travel time and queue length decreased. 

Chapter 6 presents the conclusion related to the result and discussion for each chapter in 

previous such as the useful of SUMO software for simulation, what kind of alternative 

scenario for solving the problem that occur, the best software between SUMO and AIMSUN 

for the project. 
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2. Literature Review 

2.1. Traffic Simulation 

Barceló et al. (1998) describe simulation as an process that uses a computer program to 

represent a real system by building a model simulation and it can be used to find solution by 

proposed several scenarios in the existing system in order to build the new system. 

While traffic simulation can be defined as a method which is used to assess and evaluate 

the traffic and transportation system the results from simulation can be used as a traffic 

management decisions for infrastructure improvements (Lansdowne, 2006). There are three 

classifications for traffic flow models based on the level of detail simulation, namely 

macroscopic, mesoscopic and microscopic model. 

A macroscopic model is used to simulate traffic flow by considering traffic characteristics 

such as speed, density, flow, and their relationships to each other. This type of simulation 

model was developed to model traffic on the network of transportation i.e. highways, 

freeways, arterial parallels, surface-street grid networks, and rural highways in order to 

predict the spatial extent and congestion that occurs (Dowling et al., 2004). 

A microscopic model gives simulation of the traffic in high level of detail. It models 

movement of individual vehicle travelling along the road and the interaction between them 

(Olstam, 2005). The movement is determined by using simple car following, lane changing 

and gap acceptance rules (Fox, n.d.), acceleration, speed adaptation, etc. (Olstam, 2005). 

Another definition microscopic simulation came from Krauss. According to Krauss, 

dynamics of individual vehicle is a function of the location (position) and speed of the 

neighbouring vehicle, so have to be consider dynamical processes of car-following and lane-

changing (Krauss, 1998). 

A mesoscopic model is combination between microscopic and macroscopic simulation 

which has ability to model large study area with more detail information than macroscopic 

model. While microscopic model simulates real traffic behaviour with higher accuracy than 

mesoscopic model due to requirement of more detailed data in microscopic model. This type 

can stimulate the routing of individual vehicles equipped with in-vehicle, real-time travel 

information systems and it is mostly used in the evaluations of traveller information systems 

(Dowling et al., 2004). 

 

2.2. SUMO (Simulation of Urban Mobility) 

SUMO stands for Simulation of Urban Mobility and is open source software for micro-

simulation. The development started in 2001 and became open source software in 2002. This 

software is purely for microscopic traffic simulation. SUMO has own format to represent 

traffic simulation, so it requires traffic demand and road network to be simulated (Behrisch et 

al., 2011). 
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According to the SUMO-User documentation, it is four steps that should have performed 

to make simulation run (Krajzewicz & Behrisch, n.d.), they are: 

1. To build the network 

SUMO network file represents the traffic which is related to a part of a map and it 

includes the network of road, intersection/junction, and traffic lights. It can be built either 

using a tailored description or converted from other digital networks that compatible with 

the SUMO. One of application that can help to build the network is a network 

converter/importer which is a command line application. The importer can import road 

networks from several sources such as “SUMO native” XML descriptions, 

OpenStreetMap, VISUM, VISSIM, etc. The general way to import a network from 

different sources to be SUMO network file can be seen in Figure 2.1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Building a Network 

Sources: Krajzewicz & Behrisch (n.d.) 

2. To build the demand file 

After the network has been built, then the next step is to fill the network with traffic in 

SUMO. It can use existing origin destination (O-D) matrices and convert them into route 

description. There are several ways to build demand which use those applications. It can 

be described as follow (Krajzewicz & Behrisch, n.d.) 

Using trip definition is the first way to create the demand either manual (by hand) or 

by importing from custom data.  The easier way to get own routes is to edit a routes file 

by hand when the number of routes is not too high. To build a route file in SUMO, the 

information needed is the vehicle’s physical properties, the route taken by vehicle, and 

the vehicle itself. All information will be defined with a specific description from identity 

Output Output 

Additional  

(User Descriptions) 

 
XML Edges Files 

 XML Nodes Files 

 XML Connection Files 

 

Other Formats 

VISUM network 

VISSIM network 

Cell network 

Arcview/ArcGIS database 

Tiger Map 

OpenStreetMap 

NETGEN NETCONVERT 

Network 

SUMO/GUISIM 

Net.file 
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--OD-file 

of vehicle, the acceleration, deceleration, the vehicle length, the maximum speed, and the 

colour for each type of vehicle. In addition, there are several things that must be 

considered in order to build the routes such as routes have to be connected and contain at 

least two edges. Others considerations are the vehicles can only start at a position at least 

as long as the vehicles starting on the starting edge and the starting time will be used to 

sort the routes. 

In order to generate the routes, the second way could be applied by using flow 

definitions and turning ratio. It uses a routing application which uses flows and turning 

percentages at junction as input. In addition, the demand data that given trip and flow will 

be imported by junction turning ratio router application. 

The third way is to generate random routes by using two common applications in 

SUMO which can do the generating process with the option. The applications are a router 

for dynamic user assignment and a router using junction turning ratios. Random routes 

are maybe not the best way to generate routes, but it easiest way to feed network with 

vehicle movements. 

Another way is to import the Origin-Destination (O-D) matrices and to import the 

routes from other simulations. The O-D matrices could be converted to trips which define 

as amounts of vehicles that move from one point in a district to another district within a 

certain time period. The importer of O-D matrices is only used to import data which is 

saved in VISUM/VISION/VISSIM formats. If the O-D matrices are not in these formats, 

there are 3 (three) ways to import the matrices such as to convert O-D matrices into one 

of the supported formats, to write the own reader for importer OD-matrices application, to 

convert OD-matrices into flow definitions and then give the matrices to dynamic user 

assignment and alternatives route application, and the last is to build trips from OD-

matrix by combination the SUMO network file and OD file, the flow chart can be seen in 

Figure 2.2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2. Building Trips from the OD-matrix 

Sources: Krajzewicz & Behrisch (n.d.) 

3. To compute the dynamic user assignment (optional) 

The simulation which uses SUMO as software has a model with the car following theory. 

The theory is according to the behaviour of drivers who drive their car dependent on the 

distance of car in front of them and also the speed. A driver always chooses the shortest 

path in order to get their destination and the congestion will happen when other drivers do 

the same thing in the network which can be a problem in traffic management. The 

dynamic user assignment option will be used in this simulation to simulate route choice.  

--output-file 

--net-file 

SUMO-network OD-Matrix 

Trip computation 

(SUMO-OD2TRIPS) 

Trip table/ Trip list 
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Dynamic user assignment is a traffic assignment which the assumption of the OD-matrix 

and the link flows are to be time dependent ( (Krajzewicz & Behrisch, n.d.). It also 

simulates updated route choice. 

4. To run simulation 

The simulation can be run if the file contains the network, the information of routes that 

will be used in the simulation, the time period when the simulation will begin and finish. 

With all information, the simulation can be performed in order to get a base model that 

will be applied to the simulation scenario. 

 

2.3. Car Following Model 

The car following model is the model where car drivers’ behaviour are influenced by the 

other car drivers. Speed, acceleration, and deceleration depend on the previous car drivers 

(Olstam, 2005). Because of this, they cannot drive with desired speed; they will adjust their 

speed so reach steady conditions. In this steady condition, the speed of the vehicles will likely 

be the same or otherwise they will crash. By assuming that a vehicle has the same desired 

speed with previous vehicle, the car following model can be expressed by equation 2.1 

(Pipes, 1953 in Krauss, 1998). 

      

  
 

             

 
 

 (2. 1) 

Where: 

   = speed of vehicle i 

     = speed of preceding vehicle i 

  = driver’s reaction time (s) 

In SUMO, there are five car following model theory that can applied in simulation. They 

are car following model that developed by different theory, i.e.: Krauss with some 

modifications which is the default model used in SUMO, The Krauss original model, Peter 

Wagner model, Boris Kerner model, and The Intelligent Driver Model (IDM) by Martin 

Treiber. The last two models are still developed. 

As a default, SUMO using Krauss car-following model for the simulation. This model is 

the other variant of Gipps model where Gipps (1981) developed the model based on safety 

condition derived from braking distances of individual vehicle. In Krauss model, between car 

drivers is described using the maximum safe velocity (vsafe). The formula is given in equation 

2.2. 

 

              
              

             
  

  
 

 (2. 2) 
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Where: 

gn(t)  = xn-1(t) – xn(t) – s 
vdes   min{vn(t) + a.Δt, vsafe, vmax} 

vn(t+ Δt)  max[0, rand{vdes – ϵa, vdes}] 

The position of the vehicle is denoted by index n and predecessor vehicle has higher index. 

So, in the traffic, leading vehicle has the highest index. The maximum acceleration (a), 

deceleration (b), and jammed spacing (s) are assumed constant. The distance between two 

vehicle is denoted by gn(t), vehicle desired speed (vdes) expresses how big the desire of drivers 

to accelerate their vehicle with a maximum speed, and the time step (Δt) is assumed to be 

equal to the reaction time (τ). In the randomization step, each vehicle will be slowed down by 

random amount that is distributed between 0 and ϵa, where ϵ is a value between 0 and 1 

(Krauss, 1998). 

 

2.4. Roundabouts 

A roundabout can be described as a type of intersection where road traffic flows in one 

direction around a central island and it also gives more benefits in terms of traffic safety, 

operational efficiency, and other benefits (FHWA, 2010) 

The operational of a roundabout will be most safely when its geometry forces traffic to 

enter and circulate at slow speeds. Thus, the designing of roundabout must be achieved the 

objective such as slow entry speeds, the appropriate of number lanes, smooth channelization, 

the needs of pedestrian and cyclists, etc. In designing parameters, there are several parameters 

that will be described as key design parameter. 

First, horizontal design is influenced by speed design, path alignment, and vehicle design. 

A function of the number of lanes is recommended to design of speed, while the entry curve 

location and the exit design are important to get roundabout with good path alignment. The 

design of the roundabout also must consider the vehicle design i.e. larger trucks, buses and 

emergency vehicles which often determine the roundabout’s dimensions. The second 

parameter is pedestrian design treatments related to sidewalks and crosswalks for pedestrian. 

The design treatments also can be applied to bicycle with the different ramps as pedestrian 

ramps. The next parameter is sight distance and visibility which is evaluated at each entry to 

ensure the driver will reach roundabout. Furthermore, pavement marking and signs are used 

to design the roundabout in terms of guidance and regulation for the road users (FHWA, 

2010) 

 

2.5. Calibration and Validation 

2.5.1. Calibration 

Calibration is the process of setting model parameters and behaviour so that it matches real-

world data (TSS, 2010). It also involves optimising the model for the individual scenario to 

ensure results are realistic. In calibration process, there are several strategies that can be 

implemented in order to find the parameters which have more influence to the model. Those 
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strategies are to calibrate parameters, route choice parameters and to calibrate overall model 

performance (Dowling et al., 2004). 

In order to calibrate all types of parameters, the process will be done with several steps. It 

is starting from dividing parameters into categories related to adjustment parameters. Each set 

of adjustable parameters will be selected and it can be further subdivided into those that 

affect the simulation on a global basis and those that affect the simulation on a more localized 

basis. After selecting the parameters, the next step is to set the objective of the calibration 

which aims to minimize a mean square error (MSE) between the model outputs and the field 

measurements. Dowling et al. (2004) describe the calculation of MSE value by using the 

equation 2.3. 

    
 

 
       

 

 

 (2. 3) 

Where: 

MSE = mean square error 

  = field measurement 

  = model output 

  = number of repetitive model runs  

By using the equation 2.3, the unit of MSE is still in quadratic function. In order to change 

the MSE unit from the square to single unit, the equation 2.3 will be modified by using 

RMSE (Root Mean Square Error). Based on Holmes (2000), the equation for RMSE can be 

seen in the following equation. 

      
 

 
       

 

 

 (2. 4) 

Where: 

  = field measurement 

  = model output 

  = number of data points 

To find the optimal parameter value that can minimize the RMSE between model and the 

field measurements, the algorithm for nonlinear least-squares parameter estimation will be 

applied either single parameter estimation or dual parameter estimation. Then, the next 

strategy in calibration process is to calibrate the route choice parameters in the model better 

match the observed flows. Besides both of strategies, another strategy is to calibrate the 

overall performance of the model compared with the field data on speed, travel time and 

delay on freeways and arterials. 

2.5.2. Validation 

Validation is the process of comparing simulation outputs with real life data to ensure the 

results are reasonable (TSS, 2010). To determine the validation of simulation results, the 

following equation can be used in this process. 
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           (2. 5) 

           (2. 6) 

Where: 

     = field measurement 

      = model output 

In hypothesis test, the H0 will be rejected if: 

 Tstatistic < -Ttable, the average of the proposed scenarios decreased or 

 Tstatistic > Ttable, the average of the proposed scenarios increased 

 

              
 

   , H0 will be rejected which means the model is not valid 

Where: 

   
        

  
 

    

     
 

 (2. 7) 

  
   

        
           

  

       
 

 (2. 8) 

The validation uses the confidence level of 95% (α = 0.05). The          
 

    value is 

obtained from t-table, while nx is measured data sizes and ny is model data sizes. In equation 

(2.6),    and    is mean of measured data and model, respectively. 

   
 

 
   

  

   
 

 (2. 9) 

   
 

 
   

  

   
 

 (2. 10) 

 

For equation (2.7),   
  is measured data variance and   

  is model variance. 

  
   

 

 
          

  

   
 

 (2. 11) 

  
   

 

 
          

  

   
 

 (2. 12) 
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2.6. Previous Research 

There are several previous researches about the comparison between SUMO and other 

microsimulation software, and roundabout microsimulation. They will be described in two 

parts in Section 2.6.1 and Section 2.6.2. 

2.6.1. Comparison between SUMO and Other Microsimulation Softwares 

Some research has been carried out within traffic simulation which has connection to micro-

simulation, the utility SUMO software in simulation, and on roundabouts. As seen in the 

previous research, Krajzewicz et al. (2005) had been done a simulation for modern traffic 

lights control systems by using SUMO software. They show that the simulation will be 

cheaper when they use SUMO software for the simulation in terms of the implementation of 

new on-road system compared to commercial software which license to use it. 

For the next research, Kotusevski & Hawick (2009) have been review SUMO and others 

commercial software in traffic simulation such as AIMSUN, PARAMICS Modeller, etc. 

They said that although the SUMO is a free use and open source software but it is more 

difficult and less user friendly to use. For example, in terms of defining vehicular routes by 

using OD matrices approach, the user has to create a XML file with the specific pattern for 

OD matrices in SUMO while in commercial software such as PARAMICS Modeller, the OD 

matrices can be done by editing simple table. 

Others research try to compare the running model between SUMO software and others 

micro simulation software, VISSIM and TRANSIMS (Maciejewski, 2010). This research 

describes that for the model of roundabouts and complex intersection, SUMO software gives 

the result with limited accuracy compared to others software (VISSIM and TRANSIMS) and 

it gives the low details for the visualization of simulation. 

2.6.2. Roundabout Microsimulation 

There are also some tries with evaluating the application of traffic simulation on the 

roundabout. For example, the simulating roundabout with VISSIM has been done by 

Trueblood & Dale (2003). They said that there are four key factors within VISSIM which 

allow roundabouts to be realistically simulated i.e. link and connectors which are related to 

the geometric coding use for roundabout, routing decisions, the accuracy of reflect gap 

acceptance at roundabouts, and the feature for controlling the speed that vehicles cross 

through the roundabout. Moreover, another research tries to observe roundabout simulation 

by using TRACSIM as simulation program related to driver behaviour and gap acceptance 

characteristics at roundabouts (Krogscheepers & Roebuck, 1999). 

PARAMICS model can be used to analyse the roundabout performance which described 

in Oketch et al research, 2004 for roundabout in North America. It is shown that the 

roundabout size has the effects on approach delay may vary depending on the volume of the 

conflicting flow on the circulatory lanes and the origin and destination of the flows. However, 

it was unable to analyse the effects of entry width due to lane based model (Oketch et al., 

2004). 
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3. Research Methodology 

3.1. Study Area 

Idrottparken roundabout is a roundabout at the confluence of streets Kungsgatan, Sodra 

Promenaden, and Albrektsvagen. In the North side of roundabout is Kungsgatan that connect 

with road access to Stockholm. In West and East sides are Sodra Promenaden that connects 

with access road to Linkoping and Soderkoping. In South is Albrektsvagen as a local road in 

Norrkoping. The roundabout location can be seen in Figure 3.1. 

Those three roads are busy access roads in Norrkoping with residential and shopping area 

along them. That situation makes demand to those roads higher in peak hours. High demand 

for use of these roads leads to queuing. 

 
Figure 3.1. Idrottparken roundabout location 

Source: Bing aerial maps (Microsoft, 2012) 

3.2. Microsimulation Model and Process 

3.2.1. General Microsimulation Procedure 

Based on Dowling et al. (2004), developing and applying microsimulation model to a specific 

analysis problem divided into seven parts which will be performed in the following flowchart 

of microsimulation and the process can be seen in Figure 3.2. 

The project scope will describe the study objective, the software include the time and 

human resources for the project. While data collection will be conducted in terms of the 

collection and preparation of all of the data which is needed for micro-simulation analysis 

such as road geometric, traffic demand, turning movement, queue length and travel time as 

input data for the simulation. 

For initial modelling, a base model is built according to collected data and using SUMO 

for the traffic simulation software in order to represent the field measurement. It must be 

checked for error which is related to reviewing inputs and animation before the calibration 

and validation. 
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After error checking process, the base model is calibrated by adjusting global and link 

parameters in SUMO software either using travel time or queue length data for the calibration 

process in order to get good model which represent the field measurement. When the 

calibrated data has represented the base model, the next step is validation process that uses 

travel time data with 95% of confidence level. 

After the calibration and validation process, the simulation model will be used to build 

scenarios in order to improve the performance of the roundabout. 

 

Figure 3.2. Microsimulation model and process 
Source: Adopted from FHWA Traffic Analysis Tools Team (Dowling et al., 2004) 

 

3.3. Data Collection and Preparation 

There are several data which will be used to develop the simulation model by using SUMO 

software. It can be seen in the following description. 

a. Road geometry in Idrottparken roundabout which consists of four sections i.e. 

Kungsgatan, Albrektsvagen, West and East Sodra Promenaden sections. 

b. Traffic flow and turning movement of the vehicle passing the roundabout. 

c. Queue length of each section in certain time period. 

d. Travel time data which will be used for calibration. 
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3.3.1. Preliminary Survey 

Before the primary survey conducted, this research needs preliminary survey in order to find 

the traffic condition and to identify the peak hour which happens in the roundabout. The 

preliminary survey was conducted in two days at March, 14
th

, 2012 and March, 29
th

, 2012 in 

the afternoon at 17.00 – 18.00 pm. 

The collection of traffic flows is conducted on first day in every five minutes intervals 

during one hour observation. First of all, the type of vehicle is divided into three categories: 

car, bus, and heavy vehicle. Secondly, the turning direction of each leg is separated into three 

directions: go straight, turning right and turning left. In order to measure the traffic flow, the 

surveyor stands at the corner of the roundabout and counts traffic flow from 17.00 18.00 pm. 

After traffic flow observation, the data shows that the traffic flows are not in optimal 

condition or peak hour and it can be seen in Figure 3.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3. Turning flow proportion (preliminary survey) 

For the travel time and queue length data, the survey will be conducted on second day 

March, 29
th

 2012. To get travel time data, the length of each leg have measured in order to 

make easier the surveyor to count the timed used for a car passing through the leg. The 

surveyor measures the travel time by choosing the vehicles randomly during one hour 

observation. As the result, the data is not appropriate for the field measurement and the next 

measurement will be counted every five minutes during one hour observation. While, the 

queue length data which will be measured is the average maximum queue length every five 

minutes for each leg. The data survey shows that the queue length data is also not in peak 

hours. Thus, the fluctuation of travel time and queue length data can be seen in the Figure 3.4 

and 3.5 for each data respectively. 
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Figure 3.4. Travel time in each leg (preliminary survey) 

 

 

Figure 3.5. Queue length (preliminary survey) 

 

Based on the result in the figure as above, the peak hour does not occur at 17.00 – 18.00 and 

the time for observation in the afternoon must be changed 30 minutes earlier starting from 

16.30 – 17.30. It has been chosen in term of to find the optimal condition before the 

congestion occurs and end after the congestion disappears in the roundabout. For more detail, 

the complete data for preliminary survey can be seen in Appendix A. 

After the preliminary survey, the period of data collection is chosen and it will be conducted 

during 3 days in peak hour as above. The schedule for observation data could be performed in 

Table 3.1. In Wednesday, April 25
th

 2012 there is no data for travel time and queue in the 

afternoon because the weather was rainy. It decided to cancel the data collecting in order to 

avoid high deviation to the previous data that is collected during sunny weather. 

 

 

 

 9,07   9,50  
 10,60  

 17,51  

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

West South East North 

Travel Time (s) 

Travel Time (s) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

West South East North 

1'-5' 

6'-10' 

11'-15' 

16'-20' 

21'-25' 

26'-30' 

31'-35' 

36'-40' 

41'-45' 



 

 

15 

 

Table 3.1. Schedule of Observation 

Time 

Tuesday, 

March 20
th

 
2012 
(I) 

Wednesday, 

March 21
st
 

2012 
(II) 

Thursday, 

March 22
nd

 
2012 
(III) 

Tuesday, 

April 24
th

 
2012 
(IV) 

Wednesday, 

April 25
th

 
2012 
(V) 

Thursday, 

April 26
th

 
2012 
(VI) 

07.15–

08.15 

traffic 

flow 

traffic flow traffic flow - travel 

time 

- queue 

- travel 

time 

- queue 

- travel 

time 

- queue 

16.30–

17.30 

traffic 

flow 

traffic flow traffic flow - travel 

time 

- queue 

- 

- travel 

time 

- queue 

 

3.3.2. Road Geometry 

The road geometry data is obtained from both secondary data and measurement in the field. 

The widths of the roads are obtained from measurement in the field but for length of each 

section and roundabout diameter is used secondary data from Google Earth. The length of 

each leg in the model is decided by maximum queue that occur in peak hour with additional 

length after the latest queuing. Maximum speed allowed is 30 km/h based on traffic sign in 

Sodra Promenaden Street. The road geometry is presented in Figure 3.6.  

 

Figure 3.6. Road geometry 

 

3.3.3. Traffic Flow 

Data collection for traffic flow (the number of car passing on the each section) will be 

conducted every 5 minutes during one hour. It also measures the turning movements in each 

section for all vehicles which are passing the roundabout. To observe the passing direction 

during one hour observation, one surveyor will measure the traffic flow from one leg to the 

other three legs within each direction i.e. turn left, go straight and turn right. 
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The average of traffic flow and turning movements for each section in the morning and 

afternoon can be seen in Appendix C and Appendix D. Based on the result, the number of 

vehicles which passing in Idrottparken are highest from West (Sodra Promenaden) section in 

the morning and in the afternoon, the highest traffic flow is from North (Kungsgatan) but it is 

not really significant difference if compared to West section in the afternoon. The graph of 

traffic flow in the morning and afternoon can be seen in Figure 3.7 and Figure 3.8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7. Traffic flow in the morning (07.15 – 08.15) 
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Figure 3.8. Traffic flow in the afternoon (16.30 – 17.30) 

 

3.3.4. Queue Length 

The observations for getting queue length data was conducted in the same time as the travel 

time survey. The queue length is the number of vehicles stopped in the leg to wait to go into 

the roundabout. It was measured at the same time when measuring travel time in legs. It will 

be observed in five minutes intervals during one hour observation for each leg in three days. 

For input data, the average of maximum length queue length in three days will be used. For 

more detail, the result of the maximum queue length can be seen in the Figure 3.9 in the 

morning and Figure 3.10 in the afternoon. The queue length contains of car, bus, and truck 

(heavy goods vehicle). 
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Figure 3.9. Queue length in the morning (07.15 – 08.15) 

 

 
Figure 3.10. Queue length in the afternoon (16.30 – 17.30) 

 

3.3.5. Travel Time 

Before the survey for getting the travel time data, the length of each leg will be measured 

starting from giving the sign in every leg which is at the border of legs and roundabout. It 

must be done because it will make the surveyor easier to determine travel time for vehicle 

which is passing the section until enter the roundabout within certain length. It also will be 

observed in five minutes intervals during one hour observation for each leg in three days. The 

surveyor is using stop watch to count the travel time and observes as many vehicles as 

possible per five minutes during one hour. The method used to measure the travel time is 

performed in Figure 3.11. 
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Figure 3.11. Travel Time Measure Method in West Leg 

The travel time data will be used for calibration the basic model in order to get the good 

model for next simulation. By using average travel time data and length of observation, it will 

be given the average speed in each section. The result of travel time observation will be 

performed in Figure 3.12 and Figure 3.13. The travel time measurement contains of car, bus, 

and truck (heavy goods vehicle). 

 

Figure 3.12. Travel time in the morning (07.15 – 08.15) 
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Figure 3.13 Travel time in the afternoon (16.30 – 17.30) 

 

Based on both of the table as mentioned above, the average travel time at East section in the 

morning is the longest one and it also occur in the same section in the afternoon. For 

complete data collection in terms of traffic flow, queue length, and travel time in the morning 

and afternoon can be seen in Appendix B and Appendix C. 
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4. Model Analysis 

4.1. Base Model Development 

When performing this micro-simulation, SUMO version 0.14.0 is used. The first step that we 

should to do is building the network. In this research, authors built the network by importing 

map from open street map (Anon., 2012) as osm-file and used Java Open Street Map Editor 

to edit it. This software editor can be downloaded from JOSM homepage (Anon., 2012) as 

free software. The editing purpose is to take necessary data from map and make 

simplification, i.e. adjust wide of the road, maximum speed allowance, ignore bicycle and 

pedestrian path. That map must be converted into xml-file before applied in SUMO. The 

application to convert map from osm-file into xml.file is netconver.exe. It can be run from a 

command prompt window. 

 

 

 

 

 

 

 

 

Figure 4.1. Road Network Model Simulation 

The second step is demand modelling. In this part, we should declare characteristic of 

vehicle, route possibilities, and the number traffic flow. Authors make delimitation to build 

the demand, i.e. ignore motorcycle because it has less frequency in traffic. The vehicle 

properties that should be input and it can be presented in Table 4.1. 

Table 4.1. Vehicle properties 

Attribute 

Name 
Value Type Description 

id id (string) The name of the vehicle type 

length float The vehicle's netto-length (length) (in m); default: 5m 

miniGap float Empty space after leader [m]; default: 2.5m 

maxSpeed float 
The vehicle's maximum velocity (in m/s); default: 

70.0m/s 

guiShape 
shape 

(enum) 
How this vehicle is rendered; default: "unknown" 

guiWidth float The vehicle's width [m]; default: 2m 

Source: Systems, 2012 

 

http://www.openstreetmap.org/
http://josm.openstreetmap.de/
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Car-following model used Krauss model with some modifications that used as default model 

in SUMO. The parameters used are explained in Table 4.2. 

Table 4.2. Car-following model parameters based on Kraus Model 

Attribute Description 

accel The acceleration ability of vehicles of this type (in m/s
2
) 

decel The deceleration ability of vehicles of this type (in m/s
2
) 

sigma The driver imperfection (between 0 and 1) 

tau The driver's reaction time (in second) 

Source: Systems, 2012 

After giving vehicle properties authors make route possibilities and its flow proportions of 

vehicle. In means that all vehicles are declared from which node to node they should go as 

their origin and destination. Authors aggregated vehicle flow in 5 minutes period as authors 

did when collect the data. The parameters of route possibilities and flow proportion are 

presented in Table 4.3. The third input for demand modelling i.e. vehicle properties, route 

possibilities, flow proportion are written in xml-file. After that, demand modelling should be 

combined with network using application in SUMO called duarouter.exe via the command 

prompt window. 

Table 4.3. Route possibilities and flow proportion parameters 

Attribute 

Name 

Value 

Type 
Description 

id id (string) The name of route in certain interval 

from  The name of the edge which is route start 

to  The name of the edge which is route start 

Number  The number of vehicles generated 

type  The name of vehicle types 

Source: Systems, 2012 

The third step to build the model is output generation. In this part additional files should 

be provided to generated output data. In this simulation authors make an additional file that 

contains two parts. First part is adding detector to give maximum queue length and second 

part is adding edge dump that produce average travel time in output. Two kinds of these 

outputs will be used in calibration and validation process. The additional file is written in 

xml-file as network model and demand model. Parameters of additional file are presented in 

Table 4.4. 
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Table 4.4. Additional file parameters 

Attribute 

Name 

Value 

Type 
Description 

Detector 

id 
id 

(string) 
id of the detector 

type  The type of detector (E1, E2, or E3) 

lane  The id of the lane where detector shall be laid on 

pos  The position on the lane where detector shall be laid on (m) 

length  The length of detector (m) 

freq  The aggregation of time period (second) 

file  The name of output file that will be generated (xml-file)  

measures  
Contain the list of measures that will be computed ( ALL to 

compute all measures) 

timeTreshold  
Time that describe how much time that assumed as vehicle has 

stopped (default: 1s) 

speedTreshold  
Speed that describe how speed that assumed as vehicle has 

stopped (default: 1.39 m/s) 

jamTreshold  
Minimum distance to the next vehicle that assumed this vehicle 

count as suffered to the jump (default: 10 m) 

keep_for  
Information how long the memory of the detector has to be 

(default: 1800 s) 

Edge dump 

id 
id 

(string) 
The name of output in certain aggregated time 

freq  Aggregated time 

file  The name of output file 

Source: Systems, 2012 

The final step is making configuration file to call files that are used in simulation. 

Configuration file contains names file that will be executed, i.e. network file, demand file, 

and additional file. It also contain begin and end time for simulation. The extension of this 

file is sumo.cfg or sumocfg. The complete base model development can be seen in Figure 

4.2. 
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Figure 4.2. Base model development in SUMO 

 

4.2. Error Checking 

In order to get a better model before calibration, error checking must be implemented to 

avoid error when performing simulation. This procedure is aimed to eliminate the major error 

in network and demand in simulation so when doing simulation the model is expected works 

properly. There are several ways to verify the error in developing a working model such as 

the software error checking, input coding error checking and animation review based on 

simulation of initial model. 

There are four major files that must be check either consistent or inconsistent in terms of 

input data to the software. The major files are map file in XML format (.net.xml), flow which 

using vehicle properties and  route possibilities with its flow proportion (.xml, rou.xml and 

.alt.xml format), additional file that can be used to generate the output with .add.xml format, 

and the last file is the configuration file which integrates three previous file into one file with 

format .sumo.cfg. Those files must be correct because they will be used to running the model 

with the software and to review the consistency of animation for initial model compared to 

real condition. In short, the second way of error checking process can be seen in Table 4.5. 
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Table 4.5 The Error Checking File 

No. Checking File Format Consistent Inconsistent 

1. Map  .net.xml v  

2. Flow 

vehicle properties 

route possibilities with 

its flow proportion 

.xml; .rou.xml and 

.alt.xml 
v 

 

3. Additional .add.xml v  

4. Configuration .sumo.cfg v  

 

The error checking process will be done by the last way which is the animation review for 

initial model. The animation should be representing the real condition on the field when the 

observation has been done by the surveyor for field measurement. Grid-locks are the example 

if an error is occurred, a phenomenon where each vehicles are waiting for each other. It can 

be seen in Figure 4.3 where all vehicles in each leg are waiting for vehicles inside roundabout 

to exit. As the result, it must be re-checked for input data and the model will run once more 

for the simulation. This repetition process is done until no error found in the model. 

 

 
Figure 4.3.Grid-locks occur because an error in network input data 

After all files are checked and there are no error occurred, the model is expected can produce 

simulation that representing it as well as the observation in the field. So, it can be concluded 

that the model is ready to be calibrated. 
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4.3. Calibration Process 

Based on Chapter 3.3 that data collecting is taken in the morning and afternoon, the 

calibration process is done separately, as well. The calibration will perform in each time so in 

the end of the process will be two final models for morning and afternoon. 

After the error checking process for the initial model, the next step is calibration which is 

using RMSE in order to search the optimal parameter value that give more impact to model in 

calibration process. The authors will use the average of maximum queue length data for 

calibration process either in the morning or in the afternoon measurement. The parameters 

adjustment in SUMO will be implemented to vehicle properties and the car following 

parameters based on Krauss model such as minimum distance between two vehicles 

(minGap) in vehicle properties, the maximum acceleration/deceleration in the car-following 

model, etc. 

4.3.1. Select Calibration Parameters 

Calibration process to find the best parameters is performed in order to get model which 

approximately represent the field measurement. There are several parameters which will 

adjust to find the optimal value in trial and error process. They are the minimum distance 

allowed between two vehicles (minGap), the maximum acceleration/deceleration as the 

maximum acceleration/deceleration which can be achieved by the driver, road speed limit in 

each leg, as the driver imperfection (sigma) and as the driver’s reaction time (tau). 

When adjusting minGap, maximum acceleration, maximum deceleration, and the road 

speed limit in calibration process, those parameters give small influence to the changes in the 

simulation, i.e. travel time and queue. But, when adjusting parameters such as driver 

imperfection (sigma) and driver’s reaction time (tau) the simulation give significant changes 

in terms of queue and travel time. Based on this trial it can be concluded that sigma and tau 

are parameters that give big influence for micro-simulation in roundabout. So, sigma and tau 

are chosen as parameters for calibration process. 

The sigma value as driver imperfection is a value between 0 and 1 which means the less of 

sigma value representative drivers with good skill in driving their vehicle (Krajzewicz & 

Behrisch, n.d.). The tau parameters can be described driver’s reaction time to speed changes 

in the preceding vehicle with the tau in initial model is 1 second based on vehicle parameters 

after calibration in research Maciejewski (2010). The trial and error of changing parameter 

and also initial model before calibration can be seen in the Table 4.6-4.8. 

Table 4.6. The Initial Model before Adjustment Parameter 

Initial   

 

              

vType length max min gui car max max sigma tau 

 (m) 

Speed 

(m/s) 

Gap 

(m) 

Width 

(m) 

Following 

 

Accel 

(m/s
2
)* 

Decel 

(m/s
2
)* 

 

 (s)* 

Car 5.00 27.78 2.50 2.00 

Krauss 

3.00 5.50 0.50 1.00 

Bus 15.00 27.78 2.50 3.00 3.00 5.50 0.50 1.00 

Truck 10.00 27.78 2.50 3.00 3.00 5.50 0.50 1.00 
* max accel, max decel and tau value based on research Maciejewski M (2010) 
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Table 4.7. Trial and Error of Adjustment Parameter in the morning 

a. Vehicle Properties and Car Following model 

Calibration    

 

              

vType length max min gui car max max sigma tau 

 (m) 

Speed 

(m/s) 

Gap 

(m) 

Width 

(m) 

Following 

 

Accel 

(m/s
2
) 

Decel 

(m/s
2
) 

 

 (s) 

Car 5.00 27.78 1.70 2.00 

Krauss 

4.00 6.00 0.20 1.30 

Bus 15.00 27.78 1.80 3.00 3.00 5.50 0.20 1.30 

Truck 10.00 27.78 1.80 3.00 3.00 5.50 0.20 1.30 

 

b. Speed limit 

 

 

 

 

 

Table 4.8. Trial and Error of Adjustment Parameter in the afternoon 

a. Vehicle Properties and Car Following model 

Calibration    

 

              

vType length max min gui car max max sigma tau 

 (m) 

Speed 

(m/s) 

Gap 

(m) 

Width 

(m) 

Following 

 

Accel 

(m/s
2
) 

Decel 

(m/s
2
) 

 

 (s) 

Car 5.00 27.78 1.60 2.00 

Krauss 

4.50 7.00 0.20 1.10 

Bus 15.00 27.78 1.90 3.00 3.00 5.50 0.20 1.10 

Truck 10.00 27.78 1.90 3.00 3.00 5.50 0.20 1.10 

 

b. Speed limit 

 

 

 

 

 

 

In Table 4.7 and Table 4.8, the italic numbers mean those parameter is trial error process 

because they have no big influence on the simulation result. Parameters sigma and tau (bold 

numbers) mean those parameters have big influence in the changes of calibration objective 

function and also optimum value for the model. The process to find optimum value for tau 

and sigma is described in Section 4.3.2 and Section 4.4 that explain about how to find 

minimum RMSE and for validation, respectively. 

4.3.2. Calibration Objective Function 

According to Table 4.7, the authors choose the sigma and tau value as parameter in objective 

function calibration setting. In order to adjustment those parameters, RMSE will be used to 

get the optimal parameter value that can minimize the RMSE value based on queue length, 

Road max speed (observation: 8.33 m/s or 30 km/h) 

LE11 6.94 m/s 25 km/h 

LW11 11.11 m/s 40 km/h 

Others 8.33 m/s 30 km/h 

Road max speed (observation: 8.33 m/s or 30 km/h) 

LE11 5.00 m/s 18 km/h 

LW11 13.33 m/s 48 km/h 

Others 8.33 m/s 30 km/h 
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travel time and combination between queue length and travel time data. The research uses the 

equation 2.4 to find RMSE value for four legs where M, F, and N represent the average of data 

model output, the average of data field measurement, and the number of data points, 

respectively. 

First, the queue length data will be used to find the RMSE value which based one the 

sigma and tau parameters either in the morning or in the afternoon. The calculation of RMSE 

can be seen in the Figure 4.4 and Figure 4.5. 

 
Figure 4.4. RMSE of Queue in the Morning 

 

 

 
Figure 4.5. RMSE of Queue in the afternoon 

 

Based on Figure 4.4 and Figure 4.5, the minimum RMSE of queue in the morning can be 

performed by using the sigma value 0.6 and the driver’s reaction time (tau) value 1.0 s with the 

RMSE value 1.72. While, in the afternoon, the minimum RMSE of queue can be performed by 

using the sigma value 0.2 and the driver’s reaction time (tau) value 1.4 s with the RMSE value 

1.77. 
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The second RMSE calculation is using travel time data which can produce minimum RMSE 

of travel time 1.16 second with the sigma 0.2 and tau value 1.4 s in the morning measurement. 

While, in the afternoon, the RMSE value is 0.77 second with the sigma 0.2 and tau value 1.0 s. 

For more detail, it can be shown in the Figure 4.6 and Figure 4.7. 

 

 

 
Figure 4.6. RMSE of Travel Time in the Morning 

 

 

 
Figure 4.7. RMSE of Travel Time in the Afternoon 

 

The last method to calculate the RMSE value will use combination data which is the sum of 

RMSE queue and RMSE travel time. Since those two RMSE have the different unit, they 

cannot be summed without adjustment of the units. The unit of RMSE travel time which is 

second needs to be converted to vehicle. The flow data is assumed a conversion factor to 

convert unit second to vehicle. Average flow in one day from data measurement is 1,574.67 

veh/h and 1,840.67 veh/h which are equal to 0.44 veh/s and 0.51 veh/s for morning and 

afternoon, respectively. 
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The minimum RMSE of combination can be calculated by using those values as 

conversion factor for travel time. For example, in the morning the RMSE queue is 4.56 

vehicles and the RMSE travel time is 2.33 second. So, with those value and conversion factor 

0.44 veh/s, the combination of RMSE is 4.56 + 0.44*2.33 and it is 5.58 vehicles. Thus, the 

final calculation of RMSE is performed in the Figure 4.8 and Figure 4.9. 

 
Figure 4.8. Combination of RMSE between Queue and Travel Time in the morning 

 

 
Figure 4.9. Combination of RMSE between Queue and Travel Time in the afternoon 

 

From the figure 4.8 and 4.9, the combination of RMSE in the morning is 2.79 with the sigma 

0.2 and tau value 1.3 s and in the afternoon, the value of RMSE is 2.54 with the sigma 0.2 

and tau value 1.1. s. To simplify, the summary for all the minimum of RMSE can be seen in 

Table 4.9 and Table 4.10. 
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Table 4.9. The Summary of Minimum RMSE in the morning 

No 
Parameters RMSE 

Note 

sigma tau 

Queue 

(veh) 

Travel 

Time (s) 

Combination 

1 0.6 1.0 1.72 9.57 5.90 minimum RMSE of queue 

2 0.2 1.3 2.28 1.16 2.79 minimum RMSE of travel time 

3 0.2 1.3 2.28 1.16 2.79 minimum RMSE of combination 

 

Table 4.10. The Summary of Minimum RMSE in the afternoon 

No 

Parameters RMSE 

Note 

sigma tau 

Queue 

(veh) 

Travel 

Time (s) 

Combination 

1 0.2 1.4 1.77 8.30 6.01 minimum RMSE of queue 

2 0.2 1.0 2.26 0.77 2.65 minimum RMSE of travel time 

3 0.2 1.1 1.99 1.09 2.54 minimum RMSE of combination 

 

To determine the best parameter which will be used as model to represent the field 

measurement, all minimum RMSE as above will be validated in Section 4.4. 

 

4.4. Validation 

Before it can be concluded that the model represents the field measurement, the validation 

process have to be done. The validation process is using the statistical method and travel time 

as data for this process which can be seen in the following table as below. 

Table 4.11. RMSE with Validated Parameter in the morning 

Leg 

Measurement Calibration Model Validation 

Average 
Standard 

Deviation 
Average 

Standard 

Deviation 
Tstatistic ttable Conclusion 

Parameters that produced minimum RMSE of queue 

West 17.27 2.97 20.71 3.96 2.41 2.07 Reject H0 

South 30.23 13.51 48.51 33.44 1.76 2.07 Not reject H0 

East 23.11 6.87 27.59 2.77 2.10 2.07 Reject H0 

North 16.37 2.75 16.97 2.18 0.59 2.07 Not reject H0 

Parameters that produced minimum RMSE of travel time 

West 17.27 2.97 18.23 2.10 0.92 2.07 Not reject H0 

South 30.23 13.51 29.83 14.79 -0.07 2.07 Not reject H0 

East 23.11 6.87 24.95 2.11 0.89 2.07 Not reject H0 

North 16.37 2.75 15.41 1.67 -1.04 2.07 Not reject H0 
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Table 4.11. (Continued) 

Leg 

Measurement Calibration Model Validation 

Average 
Standard 

Deviation 
Average 

Standard 

Deviation 
Tstatistic ttable Conclusion 

Parameters that produced minimum RMSE combination of queue and travel time 

West 17.27 2.97 18.23 2.10 0.92 2.07 Not reject H0 

South 30.23 13.51 29.83 14.79 -0.07 2.07 Not reject H0 

East 23.11 6.87 24.95 2.11 0.89 2.07 Not reject H0 

North 16.37 2.75 15.41 1.67 -1.04 2.07 Not reject H0 

 

Based on the Table 4.11., in the morning, the authors choose the third RMSE 5.58 with the 

sigma 0.2 and tau value 1.3 s compared to others RMSE because the authors consider the 

minimum combination value which can cover either minimum RMSE queue or RMSE travel 

time as mentioned in Table 4.9. It can be concluded the value as optimal parameter that can 

represent the model with the field measurement. 

Table 4.12. RMSE with Validated Parameter in the afternoon 

Leg 

Measurement Calibration Model Validation 

Average 
Standard 

Deviation 
Average 

Standard 

Deviation 
Tstatistic ttable Conclusion 

Parameters that produced minimum RMSE of queue 

West 20.65 1.84 26.29 10.02 1.92 2.07 Not reject H0 

South 20.31 2.79 21.00 1.90 0.71 2.07 Not reject H0 

East 19.99 4.36 21.14 0.87 0.90 2.07 Not reject H0 

North 25.24 4.75 40.79 14.03 3.64 2.07 Reject H0 

Parameters that produced minimum RMSE of travel time 

West 20.65 1.84 21.55 5.74 0.51 2.07 Not reject H0 

South 20.31 2.79 20.11 1.85 -0.21 2.07 Not reject H0 

East 19.99 4.36 18.79 0.96 -0.93 2.07 Not reject H0 

North 25.24 4.75 25.50 2.92 0.16 2.07 Not reject H0 

Parameters that produced minimum RMSE combination of queue and travel time 

West 20.65 1.84 22.33 5.75 0.96 2.07 Not reject H0 

South 20.31 2.79 19.83 1.32 -0.54 2.07 Not reject H0 

East 19.99 4.36 19.86 1.25 -0.10 2.07 Not reject H0 

North 25.24 4.75 26.55 4.54 0.69 2.07 Not reject H0 

 

In the afternoon, even though there are two values of RMSE which validated and good for a 

model, but the authors choose the third RMSE value as best value and parameters with the 

sigma 0.2 and tau value 1.1 s. This option was selected due to the minimum total of 

combination between RMSE queue and RMSE travel time as previous performed in Table 

4.10. It also can be used to represent the field measurement as model. The comparison of 

queue and travel time between the measurement and the calibrated model can be seen in 

Appendix D and Appendix E.  
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5. Alternative Scenarios and Results 

The proposed of alternative model is performed by using the final model which has been 

calibrated and validated. There are two scenarios in order to reduce the travel time and queue 

based on the changing infrastructure/geometric and traffic management in Idrottsparken 

roundabout. 

After the simulation for first scenario and second scenario, the result for both scenarios is 

described in Section 5.1 and Section 5.2. For comparison between SUMO software and 

AIMSUN in terms of simulation result and the others selected features regarding the software 

are described in Section 5.3. 

5.1. Scenario 1: Change of Geometric Design 

The first alternative scenario in this project is to change geometric by building additional lane 

in the North and East section due to the high number of queue in those sections for entire the 

roundabout which give more time for vehicle to reach the roundabout. This scenario is 

simulated by widening the approach from North to West and from East to North with Refuge 

Island. The more detail about layout design for scenario 1 can be seen on the Figure 4.10. 

 
Figure 5.1. Layout of Scenario 1 

 

The Refuge Island will separate the original lane for turning with the additional lane and it 

will make the drivers either from North or East section easier and faster to turn and reach the 

roundabout with the wide of additional lane is 3.5 meters for each section. 

The first scenario is about proposing additional lane in North and East section with 

expectation that the vehicles could turn right directly through additional lane from North to 

West and from East to North and it will affect the travel time reduced. After the changes are 

built and apply into the SUMO software, the results for each leg/section can be seen in Figure 

5.1 for morning model and Figure 5.2 for afternoon model. 
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Figure 5.2. The Comparison of Travel Time between the Calibrated Model and Scenario 1 in 

the Morning 

As shown in the Figure 5.1, for the average travel time in one hour in the morning on 

scenario 1 has decreased only in two sections. The high percentages of decrease in travel time 

occurs at Sodra Promenaden (East Section) with the value 17.76 %, followed by Kungsgatan 

(North section) 12.11%. While, the travel time at Sodra Promenaden (West Section) and 

Albrektsvagen (South Section) are increased until 6.70% and 6.22% (see Appendix F and 

Appendix G). 
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Figure 5.3. The Comparison of Maximum Queue Length between the Calibrated Model and 

Scenario 1 in the Morning 

As shown in the figure 5.2, the maximum queue length in the morning model increases when 

the scenario 1 applied as improvement for roundabout performance. 
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Figure 5.4. The Comparison of Travel Time between the Calibrated Model and Scenario 1 in 

the Afternoon 

 

In the afternoon as performed in figure 5.3, the travel time for all sections can be decreased 

compared to the morning model even though the reduced is slightly in the West Section and 

South Section. The percentages of the travel time reduced are 1.64% for West, 1.65% for 

South, 11.99% for East and 15.49% for the North Section (see Appendix F and Appendix G). 
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Figure 5.5. The Comparison of Maximum Queue Length between the Calibrated Model and 

Scenario 1 in the Afternoon 

As shown in the figure 5.4, the average maximum queue length reduced in the afternoon 

occurs at Albrektsvagen (South Leg) 6.67%, Sodra Promenaden (East Leg) 16.67% and 

2.08% in Kungsgatan (North leg). More detail about the changes of queue can be seen 

Appendix F and Appendix G. 

 

5.2. Scenario 2: Traffic Management 

Based on the observation of traffic flow when conducted the survey, most of the traffic flow 

will go to the North (Kungsgatan) and most of the traffic flow will leave the North section to 

others section. These flows will give influence to queue and travel time in the peak hours 

either in the morning or in the afternoon. It happens due to the heavy vehicles which pass the 

road to reach the roundabout and the length of heavy vehicle is two times more than car. To 

overcome that problem, HGVs restriction is proposed. It is applied to the HGVs that passing 

Kungsgatan in peak hour with expectation that the travel time will be reduced. 
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The second scenario is to implement the traffic management by HGVs restriction which 

passing Kungsgatan in peak hour. In the model, all HGVs towards to the Kungsgatan during 

peak hour are removed. They allow passing Kungsgatan only during off peak hour. The result 

simulation from the second scenario will be performed in Figure 5.5-5.8 in terms of travel 

time and queue changes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6. The Comparison of Travel Time between the Calibrated Model and Scenario 2 in 

the Morning 
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Figure 5.7. The Comparison of Maximum Queue Length between the Calibrated Model and 

Scenario 2 in the Morning 

 

Based on Figure 5.5 and Figure 5.6 for the morning model with the scenario 2, the travel time 

can be reduced in the all legs with the percentage of reduction in the West 1.05%, the South 

5.64%, the East 2.30% and 5.50% in the North Leg. However, the maximum queue length 

can only be reduced in the South leg as much as 10% (see Appendix F and Appendix G). 
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Figure 5.8. The Comparison of Travel Time between the Calibrated Model and Scenario 2 in 

the Afternoon 
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Figure 5.9. The Comparison of Maximum Queue Length between the Calibrated Model and 

Scenario 2 in the Afternoon 

While, for afternoon model regards to figure 5.7, the travel time can be decreased in the three 

legs which are West, South, and North Leg but for the East Leg, the travel time is almost 

similar to the calibrated model. The percentage of reduction is 3.55% for the West, 0.80% for 

the South and 4.94% for the North Leg. While, the maximum queue length reduced only 

occurs at West 6.52% and North Leg 16.67% (see Appendix F and Appendix G). 

 

5.3. Comparison between SUMO and AIMSUN Result 

One of the scenarios that will be compared between SUMO and AIMSUN is the result of the 

scenario 1 on the alternative model. The data will be compared include the changes that 

occur to the travel time and queue after scenario 1 has been implemented. Data from 

AIMSUN are taken from Septarina (2012) which has the same both input data and scenario. 

The comparison between SUMO and AIMSUN in terms of scenario 1 is presented in Figure 

5.10. 
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Figure 5.10. Comparison between SUMO and AIMSUN
*)

 in Scenario 1 in Term of Queue 
*)

 result of AIMSUN taken from Septarina (2012). 

 

 

 

 

 

 

 

 

 

 

Figure 5.11. Comparison between SUMO and AIMSUN
*)

 in Scenario 1 in Term of Travel 

Time 
*)

 result of AIMSUN taken from Septarina (2012). 

 

When performing roundabout micro-simulation using SUMO, there are two important 

parameters that influence to the objective function of calibration process. Those parameters 

are driver imperfection and driver reaction time. In AIMSUN, there are two important 

parameters as well. Those parameters are driver reaction time and maximum acceleration. All 

of important these parameters have different value in morning and afternoon due to the 

different traffic condition between them. The comparison of important parameters value 

between SUMO and AIMSUN that used in final model is presented in Table 5.1. 
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Table 5.1. Comparison of important parameters value between SUMO and AIMSUN 

No Parameters 
Morning Afternoon 

SUMO AIMSUN SUMO AIMSUN 

1 driver reaction time 1.3 s 0.65 s 1.1 s 0.55 s 

2 driver imperfection 0.2 - 0.2 - 

3 maximum acceleration - 

min 2.0 

mean 2.5 

max 3.0  

- 

min 2.0 

mean 2.5 

max 3.0 

 

Besides comparing the result of simulation, some selected features are compared between of 

them. Table 5.2 presents comparison between SUMO and AIMSUN in terms of the software. 

Table 5.2. Comparison between SUMO and AIMSUN in selected features 

No Comparison SUMO AIMSUN 

1 Network - defined by hand 

- import road network from the 

other applications (Open Street 

Map, VISUM, Vissim, 

openDRIVE, MATsim, 

SUMO, ArcView, Elmar’s, 

Robocup Simulation League) 

- manually drawing using 

graphical editor 

2 Demand - defined by hand (using OD 

matrix, turning flow, turn 

probabilities, random vehicle 

generator) 

- OD matrix and turning 

ratio 

-  

3 Car following 

model 

- Krauss with modified (default), 

Krauss original, Peter Wagner, 

Boris Kerner, Martin Treiber 

- few number of parameters 

- Gipps model 

- many number of 

parameters 

4 Output - file in .xml format that can be 

read by Microsoft excel 

- only one replication is made 

each running program 

- file in dbf format that can 

be read by Microsoft 

access and excel 

- the number of replication 

can be decided by user 

5 Operation - command prompt and 

graphical user interface 

- graphical user interface 

6 User friendly - no, complicated - yes, easy to applied 

7 Graphical - 2D with low detail - 3D and 2D with high 

detail 

8 Traffic network 
*)

 

- large (up to 10,000 edges/lane) - large 

9 Memory usage 

in CPU 
*)

 

- between 12-16 Mb, depending 

on the traffic network 

- between 30-40, Mb 

depending on the traffic 

network 

10 Software license - free - commercial 

11 Developer - Institute of Transportation 

Systems, Berlin, Germany 

- Traffic Simulation 

System, Barcelona, Spain 
*)

 source Kotusevski & Hawick (2009) 
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When performing microsimulation using SUMO, sometimes teleporting and collision among 

vehicles are occurred. Institute of Transportation System, as developer of SUMO, realize that 

those problems sometimes occur. Even SUMO has used a collision-free model, it has been 

detected. Collision are assumed to occur due to bugs when performs simulation. When 

collision is happened, a teleport is performed. 

If a vehicle being teleported, that vehicle is removed from the simulation process. It is 

reinserting again to the simulation as soon as this becomes possible. It means the vehicle 

reinsert into the simulation if there is enough place to be inserted on the lane to continue 

driving. This phenomenon becomes weakness and challenge at once for Institute of 

Transportation System, as SUMO developer, to fix and improve their software (System, 

2011). 

 

5.4. Discussion 

Based on the previous results, both scenarios of roundabout performance have decreased the 

travel time and for each scenario gives different effect on the traffic conditions in the future 

in terms of roundabout performance. In discussion, the authors will describe the advantage 

and disadvantage from each scenario. 

5.4.1. Scenario 1: Change Geometric 

The scenario is lane adding in particular leg (North and East) by using Refuge Island. It has 

advantage and disadvantage when it will be implemented in the real conditions. It can reduce 

the travel time in the leg where the lane has been added as the advantage of the scenario.  

While there are several disadvantages from this scenario such as it requires the high 

construction cost because of geometric changing from the current condition. By 

implementing this scenario in field, the  travel time could be decreased in one leg that 

accompanied by travel time increase in other leg due to i.e. vehicles can be smooth to pass 

the North leg with less travel time when they through roundabout while vehicles in other leg 

where has more travel time are waiting to pass the roundabout. Other disadvantage is the land 

use reduced on the pedestrian and the cyclist lane which is used to additional lane.  

5.4.2. Scenario 2: Traffic Management 

This scenario applies the traffic management by restriction of heavy vehicles which passing 

Kungsgatan in peak hour. The advantage of this scenario is travel time and queue length 

decreased as performed in Figure 5.5 and Figure 5.6 for morning model while for afternoon 

model it shown in Figure 5.7 and Figure 5.8. It occurs because there are no heavy vehicle will 

pass Kungsgatan in peak hour and it is related to the length of heavy vehicle which is similar 

to two cars. Even though this scenario has disadvantage in term of slightly reduction of travel 

time and queue length compared to previous scenario due to the less number of heavy vehicle 

in field measurement, but it is cheaper than the first scenario which needs construction cost in 

the implementation. 

In both alternatives, the optimal scenario will be selected in order to apply in the real 

condition. The comparison travel time and queue length reduced between two scenarios for 

all legs can be seen in Figure 5.9 for travel time reduced and Figure 5.10 for the queue length. 

More detail number of changes between Scenario 1 and Scenario 2 can be seen in Appendix 

F and Appendix G. 
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Figure 5.12. The Comparison of Travel Time Reduced Between Scenario 1 and Scenario 2 

 

 

 

 

 

 

 

 

 

Figure 5.13. The Comparison of Queue Length Reduced Between Scenario 1 and Scenario 2 

According to Figure 5.9, the travel time can be reduced by using both scenarios though the 

reduction in scenario 2 is slightly and Figure 5.10 shown that the scenario 2 is better than 

scenario 1 in terms of the maximum queue length reduced percentages. In addition, the 

scenario 2 is also the optimal scenario to be applied because the high cost is not needed 

compared to the scenario 1 with additional lane.  

As conclusion, scenario 2 with traffic management is more applicable to improve the 

performance of roundabout because of the less budget, the travel time and queue length 

decreased. 
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6. Conclusion 

This thesis is to analyse roundabout performance by using SUMO software in 

microsimulation. Based on the result and discussion for each chapter, the conclusion for the 

thesis can be described. It is starting from the calibration process, the best scenario, the 

comparison between AIMSUN and SUMO. 

In order to get a good model which represents the field measurement, a calibration has 

been done. In SUMO, the parameters which give more effects to calibration process are the 

driver imperfection (sigma) and the driver’s reaction time (tau). By using both parameters in 

combination between RMSE travel time and RMSE queue length, the calibrated model can 

be obtained. The value for both parameters is respectively 0.2 and 1.3 s for morning model 

and 0.2 and 1.1 s for afternoon model. 

This thesis has proposed two scenarios in order to improve the performance of 

Idrottsparken roundabout. Scenario 1 is to change geometric by building additional lane in 

North and East leg and scenario 2 is traffic management by issuing regulation that HGVs are 

not allowed passing Kungsgatan (North leg) in peak hour. They only allow passing 

Kungsgatan in off peak hour. 

As result, Scenario 2 performs the better traffic performance in the whole network than 

scenario 1 due to the average travel time and the average maximum queue length decreased. 

Even though the reduction in scenario 2 is lower compared to scenario 1, but the decrease in 

queue and travel time is not accompanied by significant increases in the other legs. For 

example, in the morning model, scenario 1 can only decrease travel time in two legs (East 

and North leg) with the value 17.76% and 12.11%, while two others are increased. However, 

scenario 2 can decrease travel time for each leg respectively West 1.05%, South 5.64%, East 

2.3%, and North 5.5%. In addition, scenario 2 is not need the high construction cost 

compared to scenario 1. 

One goal of this thesis is to provide comparison the simulation results between SUMO and 

AIMSUN in terms of travel time decreased by applying scenario 1 into both of software. The 

result shows that travel time could be more reduced by using AIMSUN than SUMO. For 

example, the travel time in North could be decreased until 36.09% in AIMSUN compared to 

SUMO only 15.49%. It occurs due to the limited precision in SUMO for roundabout 

modelling and it has also been expressed by Maciejewski (2010) in his research.  

Another point for comparison is different types of adjustment parameter in calibration 

process. SUMO uses the driver imperfection (sigma) and the driver’s reaction time (tau) as 

the adjustable parameters. While in AIMSUN, the maximum acceleration and also the 

driver’s reaction time is used.  

In addition, compared to AIMSUN, SUMO has several weaknesses such as collision and 

teleporting among vehicles, only one replication for each running program, complicated to 

use, and 2D graphical with low detail. Based on these reasons, AIMSUN is better than 

SUMO in terms of precision of the result, graphic, and ease of use. 
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Appendix 
 

A. Preliminary Survey 

1. Flow 

No 

From West 

To North (3) East (2) South (1) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 7   26   8   

2 6' - 10' 10   34   9   

3 11' - 15' 6   24   10   

4 16' - 20' 9   20   4   

5 21' - 25' 6   22   3   

6 26' - 30' 6   24   5   

7 31' - 35' 6 1  17   4   

8 36' - 40' 9   22   5   

9 41' - 45' 9   20   6   

10 46' - 50' 5   17   9   

11 51' - 55' 8   14   3   

12 56' - 60' 13   30   7   

   Sum  94 1 0 270 0 0 73 0 0 

   Sum    95     270     73   

 

No 

From South 

To West (6) North (5) East (4) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 5   12   7   

2 6' - 10' 6   20   10   

3 11' - 15' 6   13   5   

4 16' - 20' 4   17   11   

5 21' - 25' 2   16   6   

6 26' - 30' 1   14   9   

7 31' - 35' 7   14 1  3   

8 36' - 40' 3   14   6   

9 41' - 45' 5   23   9   

10 46' - 50' 3   18   6   

11 51' - 55' 5   18 1  9   

12 56' - 60' 4   18 

 

 8   

   Sum  51 0 0 197 2 0 89 0 0 

   Sum    51     199     89   
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No 

From East 

To South (9) West (8) North (7) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 10   39   5   

2 6' - 10' 7   21   3   

3 11' - 15' 9   19   3   

4 16' - 20' 6   18   3   

5 21' - 25' 8   18   4   

6 26' - 30' 10   25   4   

7 31' - 35' 8   22   6   

8 36' - 40' 5   25   3   

9 41' - 45' 12   34   6   

10 46' - 50' 5   23   2   

11 51' - 55' 7   15   2   

12 56' - 60' 2   16   3   

   Sum  89 0 0 275 0 0 44 0 0 

   Sum    89     275     44   

 

 

No 

From North 

To East (12) South (11) West (10) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 1   30 

 

 15 1  

2 6' - 10' 5   19 1  13   

3 11' - 15' 8   29   11   

4 16' - 20' 6   27   5   

5 21' - 25' 9   32   11   

6 26' - 30' 4   18   8   

7 31' - 35' 8   25 1  7   

8 36' - 40' 8   21  1 5   

9 41' - 45' 12   21   9   

10 46' - 50' 4  1 20   7   

11 51' - 55' 8   27   7 1  

12 56' - 60' 4   15  1 5 

 

 

   Sum  77 0 1 284 2 2 103 2 0 

   Sum    78     288     105   
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2. Travel Time 

 

Day 
Length of observation (m) Travel Time (s) 

West South East North West South East North 

I 127 117 122 80 9.07 9.50 10.60 17.51 

Average         9.07 9.50 10.60 17.51 

 

 

3. Queue 

 

No Minutes 
Length of queue (vehicle unit) 

West South East North 

1 1' - 5' 13 

 

6 10 

2 6' - 10' 

 

4 4 9 

3 11' - 15' 3 2 4 8 

4 16' - 20' 5 3 4 7 

5 21' - 25' 3 1 7 8 

6 26' - 30' 3 3 4 8 

7 31' - 35' 3 2 4 2 

8 36' - 40' 10 3 5 11 

9 41' - 45' 4 2 7 7 

10 46' - 50' 5 3 3 6 

11 51' - 55' 2 5 5 10 

12 56' - 60' 5 3 4 8 

  Max 13 5 7 11 
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B. Morning Data Collection (average of three days observation) 

1. Flow 

No 

From West 

To North (3) East (2) South (1) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 5  

 

16  

 

2   

2 6' - 10' 10  1 16  1 2   

3 11' - 15' 5   22  

 

4   

4 16' - 20' 6   22  1 4  1 

5 21' - 25' 9   21  

 

4   

6 26' - 30' 9   22  

 

6   

7 31' - 35' 7   29  1 4   

8 36' - 40' 16  1 27  

 

6   

9 41' - 45' 15   30   4   

10 46' - 50' 12   26   4   

11 51' - 55' 10 1  25   4   

12 56' - 60' 11   32   4   

  Sum 115 1 2 288 0 3 48 0 1 

  Sum   118     291     49   

 

 

No 

From South 

To West (6) North (5) East (4) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 4   16   3   

2 6' - 10' 5   21   5   

3 11' - 15' 9   22   3   

4 16' - 20' 7   21   4   

5 21' - 25' 7   21   8   

6 26' - 30' 11   26   6   

7 31' - 35' 7   28 1  7   

8 36' - 40' 5   24  1 9  1 

9 41' - 45' 9   22  

 

10   

10 46' - 50' 7 1  19  1 10   

11 51' - 55' 6   22   8   

12 56' - 60' 5   17   7   

  Sum 82 1 0 259 2 2 80 0 1 

  Sum   83     263     81   
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No 

From East 

To South (9) West (8) North (7) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 3   13   3  

 2 6' - 10' 3   9   5  1 

3 11' - 15' 4   14   8   

4 16' - 20' 6   21   6   

5 21' - 25' 3   19   3   

6 26' - 30' 3   21   5   

7 31' - 35' 5   17   5   

8 36' - 40' 2   14   7   

9 41' - 45' 3   18  1 6   

10 46' - 50' 7   22   7   

11 51' - 55' 5   26   8   

12 56' - 60' 5   19  1 7  

 
  Sum 49 0 0 213 0 2 70 0 1 

  Sum   49     215     71   

 

 

No 

From North 

To East (12) South (11) West (10) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 2   12   4   

2 6' - 10' 3   11   7   

3 11' - 15' 3   10  1 6  1 

4 16' - 20' 6   15  

 

8   

5 21' - 25' 4   15  1 6   

6 26' - 30' 3 1 1 14  1 5   

7 31' - 35' 3 1  14   8   

8 36' - 40' 4   18 1  7   

9 41' - 45' 5   20   7   

10 46' - 50' 5 1  14   11  1 

11 51' - 55' 3   16  1 9   

12 56' - 60' 5   14 2 

 

12   

  Sum 46 3 1 173 3 4 90 0 2 

  Sum   50     180     92   
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2. Travel time 

No Minute 
Travel Time (second) 

West South East North 

1 1' - 5' 13.37 19.33 15.08 12.49 

2 6' - 10' 15.12 20.73 15.45 13.78 

3 11' - 15' 14.26 16.49 17.58 14.53 

4 16' - 20' 16.47 20.18 19.58 13.91 

5 21' - 25' 15.05 18.34 18.55 21.20 

6 26' - 30' 15.90 27.25 33.85 18.64 

7 31' - 35' 24.08 54.73 22.51 19.61 

8 36' - 40' 20.27 40.15 36.39 19.50 

9 41' - 45' 19.07 43.81 24.95 16.45 

10 46' - 50' 17.09 50.33 27.12 14.95 

11 51' - 55' 18.36 29.67 26.27 15.86 

12 56' - 60' 18.16 21.78 19.96 15.50 

  Average 17.27 30.23 23.11 16.37 

 

 

3. Maximum Queue 

No Minutes 
Maximum Queue (vehicle unit) 

West South East North 

1 1' - 5' 0.67 3.00 2.67 0.67 

2 6' - 10' 1.67 5.00 2.00 1.33 

3 11' - 15' 0.67 4.67 4.00 2.67 

4 16' - 20' 2.67 5.00 3.67 1.33 

5 21' - 25' 1.33 4.00 5.33 4.33 

6 26' - 30' 2.33 6.00 6.67 3.00 

7 31' - 35' 4.33 11.67 6.00 5.67 

8 36' - 40' 3.33 11.00 7.00 4.67 

9 41' - 45' 2.67 10.00 8.33 3.33 

10 46' - 50' 2.67 10.00 7.67 2.67 

11 51' - 55' 1.67 7.00 8.67 4.00 

12 56' - 60' 3.33 5.00 5.67 3.67 

  Average 2.28 6.86 5.64 3.11 
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C. Afternoon Data Collection (average of three days observation) 

1. Flow 

No 

From West 

To North (3) East (2) South (1) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 8   28   9  

 2 6' - 10' 8   32   10  1 

3 11' - 15' 11   30   8   

4 16' - 20' 8   25   8   

5 21' - 25' 12   27  1 4   

6 26' - 30' 4   30   8   

7 31' - 35' 5   25   7   

8 36' - 40' 6   20   7   

9 41' - 45' 7   22   8   

10 46' - 50' 7   22   8   

11 51' - 55' 8   22 1  10   

12 56' - 60' 7   22 

 

 6   

  Sum 91 0 0 305 1 1 93 0 1 

  Sum   91     307     94   

 

 

No 

From South 

To West (6) North (5) East (4) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 8   11 

 

 6   

2 6' - 10' 7   14 1  7   

3 11' - 15' 6   17   9   

4 16' - 20' 6   14   8   

5 21' - 25' 8   17 1  9   

6 26' - 30' 7   17   9   

7 31' - 35' 3   20   6   

8 36' - 40' 6   16   8   

9 41' - 45' 6   16 1  6   

10 46' - 50' 7   17   5   

11 51' - 55' 5   19   9   

12 56' - 60' 8   15   5   

  Sum 77 0 0 193 3 0 87 0 0 

  Sum   77     196     87   
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No 

From East 

To South (9) West (8) North (7) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 8   19   5   

2 6' - 10' 8   29   4   

3 11' - 15' 8   25   5   

4 16' - 20' 7   26   4   

5 21' - 25' 12   23   6   

6 26' - 30' 8   25   3   

7 31' - 35' 9   26   8   

8 36' - 40' 10   28   8   

9 41' - 45' 11   26   5   

10 46' - 50' 11   26   6   

11 51' - 55' 7   24   7   

12 56' - 60' 7 

 

1 20   5   

  Sum 106 0 1 297 0 0 66 0 0 

  Sum   107     297     66   

 

 

No 

From North 

To East (12) South (11) West (10) 

Minute Car Bus Truck Car Bus Truck Car Bus Truck 

1 1' - 5' 7 

 

 27 1  8   

2 6' - 10' 7 1  26   13   

3 11' - 15' 8   29   11   

4 16' - 20' 6   23   10   

5 21' - 25' 8   24 1 1 7   

6 26' - 30' 6   23   11   

7 31' - 35' 5   32   9 1  

8 36' - 40' 6   19   6   

9 41' - 45' 7   29 1  6   

10 46' - 50' 6   25 

 

 7   

11 51' - 55' 5   25 1  9   

12 56' - 60' 7   28 

 

 8   

  Sum 78 1 0 310 4 1 105 1 0 

  Sum   79     315     106   
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2. Travel time 

No Minute 
Travel time  (second) 

West South East North 

1 1' - 5' 24.07 18.62 17.16 27.22 

2 6' - 10' 18.48 17.25 19.44 30.81 

3 11' - 15' 20.62 17.65 16.48 19.52 

4 16' - 20' 21.83 19.18 15.56 30.40 

5 21' - 25' 22.21 26.07 22.00 28.46 

6 26' - 30' 21.71 24.80 20.97 25.08 

7 31' - 35' 21.60 21.31 25.11 19.52 

8 36' - 40' 18.34 18.32 22.35 20.80 

9 41' - 45' 18.46 18.05 30.14 23.79 

10 46' - 50' 21.77 20.29 16.49 18.11 

11 51' - 55' 18.89 20.61 17.25 29.42 

12 56' - 60' 19.87 21.61 16.93 29.76 

  Average 20.65 20.31 19.99 25.24 

 

 

3. Maximum Queue 

No Minute 
Maximum Queue (vehicle unit) 

West South East North 

1 1' - 5' 4.00 4.50 3.00 5.00 

2 6' - 10' 2.50 2.50 5.00 6.50 

3 11' - 15' 3.00 3.00 3.00 4.50 

4 16' - 20' 6.50 4.00 4.00 7.50 

5 21' - 25' 4.50 6.50 5.50 8.00 

6 26' - 30' 2.50 8.50 6.50 6.00 

7 31' - 35' 3.00 5.00 7.00 5.00 

8 36' - 40' 2.00 3.50 6.50 4.00 

9 41' - 45' 3.00 3.50 8.00 8.00 

10 46' - 50' 5.00 4.50 5.00 4.50 

11 51' - 55' 1.00 6.00 3.50 7.00 

12 56' - 60' 2.00 6.00 6.00 1.50 

  Average 3.25 4.79 5.25 5.63 
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D. Comparison between the Measurement and the Calibrated Model with 

Optimal Parameters (Morning) 

1. Queue Length 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Travel Time 
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E. Comparison between the Measurement and the Calibrated Model with 

Optimal Parameters (Afternoon) 

1. Queue Length 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Travel Time 
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F. Comparison of Queue and Travel Time among Calibrated Model, 

Scenario 1, and Scenario 2 in the Morning 

Leg 
Calibrated 

Model 

Scenario 1 Scenario 2 

result difference percentage 

difference 

result difference percentage 

difference 

Queue (vehicles) 

West 2.75 4.00 1.25 45.45% 2.75 0.00 0.00% 

South 4.17 4.25 0.08 2.00% 3.75 -0.42 -10.00% 

East 2.25 2.50 0.25 11.11% 2.25 0.00 0.00% 

North 1.75 2.00 0.25 14.29% 1.75 0.00 0.00% 

Travel Time (second) 

West 18.23 19.46 1.22 6.70% 18.04 -0.19 -1.05% 

South 29.83 31.69 1.86 6.22% 28.15 -1.68 -5.64% 

East 24.95 20.52 -4.43 -17.76% 24.38 -0.57 -2.30% 

North 15.41 13.54 -1.87 -12.11% 14.56 -0.85 -5.50% 

 

G. Comparison of Queue and Travel Time among Calibrated Model, 

Scenario 1, and Scenario 2 in the Afternoon 

Leg 
Calibrated 

Model 

Scenario 1 Scenario 2 

result difference percentage 

difference 

result difference percentage 

difference 

Queue (vehicles) 

West 3.83 3.92 0.08 2.17% 3.58 -0.25 -6.52% 

South 2.50 2.33 -0.17 -6.67% 2.50 0.00 0.00% 

East 2.50 2.08 -0.42 -16.67% 2.50 0.00 0.00% 

North 4.00 3.92 -0.08 -2.08% 3.33 -0.67 -16.67% 

Travel Time (second) 

West 22.33 21.96 -0.37 -1.64% 21.53 -0.79 -3.55% 

South 19.83 19.51 -0.33 -1.65% 19.67 -0.16 -0.08% 

East 19.86 17.48 -2.38 -11.99% 19.87 0.01 0.02% 

North 26.55 22.43 -4.11 -15.49% 25.23 -1.31 -4.94% 

 


