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Abstract 

This thesis studies calibration of SIDRA Intersection roundabout models. The calibration has been 

performed with three different methods; manual calibration of gap-acceptance parameters, manual 

calibration of the parameter environment factor and automatic calibration of the environment factor 

based on optimization. The main aim has been to evaluate and compare the three calibration methods. 

One part of the purpose was also to test the possibility of finding a general value of environment factor 

by testing a few different types of models.  

This report starts with a background to roundabouts and the traffic theory that concerns roundabouts in 

general and the main performance measure capacity; delay, queue length, degree of saturation and 

level of service are presented. A great part of the report is used to present SIDRA intersection and how 

the model works. SIDRA Intersection is a micro-analytical model used for capacity and performance 
estimations. The capacity model is based on gap-acceptance theory where follow-up headway and 

critical gap have a great impact.  

An application for automatic calibration was developed in Microsoft Excel/Visual Basic for Applications. 

The calibration process is based Differential evolution and the cost function uses root mean square 

percent error where capacity and average delay are used as performance measures. The application has 

been tested with a test model at first to make sure the calibration is correct. To ensure that the 

application works as expected it has also been tested on data from a site in Farsta, Stockholm. For this 

site all three calibration methods, the two manual and the automatic, has been tested.  

The results show that all three methods performed equally well, with only small differences in precision. 
The most effective method considering results and time required for process was the manual calibration 

of environment factor. The automatic calibration application performs slightly better, but also requires 

more details and time for processing. In the last part of this project the method for manual calibration of 

environment factor was tested with three more models with different characteristics in order to 

investigate the possibility of finding one value for environment factor suitable for all approaches. 

However the tests show difference in environment factor between small and large roundabouts and 

difficulties to set one value for environment factor for two-lane approaches. 
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1 Introduction 

1.1 Background 
Every day and night, millions of people throughout the world use transport systems to move 

themselves and gods. For everyone to be able to get to their desired location, when traffic volume is 

steadily increasing, the need for an effective and adaptable system rises. In order to increase 

effectiveness of a transport system and use it to its full potential it is crucial for the traffic planner to 

have an effective traffic analysis tool.  

The major use of a traffic analysis tools is the possibility to evaluate strategies for current and future 

transport system. With traffic analysis tools, the traffic planer can get a better basis for the decision-
making process based on evaluation and comparison of possible alternatives. Depending on what the 

user is interested in, there are many different tools to choose from. The Federal Highway 

Administration (FHWA 2004) presented the list below as one way to categorize traffic analysis tools. 

Some software might fit into more than one category: 

 Sketch-planning tools: This kind of tools is used to get an overview and evaluate alternatives 

without any deeper background analysis of budgets and proposals. Sketch-planning tools are 

the simplest kind of traffic analysis tools and have some limitation in scope, robustness of the 

result and how to use it for presentation.  

 Traffic demand models: Demand models are used to predict demand and route choice, mode 

choice and other travelling characteristics. The future demand predicted by the model is 

based on the current conditions together with future employment and households 

characteristics.  

 Traffic signal optimization tools: These tools are primarily used to find and optimize signal 

timing plans in a variety of intersections.  

 Simulations models: There are three different levels of simulations. Microscopic simulation is 

the most detailed and used to simulate intersections and smaller parts of a network. 

Macroscopic simulation models are the least detailed of the simulation models and are used 

to model large networks. Mesoscopic models are a combination of the other two models; 

with the level of detail somewhere in between.  

 Analytical models: Analytical models are based directly on mathematical computations. An 

analytical model can quickly evaluate capacity, density, speed and performance in most kind 

of transport systems, although they work best for limited areas for example, intersections, 

roundabouts or road segments. 

This project will focus on the micro analytical model SIDRA Intersection developed in Australia by 

Akcelik and Associates. This model is used for estimating capacity and other performance measure. It 

can analyze a number of different types of intersections and roundabouts, although this project will 
focus only on roundabouts.  

Three steps ensure that the model is correct; validation, verification and calibration. Validation 

ensures that the right problem is studied and verification makes sure it is done the right way. In 

modeling software verification is performed by the model developer. The last step is calibration, 

where the model output is compared to the observed data. Model calibration is most often an 

iterative process with the goal to minimize the distance between model output and observations. 

Usually the model is run with default values on calibration parameters. The results are then 

compared to the observations, and if it is not consistent the calibration parameters are changed and 
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the model is run again. Calibration of models can be both difficult and time consuming. To solve this 

problem, studies have over the years presented approaches to calibration where optimization 

algorithms have been used to automatically calibrate models, in most cases simulation models. In 

problems with a large numbers of parameters, the use of optimization methods instead of regular 

calibration methods makes the process of finding optimal values for all parameters significantly 
easier. 

SIDRA Intersection is developed in Australia and therefore also calibrated according to Australian 

conditions when the default values are used. Driver behavior and vehicle characteristics vary by 

location. For example Europeans drives differently from Americans or Asians. Also the type of 

vehicles is different in different countries. In Sweden most people drives regular cars, while in the 

U.S. mostly large cars or trucks are used. Because of variations like this, the model needs to be 

calibrated for local conditions. The SIDRA Intersection model has not been used extensively Sweden; 

therefore it has not been calibrated for Swedish conditions. In order to improve the calibration 

process and possibly find appropriate settings for Swedish conditions, an optimization based 
procedure can be tested on the SIDRA model. 

1.2 Aim and purpose 
The purpose of this project is to study calibration of roundabout models in the software SIDRA 

Intersection. The aim is to evaluate and compare different calibration methods, including creating an 

automatic calibration procedure based on optimization. For further use of the SIDRA Intersection 
model general settings would be useful, there for the second part of the purpose has been to test the 

possibility of general settings with a few models of roundabouts with different characteristics.  

1.3 Delimitations 
The project will only cover calibration of roundabout models in SIDRA Intersection. The SIDRA model 

uses the calibration parameter environment factor for capacity calibration of roundabout models; 
therefore, the project will focus on calibrating the environment factor; however manual calibration 

of follow-up time and critical gap will be performed.  

1.4 Method 
This project will consist of 2 main part; first a literature survey and then the calibration of the model. 

The starting point will be the literature survey, mainly to learn more about roundabouts and 

analytical traffic models through reading books and articles. During the literature survey calibration 
methods and calibration of analytical models will be studied.  

Three methods for calibration of the model will be tested in this project, one automatic based on 

optimization and two manual. Studies of the software, the model, and the theory will be basis for 

which parameters that are chosen for calibration. The first step is to find a suitable optimization 

algorithm to use for the automatic calibration. The choice of method depends on how easy the 

method is to use, in terms of number of control variables, and accuracy and robustness of results. 

The calibration parameters will become decision variables in the optimization problem.  

To make the procedure easier to use it will be implemented in an application built in Microsoft Excel 

and VBA. During the development process, the application will be tested with a test model. 
Observations from the test model will be saved for comparison. This way it is possible to know if the 

model found the right parameter values and the number of iterations, since those values are known. 

If the algorithm is successful for the test model it will be tested with real data. For comparison the 

model will be calibrated using the automatic calibration application and two methods for manual 

calibration. The procedure for the manual calibration will be based on a systematic approach on 

changing parameter value.  
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The data used for testing was collected at a roundabout in Farsta during 2006. Due to some 

limitations in the data the observed capacity will be estimated using a Capcal model.  

1.5 Outline 
The project consists of a few different parts. The first is a literature survey that gives background to 

traffic theory and modeling of roundabouts and the model in SIDRA Intersection. The next part will 

cover calibration theory, implementation, testing and results of an automatic calibration method 

compared to manual calibration. The last part will be analysis and comments on results. 

 

  

Introduction •Background to the  
subject.  

Traffic 
theory for 

roundabouts 

•Background to the traffic theory concerning 
roundabouts 

SIDRA 
Intersection  

•SIDRA Intersection theory, 
describtion of model 

Calibration  
•Background to calibration and theory 

and methods for automatic calibration 

Calibation 
application 

•Description of the 
implementation process  

Data and 
models 

•Description of the 
data and model 

Calibration 
results and 
comparison 

•Presentation of the calibration 
results and compares manual 
and automatic calibration 

Tests with 
different types 

of models 

•Description of calibration 
test with roundbaout with 
different layout 

Analysis and 
Discussion 



Introduction 

16 

  



Traffic Theory for Roundabouts 

17 

2 Traffic Theory for Roundabouts 
The use of roundabouts has increased significantly over the last 30 years. A roundabout instead of 

traffic signals or stop/yield controlled intersections gives safer and smoother traffic situations.  

A roundabout has, according to Federal Highway Administration (FHWA 2000), the following key 
characteristics:  

 All entering traffic streams are controlled by yield sings 

 All approaches are channelized 

 The geometric design ensures that vehicles use the right travel speed 

2.1 Geometric Design 
The geometric design of all roundabouts is basically the same, but it can differ depending on the 

traffic system it opperates in (FHWA 2000). The most common type of roundabout has four 

approaches. There are a number of different categories of roundabouts, e.g. mini-roundabouts, 

urban roundabouts and rural roundabouts, both single or double lane. Mulitlane roundabouts that 

have three approaches or more are also used on occassion. The difference between the catiegories is 

mainly the size of the roundabouts, the recomended design speed, the diameter of the roundabout 

and the daliy volmues a roundabout can handle. Figure 1 shows the different design aspects of a 

roundabout.  

 

Figure 1 Basic design of a roundabout (screenshot from SIDRA Intersection) 

When designing roundabouts and intersections it is important to consider what type of vehicles that 

will pass, since larger vehicles require more space and turning radius. The largest vehicle likely to 

pass the roundabout is referred to as the design vehicle.  

The circulatory roadway width is determined by the width of the entering lanes and the turning 

radius of the design vehicles. It should, at least, be as wide as the widest entry and stay that way 

throughout the roundabout. The central island of the roundabout should be raised and have 

something in the middle to alert the driver in order to prevent mistakes. It is most common that the 

central island is a circle, and not oval or other shapes. A circle promotes constant speeds through the 

whole roundabout whereas other shapes might invite drivers to speed up on some sections and the 

need to slow down in curves.  
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2.2 Safety 
In general, roundabouts are considered as safer than other types of intersections (FHWA 2000). A 

roundabout decrease the number of conflicts between the traffic streams with up to ¾ compared to 

a normal 4-way intersection. Figure 2 shows the occurring conflicts in a 4-way intersection and in a 

roundabout. A signalized or yield/stop controlled intersections have a total 32 conflicts where a large 

part of them are crossings, which are most dangerous kind of conflict. In a roundabout, there are 

only eight conflicts and no crossing. With decreased number of conflicts, the risk of accidents is also 

decreased. The severity of accidents that occurs is decreased, for example the risk of head on 

collision, since the traffic is moving in the same direction.  

 

Figure 2 Conflicts in intersections and roundabouts (FHWA 2000, p 26). 

Safety is a great beneficiary of reduced speed. Benefits from reduced speed are fewer collisions and 

reduce severity if a collision happens, more time for entering traffic to find a suitable gap in the 

circulating traffic and give more time to driver to detect mistakes. Roundabouts require the driver to 

slow down in order to pass which in turn lead to a safer roundabout. In a well-designed roundabout, 

the reduction of speed is forced by the geometry and not only achieved by traffic control signs. That 
way it is possible to achieve the same kind of reduction of speed all times of the day, not taking the 

traffic situation in to account. The speed in the roundabout is also affected by the radius. A 

roundabout with a smaller radius forces the driver to lower speed. Small roundabouts can be 

considered safer since the driver has to reduce the speed more. However, heavy vehicles can have 

turning problems since they need more room to turn. For pedestrian safety speed has a major 

impact. A pedestrian struck by a car in 50 km/h is three times more likely to die than if struck at 30 

km/h.  
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2.3 Gap acceptance 
In an unsignalized intersection, no indication is given to the driver on whether it is safe to enter the 

intersection or not (FHWA 1997). It is instead up to the driver to evaluate when suitable gaps occur in 

the circulating traffic stream. Gaps have to be big enough for vehicles to enter without risking an 

accident with the circulating traffic streams. The gap is measured as a time and describes the time 

between two successive vehicles in a traffic stream.   

The gap acceptance concept is based on two parameters: 

Critical gap: The minimum time a vehicle need to enter is referred to as the critical gap. No vehicles 

will enter if the gaps are smaller than the critical gap. Figure 3 show the definition of a gap. 

 

 

Figure 3 Illustration of gap (Irvenå & Randahl 2010, p 11). 

 

Follow up time: If the gaps are longer than the critical gap more vehicles can enter the intersection. 

The time between two successive vehicles entering in the same gaps is called follow-up time. The 

follow up time can also be described as the average headway between vehicles that pass the 

intersection during longer gaps. The follow-up time is always shorter than the critical gap. Figure 4 

illustrates the definition of follow-up time.  

 

Figure 4 Illustration of follow-up time (Irvenå &Randahl 2010, p 12). 

In an unsignalized intersection the distribution of gaps has, off course, a major effect on the 

performance of the intersection. When calculating performance it is important only consider the 

larger gaps, since smaller gaps will be rejected.  
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The theory for unsignalized intersections used in most parts of the world assumes that drivers are 

consistent and homogenous. Drivers that are consistent are expected to behave the same way every 

time they reach a similar situation. Foヴ uﾐsigﾐalized iﾐteヴseItioﾐ this ﾏeaﾐs that a dヴi┗eヴ ┘oﾐげt ヴejeIt 
a gap and then accept a smaller. Homogenous means that all drivers behave the same way. The 

assumption is somewhat uﾐヴealistiI, siﾐIe all dヴi┗eヴs doﾐげt Heha┗e the saﾏe ┘a┞ e┗eヴ┞ tiﾏe, Hut it 
has low effect on the overall capacity. Studies have shown that if drivers where heterogeneous it 

would lead to decreased capacity and if drivers were inconsistent would lead to increased capacity. 

Therefore, since drivers are assumed to be both consistent and homogenous, compared to the more 

realistic inconsistent and heterogeneous the difference in capacity is very small and the assumption 

is made for simplicity.  

  



Traffic Theory for Roundabouts 

21 

2.4 Signal analogy 
Akcelik describes in an article from 2008 a signal analogy to describe the concept of blocked and 

unblocked time periods in an unsignalized intersection. Figure 5 shows the entering traffic at the 

bottom coming in to the yield line and give way to the circulating traffic (opposing traffic at the top). 

Vehicle coming in to the roundabout slows down from the cruise speed ( � ) to negotiation speed 

( � ), which gives a safe passing of the roundabout. At that speed, the drivers evaluate the 

roundabout and decide to accept or reject gaps. The entering traffic has to stop since there are no 

available gaps to enter the roundabout (show as red). More vehicles arrive in the entering traffic 

stream and a queue starts forming. When gaps that are equal to or greater than the critical gap,   , 

occur in the opposing traffic stream, the queue starts moving forward during the さgヴeeﾐ peヴiodざ (g). 
Since, in this example, the green time is larger than the    the vehicles in the queue will enter the 

roundabout at a distance of   . The time it takes for each driver to react is denoted   . In this case, 

the last vehicle in the queue has to stop again since the headway still available is not large enough to 

enter. This shows that the cycle is fully saturated and the last vehicle is overflow. The slope of the 

lines gives the speed of the vehicles. 

 

Figure 5 Signal analogy concept (Akcelik 2008, p8). 
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2.5 Performance Analysis 
Akcelik (2005) defines capacity as the main factor that affects the performance of a roundabout. To 

evaluate the performance of a roundabout FHWA (2000) defines three key performance measures. 

 Degree of saturation 

 Delay 

 Queue length 

In Akcelik (2005) level of service is also mentioned as an additional performance measure 

2.5.1 Capacity 

CapaIit┞ is defiﾐed H┞ the HCM as さthe maximum hourly rate at which persons or vehicles can 

reasonably be expected to traverse a point or uniform section of a lane or roadway during a given 

time period under prevailing roadway, traffic, and control conditionsざ. Prevailing conditions means 

the current conditions in the intersection. (FHWA 2000) 

In a roundabout, the interesting capacity is the capacity of the approaches to the roundabout. Two 
major factors affect the capacity of each approach; the size and speed of the circulating flow and the 

geometric design of the roundabout. At low circulating flows, suitable gaps occur often and vehicles 

can enter the roundabout without significant delay. When flow increases, the gaps in the circulating 

traffic will become fewer and smaller making it more difficult for incoming traffic to enter. The speed 

of the circulating traffic also impacts the possibilities for incoming traffic to enter. In situations with 

higher speeds, gaps have to be larger since the entering traffic has to accelerate faster to merge with 

the circulating traffic to avoid crashes. Lower speeds therefore make it easier for entering traffic to 

find suitable gaps, which will in turn increases the capacity. The design aspect impacts capacity 

through how easy it is to enter the roundabout. A roundabout with wider entry lanes require a larger 

roundabout, giving the circulating traffic an opportunity to group together and therefore entering 
traffic gets more possibilities to enter. Approaches with more than one lane to enter the roundabout 

from have higher capacity since cars can enter side by side. With two lanes almost twice as many cars 

can enter the roundabout. More lanes increase capacity in two ways. The use of short lanes also 

increases the group size of the groups of vehicles entering the roundabout.  
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2.5.2 Delay 

The performance measure delay represents how much a vehicle is delayed when passing an 

iﾐteヴseItioﾐ, Ioﾏpaヴed to if theヴe ┘ouldﾐげt ha┗e aﾐ┞ oHstaIle. Different researchers define delay in 

slightly different ways. It is important that the modeler is clear on what kind of delay that is 

estimated by the model. In HCM, delay is divided into control delay and geometric delay (FHWA 
2000). Akcelik (2005) refers to delay as geometric delay and stop-line delay. The sum of geometric 

delay and stop-line delay is called control delay. Definitions of delay, used by Akcelik, are described in 

figure 6. A traffic model usually gives the average delay of all vehicles, no matter if they stopped or 

not. In a roundabout all vehicles not queued will still experience the geometric delay compared to a 

signalized intersection were unqueued vehicles just pass through.  

 

Figure 6 Definition of delay (Akcelik 2005, p 7). 

 

  



Traffic Theory for Roundabouts 

24 

2.5.3 Queue length 

The queue length measure gives an indication of the conditions in the roundabout (Myre 2010). 

There are several different ways to measure queue length. Longest observed queue length is called 

back of queue and the average queue during a time period is referred to as cycle average queue. In 

the cycle average queue all queue lengths during the time period are included, even the when no 
queue existed. It is also possible to get percentile values for queue length. The 95 % percentile means 

that the queues are shorter than that value 95 % of the time during a given time period and 

therefore also longer than that value during 5 % of the time.  

The connection between delay and queue length is strong. Most times, it is easier to register queue 

length than delay at an intersection. It is then possible to calculate the average delay per vehicle 

using the cycle average queue. When the average delay per vehicle is known the value can be 

multiplied with the total number of passing vehicles and the total delay for all vehicles is given. 

2.5.4 Degree of saturation 

The degree of saturation, also called utilization degree, is a ratio between the demand and the 
capacity of the entry lanes (FHWA 2000). If the value is lower than 1, the capacity is greater than the 

demand and the roundabout can handle the flow. If, on the other hand, the degree of saturation is 

higher than 1 demand is greater than capacity and queues will start forming and delay increases. A 

degree of saturation at 0.85 is used as a guideline in several countries, including Australia. When the 

flow increase over 85 % of capacity queue lengths and delay times becomes unstable and varies 

significantly around the mean values. 

2.5.5 Level of service 

The FHWA (2000) presents the following definition of level of service from the HCM: さcharacterizes 

operational conditions within a traffic stream and their perception by motorists and passengers.ざ 

Compared to the other performance measures level of service (LOS) is qualitative measure instead of 
quantitative. Level of service is used to describe operational conditions in traffic streams. Most often 

it is presented as a combination of speed, travel time, interruptions, comfort or convenience. For 

quantification HCM has defined measure of effectiveness (MOE).  

According to the Swedish guide for design of roads VGU (2004) level of service can be categorized 

according to the degree of saturation. 

Table 1 Level of service according to VGU (VGU, 2004). 

Level of service Degree of saturation 

High standard <0.6 

Moderate standard 0.6-0.8 

Low standard >0.8 
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2.6 Analytical traffic models 
Analytical tools are used to get an estimate of the capacity and other performance measures of 

intersections. Because of limitations in the ability to analyze networks, the models are mostly used 

on small parts of a network such as intersections, roundabouts or road segments. (FHWA 2004). 

Akcelik (2005) presents the definition of analytical model used in the HCM: さA model that relates 

system components using theoretical considerations that are tempered, validated and calibrated by 

field data.ざ Analytical models use direct mathematical computations to evaluate the state of a 

system. Most analytical models contain some smaller stochastic elements, but the same input will 

generate the same output each time a in a deterministic model.  

2.6.1 Examples of models/software 

SIDRA Intersection 

SIDRA intersection is a model used for performance evaluation of intersections and roundabouts. It 

can handle a number of different types of intersections and designs. A more detail description of 

SIDRA Intersection is given in chapter 3.  

HCM 

The highway capacity manual developed in the U.S. by the Transportation Research Board. Since 

1950 five versions have been published, the latest in 2010 (HCM 2010). The manual contains 

guidelines and procedures for calculating capacity and level of service in most types of transportation 

system, including highways, signalized and unsignalized intersection, roundabouts and arterial roads. 
The manual also address how effects public transportation, pedestrians or bicycles have on 

performance of the system. The HCM has been used all over the world, both as reference and as base 

for country specific manuals.  

Capcal 

Capcal is a Swedish software developed to quickly calculate capacity and performance of 

roundabouts, signalized and unsignalized intersections (Trivector, 2012-11-30). Allström et al (2008) 

gives a more detailed description of the software. The model is based on critical time gaps and 

saturation flows. During the mid 70ies, studies of driver behavior were performed in Sweden. These 

studies were the base for a capacity manual which in turn was the original base for the model in 

Capcal. Capcal is very similar to SIDRA Intersection, but some differences exist. SIDRA has more 
possibilities for input and output data, but that requires more knowledge from the user. SIDRA 

intersection is also more developed on some parts. The comparison by Allström et al shows problems 

with handling pedestrians and cyclist in both programs.  

TRL 

The UK Transport Research Laboratory has developed a linear regression model for estimating 

roundabout capacity. This kind of model is purely empirical i.e. it is not based on traffic theory. Only 

geometric values are taken into account when estimating capacity, not driver behavior (Akcelik 

2011). The model was developed through surveys of different kind of roundabouts in the UK and the 

circulating flow is used to determine entry capacity for each lane (Akcelik 2003). The model has some 

limitations in results compared to more complex models. There is a difficulty to avoid 
underestimation of capacity at low flows, this is due to linearity and best fit method. Since data is 

collected during saturated conditions not many points with low flows has occurred. It is not easy to 

find the combination of saturated conditions and low flows.  
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2.6.2 Micro-simulation models and how they differ from analytical models 

Micro-simulation is a different type of model used to analyze traffic. Simulation models have a 

dynamic modeling approach compared to the static approach used in analytical models (FHWA 

2004). Micro-simulation models are used to model traffic at an individual level, where each vehicle or 

pedestrian gets its own behavior (Trafikanalysforum). The model is based on combinations of random 
variables which makes the traffic process stochastic. Most micro-simulation models are dynamic and 

static, the static parts being roads, lane or yield/ stop lines that do not change in the system and the 

dynamic parts are the vehicles and pedestrians.  

Akcelik (2008) presents a short comparison of the most important aspects for analytical models and 

micro simulation models. The two model types differ in input and output data, and parameters used 

in the model. Micro simulation models uses acceleration, queuing and driver behavior and later car-

following models compared to analytical models that are based on saturated headways. In analytical 

models capacity is an important parameter, but it is not used in the same way in micro-simulation 

models.  

Allström et al (2008) present results from several studies where analytical models and micro 

simulation models has been compared. Swedish studies of the difference between analytical models 

and micro-simulation models show large difference. The study compared Capcal and VISSIM. In most 

cases VISSIM generated longer queues and more delay than the Capcal model. It also shows that 

some effects might be difficult to detect in analytical models, e.g. effects for intersections close to 

the studied intersection. Studies from other parts of the world show varying result. In some cases 

analytical models and simulation models give similar results and in other cases there are great 

differences.  
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3 Sidra Intersection 
In the user guide (Akcelik 2012c) SIDRA Intersection is described as an advanced micro-analytical 

model with a lane-by-lane method and a vehicle drive-cycle model that is used to estimate capacity 

and performance measures through an iterative method. The software can analyze several different 
kinds of intersections, both signalized and unsignalized, and roundabout with up to eight approaches. 

The flexibility makes it possible to analyze both uninterrupted flow and merging situations. SIDRA 

can, not only estimate capacity and other measures directly related to the performance of the traffic 

system, also give estimates on fuel consumptions and operating cost. The model used in SIDRA to 

model capacity and performance in roundabouts is an empirical gap acceptance method that takes 

both effects from geometry and driver behavior in to account.  

3.1 Development 
The user guide explains the history and development of software. The first version of SIDRA was 

developed by Dr. Rahmi Akcelik in 1975-1979 at ARRB Transport Research. Five versions of the 

software were developed until 2000. In 2000, Dr. Akcelik formed Akcelik and Associates Pty Ltd, 

which acquired the full ownership of the software. Two versions of the software were developed 

under the name aaSIDRA. In 2006, SIDRA SOLUTIONS was launched as a brand name and the model 

name was changed from aaSIDRA to SIDRA INTERSECTION. The most recent version was released in 

March 2011 is version 5.1. SIDRA stands for Signalized and unsignalized Intersection Design and 

Research Aid. The model is based on Australian conditions and calibrated using Australian field data. 
In later versions of the software HCM methods has been implemented. 

3.2 Gap acceptance capacity modeling 
Akcelik (1998) presents a few important issues when modeling capacity: 

 The level of aggregation in the geometry (individual lanes, lane groups or approaches) 

 The method used for measuring capacity 

Depending on the level of aggregation, a few different methods can be used to model and measure 

capacity in roundabouts. SIDRA is based on a lane-by-lane analysis method. The lane-by lane method 

has an improved level of accuracy in its predictions compared to other methods. Since the data from 

lanes with different characteristics is not aggregated into groups, the analysis method is simplified. 

Other methods for measuring capacity are lane group analysis (used by the HCM) and total approach 

flow analysis (used in TRL).  

The user guide presents a basic formula for calculating capacity ( ) for signalized intersections 
(equation 1).                   

where   is the saturation flow rate (vehicles/h),   is the effective green time and   is the cycle time. It 

is also possible to write 
   as   that stands for green time ratio. In the Sidra Intersection model, 

saturation flow is estimated based on a basic saturation flow that is adjusted with factors affecting 

the traffic. These factors can be traffic composition (e.g. turning proportions and heavy vehicle 
proportions), geometry of the intersection (e.g. number of lanes, lane width and tuning radius) and 

pedestrian volumes. The saturation flow rate is the maximum number of cars that can leave the 

queue during unblocked gaps/green time. Saturation flow rate can also be referred to as queue 

discharge flow rate and in that case corresponds to queue discharge headway. The queue discharge 

headway is the smallest headway that can occur between two successive vehicles when departing 

from the queue. In principle equation 1 can be used on unsignalized intersection and roundabouts as 

well. In the gap-acceptance based capacity model, the follow-up headway is used as the queue 

discharge (saturation) headway to calculate saturation flow (see equation 2). 
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where    is the follow-up headway. 

In general, the queue discharge headway is a combination of driver response time during queue 

discharge, jam spacing, and saturation speed (Akcelik 2005). This implicates the need to know the 

drivers alertness and length of the vehicle. These additional factors affects the drivers response time 

that in turn affect the saturation speed and the distance between two vehicles in the queue.  

Figure 7 shows how changes to gap-acceptance parameters affect the capacity. The maximum 

capacity that can be achieved, when the opposing traffic stream is close to zero, is equal to the 

saturation flow. The capacity is decreased with increasing opposing flow and critical gap due to fewer 

gaps that are large enough.  

 

Figure 7 Gap-acceptance based capacity (Akcelik 2008, p 3). 

The gap-acceptance based model estimates the proportion of acceptable gaps which can be 

compared to the green time ratio ( ) used for signalized intersections. Arriving traffic can be 

described as a stream consisting of two types of vehicles, bunched and free (see figure 8). The 

bunched vehicles arrive to the roundabout in groups and have headway between them that is equal 

to the minimum headway. Free vehicles arrive alone with headways larger than the minimum 

headway.  
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Figure 8 Illustration of bunched and free traffic (Akcelik 2012c, p 157). 

Several different methods for model headway in arriving traffic have been presented in the 

literature. Akcelik (2007/2011) presents the following three: 

 Negative exponential (M1) 

 Shifted negative exponential (M2) 

 Bunched exponential model of headway distribution (M3) 

Models based on negative exponential distributions (M1) assume that vehicles arrive random with no 

dependence of when the previous vehicle arrived (FHWA1997). The M2-model is also based on 

random arrival and is mostly used for single-lane traffic. SIDRA Intersection uses the third type of 

model, bunched exponential model of headway distributions. Compared to the others it gives 

enhanced accuracy for predicting small headways. This is most important when modeling urban 

traffic situations.  

The average intrabunch headway ( ) is the same as the average headway at maximum capacity and 
calculated according to equation 3 

               

where   is the capacity in veh/h.  

The version of the M3 model used in later versions of SIDRA is called M3D. Compared to the M3A 

model used in earlier versions, M3D has a delay parameter. In M3D model the proportion of free 

vehicles,    is calculated according to equation 4. 

                          
where   is the average intrabunch headway,   is the arrival flow rate and    is the delay parameter. 

Suitable value of    is 2.2 according to Akcelik (2007, 2011). Values for    have been studied by 

Akcelik and Chung in 1994 based on data from Troutbeck, 1989. 

The M3D model used for calculating capacity based on gap acceptance process,   , in SIDRA is:    (      ⁄ )(                )                 
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Where    = follow-up headway,   = intrabunched headway for total major stream,    = total major 

stream flow,   = proportion of free vehicles in major stream,   = model parameter and   = critical 

gap.  

Equation 5 can then be compared to the basic capacity equation (equation 1).  

                           (                )                    

In a gap-acceptance capacity model   can be described as (                )          . 

Akcelik gives a few conditions that need to be fulfilled for the capacity model to give correct results: 

 Follow-up headway is smaller than critical gap       

 Follow-up headway is larger than intrabunch headway,      

 Follow-up headway together with intrabunch headway is larger than the critical gap,           

3.2.1 Calculating critical gap and follow-up time 

The SIDRA Intersection user guide part 4-output guide (Akcelik 2012c) presents the method used by 

the model to estimate critical gap and follow-up headway for dominant and subdominant lanes. In a 

multi-lane approach the lane with the highest flow is called dominant lane and the other are called 

subdominant lanes. In an approach with only one approach that lane is seen as dominant. 

1. The first step is to calculate the unadjusted follow-up headway for the dominant lane (    ). 

To do this the model uses a formula that takes a number of different parameters into 

account.                                                                     �(                                         )        

                          

where                                                                                                                                                                                                                                                              �                                                                                                                                                                                                      ⁄                                   

 

2. In step 2,      is adjusted for the effects of heavy entry flow compared to low circulating 

flows by using the ratio of arrival flow to circulating flow. This gives     . The output guide, 

however, does not present an equation on how this is done mathematically. 
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3. In step 3,      is adjusted for heavy vehicles in the lane.  

The adjustment for heavy vehicles calculations:                  (           √                         )        

                   

where                                                                                                         

This equation applies when Include HV effect if above 5 percent is chosen.                          

Equation 10 gives       All adjustment are finished and      will be used as follow-up time for 

the dominant lane (        ) 

4. After calculating the dominant follow-up headway calculation, it is time to calculate the 

subdominant follow-up headway.     is calculated using                  (                 )                                         ⁄           

where     is the ratio of entry lane flows,    is the flow of the dominant lane and    is the 

flow of the subdominant lane. 

5. Step 5 includes adjusting the subdominant follow-up headway,      for heavy vehicles and 

according to the constraint        . This step gives     . 

6. When the follow-up time is calculated both for dominant and subdominant lanes 

(           ) these values can be used to calculate critical gap for dominant and 

subdominant lanes,            . The critical gap will not need any more adjustments for 

heavy vehicles, since follow-up headway used in the calculation was already adjusted for 

those things.                                                                                                  �              

Where:                                                                                             岾    峇                             �                                                      
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3.3 Calibration Parameters 
Calibration of the roundabout model in SIDRA Intersection is performed by changing values of the 

parameters effecting capacity. This can be done in a few different ways, either by changing the value 

of the critical gap and the follow-up headway directly or by using the calibration parameters; 

environment factor and entry/circulating flow adjustment. The following parameters are specific 

calibration parameters for roundabouts. Changes to them affect the gap-acceptance parameters, 

which in turn affects the capacity. 

3.3.1 Environment factor 

The environment factor is used to calibrate the capacity of the model (Akcelik 2005). By changing the 

environment factor the model can become more or less restricted. A less restricted model means 
higher capacity; meanwhile a more restricted model has lower capacity. 

The environment factor can be seen as a collection factor that includes everything in the 

roundabouts environment e.g. design type, visibility, grade, speed, driver response time and 

aggressiveness, amount of heavy vehicles and pedestrians and parking near the roundabout. On the 

one hand, factors in the environment with positive effects on traffic are for example good visibility, 

small volumes of pedestrians, short driver response times, and low levels of heavy vehicles and 

parking on the approaches. In cases like that, environment factor should be lower which leads to 

higher capacity. On the other hand situations such as bad visibility, large volumes, long driver 

response times and large volumes of heavy vehicles have negative effects on capacity. Environment 
factor should therefore be higher which will lead to lower capacity. 

A change to the environment factor leads to change of the follow-up headway for the dominant lane 

at zero circulating flow which in turn leads to adjustment of follow-up headway at all circulating 

flows. As a result this will adjust the follow-up headway for subdominant lanes and all critical gaps, 

see chapter 4.2.1. Default the environment factor is set to 1, which is also what is used in Australia. 

According to Myre (2010) studies in Norway have shown that 1.1 is a good value of environment 

factor for Norwegian conditions. The HCM version of the SIDRA Intersection model uses 1.2 as 

environment factor.  

 

Figure 9 Effects of Environment factor (Akcelik 2012c, p147). 
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Figure 10 Impact from environment factor. 

Figure 10 shows how capacity changes when environment factor is changed on only the south 

approach. As can be seen, the environment factor has most impact on capacity for the approach it is 

changed for and only small changes occur on the other approaches.  

3.3.2 Entry/circulating flow ratio adjustment 

To avoid underestimation of capacity in cases with low circulating flow the entry/circulating flow 

ratio parameter can be used (Akcelik 2012c). The follow-up time for the dominant lane will decrease 

as the entry/circulating flow ratio is reduced. This will in turn affect the follow up headway for 

subdominant lanes and the critical gap size. The result will be increased capacity on all approaching 
lanes.  

The parameter has four different levels, high, medium, low and none. In SIDRA Intersection, the 

default level is set to medium. The level of the parameter determines the adjustment of the follow-

up time for the dominating lane when no flow is circulating. The highest capacity is achieved when 

the parameter is set to high and lowest when none is chosen. Changes to the parameter are only 

effective at low and medium circulating flows. 

 

Figure 11 Entry circulating flow adjustment (Akcelik 2012c, p 149). 
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3.4 Other parameters 
Sidra Intersection has a number of input parameters. In this chapter a few of them will be presented 

in more detail. The information in this chapter is based on the Help document provided in SIDRA 

Intersection (2012). All model input and output is presented in appendix 2.  

Peaking parameters: The peaking parameters, Peak Flow Factor (PFF) and Peak Flow Period (PFP) are 

used to create volume peaks in the traffic flow. Peaking has a significant effect on the performance 

estimation done by Sidra. If peaking is ignored, underestimation of delay and queue lengths is 

possible since oversaturated conditions during peak flow period are not accounted for. As default the 

peak flow factor is set to 95% and the peak flow period to 30 min.  

The 3 part of the user guide (Akcelik, 2012b) uses a step function to describe the concept, see figure 
12. 

                                   
    �                              

   �                                                   

   �                                                   

       (    )                

A reduction of PFF leads to increased traffic volumes at all times for the approach the change was 

made for. Increased traffic flow leads, in turn, to reduced capacity due to fewer gaps that are larger 

than critical gap. In combination larger volumes and less capacity leads to longer queues and more 

delay.  

Heavy Vehicle Equivalent for gap acceptance: The model takes the effect heavy vehicles has on the 

traffic in to account. Heavy vehicles need larger gaps and longer follow-up time than regular cars. The 

parameter gives a value of the car equivalent to heavy vehicles. Increased value gives increased 

follow-up time resulting in decreased capacity. 

Extra Bunching: When a signalized intersection is nearby, the risk of vehicles arriving in groups is 

greater than in other cases. Extra Bunching control the effect and upstream signalized intersection 

has on the capacity of the roundabout. Higher value means more grouped vehicles and lower value 

means less group vehicles.  

Lane Utilization Factor: The Lane utilization factor is found under the geometry tab and used to allow 

underutilization of lanes. The utilization has major effects on the capacity and is therefore an 
important factor for capacity calculation. Examples of reason that can lead to unequal lane utilization 

are; heavy commercial vehicles, conflicts with pedestrians for turning vehicles, parking interference, 

and discontinued lanes.  

Exiting flow: The exiting flow parameter adjusts for cases when the exiting flow is affect the entering 

flow. For roundabouts the exiting flow percentage is calculated based on OD-flow. Calculations are 

based on summing all flow that has the same destination approach as the opposed turn. The 

percentage is calculated and added to the circulating traffic for the turn. In most cases the exiting 

tヴaffiI has ﾐo effeIt oﾐ the eﾐteヴiﾐg. “ituatioﾐ ┘heﾐ it Iaﾐ oIIuヴ is ┘heﾐ eﾐteヴiﾐg dヴi┗eヴs Iaﾐげt see if 
circulating vehicles are going to exit or pass in front of them.   

  

 �  �  � 

Figure 12 Illustration of 

peak flow factor. 
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4 Calibration 
For all kinds of models calibration is an important step to get a model where the output as good as 

possible to match the observed data. The calibration process is an iterative process where model 

output is compared to observed data and the calibration parameters are changed to get a better 
match.  

Akcelik (2005) presents the HCM definition of calibration: さThe process of comparing model 

parameters with real-world data to ensure that the model realistically represents the traffic 

environment. The objective is to minimize the discrepancy between model results and measurement 

or observationsざ. 

 

Figure 13 General calibration process. 

 

All models have their own parameters that can be subject to calibration. In order to identify the 

calibration parameters it is therefore important to understand the basic process of the model. For 

the SIDRA Intersection model the key output measures are capacity and performance (e.g. delay, 

queue length and level of service). The measures are based on driver behavior and intersection 

design. The key inputs to the model are, therefore, parameters that represent driver behavior, 

characteristics of vehicles and intersection design and control. In a gap acceptance based 

intersection, i.e. a roundabout, critical gap and follow-up time influences driver behavior. Capacity is 

influenced by design parameters such as number of approaches and number of circulating lanes etc. 
It gets more complicated since gap acceptance parameters also influence capacity and are influenced 

by the design parameter.  

 

 

  



Calibration 

36 

4.1 Calibration of gap-acceptance capacity model 
Since the SIDRA Intersection capacity model is based on gap-acceptance, these parameters can also 

be used to calibrate the model. An increase in the circulating flow gives a decrease in follow-up 

headway and unblocked time ratio, resulting in decreased capacity. The following method can be 

used for calibration of most kinds of gap-acceptance models, not just SIDRA Intersection. It is 

presented by Akcelik in an article from 2005: 

Capacity ( ) for roundabouts is calculated based on saturation flow and unblocked time. 

                         

For a given circulating flow (   ) the capacity will be             . In order for the calculated 

capacity to match the observed capacity, the follow-up time, (     ), needs to be adjusted according to 

equation 14.              ⁄             

where     = original follow-up headway,   = calculated capacity, and    = the observed capacity. 

Adjustments to the critical gap value (    ) is done with a similar equation        岾       ⁄ 峇            

where    =original critical gap,     = the adjusted value of follow up head way, and     = original 

follow-up headway. 

 

Figure 14 Calibration of gap-acceptance (Akcelik 2005, p 11). 

With these new values on the gap-acceptance parameters, a new value on the capacity can be 

estimated by the model. Since the relation between capacity and circular flow is non-linear some 

iterations might be needed to get values close to the observed values. This method will for hereon be 

ヴefeヴヴed to as a さﾏaﾐual ﾏethod foヴ IaliHヴatiﾐg gap-aIIeptaﾐIe paヴaﾏeteヴsざ, e┗eﾐ though it is 

seケueﾐtial aﾐd Iaﾐ He peヴfoヴﾏed さautoﾏatiIall┞ざ. 
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4.1.1 Calibration of Environment factor 

Based on the method presented in the previous section and in chapter 4.2.1, a method for calibration 

of Environment factor has been created. 

A simplification of the equation for calculating dominant lane follow-up time leads to:        ̃            

where  ̃                         ,                      . 

The assumption is made that the whole error in capacity can be corrected by changes to the 

environment factor. The equation for calculating a new value for environment factor will be:              ⁄              

Once a new value is retrieved, the model is run again and new capacity values are given. The model 

output is compared to the observation once again and if the result is not good enough the calculation 

performed again. 

Just like foヴ the pヴe┗ious ﾏethod, this ﾏethod ┘ill foヴ heヴeoﾐ He ヴefeヴヴed to as さmanual method for 

calibration of eﾐ┗iヴoﾐﾏeﾐt faItoヴざ. 
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4.2 Automatic calibration 
Just like manual calibration the goal is to minimize the distance between the observed data and the 

output from the model. When calibration is performed by an optimization method chances are of 

finding a better match in shorter time then with trial and error or educated guesses. With an 

automatic calibration method the calibration procedure can be simplified and less repetitive work is 

required from the modeler. In most studies calibration methods based on optimization are used to 

calibrate simulation models and not analytical models. The following paragraphs present a few cases 

where different optimization methods have been used for calibration of models. 

4.2.1 Automatic calibration with Genetic Algorithm  

This description of genetic algorithms was given by Parveen et al in 2007. The genetic algorithm (GA) 
is a stochastic search method based on natural evolution and uses terms as mutation, selection, 

replacement and crossover. Due to its nature it can effectively search the spectra of feasible values 

for population based solutions. The algorithm finds optimum by minimizing the distance between the 

output and the observed data, called misfit function. The advantage of GA is that it is a robust 

algorithm since it uses more than just one starting point, compared to other algorithms. This is useful 

to avoid getting trapped in a local optimum compared to a global. 

Parveen et al presented in 2007 a study where a genetic algorithm was used for automatic calibration 

of EMME/2 transit assignment. Depending on what system that is analyzed the values vary, therefore 

it is required to find the best set of parameters for this particular case. In a transit assignment model 
the parameters in the model describes the behavior of the passengers. Five parameters are used in 

the EMME/2 model; boarding time, wait-time factor, wait-time weight, auxiliary time weight and 

boarding time weight. The genetic algorithm uses a systematic approach which makes it useful in this 

case since there is no direct link between the parameters and the model output volumes. In the 

study the procedure is tested on The City of Toronto transit network and the researchers are pleased 

with its results; this helps automate the time consuming process of calibrating the model.  

Genetic algorithm has also been used by Yu et al in 2006 for calibrating micro simulation model in 

Vissim over the Beijing Bus Rapid Transit system. The Vissim model is based on behavior of the 

passengers and the systems characteristics. For this experiment 10 parameters where chosen. The 

choice of GA as the best optimization algorithm is based on its robustness due to starting in many 
points at the same time, compared to algorithms starting in one point. This means that using GA can 

reduce the number of search steps and the time used to find the best solution in a large search area. 

As objective function SSE (Sum of squared error) between collected speeds and simulated speeds is 

used. The results after calibration with GA show improved accuracy of the model. However, this 

research only uses one measure of effectiveness (MOE) for calculation of SSE. It is therefore not 

possible to make conclusion about other MOEs. 

4.2.2 Automatic calibration with Simplex 

Kim and Rilett presents a simplex based method for calibration in 2003. In a sequential simplex 

algorithm the calibration parameters are presented as a geometric feature with p+1 vertices. In this 

setup each vertex represents values for a set of parameters and P is the number of dimensions. The 
base for the algorithm is a search technique that moves the solution closer to the optimum. All 

vertices are evaluated in each step and the worst one is replaced with a better, which moves the 

solution towards optimum. Advantages of the method are simplicity and finding values close to 

optimum fast. On the other hand, it can be ineffective close to optimum, which makes it hard to find 

the exact optimum.  
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The sequential simplex algorithm was tested by Kim and Rilett for calibration on two different micro-

simulation models. The two models used were a CORSIM model and a TRANSIMS model. Two 

versions of the simplex algorithm were used, fixed simplex algorithm and flexible simplex algorithm. 

In the fixed version, the step size was constant compared to the flexible where the step size varied. 

The models were tested on a section of Interstate 10, Houston, Texas, United States. Both models 
were calibrated manually at first. During the manual calibration, mean absolute square error (MAER) 

was used to measure effectiveness. Due to the large number of computations calibration of all 

parameters would generate, only two parameters, the OD-matrix and     (deceleration probability), 

were calibrated in the TRANSIMS model. In the CORSIM model, the manual calibration was 

performed by changing the values of the car-follo┘iﾐg faItoヴs aﾐd dヴi┗eヴげs aggヴessi┗eﾐess faItoヴ. For 

the simplex based calibration more parameters were identified as calibration parameters, in the 

CORSIM model 19 parameters were used and in the TRANSIMS model three parameters were used. 

The results show that CORSIM had a lower MAER than TRANSIMS after calibration with the simplex 

algorithm, and the other way around for manual calibration. This can be explained by CORSIM having 
a large number of parameters that can be difficult to optimize all at once without computer-based 

method. Results from the calibration show that for the AM peak the simplex based calibration gave 

better results than default values and manual calibration. For off peak traffic, results show that 

manual calibration gives a good enough result. During the off peak hour traffic flow is smaller and 

saturated conditions might not occur. In cases like that, different parameter values might give similar 

results. The authors are positive to the algorithms performance; however there are still issues to 

resolve. The algorithm will also benefit from testing on other networks to determine if the results are 

similar.  
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5 Calibration application 
In order to use the calibration methods as effective and easy as possible, an application for 

calibration of environment factor in SIDRA Intersection has been developed in Excel/VBA. Chapter 5.1 

explains the implementation process, chapter 5.2 explains the functions of the application and 5.3 
show test of the application.   

5.1 Implementation of optimization method 
The first step is to identify and select the real problem. In this project the real problem is finding the 

optimal value of the parameters in the SIDRA Intersection roundabout model. Optimization is 

considered to be a method worth testing for calibration of the model.  

In this case, the model contains a large number of inputs and a few parameters that have different 

ways of affecting capacity, but this project will focus on one over all parameters. The Environment 

factor, described in chapter 3, has been chosen as the most interesting parameter to study, since it is 

described in literature as the most important calibration parameter, and will therefore become 

decision variables in the problem. The choice is based on environment factors being used as an 

overall factor for capacity calibration. Using the environment factor instead of gap-acceptance and 

follow up time gives a more general calibration of the model that takes more aspects into account. 

The result is also more interesting if the goal is to make general conclusions about the model for a 

certain area. Calibrating both environment factor and gap acceptance parameters with an automatic 

calibration procedure is unnecessary since the follow-up headway (  ) is dependent on the 

environment factor according to equation 8. Once the software is set to use user-given gap-

acceptance values changes to the environment factor has no effect on performance. The 

optimization will therefore be limited to the four environment factors, one for each approach. Based 

on the tests which is the basis for figure 10 each environment factor only affects its specific 

approach. After the problem is identified and limited a, simplified problem is created.  

After the problem has been simplified, it can be formulated as an optimization model. Since the goal 

is to minimize the distance between the model output and the observed values the problem is a 

minimization problem. The objective function will therefore be called a cost function. The cost 

function calculates the distance between the model output and the model. The goal is to find a 

version of the settings that gives a cost as small as possible, preferably 0. The cost function uses 
capacity and delay as the performance measures used for comparison. A cost function with more 

than one performance measure yields for a result with higher precision. In order to avoid weight on 

one of the measures, since their magnitude is very different, the values are calculated as percentage. 

The capacity is used since it has a major impact on the performance of the roundabout. There is also 

a strong connection between capacity and the environment factor chosen as calibration parameter. 

Average delay is used based on it being an interesting measure to use for comparison. Average delay 

in SIDRA Intersection is calculated based on all vehicles, queued and unqueued. The mathematical 

relation between average delay and environment factor could be subject to more extensive research. 

This application uses RMSP (root mean square percent error) as cost function. Using a cost function 

┘ith けヴootげ ┘ill gi┗e a ﾏeasuヴe that sensitive to large errors compared to other measures such as 
mean absolute percent error (MAPE). In this case it is good that large errors are weighted since a 

small change to environment factor has effect on capacity and delay.  

The cost function: 

  √∑ 峭(                              )  (                                 ) 嶌                 
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          is the capacity for the i:th approach calculated by the model.            is the observed capacity for the i:th approach.            is the average delay for the i:th approach calculated by the model.             is the observed average delay for the i:th approach.                                                                         
where         symbolises the running the model that requires geometry data, traffic flow data and 

values for environment factor.  

The constraint for the environment factor is the same as the constraint in the software where 

environment factor has to be between 0.5 and 2.                            

Required data in this case is the geometry, the traffic flow, and performance measured of the studied 

roundabout. The geometry contains data of the size of the roundabout, number of approaches and 

lanes, lane width and approach speed. Traffic flow data contains information about how many 

vehicles enter the roundabout and turning proportions and the proportion of heavy vehicles. In order 

to compare the studied roundabout with the output for the model some performance measure is 

necessary. In this case capacity and average delay has been chosen as good performance measure to 

use in comparison. This requires that these values are observed or can be calculated based on 

observed data. 

To get a solution an optimization method is applied to the model. For large and complicated models, 

optimization software can be used. In this project a heuristic method called Differential Evolution 
(DE) will be implemented to solve the problem. The choice of DE is mainly based on it having only a 

few control variables that need to be determined. Storn and Price (1996) also present guidelines on 

what values of the control variables that can be useful. Test performed by Storn and Price has shown 

that DE is a fast, robust search method that performs very well. In the article from 1996, pseudo code 

is provided.   

Differential evolution (Storn & Price 1996) 

The Differential Evolution (DE) algorithm was developed to fulfill the following requirements:  

 Ability to handle non-differentiable, non-linear and multimodal cost functions.  

 Parallelizability used to handle large amounts of computations 

 Few, robust and easy to choose control variables make the method easy to use.  

 Good convergence i.e. consistent convergence to global minimum.  

The DE algorithm has shown to be useful for many different types of optimization problems. 

DE is based on natural evolution. The three main steps used to find the best values for the 

parameters are mutation, crossovers and selection.  

The method uses a NP D-dimensional parameter vector, denoted              , where    is the 

size of the population in each generation ( ), and D is the number of decision variables. The first step 

of the method is to initialize values of the first population. The values should be chosen randomly 

and cover the range of feasible values for each parameter.  
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Mutation 

In the mutation step a mutant vector is generated as follows.               (           )                  

One mutant vector is generated for each              . The index,       and   are all random 

indexes          . All have to be unique and different from  , i.e.           . The variable          is used to control the change of the differential variation              . 

Crossover 

The step is used to change the dispersion of the perturbed parameter vector. It starts with 

introducing a trail vector:                                   . The trail vector is formed by: 

        {                                                                                       

Where         and          is the jth evaluation of a uniform random number generator with 

outcome       . The variable           is called the crossover constant and has to be determined 
by the user. And at last         is a randomly chosen index,       , which ensures that        will 

contain at least one parameter from       . 

Selection 

The last step is selection; this is where it is decided what values that should become members of the 

new generation (   ). The trial vector is compared to target vector and if        gives a cost 

function value that is lower than the cost function value for     ;        will replace the value in       . 

The algorithm contains a few control variables that need to be set by the user: 

 D: The number of parameters in need of optimization 

 NP: The size of each population. Calculated based on D, NP should be between 5*D and 

10*D. It has to be at least 4. 

 F: As initial value, F=0.5 is mostly used. F < 0.4 and F> 1 can sometimes be useful. F and/or NP 

can be increased if the population converges too quickly. 

 CR: The value of CR affects the how fast the problem converges. As initial value 0.1 can be 

used, but it can also be interesting to try 0.9 or 1 to see if the is a chance of a fast solution. 

The solution from the model has to be evaluated. Verification means make sure the solution is 

correct, based on the formulated model. Validation means making sure the model is a good enough 
picture of the real problem. For this purpose a test model has been created, see chapter 5.3. Tests of 

control variables values are presented in chapter 5.4  
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5.2 Technical specification of application 
Through the API provided for SIDRA Intersection, communication with other applications and 

software is possible. The API gives the user access to most input and output data in the model, the 

site structure in the project and methods for running the program. Within the API, classes and 

interface for access to input and output data is provided through the site structure. Communication 

with other software requires a licensed version of SIDRA Intersection. The API specifies access to 

SIDRA Intersection through Visual Basic, C#, Managed Extensions for C++ and C++/CLI. For this project 

Visual Basic will be used, mainly because of the connection to Excel. Some part of the code comes 

from the Excel-application Annual sums, provided by Akcelik and Associates.  

The application requires the user to build a correct model representing the studied roundabout. 
Traffic flow and pedestrians has to be added on all approaches as well as other know aspects of the 

roundabout. The version developed during this project can only calibrate roundabouts with 4 

approaches (1 lane each) and 1 circulating lane. The application is also very limited in error control at 

this point, it is therefore important that the user makes everything correct. 

The application consists of five sheets in Excel; Control, Observations, Results, Start and StartX (see 

figure 15). For a user that is interested in calibrating a model the first three is the most important.  

Control is where the application is run from. The first step is to load the right project file. The control 

sheet has 4 buttons, Open file, Initialize, Process and Print Performance values. At first, the button to 

open a SIDRA project file has to be pressed; then initialize and then the algorithm is run with process. 
At last the resulting performance values can be printed with print performance values. A more 

detailed description of what happens behind the button will follow. 

Observations is where the user has to enter 

the data observed at the studied roundabout. 

The values should be added for each 

approach.  

Results is where the results are shown.  

Start is the print out of the first x values and 

the corresponding values of the cost function. 

StartX contains the initial values of all x. This 
sheet is only used to read the values of x once, 

when the initialize-button is pressed.  

 

 

 

 

 

 

 

Figure 15 User interface of calibration application. 
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Initialize: Figure 16 gives an overview of the functions behind the initialize 

button. This is where the start values of      are read from StartX which 

contains a population of values for environment factor. The size of x is 

determined by the size of the population (NP). When all x values are read, 

each set of environment factor is used to run the model. The cost for each 
set of values is then calculated according to the cost function. When all cost 

function values have been calculated, all values are printed to the sheets 

Results and start. This step is performed to get cost function values to use 

for comparison in the algorithm. 

 

 

Process: Figure 17 describes the functions behind the 

process button. To run the algorithm the Process 

button is used. Due to some limitations in computer 

memory only 10 iterations is performed at a time, 
then process button has to be pressed again. 

The first step performed is to read all values of environment factor and cost 

function for the results-tab. All values are read at the beginning. After storing all 

values in the application, the DE algorithm starts. Mutation and Crossover are 

part of the algorithm. After the crossover step, when new values have been 

created, these values are used to run the SIDRA model. The results from the 

SIDRA model is stored in the application and used to calculated cost function. If 

the new cost function has a lower value than the previous cost function was, the 

new values for environment factor and cost function is saved instead of the old 

values. If that is not the case the old values are kept.  

When the algorithm has performed 10 iterations the results for both cost 

function and environment factor are printed in the results tab. This way these 

values will be read, when the process button is pressed again. 

 

 

 

Print performance values: Figure 18 describes the functions behind the print 

button. When the calibration process is finished this button is used to print 

the performance values for the best values of environment factor. The values 
are read from the results tab and the SIDRA model is run again with these 

values. The performance values are then printed in the results tab. 

Open: The functions behind the open-file-button come from the AnnualSums-

application. Once the button in pressed a window is opened and the user can 

find the right file to choose.  

Figure 16 Flowchart, 

Initialize button. 

Figure 17 Flowchart, 

Process button. 

Figure 18 Flowchart, 

Print button. 
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5.3 Test model for verification and validation 
During implementation of the method a test model has been used. The test model has one 

circulating lane and 4 approaches where right, through and left turns are permitted for all 

approaches. A known traffic flow of 150 veh/h and 10 % heavy vehicles was used for all movements. 

All approaches also have the same geometry and speed (60 km/h). Environment factor was set to 1.0. 

The results from processing the model is saved as observations and presented in table 2.  

The two main reasons for using a test model were making sure the application could find the right 

values and finding suitable values for values of the control variables in the DE algorithm. Since the 

observations and values for environment factor is known, it is possible make sure calibration with the 

application finds the best value. This is also confirmed by the cost function that is 0 when an absolute 
match happens. The control variables are used within the algorithm for adjusting how fast the 

population and the problem convergence. To get the most effective use of the algorithm values 

suitable for this problem needs to be determined. 

 

Table 2 Observation 

Observations 

South Approach 

Capacity 939 veh/h 

Average delay 5.3 s/veh 

East Approach 

Capacity 939 veh/h 

Average Delay 5.3 s/veh 

North Approach 

Capacity 939 veh/h 

Average Delay 5.3 s/veh 

West Approach 

Capacity 939 veh/h 

Average Delay 5.3 s/veh 

 

  

Figure 19 Design of test model. 
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5.4 Test and results 
The number of iterations is determined by how fast the algorithm converges. The graphs show the 

cost function values for all sets of x in each population. For all graphs, the first populations (initial x 

values) cost function values has be ignored due the magnitude of the values. NP has been set to 20 

for all tests.  

Test 1: Test of control variable values: CR=0.1 and F=0.5. In the first test F was set to 0.5 which is a 

good start value according to Storn and Price (1996). The value of CR is also chosen according to 

Storn and Price (1996). A low value of CR should lead to slow convergence.   

Table 3 Results from test 1, 80 iterations. 

Cost 

function 

value 

South 

approach,    

East 

approach,    

North 

approach,    

West 

approach,    

0 1.00 1.00 1.00 1.00 

 

 

Figure 20 Convergence of cost function for test 1. 

 
Figure 20 shows the cost function value for every 10th iteration. The cost function value is small after 

10 iterations and after 30 iterations it is less than 0.02, however it takes 80 iterations for the 

algorithm to complete convergence. Only small changes are made to each value in the end due to 

very small changes of the parameters. 
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Test 2: Test of control variable values: CR=0.1 and F=1. For this test a higher F value has been used. 

Storn and Price (1996) write that higher values of F can be efficient on occasion, therefore F=1 was 

tested.  

Table 4 Results from test 2, 90 iterations. 

Cost 

function 

value 

South 

approach,    

East 

approach,    

North 

approach,    

West 

approach,    

0 1,00 1,00 1,00 1,00 

 

 

Figure 21 Convergence of cost function for test 2. 

 

This test gives a similar result as the previous test. As can be seen in figure 21, the cost function has 

small values already after 10 iterations. However it takes 90 iterations for the cost function and the 

calibration parameters to converge completely. This test shows that a higher F value was not 

effective in this case. 
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Test 3: Test of control variable values: CR=0.9 and F=0.5. With higher CR-value the algorithm can 

converge faster. In this case 0.9 was test.  

Table 5 Results from test 3, 30 iterations. 

Cost 

function 

value 

South 

approach,    

East 

approach,    

North 

approach,    

West 

approach,    

0,007 0,99 0,99 1,00 1,00 

 

 

Figure 22 Convergence of cost function for test 3. 

 

For this test CR was set higher to determine if a quick solution was possible. However the algorithm 
converges too quickly, although the value is very close to zero (see figure 22). For this test all 

environment factors did not reach exactly 1 (see table 5) even though it was close.  
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Test 4: Test of control variable values: CR=0.9 and F=1. In this test high value of both CR and F was 

used.  

Table 6 Results from test 4, 40 iterations. 

Cost 

function 

value 

South 

approach,    

East 

approach,    

North 

approach,    

West 

approach,    

0,030 0,95 0,99 0,98 0,99 

 

 

Figure 23 Convergence of cost function for test 4. 

 

The test has the worst result of all test settings, both in terms of coast function value and parameters 
values. Still, the result is not very far from the right values.  
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Test 5: Test of control variable values: CR=0.5 and F=0.5. Based on the pervious test F=0.5 was 

chosen as a good F value. Since the low CR value converged slowly and the high to fast it was decided 

to test a middle value, hence the choice of CR=0.5. 

Table 7 Results from test 5, 60 iterations. 

Cost 

function 

value 

South 

approach,    

East 

approach,    

North 

approach,    

West 

approach,    

0 1.00 1.00 1.00 1.00 

 

 

Figure 24 Convergence of cost function for test 5. 

 
This test has the best result. It reaches the right value for both the parameters and the cost function 

and requires fewer iterations then the previous tests.  

Results from test: 

The test shows only small difference between the different control variable values. A higher value of 

CR leads to faster convergence and a cost function that is not exactly zero; this can be seen in test 3 

and 4. The number of iterations required differs most depending on the CR value. The test with low 

CR value shows good result but requires a large number of iterations to finish. Therefore the best 

values seem to be CR=0.5, it gives a good result in a reasonable number of iterations. 
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6 Data and models 

6.1 Data collection 
Collecting data can be a time consuming process. The most important step is to make sure that the 

right data is collected. To be able to make comparisons between a model and the observed data the 

same type of data has to be collected. It is preferred if all data is collected at the same time for all 

approaches. The most common and useful data to collect from studies of roundabouts is traffic 

volumes, capacity, delay and queue lengths. Bång et all discussed data collection in roundabouts in 

ざKapacitetsanalys av cirkulationsplatser; Inverkan av CG-trafik och cirkulerande flödeざ from 2012. 

This chapter describes a general approach to data collection, although the data used in this project 
has not necessarily been collected according to the steps described below. 

6.1.1 Traffic flow 

Measurements of traffic flow are used to determine demand and traffic flow under continuously 

queued conditions i.e. capacity. Traffic flow measurement should preferably be performed upstream 

from the roundabout at a point where the queue ends. If the flow is measured at entry, demand 

might be underestimated in cases where conditions are oversaturated. Capacity should be measured 

at the entry during saturated conditions. Traffic flow can be measured in a few different ways: 

Manually: The observer counts all vehicles during the time in question. Measurements should be 

done for suitable time interval (5-15 min) depending on what level off aggregation that is interesting. 

Vehicles are most often categorized according to vehicle type (heavy or light vehicle)  

Detectors: Measurements can also be performed using detectors on the ground. These detectors 

register each passing, and later software can be used to calculate direction, speed, vehicle type and 

distance to other vehicles. Data can also be aggregated to appropriate time intervals 

Video: By videotaping an intersection, manual registration of vehicles can be done afterwards. Also 

different software can be used for video analysis. 

6.1.2 Capacity 

The measured capacity is according to Bång et al (2012) used to: 

 Calculate degree of saturation and reserve capacity 

 Calibration and validation of results from traffic models and simulations 

Measurement of capacity is related to measuring traffic flow and the methods are similar 

Manual: Manual measurements of capacity are performed similar to measurement to traffic flow, 

but the queue length has to be observed at the same time. Capacity measurement requires queued 

(saturated) conditions i.e. queue length longer than 1 vehicle at all times.  

Video: Data collection with video is similar to manual data collection. The great benefit with video is 

that is can be easier to get exact time periods if the intersection is not queued at all times.  
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6.1.3 Queue length and Delay 

The aim of measuring queue length is to use it for calculation of average delay and identification of 

continuously queued time intervals.  

Manual registration of queue length is performed by counting the vehicles in queue at equal time 

interval, e.g. every 30 seconds. Queue length can also be recorded with video, but that requires a 
good observation point since the whole intersection including queues needs to be filmed at once.  

Calculation of a┗eヴage dela┞ aﾐd a┗eヴage ケueue leﾐgth is possiHle usiﾐg a foヴﾏula Ialled Littleげs La┘ 
(called Littleげs ヴule in FHWA 2000ぶ. Littleげs La┘ ┘as fiヴst stated H┞ Johﾐ Little (Chhajed et al. 2008). It 

is a fundamental law used to relate the three key parameters of a queue system to each other. The 

law is general and can be used on a number of different systems.               

Where: L = average number of items in the queuing system, 

  = number of items arriving per unit time, and 

  = average waiting time for an item in the system.  

In a traffic situation slightly different notation can be used for the parameter (FHWA) 

                   

Where:   = average number of vehicles in queue (veh) 

  = entry flow (veh/h), and 

  = average delay (seconds/veh) 

Switching the order of the parameters, this formula can be used to calculated average delay: 
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6.2 Roundabout in Farsta 
The studied roundabout is located in Farsta, south of Stockholm. 

This roundabout is situated where Farstavägen and Hagforsgatan 

connects to road 271 (Magelungsvägen). A large proportion of 

the traffic is through traffic on Magelungsvägen. Hagforsgatan 

has direct connection to residential areas. Farstavägen is a larger 

street leading to Farsta.  

 

The north west approach (Magelungsvägen N) has a zebra 

crossing controlled by traffic lights. During the two hours that 
data was collected the traffic light was used 7 times. Due to this 

low number the traffic light is ignored in the model. At times 

when the light turned red queues formed in the roundabout and on Magelungsvägen (South) but 

they disolved quickly when the light turned green.  

Data used in this project was collected and compiled during October 2006. Data was collected with 

video 2006-11-10 during morning traffic 07.30-09.30. 

 

Figure 26 Design of roundabout (Eniro). 

 

Figure 25 Overview of the 

ヴouﾐdaHoutげs loIatioﾐ ふEﾐiヴoぶ. 
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Table 8 Flow on all approaches. 

Approach Right turn Left turn Through traffic Sum 

Magelungsvägen (South) (Veh/h) 185.5 13.5 424.5 623.5 

Heavy Vehicles (%) 6 0 5 5 

Farstavägen (Veh/h) 43.5 111 11.5 166 

Heavy Vehicles (%) 13 9 4 10 

Magelungsvägen (North) (Veh/h) 4 53 259 316 

Heavy Vehicles (%) - 4 6 6 

Hagforsgatan (Veh/h) 21.5 10.5 23 55 

Heavy Vehicles (%) - - - - 

 

Table 9 Queue length. 

Queue length Average queue length 

(m) 

Average queue length 

(vehicles) 

Magelungsvägen (South) 4.98 0.77 

Farstavägen 2.82 0.43 

Magelungsvägen (North) 4.23 0.65 

Hagforsgatan 0.65 0.10 

 

Table 10 Number of pedestrians and cyclists. 

Pedestrians and cyclists (ped/h) 

Magelungsvägen (South) 11.5 

Farstavägen 4 

Magelungsvägen (North) 0 

Hagforsgatan 12 
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6.2.1 Capacity and delay 

Capacity has to be observed during saturated conditions. Since this the conditions were never 

saturated the capacity has been estimated in a Capcal model. Delay is calculated based on queue 

length. Chapter 6.1.3, equation 23, explains the relationship between queue length and delay. 

Table 11 Capacity estimated in Capcal and delay. 

 Capacity per approach 

(veh/h) 

Delay 

Magelungsvägen S 1469 4.4 

Farstavägen 1115 9.4 

Magelungsvägen N 1414 7.4 

Hagforsgatan 1200 6.5 
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7 Calibration results and comparison 

7.1 Manual calibration of gap acceptance parameters 
The manual calibration of the Farsta model follows the steps from chapter 5.1. The follow-up 

headway and critical gap is calibrated using observed and estimated capacity.               ⁄             

where     = original follow-up headway,   = capacity estimated by model, and    = the observed 

capacity.        (     ⁄ )            

where    =original critical gap,    = the adjusted value of follow-up head way, and     = original follow-

up headway. 

Table 12 Initial values before calibration. 

Approach Observed 

capacity,     Model estimated 

capacity    Follow-up 

headway     Critical gap,    

Magelungsvägen S 1469 1612 2.13 2.65 

Farstavägen 1115 1246 2.19 2.46 

Magelungsvägen N 1414 1502 2.19 2.69 

Hagforsgatan 1200 1328 2.11 2.38 

 

Table 13 Gap-acceptance parameters after third iteration. 

Approach Follow-up headway,       Critical gap,     Model estimated 

capacity    
Magelungsvägen S 2.32 2.88 1466 

Farstavägen 2.32 2.60 1111 

Magelungsvägen N 2.31 2.82 1415 

Hagforsgatan 2.31 2.60 1199 

 

These values are close enough to the observations to stop the algorithm; better result requires more 

details of critical-gap and follow-up headway. The difference is only a few vehicles/h which is a small 

part of the total capacity.  
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7.2 Manual calibration of environment factor 
This section explains a test of performing manual calibration using the environment factor. The 

following formula was used to calculate new values of environment factor              ⁄             

Table 14 Initial values before calibration. 

Approach Observed 

capacity,     Model estimated 

capacity    Environment 

factor    

Magelungsvägen S 1469 1612 1 

Farstavägen 1115 1246 1 

Magelungsvägen N 1414 1502 1 

Hagforsgatan 1200 1328 1 

 

Table 15 Environment factor after fourth iteration. 

Approach Environment factor    Capacity   

Magelungsvägen S 1.12 1473 

Farstavägen 1.09 1116 

Magelungsvägen N 1.06 1418 

Hagforsgatan 1.08 1207 

 

These values are close to the observations values and for some there has not been any change for 
the last iterations. The only one that will change is the capacity for Hagforsgatan, where the best 

value is right between 1.08 and 1.09. 

 

 

 

 

 

  



Calibration results and comparison 

61 

0,27

0,275

0,28

0,285

0,29

0,295

0,3

0 20 40 60 80

Cost function value for every 10th iteration 

10

20

30

40

50

60

7.3 Automatic calibration 
The automatic calibration procedure has been tested with real world data from the roundabout in 

Farsta. The observations that will be used for the calibration process are presented in table 11 and 12 

in the previous chapter.  

Based on the tests in chapter 5.3, the control values were given the following values; CR=0.5 F=0.5. 

These values proved to give fast convergences in combination with a good result. The model required 

60 iterations to converge, both in the test case and real data case.  

Table 16 Cost function and parameter values after calibration. 

Cost 

function 

value 

Magelungs-

vägen S,    

Farsta-

vägen,    

Magelungs-

vägen N,    

Hagforsgatan,    

0,275465 1,124 1,091 1,063 1,085 

 

 

Table 17 Results from automatic calibration. 

Results for automatic calibration 

Magelungsvägen S 

Capacity 1469 

Delay 7.1 

Farstavägen 

Capacity 1115 

Delay 5.2 

Magelungsvägen N 

Capacity 1414 

Delay 6.6 

Hagforsgatan 

Capacity 1200 

Delay 5.6 

 

Calibration with the automatic method reaches the exact same capacity as the observation, but 

requires three decimals of environment factor to get there. As can be seen in figure 27 the algorithm 

gets close to convergence fast, but still requires several iterations to reach full convergence.  

 

 

Figure 27 Convergence of cost function after 60 iterations. 
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7.4 Comparison 

This chapter will present a comparison of the three calibration methods used in previous chapter. 

Each method will be compared with the observations from chapter 6.2.  

The first table (table 18) shows the results from all three calibration methods and the difference to 

the observations.  

Table 18 Comparison of results from manual calibration. 

 Observations Results of 

manual 

calibration 

(gap) 

Diff. Results of 

manual 

calibration 

(  ) 

Diff. Results of 

automatic 

calibration 

(  ) 

Diff 

Magelungsvägen S       

Capacity 1469 1466 3 1473 4 1469 0 

Avg. delay 4.4     7.1 2.7 

Farstavägen       

Capacity 1115 1111 4 1116 1 1115 0 

Avg. delay 9.4     5.2 4.2 

Magelungsvägen N       

Capacity 1414 1415 1 1418 4 1414 0 

Avg. delay 7.4     6.6 0.8 

Hagforsgatan       

Capacity 1200 1199 1 1193 7 1200 0 

Avg. delay 6.5     5.6 0.9 

 

After the manual calibration, both for calibration with gap-acceptance parameters and with 

environment factor, model output is very close to the observations. The difference is small both 

compared to the observations and the results of the two methods compared with each other. A 

difference of only 1 vehicle is less than 0.1% of the total capacity. The manual calibration of 

environment factor reaches the same values of environment factor as the automatic calibration 
method. The manual calibration of gap-acceptance parameters shows an increase of critical gap and 

follow-up time for all approaches which is consistent with the increase of environment factor. 

Increasing follow-up time and critical gap or environment factor gives a model that is more restricted 

with lower capacity than before. The results from the automatic calibration show that the model 

output is close to the observed values. The capacity is exactly the same value, while there is a 

difference in the average delay. The difference is largest for the East approach of the roundabout. 

This is also the approach with the highest observed delay, which can seem strange due to the small 

amount of queued vehicles during the observation period.  
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Table 19 Cost function and parameter values after calibration. 

 Cost 

function 

value 

Magelungs-

vägen S,    

Farstavägen,    

Magelungs-

vägen N,    

Hagfors-

gatan,    

Manual 

calibration of    

 1,12 1,09 1,06 1,08 

Automatic 

calibration of     

0,275 1,124 1,091 1,063 1,085 

 

Environment factor has been increased on all approaches, however to get the exact match in 

capacity high precision of environment factor were required. Table 19 and 20 show increases in both 

environment factor and follow-up headway and critical gap. This yields for a decreased capacity on all 

approaches, which is consistent with the model overestimating capacities for the start.  

Table 20 Comparison of follow-up headway, manual calibration 

Approach Follow-up 

headway,      
after 3 

iterations 

Difference 

(increase) 

Critical gap,      after 3 

iterations 

Difference 

(increase) 

Magelungsvägen S 2.32 0.19 2.88 0.23 

Farstavägen 2.32 0.13 2.60 0.14 

Magelungsvägen N 2.31 0.12 2.82 0.13 

Hagforsgatan 2.31 0.20 2.60 0.22 

 

Over all, all three methods for calibration performed good with similar results. Only the automatic 

calibration procedure reaches zero difference to capacity measurement, but to achieve this three 

decimals on environment factor are needed.  
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8 Test with different types of model 
In order to more thoroughly investigate the possibility of finding a national value for environment 

factor a few other versions of the Farsta-model has been tested. The same traffic data as in the 

original Farsta-model has been used in all tests. The capacity has, as in the previous test, been 
estimated with a Capcal model. The only performance measure used for comparison in these tests 

has been capacity, since no other observations exist. All models have also been tested with 

environment factor set to 1.1. The choice of 1.1 was based on results from previous tests and studies 

from Norway. The calibration has been performed with the manual method for calibrating 

environment factor described in chapter 4.1.1. 

Four different cases were tested: 

 Case 1: Original Farsta model 

 Case 2: The Farsta model with 2 entering lanes on all approaches and 2 circulating lanes, 

same traffic flow as the original model.  

 Case 3: A model with smaller diameter (20 m), but otherwise all characteristics similar to the 

Farsta model.  

 Case 4: A model with smaller diameter and 2 approaching and circulating lanes, but all other 

characteristics are the same as in the Farsta model.  

Case 1: Original model 

Table 21 Results for case 1. 

Approach Observed 

capacity  

Capacity 

after 

calibration  

Environment 

factor after 

calibration  

Capacity 

with        

Magelungsvägen S 1469 1473 1.12 1495 

Farstavägen 1115 1116 1.09 1104 

Magelungsvägen N 1414 1418 1.06 1366 

Hagforsgatan 1200 1207 1.08 1179 

 

This test shows that 1.1 could be a good enough value for environment factor. The capacity 

estimated by the model with environment factor set to 1.1 differs between 1% and 3% from the 

observed capacity.  

  



Test with different types of model 

65 

Case 2: Two-lane model 

Table 22 Results for case 2. 

Approach Observed 

capacity  

Capacity 

after 

calibration  

Environment 

factor after 

calibration  

Capacity 

with        

Magelungsvägen S 1410 1383 1.03 1359 

1482 1515  1453 

Farstavägen 1173 1194 1.10 1193 

1016 932  931 

Magelungsvägen N 1348 1328 1.04 1294 

1420 1437  1352 

Hagforsgatan 1092 1131 1.13 1148 

1251 1208  1249 

 

The result shows more difficulty with finding good values for environment factor for a two-lane 

roundabout, since the value is set on approach level. For all approaches, one lane has overestimated 

capacities and one lane has underestimated; this can make it difficult to find a good value suitable for 

both lanes. However, the result is partially similar to the previous test; environment factor is 

increased slightly for all approaches. This test also shows that 1.1 could be a good enough value, the 

difference between the observed capacity and the model estimated is fairly small, up to 8% of 

observed capacity. The differences are larger for the two-lane model than the one-lane model.  

 

Case 3: One-lane smaller model 

Table 23 Results for case 3. 

Approach Observed 

capacity  

Capacity 

after 

calibration  

Environment 

factor after 

calibration  

Capacity 

with        

Magelungsvägen S 1458 1452 0.98 1320 

Farstavägen 1053 1054 0.98 908 

Magelungsvägen N 1387 1389 0.93 1172 

Hagforsgatan 1126 1128 0.98 975 

 

As in the first test, with a one lane model, the manual calibration of the model gives a result very 

similar to the observations. However, the values for environment factor are not similar to the results 

from the previous tested methods. For this type of roundabout the model has instead 

underestimated the capacity compared to the other test. In this case 1.1 is not the best value overall. 

The capacity is from the model with environment factor set to 1.1 differs up to 15% from the 

observed capacity.  
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Case 4: Two-lane smaller Farsta model 

Table 24 Results for case 4. 

Approach Observed 

capacity  

Capacity 

after 

calibration  

Environment 

factor after 

calibration  

Capacity 

with        

Magelungsvägen S 1395 1372 0.92 1270 

1466 1488  1263 

Farstavägen 1108 1169 0.96 980 

959 914  779 

Magelungsvägen N 1322 1309 0.92 1149 

1393 1391  1145 

Hagforsgatan 1021 1087 1.05 1030 

1169 1094  1030 

 

For the two-lane smaller model, the results are similar as for the one lane smaller model. The best 

value for environment factor is, for 3 of 4 approaches, lower than the original value which point to 

the model underestimating capacity at the beginning. Just like the pervious test, 1.1 is not a good 

value for environment factor in this case. The difference between the observed capacity and the 

capacity estimated with environment factor set to 1.1 is up to 20% of the observed capacity.  

Conclusions: These tests show a significant difference in the model output depending on the size of 

the roundabout. For the two larger versions of the roundabout, the SIDRA model overestimates 

capacity at the start. The calibration process shows good value for environment factor between 1.04 
and 1.13. These test points to 1.1 could be a useful value for the large types of roundabouts. For the 

smaller roundabout the SIDRA model has instead underestimated the capacity. The spread of 

suitable values for environment factor is also larger, than for the larger roundabouts, form 0.92 to 

1.05. For the smaller roundabouts 1.1 is not a good value.  

One important aspect is the fact that the observed capacity is estimated by a Capcal model. The two 

models might have different methods for what impacts capacity and how it is calculated.  
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9 Analysis and Discussion  
This project has tested three different methods for calibrating roundabout models in SIDRA 

Intersection. All three models performed well and gave good results both compared to the 

observations and the each other. The most effective method, in terms of quality of results and time 
required to perform the calibration, was the manual method for calibration of environment factor. 

The automatic calibration, implemented in the application, gave a better result in terms of precision 

but required a large amount of iterations. Due to the nature of the problem, how the environment 

factor affects the capacity, calibration based on optimization is not necessarily the best choice of 

calibration method for this kind of problem. The result from the calibration of the environment factor 

is similar to the Norwegian value of for environment factor (1.1) however, since the data used was 

partially simulated conclusions about suitable values are not fully supported.    

Calibration with environment factor can be used to make general conclusions about the model for an 

area (state, country etc.) although there can be problems with using one specific value for a whole 

country for example regional difference in driver behavior and weather conditions. Using 
environment factor as calibration factor also requires less knowledge about the model, something 

that can be useful for users that do not know exactly how the model works. According to figure 10 

the environment factor affects almost exclusively the approach it is changed for i.e. changes to the 

environment factor for the south approach has no effect on the performance for the other 

approaches. Based on that, the calibration process could be seen as four line search problem where 

each environment factor is changed individually. Judging by the graph (figure 10) even educated 

guesses or trial and error could be used to find suitable values for environment factor. Tests in this 

project indicate a change in the capacity with about 10% when environment factor is changed from 1 

to 1.1. Based on that, an educated guess of environment factor value should not be too hard. The 

range of interesting values should be within 1.0±0.2.  

One main issue with the result from the tested methods is the data used for testing. Since the 

capacity was estimated with another model no real conclusion about suitable values for the test site 

can be drawn. This, in combination with that data from only one site was used for testing, makes it 

impossible to draw any conclusions about suitable values of environment factor for Swedish 

conditions. In order to confirm the results of the methods all three needs to be tested with at least 

one more dataset. The data used for testing was also a few years old and somewhat incomplete. The 

main reason to use this data anyway was lack of time to collect more data.  

The performance of the automatic calibration application depends on the cost function used in the 

optimization algorithm. Since the cost function consists of two main measures, in this case capacity 

and average delay, the chance of finding setting for environment factor that makes both measure 
exactly the same as the observed value is fairly small. In this case the root mean square percent error 

was used to get equal weight on both measures. If no weight at all is applied, capacity will take over 

since the magnitude of the values is very different. In this project only one type of cost function has 

been tested. There is therefore no guarantee to how the application will perform with another type 

of cost function. Looking back another cost function could be interested to test, however the values 

of the cost function are only compared to other values of the cost function. There is always a risk of 

trying to give an exact answer to computations done with several estimated or uncertain parameters. 

In this case calibrating environment factor with 3 decimals is not relevant to the level of detail of the 

data.  
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Since the most effective method proved to be manual calibration of environment factor an 

implementation of that method has been performed as well. This way that method will also be 

さautoﾏatiIざ Hut ﾐot Hased oﾐ optiﾏizatioﾐ. A siﾏilaヴ E┝Iel-application as the one for optimization 

calibration has been created for the "manual" calibration of environment factor. This application has 

the similar design with only a few changes. In this case, the Initialize button has been removed and 
the method is run right away by pressing Process. Making the method automatic requires a stop 

criterion; in the implementation the maximum allowed difference between the model estimated 

capacity and the observed capacity is less than 1%. This gives a fast and efficient method with a good 

result. The level of detail in the observed data has significant impact on the performance and results 

of all three methods. In order to perform the calibration with a good level of detail, to make the 

results interesting, a high level of detail is required in the observations.  

The tests in chapter 8 show difficulties in making conclusions about one suitable value for all types of 

roundabouts. The resulting values for environment factor for the two larger roundabouts are similar 

and in those cases it could be possible to find a general value, and 1.1 could be useful. However the 
results for the smaller roundabouts are not that consistent with the other tests and 1.1 is not a good 

value for those. More test are required to make general conclusions but these small test shows that 

there can be a problem with finding one value that could suit all types of roundabout in one country. 

The environment factor is set for each approach and not for each lane, which leads to the capacity 

for an approach can be both overestimated and underestimated depending on what lane is studied. 

As previously stated there is an issue with the observed capacities in this case to. Since the capacities 

are estimated with another model, there can be differences in how the two models calculate 

capacities in two-lane roundabouts and in small roundabouts.  

10 Conclusion and Future work 
This project has proven all three test method to give an equally good result, with small difference in 
precision. Although the automatic calibration method preformed slightly better in terms of precision 

the most effective method is the manual calibration of environment factor. Tests have also been 

performed with 4 models of different types of roundabouts, in order to draw conclusions about 

general value for environment factor for all kinds of roundabouts. These tests show significant 

differences for environment factor concerning small roundabouts compared to larger roundabouts 

and that problems can occur with setting environment factor for two-lane approaches.  

The main contribution for this project is the two applications for calibration of environment factor 

that can be used to calibrate roundabout models in SIDRA Intersection. The application can be used 

to more thoroughly investigate the possibility of a general value for Swedish conditions although 

some experiments performed with several different types of models have shown difficulties with 
finding general values for larger areas. Since SIDRA is calibrated for Australian conditions as default, it 

would be interesting to do more extensive research in to the subject of calibration for other 

countries. Projects like that would require large amount of data from all kinds of sites.  

The main aspect to start with if more work would be done in this field would be to collect data and 

test the applications without simulated data. If this shows a good result, data for more sites with 

different geometry should be collected and tested. The application also needs to be developed to 

handle roundabouts with more than one lane.  
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Appendix な. VBA code 
Option Explicit 

 

Global si5_api As SIAPI 
Global fso As Object 

Global sFilename As Variant 

Global tempFilename As Variant 

 

'From Annual Sums 

Sub Clear() 

    si5_api.CloseProject 

    Kill tempFilename 

    tempFilename = "" 

End Sub 
 

 

'From Annual Sums 

Function FileExists(ByVal FileSpec As String) As Boolean 

    Dim Attr As Long 

    ' Guard against bad FileSpec by ignoring errors 

    ' retrieving its attributes. 

    On Error Resume Next 

    Attr = GetAttr(FileSpec) 

    If Err.Number = 0 Then 
        ' No error, so something was found. 

        ' If Directory attribute set, then not a file. 

        FileExists = Not ((Attr And vbDirectory) = vbDirectory) 

    End If 

End Function 

 

 

'From Annual Sums 

Sub OpenFile() 

    Dim sFilter As String 
    Dim sTitle As String 

    Dim FilterIndex As Integer 

    Dim ws_control As Worksheet 

    Dim success As Boolean 

    success = True 

     If success Then 

        ' file filters 

        sFilter = "SIDRA INTERSECTION Files (*.sip),*.sip " 

                ' (*.sip),*.sip," & 
                ' "All Files (*.*),*.*" 

        ' default filter to *.sip 

        FilterIndex = 1 

        ' set dialog caption 

        sTitle = "Select a SIDRA INTERSECTION Project file to open" 

        sFilename = Application.GetOpenFilename(sFilter, FilterIndex, sTitle) 
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        If (sFilename <> False) Then 

            If tempFilename <> "" Then Clear 

            ' work with temporary file 

            Set fso = CreateObject("Scripting.FileSystemObject") 

            Dim shell As Object 
            Set shell = CreateObject("WScript.Shell") 

            Dim tempFolder As String 

            tempFolder = shell.ExpandEnvironmentStrings("%TEMP%") 

            tempFilename = fso.GetTempName 

            tempFilename = tempFolder & "\" & tempFilename 

            fso.CopyFile sFilename, tempFilename, True 

            SetAttr tempFilename, vbNormal 

            Set ws_control = Application.ActiveWorkbook.Worksheets("Control") 

            ws_control.Range("SI5ProjectPath").value = sFilename 
            ws_control.Cells(62, 1).value = "No errors found" 

            ws_control.Cells(62, 1).Font.Color = vbBlack 

        Else 

            If tempFilename = "" Then MsgBox "No file was selected." 

        End If 

    End If 

End Sub 

 

 

Sub Process() 
    Set si5_api = New SIAPI 

    si5_api.OpenProject (tempFilename) 

    If (tempFilename = "") Then 

        MsgBox "No Sites have been selected. Open a SIDRA INTERSECTION Project and select Sites." 

        Exit Sub 

    End If 

    Dim ws_control As Worksheet 

    Set ws_control = Application.ActiveWorkbook.Worksheets("Control") 

    Dim sitesEnum As ISIAPIEnumerable 

    Dim Project As SIAPIProject 
    Dim Site As SIAPISite 

    Dim siteIndex As Integer 

    Set Project = si5_api.Project 

    Set sitesEnum = Project.Sites 

    Call DE(Project) 

End Sub 

 

Sub Init() 

    Set si5_api = New SIAPI 

    si5_api.OpenProject (tempFilename) 
      If (tempFilename = "") Then 

        MsgBox "No Sites have been selected. Open a SIDRA INTERSECTION Project and select Sites." 

        Exit Sub 

    End If 

    Dim sitesEnum As ISIAPIEnumerable 

    Dim Project As SIAPIProject 

    Dim Site As SIAPISite 

    Dim siteIndex As Integer 
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    Set Project = si5_api.Project 

    Set sitesEnum = Project.Sites 

    Dim x(19, 3) As Single '20*4 parameters 

    Dim x2(19, 3) As Single '20*4 parameters 

    Dim trial(3) As Single '4 parameters 
    Dim cost(19) As Single '20 startinstanses 

    Dim q As Integer 

    Dim q2 As Integer 

    Dim temp(3) As Single 

    Dim ws As Worksheet 

    Set ws = Application.ActiveWorkbook.Worksheets("startX") 

    Call initx(x(), ws) 

    Call initCost(cost(), ws) 

    Call initTrial(trial(), ws) 
    For q = 0 To UBound(cost) 

        For q2 = 0 To 3 

            temp(q2) = x(q, q2) 

        Next 

        cost(q) = EvaluateParameters(temp(), Project) 

    Next 

    Dim ws_start As Worksheet 

    Set ws_start = Application.ActiveWorkbook.Worksheets("start") 

    Call FillRow(ws_start, cost(), x(), trial()) 

    Set ws_start = Application.ActiveWorkbook.Worksheets("resultat") 
    Call FillRow(ws_start, cost(), x(), trial()) 

End Sub 

 

 

Private Sub DE(Project As SIAPIProject) 

        Dim count As Integer 

    Dim gen_max As Integer 'Number of iterations 

    Dim NP As Integer 'size of population 

    Dim A As Integer 

    Dim B As Integer 
    Dim C As Integer 

    Dim j As Integer 

    Dim D As Integer 'number of parameters 

    Dim x(19, 3) As Single '20*4 parameters 

    Dim x2(19, 3) As Single '20*4 parameters 

    Dim trial(3) As Single '4 parameters 

    Dim cost(19) As Single '20 startinstanses 

    Dim CR As Single 'DE control variable 

    Dim F As Single 'DE control variable 

    Dim score As Single 'cost function value 
    Dim Index As Integer 

    Dim m As Integer 

    Dim i As Integer 

    Dim k As Integer 

    F = 0.5 

    CR = 0.5 

    D = 3 

    count = 0 
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    gen_max = 10 

    NP = 19 

    Dim ws As Worksheet 

    Set ws = Application.ActiveWorkbook.Worksheets("resultat") 

    Call initx(x(), ws) 
    Call initCost(cost(), ws) 

    Call initTrial(trial(), ws) 

  

    While count < gen_max 

        For Index = 0 To NP 

            While A = Index 

                A = Int((NP - 0 + 1) * Rnd) 

            Wend 

            
            While B = Index Or B = A 

                B = Int((NP - 0 + 1) * Rnd) 

            Wend 

             

            While C = Index Or C = A Or C = B 

                C = Int((NP - 0 + 1) * Rnd) 

            Wend 

            j = Int((D - 0 + 1) * Rnd) 

            For k = 0 To D 

                If Rnd < CR Or k = D Then 
                    trial(j) = x(C, j) + F * (x(A, j) - x(B, j)) 

                Else 

                    trial(j) = x(Index, j) 

                End If 

                j = (j + 1) Mod (D + 1) 

            Next 

 

            score = EvaluateParameters(trial(), Project) 

            If score <= cost(Index) Then 

                For m = 0 To D 
                    x2(Index, m) = trial(m) 

                    cost(Index) = score 

                Next 

            Else 

                For m = 0 To D 

                    x2(Index, m) = x(Index, m) 

                Next 

            End If 

        Next 

 
        For i = 0 To NP 

            For j = 0 To D 

                x(i, j) = x2(i, j) 

            Next 

        Next 

        count = count + 1 

    Wend 
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    Dim ws_resultat As Worksheet 

    Set ws_resultat = Application.ActiveWorkbook.Worksheets("resultat") 

    Call FillRow(ws_resultat, cost(), x(), trial()) 

End Sub 

 
 

'Partially from Annual Sums 

Private Sub FillRow(ws As Worksheet, cost() As Single, x() As Single, trial() As Single) 

    Dim i As Integer 

    Dim j As Integer 

    ws.Unprotect 

        For i = 0 To 19 

        ws.Cells(i + 2, 2).value = cost(i) 

                For j = 0 To 3 
            ws.Cells(i + 2, j + 3).value = x(i, j) 

            ws.Cells(27, j + 2).value = trial(j) 

        Next 

    Next 

End Sub 

 

 

Private Function EvaluateParameters(trial() As Single, Project As SIAPIProject) As Single 

        Dim Site2 As SIAPISite 

    Set Site2 = Project.Sites.GetSiteByID(0) 
    Dim EF1 As Single 

    Dim EF2 As Single 

    Dim EF3 As Single 

    Dim EF4 As Single 

    Dim newobs(11) As Single 

        Dim p As Integer 

    Dim l As Integer 

    For p = 0 To UBound(newobs) 

        newobs(p) = 0 

    Next 
        For l = 0 To 3 

        If trial(l) < 0.5 Then 

            trial(l) = 0.5 

        End If 

        If trial(l) > 2 Then 

            trial(l) = 2 

        End If 

      Next 

     

    Site2.Legs.Item(0).Leg_roundabout.Environment_factor = trial(0) 
    Site2.Legs.Item(2).Leg_roundabout.Environment_factor = trial(1) 

    Site2.Legs.Item(4).Leg_roundabout.Environment_factor = trial(2) 

    Site2.Legs.Item(6).Leg_roundabout.Environment_factor = trial(3) 

    Dim test As Boolean 

    test = True 

    test = Site2.Process() 
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    If test = True Then 

        newobs(0) = Round(Site2.Outputset.OutputLegs.Item(0).Capacity_mov_total, 0) 

        newobs(1) = Round(Site2.Outputset.OutputLegs.Item(2).Capacity_mov_total, 0) 

        newobs(2) = Round(Site2.Outputset.OutputLegs.Item(4).Capacity_mov_total, 0) 

        newobs(3) = Round(Site2.Outputset.OutputLegs.Item(6).Capacity_mov_total, 0) 
        newobs(4) = Round(Site2.Outputset.OutputLanes.Item(0, 1).Delay_n, 1) 

        newobs(5) = Round(Site2.Outputset.OutputLanes.Item(2, 1).Delay_n, 1) 

        newobs(6) = Round(Site2.Outputset.OutputLanes.Item(4, 1).Delay_n, 1) 

        newobs(7) = Round(Site2.Outputset.OutputLanes.Item(6, 1).Delay_n, 1) 

        Dim value As Single 

        Dim value2 As Single 

        Dim ws As Worksheet 

        Set ws = Application.ActiveWorkbook.Worksheets("Observations") 

        Dim obs(11) As Single '12 observationsvärden 
        Call initObservations(obs(), ws) 

            value = ((newobs(0) - obs(0)) / obs(0)) ^ 2 + ((newobs(1) - obs(1)) / obs(1)) ^ 2 + ((newobs(2) - 

obs(2)) / obs(2)) ^ 2 + ((newobs(3) - obs(3)) / obs(3)) ^ 2 

        value2 = ((newobs(4) - obs(4)) / obs(4)) ^ 2 + ((newobs(5) - obs(5)) / obs(5)) ^ 2 + ((newobs(6) - 

obs(6)) / obs(6)) ^ 2 + ((newobs(7) - obs(7)) / obs(7)) ^ 2 

        EvaluateParameters = Sqr((value + value2) / 8) 

    End If 

End Function 

 

 
Sub initx(x() As Single, ws As Worksheet) 

    Dim i As Integer 

    Dim j As Integer 

        For i = 0 To 19 

        For j = 0 To 3 

            x(i, j) = ws.Cells(i + 2, j + 3).value 

        Next 

    Next 

End Sub 

 
 

Sub initCost(cost() As Single, ws As Worksheet) 

    Dim i As Integer 

    Dim j As Integer 

     

    For i = 0 To 19 

            cost(i) = ws.Cells(i + 2, 2).value 

    Next 

End Sub 

 
 

Sub initTrial(trial() As Single, ws As Worksheet) 

    Dim j As Integer 

         

    For j = 0 To 3 

        trial(j) = ws.Cells(27, j + 2).value 

    Next 

End Sub 
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Sub initObservations(obs() As Single, ws As Worksheet) 

    obs(0) = ws.Cells(3, 2).value 

    obs(1) = ws.Cells(8, 2).value 

    obs(2) = ws.Cells(13, 2).value 

    obs(3) = ws.Cells(18, 2).value 
    obs(4) = ws.Cells(4, 2).value 

    obs(5) = ws.Cells(9, 2).value 

    obs(6) = ws.Cells(14, 2).value 

    obs(7) = ws.Cells(19, 2).value 

    obs(8) = ws.Cells(5, 2).value 

    obs(9) = ws.Cells(10, 2).value 

    obs(10) = ws.Cells(15, 2).value 

    obs(11) = ws.Cells(20, 2).value 

     
End Sub 

 

 

Sub PrintPerformanceValues() 

    Set si5_api = New SIAPI 

    si5_api.OpenProject (tempFilename) 

    Dim sitesEnum As ISIAPIEnumerable 

    Dim Project As SIAPIProject 

    Dim Site2 As SIAPISite 

    Set Project = si5_api.Project 
    Set sitesEnum = Project.Sites 

    Set Site2 = Project.Sites.GetSiteByID(0) 

    Dim temp(3) As Single 

    Dim ws As Worksheet 

    Set ws = Application.ActiveWorkbook.Worksheets("resultat") 

     temp(0) = ws.Cells(2, 3).value 

    temp(1) = ws.Cells(2, 4).value 

    temp(2) = ws.Cells(2, 5).value 

    temp(3) = ws.Cells(2, 6).value 

     Site2.Legs.Item(0).Leg_roundabout.Environment_factor = temp(0) 
    Site2.Legs.Item(2).Leg_roundabout.Environment_factor = temp(1) 

    Site2.Legs.Item(4).Leg_roundabout.Environment_factor = temp(2) 

    Site2.Legs.Item(6).Leg_roundabout.Environment_factor = temp(3) 

        If Site2.Process() = True Then 

        Set ws = Application.ActiveWorkbook.Worksheets("resultat") 

        ws.Cells(3, 11).value = Round(Site2.Outputset.OutputLegs.Item(0).Capacity_mov_total, 0) 

        ws.Cells(8, 11).value = Round(Site2.Outputset.OutputLegs.Item(2).Capacity_mov_total, 0) 

        ws.Cells(13, 11).value = Round(Site2.Outputset.OutputLegs.Item(4).Capacity_mov_total, 0) 

        ws.Cells(18, 11).value = Round(Site2.Outputset.OutputLegs.Item(6).Capacity_mov_total, 0) 

        ws.Cells(4, 11).value = Round(Site2.Outputset.OutputLanes.Item(0, 1).Delay_n, 1) 
        ws.Cells(9, 11).value = Round(Site2.Outputset.OutputLanes.Item(2, 1).Delay_n, 1) 

        ws.Cells(14, 11).value = Round(Site2.Outputset.OutputLanes.Item(4, 1).Delay_n, 1) 

        ws.Cells(19, 11).value = Round(Site2.Outputset.OutputLanes.Item(6, 1).Delay_n, 1) 

    End If 

End Sub 
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Appendix に. Software input and output 
SIDRA Intersection has a number of input parameters to the model. Several dialogue boxes can be 

opened to add data. The output from SIDRA is displayed in a number of tables or graphs. 

Input  

Intersection: In the intersection dialog box the geometry and design for the intersection is set. This is 

also where the unit time for volumes and the length of the peak flow period is controlled.  

Table 25 Input parameters intersection 

Intersection Parameter Default Value 

Intersection Unit time for Volumes 60 minutes 

 Peak Flow period 30 minutes 
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Geometry: Here is each approach gets its geometric design. Lanes can be added, removed or changed 

and turning movements are specified. This is also where the roundabout data i.e. island diameter, 

circulating width and number of circulating lanes is set and the calibration parameters environment 

factor and entry/circulating flow adjustment factor can be changed. 

Table 26 Input parameters Geometry 

Geometry Parameter Default Value 

Approach data Median *unchecked 

 Extra Bunching 0% 

Roundabout data Island Diameter 30m 

 Circulating Width 10m 

 Circulating Lanes 2 

 Entry Radius 20,0 m 

 Entry Angle 30,0 degrees 

Calibration Environment Factor 1,0 

 Entry/circulation flow adjustment Medium 

Lane & Movements Lane type Normal 

 Short Lane None 

 Lane Length 500m 

Lane Data Lane width  4m 

 Grade 0% 

 Basic Saturation Flow 1950 tcu/h 

 Utilization Ratio *unchecked 

 Saturation Speed  *unchecked 

 Capacity Adjustment 0,0% 
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Volume: In the volume dialog box the traffic volume on all turning movements is set. This is also 

where the percentage of heavy vehicle and the value for peak flow factor can be changed. Other 

available volume factors are vehicle occupancy, flow scale and growth rate.  

Table 27 Input parameters volumes 

Volumes Parameter Value 

Volumes Total(veh) 1 veh 

 HV(%) 0% 

Volume Factors Peak Flow Factor 95% 

 Vehicle Occupancy 1,2 pers/veh 

 Flow Scale (constant)  100,0% 

 Growth Rate 2 %/year 

 

Path data: This is where approach and exit cruise speed is specified. Negotiation speed and distance, 

downstream distance and negotiation radius are optional to specify for the user. 

Table 28 Input parameters path data 

Path Data Parameter Value 

Movement Path data Approach cruise speed 60 km/h 

 Exit cruise speed 60 km/h 

 Approach Travel Distance 500m 

 Negotiation Speed *unchecked 

 Negotiation Distance *unchecked 

 Downstream Distance *unchecked 

 Negotiation Radius *unchecked 
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Movement data: In movement data, queue space, vehicle length and heavy vehicle equivalent for 

gap acceptance can be specified. 

Table 29 Input parameters movement data 

Movement data Parameter Value 

Movement data Queue Space (LV) 7,0m 

 Queue Space (HV) 13,0m 

 Vehicle length(LV) 4,5m 

 Vehicle length (HV) 10,0m 

 HVE (Gap Acceptance) 2 

 Prac. Deg. Satn. *unchecked 

 

Gap acceptance data: The user can specify if it is interested in providing own values for gap 

acceptance data. When the user-given parameters box is checked SIDRA uses parameter given by the 

user otherwise the model estimates values. Minimum departures and exit flow effect is also set in 
this dialog box. 

Table 30 Input parameters gap-acceptance 

Gap Acceptance Parameters Value 

Gap Acceptance Data User-given parameter (Critical Gap 

and Follow up headway) 

*unchecked 

 Minimum Departures 2,5 veh/min 

 Exiting Flow Effect 0% 
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Pedestrian: For pedestrians it is possible to define which approaches that are affected by pedestrians. 

A number of different parameters can be changed either by the user or defined by the program. 

Table 31 Input parameters Pedestrians 

Pedestrians Parameters Value 

Pedestrians Volume(Per 60 Minutes) 50 ped 

 Peak Flow Factor 95,0% 

 Flow Scale (Constant) 100,0% 

 Growth Rate 2,0/year 

 Crossing Distance *unchecked 

 Approach Travel Distance  10m 

 Downstream Distance 10m 

 Walking speed (Average) 1,3 m/sec 

 Queue Space 1m 

 Prac. Deg. Satn. *Unchecked 

 

Model setting: The dialog box model setting has three tabs; options, roundabouts and cost. The first 

tab is used to specify general options for the model, gap acceptance method and downstream short 

lane model. The roundabout tab is used to specify model options. The last tab cost is used to specify 

the cost for driving a vehicle and other factors used for economic analysis. 

Table 32 Input parameters model settings, option tab 

Options 

General options 

Level of Service method Delay (HCM 2000) 

Level of Service Target LOS D 

Performance measure Delay 

Percentile queue 95% 

Hours per year 480h 

HCM Delay formula *unchecked  

Gap Acceptance 
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HV Method for Gap-

Acceptance 

Include HV Effect if above 5 percent 

Gap-Acceptance Capacity SIDRA standard (Akcelik M3D) 

Downstream short lane model 

Minimum Downstream 

Utilization Ratio  

20% 

Minimum Downstream 

Distance 

30m 

Distance for Full Lane 

Utilization  

200m 

Calibration Parameter 1,2 

 

Table 33 Input parameters model settings, roundabouts tab 

Roundabouts 

Roundabout model options 

Capacity Model SIDRA Standard 

Roundabout Same as Signalized intersection 

US HCM 2010 Roundabout model 

Include Origin-Destination Pattern 

effects 

unchecked 

FHWA 2000 unchecked 

HCM 2000 unchecked 

NAASRA 1986 unchecked 
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Table 34 Input parameters model settings, cost tab 

Cost 

Vehicle operating cost 

Cost unit $ 

Pump price of fuel  1,3 cost Unit/L 

Fuel Resource Cost Factor 0,50 

Ratio of Running Cost to Fuel cost 3,0 

Vehicle Mass & Power 

Light Vehicle Mass 1400,0 kg 

Heavy Vehicle Mass 11000,0 kg 

Heavy Vehicle Maximum Power 130kW 

Time cost 

Average Income 35 Cost Unit/h 

Time value factor 0,60 

 

Demand & sensitivity: The last input window is called Demand & Sensitivity. In this window it is 

possible to specify a demand analysis method (design life or flow scale) or sensitivity analysis. 

Demand analyses are used to determine how much increase in demand flow is possible according to 

the chosen level of performance. Sensitivity analysis is used to find which parameters connected to 

the design of the roundabout and driver behavior have impact on the capacity and efficiency. 

Sensitivity can also be used for calibration of the model in order to identify lanes where flow is close 

to capacity limit. All changes apply to the whole site. The parameters that can be changed under 

sensitivity are: 

Affecting driver behavior: 

 Critical gap and follow-up headway,  

 Basic saturation flow, and 

 Utilization  

Affecting geometry: 

 Roundabout island diameter, and 

 Lane width 

 

When the parameter of interest is chosen, the change is specified as a range of percentage with a 
lower and an upper limit and the increment. The upper limit has to be higher or equal to the lower 

limit. If the two are equal, a specific factor is tested.  
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Output 

Detailed Output:  Shows all details for the output in a number of different tables. 

Intersection Summary: The table shows hourly values for a number of different performance 

measures. Values are calculated based on the whole intersection.  

Movement summary: The table shows the summary for each movement in the approach. Each 
turning defines a movement.  

Lane summary: Shows lane use and performance for each lane in the intersection. The values are 

sum to lane basis.  

LOS summary: Graphical display of the Level of service for all different movements.  

Flow display: Gives a few different graphs on the flow in the roundabout is four different categories:  

total flow, light, heavy and pedestrian flow, approach and exit flows and roundabout flows.  

Movement display: The category can be divided in to four different categories; 

 Delay, LOS and Capacity 

 Queue and Stops 

 Speed and Travel Time 

 Cost, Fuel and Emissions 

Each of these categories can than give 4-6 graphs over the roundabout.  

Graphs: Graphs where the user can chose the data to be shown can be created.  

 


