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Abstract 
 

In some roundabouts, just relying on the “right of way” regulations results in long queues 

forming along the approaches. This usually happens when a roundabout suffers from 

unbalanced flow patterns (one or two of the approaches convey much heavier traffic 

compared to the others). There is an idea that signalization of roundabouts can be useful as a 

countermeasure for such a problem, especially during peak hours. In that case, signal 

operation can come in many forms, including full-time control, part-time control, or metering.  

One problem that seems to be facing engineers when signalizing roundabouts is lacking a 

general set of patterns or guidelines to choose an appropriate form of signalization and apply 

it efficiently in different situations. There is also a need for a comprehensive review over the 

available literature concerning signalization of roundabouts. In this thesis, a review of 

literature regarding signalization of roundabouts is carried out. Moreover, a roundabout in 

Stavanger with unbalanced traffic flows is studied in order to find an appropriate signalization 

scenario which can improve the traffic situation. The network is modeled and simulated in 

AIMSUN. 
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1 Introduction 

1.1 Background 
 

Despite the considerable advantages of roundabouts over stop or signal intersections, 

roundabout’s characteristics cannot handle both the capacity and safety issues of every 

intersection. Roundabout is a good design for intersections with a high degree of turning 

traffic, improving their traffic flows and safety. However, its disadvantages, such as 

uncontrolled crossings for pedestrians as well as its deficiencies under the presence of 

unbalanced traffic flows, are sometimes so much that necessitates an intersection redesign. In 

such cases, there is a smart idea to integrate roundabout geometry with signal control systems 

in order to benefit the strengths of roundabout geometry and signalization simultaneously, 

thus achieving a better design. 

Although signalization of roundabouts has the potential to improve the traffic situation at 

many of the existing roundabouts, in practice, it has not been applied extensively yet. Also, 

among the few roundabouts where signals have been installed, these were done with little or 

no formal experience according to [1]. In recent years a considerable amount of research has 

been undertaken in this field. However, there is still no clear reference regarding which 

criteria should be considered when applying traffic signal control at roundabouts.  

Among the existing cases, practice tends to vary, i.e. sometimes all the arms of a roundabout 

are signalized, while other times one arm is left uncontrolled in order to improve the 

roundabout’s capacity. Moreover, there is always the dilemma of whether signals should be 

operating full-time or part-time, especially if a roundabout suffers from congestion just during 

peak hours. Finding the appropriate type of signal control for every single case is a 

complicated task which requires considering several factors. As an example, if a roundabout 

suffers from long queues during rush hours, a signalization scenario which helps the problem 

during rush hours, but has remarkable negative effects on the roundabout’s capacity during 

non-peak hours, is not a good solution. Similarly, a signalization scenario which improves 

queuing problem in one entry of a roundabout while causing serious problems for the other 

entries cannot be a reasonable practice.   

As a result, there is a great need for more research in this field. Applicable sets of patterns and 

guidelines are required for choosing appropriate forms of signalization in different roundabout 

situations. For that, it is initially helpful to provide a comprehensive review over the available 

literature concerning signalization of roundabouts. Moreover, as the lack of knowledge in this 
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field is partly due to the lack of practical experiment, every new case study is a step forward 

by providing useful clues which may not be found through any theoretical research.  

1.2 Objective 
 

The objective of this thesis is to provide practical guidelines for signalization of roundabouts, 

where the purpose of the signals is to enhance roundabout efficiency under unbalanced entry 

flows. Signalization of roundabouts for improving pedestrian accessibility is not the target of 

this thesis.  

1.3 Problem Statement 
 

In this thesis, the following tasks are carried out to approach the mentioned objective: 

 Task one is carrying out a comprehensive literature review regarding signalization of 

roundabouts, so that the gathered information can be used as a basic guideline.  

 Task two includes signalization of an existing roundabout in Stavanger, a city in 

Norway. The roundabout suffers from long queues, especially along one of its 

approaches, as a result of unbalanced flows. The task is to design a proper system of 

signalization/metering for the roundabout in order to improve traffic efficiency. 

1.4 Methodology 
 

For the first task, a wide range of literature regarding signalization of roundabouts are 

reviewed. The information from the reviewed literature are then summarized and gathered in 

chapter 2 aiming to provide a basic guideline for signalization of roundabouts. The literature 

study also provides a deep theoretical background for the author to perform a better design in 

task 2. The reviewed literature mostly include journal articles, conference proceedings, earlier 

case studies as well as academic thesis. Main sources of the studied literature in this thesis are 

internet, scientific databases and academic libraries. 

A general description over the current situation of the case study of task 2 is presented in 

chapter 3. Then a background regarding the simulation software, AIMSUN (version 5.1), 

which is going to be applied in this task is provided in chapter 4. To carry out the task, a 

number of signalization scenarios are designed and evaluated in chapter 5. The scenarios are 

simulated in AIMSUN in order to find those which provide better results. For this purpose, 

not only the effects of each scenario on the problematic approach are studied, but also the 

effects on the other approaches are evaluated to avoid making new problems for the 

roundabout. After comparing the results of the simulated scenarios, the most reasonable 



 4 

scenario is recognized and recommended to be implemented in the area. This thesis is finally 

submitted to “Statens Vegvesen” (Norwegian Public Road Administration) in Stavanger. 

Based on the report, Statens Vegvesen will execute the most satisfactory scenario in the field.  

1.5 Deficiencies 
 

During the literature study for this thesis, it was noticed that among the available literature 

there was no former case study for signalization of roundabouts modeled in AIMSUN. 

Moreover, there was no reference or literature regarding how to apply AIMSUN for modeling 

roundabout signalization. This resulted in a great deal of difficulties while modeling the 

Kannik case study in AIMSUN, especially regarding the actuated signal control. Therefore, 

some descriptions and clues will be provided in chapter 5 of this thesis regarding how to 

apply actuated signal control in AIMSUN for roundabout metering. This can be helpful for 

future research or case studies which will be modeled in AIMSUN.  
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2 Literature Study 
 

Although the information presented in this chapter are based on a literature review, the way 

they are organized and presented in some cases is not directly the same as in the literature, but 

the author’s idea for providing a well-organized summary of the available information. 

 

2.1 Roundabouts vs. Signalized Intersections 
 

Roundabout is a circular intersection with a central island, yield control for entering traffic, 

chanelised approaches, one-way continuous flow within a circulatory roadway, and an 

appropriate geometric curvature to keep circulating speeds low [2]. The conflicting traffic 

streams in a roundabout are separated in time by the priority rules, i.e. the entry vehicles 

should give ways to circulating vehicles. Signalized junction, on the other hand, is a junction 

with traffic lights where the conflicts are separated in time by the traffic lights [3]. 

Roundabouts have considerable advantages in respect of their safety record, specifically for 4-

wheel vehicles, handling considerable volumes of turning traffic (and even dealing well with 

U-turn traffic), and providing minimum off-peak delay. Roundabouts improve vehicle safety 

by eliminating or altering conflict points, reducing speed differentials at intersections, and 

forcing drivers to decrease speeds as they proceed. Accident data have confirmed this 

statement and shown a reduction in severe crashes [2]. Roundabouts are particularly suitable 

for handling turning traffic. This is because of the considerable space available for the turning 

traffic and because all traffic is constrained to run parallel and can therefore weave instead of 

cutting across when making right turns. There is only limited delay to travel through a 

roundabout, particularly if it is not too large, as opposed to going straight across, and there is 

no need to wait unless there is a preceding traffic with the right of way [4]. Roundabouts can 

efficiently handle particular intersections with decreased delay and greater efficiency than 

traffic signals. This is especially true where traffic volumes entering the roundabout are 

roughly similar and where there are a high number of left turning vehicles [5]. On the 

contrary, signalization inevitably delays low traffic flows arriving at the junction when signals 

are at red. Also, the need to provide a minimum green time to each movement in every cycle 

creates time intervals in which no vehicles are entering the intersection is a main delay cause. 

However, this can be greatly improved today by taking advantage of actuated control. 

Moreover, the "lost time" associated with start-up and termination of a green phase detracts 

further from the amount of time that is available for moving traffic is also another reason for 

time delay in signalized intersections [5]. 
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On the other hand, roundabouts have some drawbacks and limitations. Pedestrians and 

cyclists can more difficultly negotiate to pass through a roundabout than a signalized junction, 

which gives clear instructions to users. There are also problems of roundabouts with capacity 

particularly in handling heavy straight-ahead traffic. The capacity of roundabouts is higher 

than signalized intersections as long as the junction is small or medium sized. However, in 

larger junctions the full capacity of roundabout design is less than that of signal intersection 

design in most ordinary cases.[3] Thus, when large roundabouts are converted to conventional 

signalized junctions, the traffic capacity is bought to a cost including that of road safety. [4] 

Roundabouts operate effectively only when there are sufficiently long and acceptable gaps 

between vehicles in the circulatory lanes.[2] However, it is possible that an excessive amount 

of traffic enter a roundabout, thus the traffic cannot circulate freely and stops. As a result, the 

roundabout is locked up and its traffic capacity falls abruptly.[4] Moreover, roundabouts do 

not operate properly under unbalanced flow patterns. This shortcoming of roundabouts in 

handling unbalanced flows seems more challenging considering the fact that periodic 

operation of roundabout is not possible. In other words, it is not feasible to coordinate the 

operation of roundabout based on variable traffic flows, while this is rather possible in 

signalized intersections by changing cycle time or duration of green and red periods. 

Therefore, roundabout design is not always a good alternative for a signalled intersection to 

enhance the traffic safety or efficiency. Careful study of conditions is required to identify the 

most appropriate control method for every new case.[6]  

2.2 Unbalanced Flows at Roundabouts 
 

The proper operation of a roundabout, as mentioned above, depends on there being a 

reasonable balance between the entry flows. In this situation, circulating flow permit platoons 

of entering traffic, which in turn creates gaps in circulating flow at another part of the 

roundabout.[4] In other words, roundabout capacity and level of service depend not only on 

the circulating flow rate, but also the characteristics of approach flows contributing to the 

circulating flow. The amount of queuing on the approach roads, circulating lane use and 

priority sharing are the factors that need to be taken into account.[7] But in the variety of 

roundabouts there is a risk for unbalanced flow patterns, which can particularly limit the entry 

capacity and roundabout efficiency. Unbalanced flows may not be a problem when the overall 

demand level is low, but the problem appears with traffic growth even at medium demand 

levels. Demand flow patterns and demand levels may change considerably after the 

installation of a roundabout, sometimes in a quite short period of time. [4, 7, 8] 
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One possible case of unbalanced roundabout is that an approach with heavy flow is situated 

immediately after another with light flow. In that case, the approach with heavy traffic 

monopolizes the circulating roadway, and presents little acceptable gaps to drivers at the next 

entry, preventing them to enter the circulatory flow.[4] On the other hand, there is a risk for 

another unbalanced scenario in which an approach with light traffic is situated immediately 

after approaches with heavy traffic. Therefore, an uninterrupted but not very intense stream of 

circulating traffic effectively prevents much traffic from entering at the subsequent approach 

with heavy traffic.[4] In the both cases, the capacity of the interrupted entry will be very low 

and the delay is excessive. Unbalanced entry flow patterns in roundabouts are frequently 

observed in central areas of large cities, in particular during peak hours. [9] 

A roundabout, in other words, does not provide the facility for traffic engineer to apportion 

delays among its approaches in accordance with need. Thus, it can possibly reduce traffic 

capacity in case of unbalanced flows. In such situations signalization of one, some or all 

approaches can be helpful to initiate gaps in the traffic flow and hence balance the 

capacity.[4] 

2.3 Signalization of Roundabouts  
 

Although yield control of entries is the default at roundabouts, traffic circles and roundabouts 

have been signalized in some cases. Most of the signalized roundabouts start life as priority 

roundabouts and are later converted by adding traffic signals for a variety of reasons. There 

are different motives for signalization of modern roundabouts. The most common cases are: 

1) Improving pedestrian access at roundabouts 2) Solving traffic congestion issues at 

roundabouts with unbalanced flows. In the later case, signals alter the natural priority rule in 

roundabout to provide more balanced delays. Moreover, signals in combination with detectors 

can monitor the queues length in continuously interrupted approaches and bias green times so 

as to reduce their critical queues.[10] 

Signalization of roundabouts can be considered reversed thinking. Roundabouts are designed 

and installed to gain greater capacity and lower delays, while adding signals basically 

contradicts with this goal. Although signalization of roundabout superficially has negative 

effects on some purposes of roundabout design, there are still several underlying benefits that 

the geometry of roundabout provides. For instance, deflection of roundabout geometry not 

only reduces entry speeds, but also eliminates right angle collisions. [1] Such benefits are still 

provided when a roundabout is operated in conjunction with signals. 
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There is still a central argument as whether signaling scenario for a roundabout should be 

evaluated earlier, before the installation of roundabout, or it should never be an option from 

the beginning. For example, Hallworth in his article, “Signalling roundabouts, Circular 

Arguments”, [10] has brought up the question asking whether we should continue to build 

priority roundabouts which too frequently need to be converted with signals, which often 

functions in a less efficient form than if they had been purpose-designed. But, on the other 

hand, in “Roundabouts Informational Guide” published by Federal Highway Administration 

of U.S., it has been specifically stated that roundabouts should never be planned for metering 

or signalization; however, some conditions may dictate the need after installation. [2]  

2.3.1 Available Techniques 

 

There are different techniques available for signalization of roundabouts: 

 

Special Provision  

 

One way to combine the benefits of traffic signals for straight-through traffic and roundabout 

geometry for turning traffic is to provide a straight road passing through the centre of the 

roundabout especially when it contains a heavy flow. It is then necessary to signalize this road 

and some of the arms of the roundabout. In this type of intersection the traffic using the 

straight-through road pass through the intersection quite easily as they should just follow a 

simple set of traffic signals. But the drivers using the circulatory part of the roundabout may 

find it to be complex and difficult to follow. It is therefore necessary to provide very good 

signing which must be the “map” type so that a clear route is shown to every destination. [4] 

This technique is also applicable when we want to just let trams or busses pass directly 

through a roundabout. In this case, red signal is activated for the circulating stream when the 

tram or bus approaches the roundabout. Consequently, the traffic is stopped and priority is 

given to the tram or bus. One roundabout which is operated with this type of signalization in 

France is shown in figure 1. [11, 12]  
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Figure 1 Red signal for the circulating traffic when a tram is crossing the roundabout [12] 

 

 

Total Signalization 

 

In order to increase the overall capacity at very high traffic levels, the whole area of a 

roundabout can be replaced with a signal control system. This is particularly applicable for 

four-armed junctions where the traffic flow is predominantly straight across. The technique 

may cost a lot due to great deal of physical reconstruction. 

 

Full Approach Control 

 

In this case all approaches of an existing roundabout get signalized. The traffic signals at fully 

signalized rotaries should be timed carefully to prevent queuing on the circulatory roadway by 

ensuring adequate traffic progression of circulating traffic. In order to balance queues among 

approaches, flexible signal controllers should be also applied to set the signal phases in 

accordance with vehicles detection. Consequently, the priority among different approaches is 

changed according to the traffic condition using signal control. This technique is specifically 

efficient when the total traffic passing the roundabout is highly congested [2]. 

 

Part Approach Control 

 

 This technique is usually considered as an option when traffic congestion is not continuously 

present on all approaches. It is especially useful when a roundabout suffers from unbalanced 

entry flows [10]. In an unbalanced roundabout, the term “uninterrupted flow” refers to the 

approach’s traffic stream which monopolizes the circulating roadway, thus prevents the 
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motorists on the preceding leg(s) to enter the roundabout due to the give-way rule. As 

mentioned earlier, a dominant approach with heavy traffic can be the uninterrupted flow, 

which does not give chance to its preceding approach with lighter traffic to enter the 

roundabout. On the other hand, in some cases, an approach with quite a light traffic flow is 

the uninterrupted entry flow of a roundabout. In this case, the continuous light flow from one 

approach prevents much traffic from the preceding heavy trafficked approach to enter the 

roundabout. 

Normally, the objective of signalization of one approach (or some approaches)  in a 

roundabout is to balance traffic capacity among its approaches by generating gaps in the 

uninterrupted flow, so that other flows can enter the roundabout to the extent required. The 

gaps are generated by means of signalling the uninterrupted approach. The signals make the 

uninterrupted flow stop from time to time, letting the other streams enter the circulating 

roadway.  

The signalization can be operated either full-time or part-time. In full-time signalization, the 

installed signals operate permanently, even during non-peak hours. In the part-time control, 

signals are activated during rush hours. In the both cases, signal control may be fixed or 

unfixed. When it is fixed, cycle time and red/green intervals are set to constant values as long 

as the signals are operated. When signals are unfixed, the duration of cycle time, green and 

red periods are changed based on the real-time traffic condition. This is performed by 

installing detectors on one or some approaches, so that signal phases vary according to queues 

dissipation and length. Timing of the signals affects the frequency and duration of the vehicles 

gap and hence can balance traffic capacity among various approaches if it is designed 

properly. Un-fixed signal control is useful when a roundabout has unsteady traffic pattern. In 

such cases, applying fixed signal control can lead to inefficient results [4]. 

The signalization of one or some approaches does not cancel their obligation to yield to the 

circulating flow during green time. It is because of the fact that the circulating traffic is not 

controlled by signals. Therefore, it is recommended to install the traffic light (stop line) far 

enough upstream from the loop (not less than 3 meters in advance of the give-way line, and 

preferably approximately 30 meters from it)[7, 8]. Otherwise, there is a risk that motorists 

think that the green signal cancels the obligation to yield [13].  

Although adding signals to roundabout has potential for improving traffic condition under 

unbalanced traffic patterns, it is still a big challenge to design the signals properly. One main 

dilemma is selecting signal cycle times. Long cycle times normally increase traffic capacity 

while short cycle times minimize the space required to hold queues waiting at the signals. 

Likewise, apportion of green/red times among approaches should be done appropriately to 
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avoid unfair capacity improvement as well as new queuing problems. It is therefore necessary 

to apply computer control systems when commissioning signals at larger heavily-trafficked 

roundabouts with complex flow to be able to check the actual traffic behavior under different 

signal settings [4]. 

 2.3.2 Roundabout Metering  

2.3.2.1 General Idea 

 

The idea of the signalization technique described earlier as Part Approach Control is 

principally the same as ramp metering for freeways, the method by which traffic seeking to 

gain access to a busy highway is controlled at the access point via traffic signals to maximize 

the capacity of the highway [14]. Hence, the technique in which signal control is implemented 

on an undisrupted approach of a roundabout is also known as roundabout metering. 

 In general, a metering signal is a traffic light, used in areas of heavy volume, controlling the 

amount of vehicles passing a certain point [15]. In the case of roundabouts, the signal which is 

operated to generate gaps in the circulating flow is the metering signal. By operating metering 

signals at roundabouts which have uninterrupted entry flows from some approaches, the 

traffic performance can be greatly improved [2]. 

2.3.2.2 Technical Issues 

 

A metering signal installed on a high-volume approach of a roundabout can correct the 

problem of unbalanced traffic flows by briefly detaining drivers on the entrance. This gives 

motorists on the other approaches the chance to enter the circulating roadway. Roundabout 

metering signals are often installed on selected approaches  with a part-time basis since they 

are just required during heavy demand conditions in peak hours [16]. The use of part-time 

metering signals is a cost-benefit measure avoiding unnecessary fully-signalized intersection 

action.[7] However, for each different case it is again required to evaluate if the metering is 

better to be operated part time or full time. It is also important to select the metered and 

controlling approaches correctly. Metered Approach is the entry in which the traffic is 

stopped by red signals. This is the approach which causes problems for its preceding entry 

because of having an uninterrupted traffic flow. The preceding approach is usually called 

Controlling Approach. Metering signals are supposed to improve the traffic flow condition in 

controlling approaches. Detectors are usually installed in the controlling approach and are 

connected to the metering signal to control them based on the real time traffic situation.  
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Proper selection of the metered and controlling approaches is one of the most important 

factors affecting the quality and quantity of the network’s traffic improvement. 

It should be also decided if the activation of signals is based on time of day or detectors. If 

signal activation is based on vehicle detectors, the logic of the signal control must be also well 

defined. Normally, a detector detects the queue length on the controlling approach. During 

blank signal for metering approach, when the queue on the controlling approach extends back 

to the queue detector, the signal on the metered approach is called for red so as to create a gap 

in the circulating flow. The introduction and duration of red signal on the metered approach is 

mainly determined by the controlling approach traffic. However, the blank signal should 

fulfill the minimum green time constraint before that it is terminated to red. Moreover, it is 

also possible to set a detector on metered approach, so that the traffic on this approach can 

extend the blank signal to some extent to avoid congested problems for the metered approach. 

When the red signal is terminated on the metered approach, the roundabout reverts to the 

normal operation [16].   

It has been mentioned in some literature that the queue detector setback distance on 

controlling approach is normally in the range of 50 to 120 meters.(Figure 2)  [8] However, 

this value in each case is of course dependant on many factors such as size of the roundabout, 

traffic flows in the both approaches and length of the controlling approach. 

According to "Roundabouts with Metering Signals" [17], when analyzing roundabouts with 

the influence of metering signals, the results indicated that all adopted operational designs 

have improved the capacity and performance of the controlling approach whilst decreasing 

the capacity and performance of the metered approach. Therefore, cycle time and red signal 

duration should be selected in a way that the traffic situation in the controlling approach is 

improved to an acceptable level, but with the minimum possible decrease in the capacity and 

performance of metered approach. 

In this connection, some general results based on the evaluation of former metered 

roundabouts, which are presented in [17], are as following: 

Longer cycle time and shorter queue detector setback distance benefit the controlling 

approach with positive impact on its capacity and performance. Shorter cycle time, longer 

queue detector setback distance, shorter minimum red time and longer minimum blank time 

benefit the metered approach with positive impact on its capacity and performance. However, 

the effect of shorter queue detector setback distance on the capacity and performance of the 

metered approach is less than the effect of longer cycle times. Moreover, the effect of shorter 

minimum red time is less than the effect of higher minimum blank time and longer queue 

detector setback distance. 
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Figure 2 General schema of a metered four-armed roundabout [8] 
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3 Kannik Case Study 
 

The case study is a roundabout in Stavanger
1
 [18] where the two roads of Rv509 and 

Løkkevegen cross each other. The roundabout has two lanes and three approaches. It is 

situated among a number of consecutive roundabouts inside Kannik area, which is at the 

central part of Stavanger. The roundabout is marked with number 1 among the other junctions 

in figure 3.  

Huge amount of traffic (above 1500 vehicles per hours) pass through this area during morning 

and afternoon peak hours. The traffic efficiency of the road network is almost acceptable 

outside the peak hours, but the area suffers greatly from queuing problems during peak hours. 

This is basically due to the fact that the traffic load during peak hours is considerably greater 

than the network’s capacity. One of the problematic zones in the area is roundabout 1, shown 

in Figure 3, which experiences long queues in its left approach from Rv509. 

The queuing problem during the peak hours may seem relatively small if compared with the 

capital city, Oslo. However, it is still considerable for a city size like Stavanger. It is likewise 

that the traffic conflicts of Oslo seem to be minor if compared with those experienced in 

larger cities of Europe, but they are still major for that city and need to be solved. 

The task in this case study is to improve the queuing problem along the right approach of 

roundabout 1 (Kannikgata) during peak hours by finding a proper system for signalization of 

the roundabout. While studying the effects of each examined scenario on this approach, it is 

also necessary to watch its possibly negative effects on the other approaches to avoid making 

new problems in the area. 

3.1 Traffic Situation in the Area 

3.1.1 The Area and Former Studies 

 

The area includes five main junctions (Figure 3). Among them, those which are marked as 

junctions 1, 2, 3 and 5 in Figure 3 are roundabouts. Among the crossing roads, Rv509 is the 

arterial one which stretches along the east-west axis, and a tunnel (Bergelandstunnelen) is 

located at its eastern side. Løkkeveien meets the main road at Junction 1. Oval V’s gate, 

Rv509 and Musegata meet each other at Junction 2. At junctions 3 and 5, Rv44 

(Lagårdsveien) meets Rv509. Junction 4 is the intersecting point where a ramp from 

Bergelandsgata enters Rv509 at the outlet point of the tunnel.  

                                                 
1
 Stavanger is the 4th largest city in Norway. The area of the city is 71 km², and the population is 119,586. 
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Figure 3 A view of the series of roundabouts and the studied area [19] 

 

 

Figure 4 The location of the bus terminal in adjacent to the main stream [20] 
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The main congestion issue in the area is along the westbound traffic on Kannikgata moving 

from roundabout 1 to roundabout 2 due to the huge amount of traffic turning left from Rv509 

to Løkkeveien in roundabout 1. Westbound traffic on Kannikgata experience considerable 

delays during both morning and afternoon rush hours. In some periods, queues on the main 

road extend backward from Junction 1 and reach the 750 meter tunnel (Berglandstunnelen). 

Because of the queues on the right field of Rv509 (Kannikgata), motorists on Olav V gtate 

encounter problems for entering the main road via Roundabout 2. The motorists on Mussegata 

and Rv44 have fewer problems to move. For the eastbound traffic on Rv509 there is a 

backward blockage through the tunnel during morning and afternoon peak hours. 

The problem of traffic congestion during morning and afternoon rush hours in Kannik seems 

to be more critical considering that a bus terminal is situated inside the area (Figure 4), so that 

the buses get stuck in the jams on their way from or toward the station. Moreover, the police 

and fire stations are also located in the area on Lågordsveien, so that the transportation of 

emergency vehicles which regularly pass the area is also affected by the queues. 

There have been two preliminary studies concerning the traffic situation in Kannik area 

carried out earlier by the Norwegian Public Road Administration (Statens Vegvesen), 

SINTEF Company and Stavanger municipality. A description of the traffic situation, its 

problems and some general suggestions for improving the problems are proposed in their final 

reports [19, 21]. In fact, the idea of roundabout signalization at Junction 1 was one of the 

countermeasures proposed in those study reports. In this chapter, a brief review over the 

reports will be presented to give a background regarding the traffic situation in the area.  

3.1.2 Especial Road Users 

 

Buses   

   

The bus terminal of Stavanger is located inside Kannik Area. This implies that the frequency 

of buses passing through the area, moving from and toward the terminal, is quite much. A 

route which is mainly used by most of the busses coming from the terminal is through Olav 

V’s gate entering Rv509 westbound toward Madlaveien. Since the public transport do not 

have special priority in the area, the buses experience the same delay as other vehicles do 

(Figure 5). Because of the jams for the westbound traffic on Kannikgata, the busses coming 

from the terminal in Olav V’s gt. have problems in order to enter the arterial road at Junction 

2 during both morning and afternoon periods. When busses enter Kannikgata (Rv509), they 

get stuck in slowly moving queues, in a gentle ascending stretch of the road from Junction 2 

to Junction 1 (Figure 6). 
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Figure 5 The left turn path in Roundabout 1 causing the most delays for the westbound vehicles from 

Madlaveien toward the roundabout [21] 

 

 

 

Figure 6 A westbound bus on Kannikgata’s stretch between junctions 2 and 1 is stopped in the queue[19] 

 

Some travel time measurements have been carried out for busses equipped with GPS. The 

collected data show that the delay is around 2-3 minutes for each bus on the mentioned stretch 

of the road. The main reason for queuing on this stretch is the huge amount of left turnings 

from Rv509 to Løkkeveien in roundabout 1. The problem for the buses is more critical as the 
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delays come into being at the beginning of the bus routes, so they are propagated later through 

the whole routes.  

On the way back toward the terminal the traffic flow quality of buses is better since the 

eastbound stream on Rv509 is generally less congested. Although there are some delays 

through the roundabouts, the queues do not begin normally before reaching 

Bergelandstunnelen. The buses evade those queues by leaving Rv509 before the tunnel.  Most 

of them either turn left into Olav V’ Gata or turn right into Rv44 and continue through 

Kongsgata. 

 

Emergency Vehicles 

 

The police and fire services are also located inside the area, in Lagårdesveien (Rv44). 

(Lagårdsveien is seen in figure 4) Under the emergency situations they have to pass either 

Kannikgata or Berglandstunnelen. Consequently, they have problems passing the way due to 

the congested situations. Although field observations show that emergency vehicles get the 

way and pass the area rather easier than the other vehicles, it still takes them longer time 

during rush hours than the rest of day. In this connection, heavier emergency vehicles, like 

fire-fighting vehicles, have especially much problem. 

3.1.3 Traffic Volumes 

 

Figures 7-8 show the traffic volumes on the main stream during morning and afternoon rush 

hours respectively. According to [19], the peak of traffic in the area is between 7:30-8:30 in 

the morning and 15:30-16:30 in the afternoon. The dominant flow goes straightly through the 

four consecutive junctions. The data includes traffic volumes for the period of May-April 

2004 which were recorded by different video cameras in the field. Generally the traffic 

volumes are slightly higher in the afternoon, but the traffic patterns are quite similar in other 

respects. In the following figures it is just the westbound traffic volumes which are shown all 

along the rote. The eastbound traffic volume is just shown toward Junction 1. It is noticeable 

that the traffic volume carried at Junction 1 toward Junction 2 is considerably higher than that 

of the opposite direction.  

 



 19 

 
Figure 7 Traffic volume of the main stream during morning rush hours (veh/hr) [19] 

 

 

Figure 8 Traffic volume of the main stream during afternoon rush hours (veh/hr)  [19] 
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3.1.4 Causes of the Queuing Problem in Kannik 

 

In the mentioned study report [19], the main origins of the congestion issues in the area are 

stated as following: 

3.1.4.1 Unwind Shockwaves 

 

According to the report [19], the short distances between the roundabouts generate a great 

deal of wave motions and consequently shockwaves. Shockwaves in shorter periods come 

into be signs of queues, while a little while later the traffic unwinds without any problem. 

While unwinding, if the traffic increase, the wave motions result in early local jam. If the 

traffic is not much heavy, the stable unwinding can be re-established after a while. If the 

traffic increases steadily, which is the case in Kannik area during peak hours, the number of 

cars unwinding at the front part of the wave will be less than those arriving at the end of the 

queue. Therefore, the queue increases quickly, and vehicles get stuck in a steady jam. Such 

jams are observed at Junctions 2 and 3 during peak hours. 

3.1.4.2 Traffic from Bergelandsgata 

 

Beyond the rush hours the westbound traffic streams from Bergelandsgata and 

Bergelandstunnelen toward Kannik weave jointly without any problem. When the traffic in 

the tunnel increases during rush hours, it disorders the traffic flow from Bergelandsgata at the 

outlet of the tunnel. This, along with periodical backward blockades from Junction 3, results 

in queuing in the tunnel. Noticing the jam inside the tunnel, the westbound drivers which are 

going to enter Kannik through Bergelandstunnelen choose to round the tunnel and pass the 

way via Bergelandsgata. The increased traffic through Bergelandsgata, when reaches Junction 

4, intensifies the problem at the outlet of Bergelandstunnelen as there is a huge traffic there 

trying to get out of the tunnel. 

3.1.4.3 Left-hand Turnings at Junction 1 from Madlaveien to Løkkeveien 

 

A high volume of traffic from Madlaveien turn left into Løkkeveien at the roundabout in 

Junction 1 especially during peak hours. A set of data collected in 2006 show that the volume 

of this traffic can reach 900 vehicles per hour (15 vehicles per minute). Considering the 

priority of left-hand approaches in roundabouts, the westbound traffic on Rv509 arriving from 

Junction 2 should wait a long time in order to get the way and enter Roundabout 1. Assuming 

that each car from Madlaveien turning into Løkkeveien obstructs the traffic on Rv509 

(coming from Junction 2) for 2 seconds, the capacity is nearly halved for the westbound 
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traffic. The problem is additionally intensified since the approach is located on an uphill 

slope. Thus, it takes more time for the vehicles, to get a way and move. The effect on heavy 

vehicles is especially greater. The queues which start at this junction propagate further 

backward even entirely through the tunnel, according to the video records stated in [19]. This 

further intensifies the problems in the tunnel described in section 3.1.4.2.  

Among the above mentioned dilemmas, the latest is recognized as the most crucial one for the 

traffic situation in Kannik. Though it is generally possible to live with such traffic problems, 

and they are at the level which is expected for a big city in the Norwegian context, in local 

dimension it is perceived as a huge dilemma. The short distances in the downtown make the 

road network additionally vulnerable in a way that blockage in one part of the network can 

extend to the other parts which initially did not have problem. Moreover, a continuous 

growing traffic problem will lead to much bigger problems. Therefore, it is necessary to 

provide proper countermeasures to improve the situation. 

3.2 Countermeasures 
 

The superior objective of any proposed countermeasure in this case is to improve the traffic 

flow quality in the area. According to the report [19], the emphasis of the Norwegian Road 

Administration is on finding short-term actions which can be executed without making 

significant physical changes. In order to that, the following 3 actions were primarily proposed 

for rush hours by the Norwegian Road Administration: 

 

 Controlling the left-turns from Madlaveien to Løkkeveien 

 Traffic approach control from Bergelandsgata 

 Traffic approach control at the entrance and outlet of the tunnel 

 

Among them, controlling the left-turns from Madlaveien to Løkkeveien has been mentioned 

in the report [19] as the most important and prior actions.  

As stated earlier, the high volume of left-turns from Madlaveien to Løkkeveien is contributed 

to decline of the capacity for the westbound vehicles arriving from Junction 2. It is not 

possible to block the left-turn traffic at this junction since there is not any good alternative 

route for them. Therefore, the capacity of left-turns can be alternatively restricted. It has been 

proposed to perform the restriction by means of traffic signals. In the preliminary report [19] 

it was mentioned that the traffic light can provide either signal regulation for all the traffic 

arriving from Madlaveien, with a long split of green time for those going toward 

Bergelanstunnelen, or just a signal for the traffic volume turning left from Madlaveien. In this 
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case the approach from Junction 2 toward Junction 1 would be the controlling approach. 

Applying the signal control, it will be possible to limit the traffic volume turning left. At the 

same time, the vehicles from Madlaveien reach the roundabout more together, comparing the 

current situation; thus, their access to the roundabout less reduce the traffic capacity of the 

approach from Kannikgata. 

In the existing situation, the approach from Madlaveien has space for just 4-5 left-turning 

vehicles to stop by the roundabout. Along adding signals to the approach, this lane should be 

enlarged so that the space increases for more cars which wait to turn left. This is important in 

order to prevent blockade of traffic which go straight forward especially if the signals are just 

applied for the left turning traffic. 

3.3 Estimation of the Effects 
 

The effects of the proposed actions on the traffic situation have not been estimated previously. 

The available reports just mentioned the effects which are mainly expected, as well as some 

possible unwanted effects which one should take in to consideration.  

Before performing any of the proposed actions in real world, it is necessary to accomplish a 

detailed modeling. Having a trustable model, it becomes possible to estimate the effects 

numerically. Consequently, one can carry out sensitivity analysis in order to see the effects 

under different conditions, and therefore reduce the riskiness of the final action which is 

implemented in the real case. Moreover, it becomes possible to get prepared for new problems 

which may happen after performing new actions, especially during the period in which the 

road users are not yet accustomed with the new system. 

For this purpose, it is necessary to apply microscopic modeling to model the network and 

simulate the traffic situation under different proposed scenarios. Microscopic modeling can 

provide extremely detailed results regarding traffic quality. With such a model it is also 

possible to visualize the queues building up both in 2D and 3D. It can be useful for presenting 

the case for the public, government and other decision makers which do not have special 

expertise in the subject area. 

In this thesis, the task is to study and evaluate the first proposed countermeasure which is 

controlling the left-turns from Madlaveien to Løkkeveien.  For this purpose, signal control 

will be designed just for the traffic volume turning left from Madlaveien, and even the 

vehicles going straight from Madlaveien to Kannikgata will not be stopped by the signal. The 

effects are estimated by modeling the network and simulating the signalization scenarios in 

AIMSUN microscopic traffic simulator. At the same time, the approach from Madlaveien is 
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extended in the model, as it was suggested in the earlier reports. A detailed description of the 

network modeling, signalization scenarios and estimated effects are presented in chapter 5. 
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4 Computer Analysis  

4.1 Roundabout Modeling; Analytical vs. Simulation 
 

As the use of roundabouts increases, there is a growing need for reliable analysis tools that 

can be used to analyze roundabout capacity and operational performance. Models available 

for roundabouts analysis and design can be broadly classified into two groups: (1) analytical 

tools; and (2) microscopic simulation tools. Analytical tools use mathematical computations 

based on gap acceptance theory and traffic control theory that relate the roundabout capacity 

to traffic characteristics and roundabout geometry. ARCADY and SIDRA are two recognized 

examples of such tools analyzing the performance of roundabouts using analytical techniques. 

Micro-simulation tools, on the other hand, are computer models trying to “mirror” the 

performance of particular roundabouts. They model the behavior of drivers approaching, 

negotiating and exiting roundabouts over a time horizon within a predefined road network, 

and are used to predict the likely impact of changes in traffic patterns resulting from changes 

to traffic flow or from changes to the physical environment. [22] Micro-simulation has its 

greatest strength in modeling congested road networks due to its ability to simulate queuing 

conditions. Thus, in recent years, traffic simulation software has become very popular for 

complex transportation systems under congested conditions. [22, 23]  

Both analytical and simulation tools use gap-acceptance modeling to emulate behavior of 

entering drivers yielding to circulating vehicles, i.e. finding a safe gap (headway) before 

entering  a roundabout. This behavior is affected by roundabout geometry which influences 

such important parameters as sight distance, speed and lane use. The headway distribution of 

vehicles in the circulating stream (influenced by queuing on the approach roads and effective 

use of circulating lanes at multi-lane roundabouts) is the controlling variable that determines 

the ability of approach vehicles to enter the circulating road. This is important for determining 

roundabout capacity, performance (delay, queue length, number of stops, fuel consumption, 

emissions, and operating cost) and level of service. [8] Not only complex interaction among 

the geometry, driver behavior, traffic flow, and control factors determine the roundabout 

capacity and performance, but also the level of performance itself can influence driver 

behavior. This fact increases the complexity of modeling roundabout.  

By now traffic engineers have mostly used analytical tools (especially SIDRA) to analyze 

expected traffic operations at roundabouts. While analytical models are quite useful in the 

design and analysis of roundabouts, their major limitation lies in treating the roundabout as an 
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isolated intersection. Analytical tools can only analyze isolated intersections as independent 

entities, thus their ability is limited for analyzing network or system impacts of roundabouts.  

One benefit that simulation adds to an analysis is the ability to determine impacts of closely 

spaced intersections and their effects on each other.[24] Moreover, microscopic simulation is 

specifically suitable to the development, testing, and evaluation of Intelligent Transportation 

Systems (ITS) such as signal control, public transport priority, and ramp metering systems.  

In Kannik case study, the traffic problems of the adjacent roundabouts are greatly affected by 

each other. Therefore, when making any changes in each of the roundabouts, the effects on 

the adjacent roundabouts should be also considered. Hence, an analytical models is not a 

proper choice in this case.[22] Furthermore, ITS strategies (such as signal control, ramp 

metering, different types of detectors) play main roles in design and analysis of Kannik case 

study. As a result, it was decided to apply a micro-simulation package in this project. 

4.2 Micro-simulation Packages  
 

In every traffic design project, it is important to employ the proper simulation tool concerning 

properties of the project. However, this is not always easy as there are many commercial and 

academic simulation packages with different strengths and weaknesses. Moreover, when 

selecting a simulation package for a project, some other factors such as degree of 

acquaintance with a tool or availability of the package are determinant as well. 

Not many of the micro-simulation packages offer options for roundabout modeling. 

PARAMICS, VISSIM and AIMSUN are three of the most widespread packages which 

provide this possibility. Among them PARAMICS is the only simulation package with a 

dedicated roundabout behavior model. In the others, one should manually build a model for 

roundabouts using drawing applications and traffic parameters. 

Statens Vegvesen had decided to employ AIMSUN (version 5.1) and its new transportation 

environment, AIMSUN NG, for modeling Kannik in the former projects. Consequently, the 

author of this thesis has been told to apply AIMSUN for the case study as well. During the 

project, however, the author noticed that there is no former example of roundabout modeling 

in AIMSUN among the available literature. Consequently, the lack of helpful patterns and 

hints was a big dilemma while modeling Kannik in AIMSUN which delayed this part of the 

thesis considerably. Some of the modeling steps were accomplished after several tries and 

even in some cases by getting help from AIMSUN’s Support Service. 
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4.3 AIMSUN  
 

AIMSUN (Advanced Interactive Microscopic Simulator for Urban and Non-urban Networks) 

is a microscopic simulation tool capable of reproducing real traffic conditions in an urban 

network. The behavior of every single vehicle in the network is continuously modeled 

throughout the simulation time period, according to several driver behavior models (car 

following, lane changing, gap acceptance).  

AIMSUN provides very detailed modeling of the traffic network: it distinguishes between 

different types of vehicles and drivers; it can deal with a wide range of network geometries; it 

can also model incidents, conflicting maneuvers, etc.  What is especially valuable for this case 

study is the capability of AIMSUN to simulate actuated control systems.  

The outputs of AIMSUN are a continuous animated graphical representation of the traffic 

network performance, in both 2D and 3D, statistical output data (flow, speed, travel times, 

delays, number of stops), and data gathered by the simulated detectors (counts, occupancy, 

speed) [25]. In spite of the difficulties due to lack of similar roundabout cases simulated in 

AIMSUN, the advantage of the simulation package was the easy accessible format of its 

outputs. Outputs of AIMSUN can be stored directly in text files or database (ODBS) for 

selectable time intervals. The outputs which are stored in a database can be easily accessed by 

any application supporting ODBC for post processing. 

4.4 Roundabout Metering in AIMSUN NG 
 

AIMSUN’s Traffic Actuated Control is a proper tool for what is actually required in Kannik 

case study for simulation of the roundabout metering. Traffic Actuated Control (TAC) is a 

control process that allows variable sequences and durations of signal displays depending on 

vehicle or pedestrian traffic demands.[26] Thus, Actuated Control provides a range of 

possibilities to implement various scenarios of approach metering in roundabouts. It can 

directly link detectors to signals, and by that alter phases according to the real time traffic 

condition of the approaches.  

However, understanding how to work with AIMSUN’s Actuated Control is somehow 

confusing in first steps due to the vague explanations of AIMSUN manual regarding this tool. 

Consequently, in this thesis, the author got contact with the support team of Transport 

Simulation Systems (TSS), and asked for help concerning some problems with Actuated 

Control. As a result, a plenty of useful clues were received from them.  

Based on the helps received from TSS Support Service as well as personal experiments 

achieved while performing this thesis, some practical information about AIMSUN’s Actuated 
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Control are explained in the rest of this chapter. This can be a good source of information for 

later case studies which use AIMSUN’s Actuated Control to model roundabout metering.  

What is most challenging regarding AIMSUN’s Actuated Control is to understand the roles 

and effects of its parameters which should be set correctly. In this respect, one of the main 

issues experienced when modeling Kannik’s roundabouts in AIMSUN was due to the 

detectors modeling. Detectors in AIMSUN can not directly detect queue length, which is 

necessary to design a reasonable signal control system. Queue detection is used to design 

signal phases of a metered approach based on the queues along the controlling or metered 

approaches. Connecting a queue detector on a controlling approach to the signal system, it is 

possible to avoid unnecessary red phases for the metered approach when there is no queue on 

the controlling approach, similarly the red phase for the metered approach can be extended 

when long queues are detected on the controlling approach. In principle, detectors in 

AIMSUN are designed to count passing vehicles or detect their presence. However, these 

facilities can be also applied to provide a reasonable signal control based on the real time 

traffic. Discovering these capabilities and understanding how to employ them by setting the 

relevant parameters correctly took a long time in this thesis as there were no available tips 

regarding them. Therefore, in this chapter, it is tried to explain the application of such 

parameters. To simplify the explanations, the parameters are presented with exemplar values. 

The given values are the same as those which will be employed later in Scenario 2A in 

Chapter 5. 

When executing a signal modeling for a node, one should first open the “Node” dialogue by 

double clicking on the node.  For each signal phase with actuated control, the parameters in 

“Actuated” dialogue window, under “Control” tab folder, should be set. If the signal phase 

shall be connected to a detector, the parameters in the “Detectors” dialogue window should be 

also defined. (Figure9) 

In this example, there is a signal with two phases: first green, then red. The cycle time is set to 

120 seconds. (Figure9) The traffic signal is planned for the metered approach of a roundabout. 

A detector on the controlling approach is linked to the second phase (red phase), but phase 1 

(green phase) is operated without any detector. There is no signal light for the controlling 

approach; thus, vehicles from the controlling approach are allowed to enter the roundabout 

anytime there is enough space for them. Although there is no red and green phase for the 

controlling approach, the green and red phases on the metered approach can be interpreted as 

red and green phases, respectively, for the controlling approach. The reason is that as long as 

the signal is green for the metered approach, vehicles on the controlling approach can barely 
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get a chance to enter the roundabout, and similarly, when the signal is red for the metered 

approach vehicles on the controlling approach have enough space to enter the roundabout.  

For the first phase (green phase for the metered approach), the actuated parameters under the 

“Control” tab folder are set as it is shown in Figure 9.  

 

 
 

Figure 9 Actuated parameters in the Control dialogue window for the exemplar phase 1 

 

The “Recall” parameter for this phase is set to “Max”. This means that this phase will be 

always served for at least the maximum green time (Max-Out) which is set to 20 seconds in 

this example. The signal will be always green unless there is a pending call from phase 2. The 

call from phase 2 (red phase for the metered approach) occurs when the detector on the 

controlling approach detects a vehicle. In case of a call from phase 2, the Max-Out time for 

phase 1 starts counting down immediately. When the counting down reaches zero, phase 2 is 

served; this means that the signal for the metered approach shifts to red.  
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For phase 2, in this example, “Recall” is set to “No”. (Figure 10) This means that this phase 

(red phase for the metered approach) will request to be served only if the detector detects a 

vehicle on the controlling approach. Thus, as long as no vehicle is detected on the controlling 

approach, the signal for the metered approach remains green. This is a useful setting for 

roundabout metering as it is mostly desired that vehicles on the controlling approach (metered 

approach) are not stopped by red light as long as there is no traffic on the controlling 

approach. 

 

 

Figure 10 Actuated parameters in the Control Window for the exemplar phase 2 

 

According to AIMSUN’s manual [27] , “Max out” time starts timing when there is a pending 

call. As “Recall” for phase 1 is set to “Max”, there is always a call for this phase as soon as 

phase 2 becomes active. Consequently, the “Max-Out” value in phase 2 begins to count down 
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immediately after this phase is activated. But in phase 1 pending call occurs after the first 

vehicle detection by the detector as “Recall” is set to “No” for phase 2. 

In order to attach a detector to the second phase and define how the detection affects the 

signals, the detector’s parameters should be also set for this phase. The “Detector” dialogue 

window for phase 2 is shown in figure 11.  

 

 

Figure 11 Detectors parameters in the Control window for the exemplar phase 2 

 

In this window, for each detector, beside the detector’s ID, there is a section called “Locking”. 

As stated above, detectors in AIMSUN do not directly detect queue length. They can just 

count vehicles (if we set “Locking” parameter as “Yes”), or detect vehicle’s presence (if we 

set “Locking” parameter as “No”.) In this example, we set the locking section to “Yes”, so that 

the number of vehicles passed through the detector during the red time is counted. These 

vehicles are counted because it is aimed to provide them enough time in the next green phase 
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to pass the stop line. The idea is that the more cars stopped during the red phase, the longer 

green phase is required to discharge the approach.  

As it is not possible to control signals based on queue detection in AIMSUN, an alternative 

method is employed in this thesis to estimate the required amount of time the green phase for 

the controlling approach (red phase for the metered approach) should get extended. The 

method is explained in following. 

AIMSUN calculates a parameter called “Initial Green Time”. In this example, the “Initial 

Green Time” value should be set in phase 2. “Initial Green Time” is “seconds per actuation” 

multiply by the number of cars the Locking detector has counted during the red phase. 

“Seconds per actuation” is the number of seconds which is added to “Minimum Green Time” 

for every detected vehicle during the previous red phase. In other words, “Initial Green Time” 

is the total seconds which is added to “Minimum Green Time” in order to discharge the queue 

formed during the previous red phase. Thus, although the queue length is not detected in 

AIMSUN, the number of vehicles which are queued during a red light and the time required 

for letting them leave the approach is calculated. There is another parameter called “Maximum 

Initial Green Time” which should be defined in the “Actuated” dialogue window. “Initial 

Green Time” can only be extended until the defined “Maximum initial green time”. In this 

example “Maximum Initial Green time” is set to 20 seconds. Once phase 2 reaches time X, 

(X= minimum green time + initial green time), the extension of its time is then depends on the 

gap between the vehicles passing the detector. The gap is calculated as seconds; which is the 

time required a car reaches its next car. In the “actuated” dialogue window there is a 

parameter called “Passage time”. “Passage time” is the time a vehicle needs to reach the stop 

line from the detector. “Passage Time” is defined as the maximum allowed time between 

detector’s actuations. In this example, “Passage Time” is set to 2 seconds. Once the initial 

green time is reached, the “Gap out” value begins to count down. “Gap out” is a parameter 

which is typically set to the “Passage Time” value in the case of detectors located at a certain 

distance from the stop line.[27] Thus, in this case, it is set to 2 seconds. While the phase is 

still active, if the headway between two vehicles is less than the passage time, the gap out is 

not counted down and the phase will be active until “Max out” reaches zero. As soon as the 

headway becomes more than the passage time, the gap out starts counting down (here from 2). 

In the meantime, if the headway between the vehicles becomes less than the passage time 

again, before gap out reaches zero, the gap out time is automatically set to the “Passage time” 

value again. When “Gap out” reaches zero, the phase is terminated. In other words, phase 2 

will end by “Gap out” or “Max out”, whichever reaches zero sooner. 
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5 Network Modeling and Simulation 

5.1 Input Data 
 

The data which are used in this thesis as input for the network modeling include traffic flows 

and turning percentages. The data were recorded earlier on 13 June 2006 by a number of 

video cameras installed in the area for the purpose of being applied in the preliminary study of 

“Fremkommelighet i Kannik” [19]. Counting the vehicles recorded in the videos was done by 

a student taking internship in Stavanger Road District during summer 2006.[28] The input 

data include morning peak traffic during 07:30-08:30, and afternoon peak traffic during 

15:15-16:15. When modeling, the input data are disintegrated into 15 minute periods in order 

to take the traffic variations in to account. The data are also available separately for cars, 

busses and heavy vehicles. The data values for the most problematic junction, roundabout 

between Løkkeveien and Rv509, are shown in figures 12-13. The registered data for the 

roundabouts 2 and 3 are available in Appendix 1. 

 

 
Figure 12 Traffic flows and turning percentages at roundabout 1(Løkkeveien/Rv509) during morning 

7:30-08:30 [28] 
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Figure 13 Traffic flows and turning percentages at roundabout 1(Løkkeveien/Rv509) during afternoon 

15:15-16:15 [28] 

 

As it is seen, the traffic flows and turning percentages have almost similar patterns and values 

for morning and afternoon peak hours. Moreover, the traffic from Madlaveien toward the 

roundabout is much higher (morning 2117 veh/hr, afternoon 2101 veh/hr) than that from the 

opposite direction, Kannikgata approach (morning 1274 veh/hr, afternoon 1237 veh/hr). From 

the 1274 veh/hr morning traffic in Kannikgata, it is just 200 of them which turn right into  

Løkkeveien, so do not have to wait for the traffic from Madlaveien in order to enter the 

roundabout. The rest, which is more than 1000 vh/hr, should stop until the traffic from 

Madlaveien pass the zone before their entry. The situation is quite the same in the afternoon. 

5.2 Model Description 
 

The network model in AIMSUN includes the road RV509 from east at Teaterpassasjen to the 

west at one junction after roundabout 1. It also includes some of the side streets in Kannik. 

Figure 14 shows an overview of the road network modeled in AIMSUN. 
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Figure 14 View of the modeled network in AIMSUN 
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5.3 Scenarios 
 

Three main scenarios for Løkkeveien/Kannikgata intersection are considered in this project. 

First, each scenario is modeled and analyzed separately; finally the results are compared with 

each other. The existing situation of the network, without any changes, is modeled and 

simulated as Scenario Zero. For the signal design, two main techniques of fixed-control 

(Scenario One) and actuated control (Scenario Two) are employed in different scenarios. The 

scenarios are studied both individually and in compare with each other in order to find out 

which of them provides better results. In the both cases, the approach from Madlaveien, which 

has the high volumes of left turns, is the only approach are signalized. For each of the 

signalization techniques some different signal timings are modeled and analyzed as sub-

scenarios. 

5.2.1 Scenario Zero 

 

This scenario represents the existing traffic situation of the network in the morning peak hours 

without any changes in the current geometry or control system of the roundabouts. In this 

thesis, the case is only simulated for the morning peak hours as the Norwegian Road 

Administration asked for it. As the traffic flows and turning percentages have similar patterns 

and quite similar values for the morning and afternoon peak hours, it was decided to just focus 

on the morning peak hours at the stage of this project.  

Scenario Zero is run in 15 replications. The average of the replications is calculated and the 

results are sent to the database. The comparison of the scenarios will be between their average 

outputs. This scenario had been modeled earlier in a preliminary project of the Norwegian 

Road Administration by the time this thesis started. The reliability of the model was also 

approved after a long process of calibration in the same project.  

In the following section, there will be an overview regarding how the calibration was carried 

out in the preliminary project. Some results from the project’s report [29] will be also 

provided showing the reliability of the model. 

5.2.1.1 Calibration 

 

To create the AIMSUN model with appropriate parameters representing the real traffic 

situation in Kannik to the most possible, the model had been calibrated earlier during the 

preliminary project. For this purpose, the traffic behavior in the model was compared with the 

actual behavior which was recorded by some videos located along the roundabouts by the 

Norwegian Road Administration. The traffic volumes and queue lengths data which had been 
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recorded by the videos were then compared with the simulated values. The following diagram 

shows the comparison between the observed and simulated traffic in the morning peak hour 

for the 3 approaches of roundabout 1. It is the traffic from the approaches toward the 

roundabout. 

 

 

Diagram 1 Comparison between the observed and simulated traffic in the three approaches of 

roundabout1 during the morning peak hour 

 

According to the diagram, the deviations are less than 15% for all the approaches. This 

implies that there is a good concurrence between the simulated and observed traffic in this 

roundabout during for morning peak hour. Such a comparison between the simulated and 

observed traffic was also carried out for the two other roundabouts of the model. According to 

the same report, the deviation of the simulated traffic from the observed traffic in those 

roundabouts were similarly within an acceptable range, [29]. As a result, the reliability of the 

model was approved as it represents the actual traffic situation quite well, so that it can be 

used in this thesis. 

5.2.1.2 Simulation Outputs 

 

Among the network’s approaches, two of them should be closely studied when comparing the 

simulation outputs. One is the approach from Kannikgata toward Junction 1 (Section 281 in 



 37 

the model), and the other is the approach from Madlaveien toward Junction 1 (Section 319 in 

the model). The sections are specifically shown in the modeled nerwork in Figure 15.  

 

 
Figure 15 Section 319 and Section 281 for scenario zero in the modeled network 

 

The first approach (section 281) is important since the aim of the case study is reducing the 

congestion in this approach, and the later (section 319) is important as this is the approach 

which has caused the problems for the first approach. Signalization of this approach which is 

expected to improve the problem of the first approach (Kannikgata) may also have negative 
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effects on Madlaveien. It is especially important to limit these effects since it has been asked 

by the project manager (Statens vegvesen) to avoid severe jam extension along Madlaveien 

which meets a highway at its other end.  

For these two sections the output values of “mean delay time”, “mean stop time”, “number of 

stops”, “total travel time”, “mean queue”, “maximum queue”, as well as “density”, “flow” 

and “mean speed” are shown in the following tables (tables1-4). In order to evaluate the 

traffic condition in the whole network, the output values of “mean speed”, “density”, 

“number of stops”, “mean delay time” and “travel time” for the network are also considered. 

It is especially important to make sure that later changes do not have negative effects on the 

general traffic situation in the network. The output values for the whole network in scenario 

zero are presented in table 5.  

The outputs include separate data for every 15 minutes as well as the total value for the 

whole one hour (7:30- 8:30).All the values presented here are the outputs of the average 

replication, which is the average of the 15 replications’ outputs.  
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Zero 281 07:30 07:45 94 90 2.18 24186.93 8.67 20.11 

Zero 281 07:45 08:00 68 61 2.49 29035.92 8.09 19.88 

Zero 281 08:00 08:15 96 91 2.62 30048.13 9.99 20.07 

Zero 281 08:15 08:30 80 75 2.26 28948.09 8.57 19.79 

Zero 281 07:30 08:30 82 77 2.39 112712.6 8.88 20.45 

 

Table 1 Outputs of scenario Zero for the approach from Kannikgata toward Junction 1 (Section 281) 

 

Scenario 

 

Section 

 

Time from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

Mean speed 

(km/hr) 

 

Zero 281 07:30 07:45 96.84 953 8.5 

Zero 281 07:45 08:00 101.8 1540 9.45 

Zero 281 08:00 08:15 112.6 1154 6.52 

Zero 281 08:15 08:30 101.5 1317 9.7 

Zero 281 07:30 08:30 103.6 1240 8.71 

 

Table 2 Outputs of scenario Zero for Section 281 (continue of table 1) 
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Zero 319 07:30 07:45 14 8 1.02 11543.4 2.62 19.93 

Zero 319 07:45 08:00 13 8 0.78 9972.38 2.13 19.04 

 
Zero 319 08:00 08:15 17 11 1.14 14193.91 3.66 23.11 

 
Zero 319 08:15 08:30 17 11 1.03 12128.9 3.45 22.54 

 
Zero 319 07:30 08:30 15 9 1 47925.38 2.98 26.68 

 
Table 3 Outputs of scenario Zero for the approach from Madlaveien toward junction 1(Section 319) 

 

 

 

Scenario 

 

Section 

 

Time from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

mean speed 

(km/hr) 

 

Zero 319 07:30 07:45 55.54 2119 29.8 

Zero 319 07:45 08:00 44.52 1914 31.6 

Zero 319 08:00 08:15 66.91 2296 27.8 

Zero 319 08:15 08:30 59.76 1993 27.6 

Zero 319 07:30 08:30 56.81 2082 29.1 

 

Table 4 Outputs of scenario Zero for Section 319 (continue of table 3)  

 

 

S
cen

a
rio

 

Time 

from 

 

 

Time 

To 

 

 

mean speed 

(km/hr) 

 

 

Density 

(veh/km) 

 

 

Number 

of 

Stops 

 

 

Mean delay 

time (sec) 

 

 

 

travel time 

(sec) 

 

 

Zero 07:30 07:45 34.16 29.89 2.53 71 110572 

Zero 07:45 08:00 27.51 38.84 4.13 161 193048.3 

 
Zero 08:00 08:15 29.03 40.36 3.8 146 175350.8 

 
Zero 08:15 08:30 26.97 40.17 4.36 175 192146 

 
Zero 07:30 08:30 29.28 37.43 3.74 140 672475.8 

 

Table 5 the outputs for the whole network in Scenario Zero (system results) 
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5.2.2 Scenario One (Fixed-control) 

 

In this scenario a traffic signal is set at the stop line of the approach from Madlaveien toward 

Roundabout 1 (section 319). The idea is to stop the high volume of left-turning vehicles from 

this approach on a regular basis, in order to let vehicles from section 281 enter the 

roundabout. The signal is fixed-controlled which means that the cycle time and red/green 

phases have constant values. Two different cycle times are tried in the following sub-

scenarios to evaluate which of them most suits our goals. The first is a long cycle time (120 

seconds) with 60 second red and green phases, and the other has quite a shorter cycle time (90 

seconds) with a 50 second green phase and 40 second red phase. During the red phase, 

vehicles from Kannikgata (section 281) can enter the roundabout easily without being 

interrupted by the huge traffic from Madlaveien. When the signal turns green, the ordinary 

yield rule governs the vehicles entering the roundabout from Madlaveien.  

The traffic signal should not interrupt the vehicles in section 319 which are going straight into 

Kannikgata since they will not have any effect on the queuing problem in section 281. 

Therefore, it is required to make some changes in the geometry of the network. For this 

purpose, a separate stretch is designed some meters before the stop line in section 319 

connecting the Madlaveien straightly to Kannikgata, so that vehicles entering this approach do 

not need to enter the roundabout. The modeled schema is shown in figure 16.  

 

 
Figure 16 The individual approach provided for the cars driving straight towards Kannikgata after the 

roundabout 
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As a result of this change, the ID numbers of some sections in the AIMSUN model were 

changed automatically; thus, Madlaveien’s section (section 319) got the new ID of 794. 

However, the section will still referred to with its original ID (section 319) in the rest of this 

report to avoid any confusion. 

5.2.2.1 Scenario 1A (replication ID: 902) 

 

In this scenario the cycle time is 120 seconds. The red and green phases are equally 60 

seconds. These values were selected after trying different sets of red and green phases. The 60 

second red and green phases provided much better results compared with the other phase 

combinations which were examined for a cycle time of 120 seconds. This scenario was run 

for 15 replications which had the same seed numbers as in scenario zero. Finally, the average 

replication was calculated and stored in the database (replication ID: 902). The detailed 

outputs for sections 281 and 319, as well as the system’s outputs are presented in tables 6-10.  
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1A 281 07:30 07:45 11 7 0.543 6736.35 0.96 11.93 

 
1A 281 07:45 08:00 8 5 0.459 6533.22 0.67 10.84 

 
1A 281 08:00 08:15 9 6 0.486 6017.51 0.78 9.889 

 
1A 281 08:15 08:30 9 5 0.453 5730.12 0.65 10.11 

 
1A 281 07:30 08:30 9 6 0.486 25017.2 0.76 13.62 

 

Table 6 Outputs of scenario 1A for the approach from Kannikgata toward junction 1 (Section 281) 
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1A 281 07:30 07:45 25.34 1351 31.87 

 
1A 281 07:45 08:00 23.06 1489 34.07 

 
1A 281 08:00 08:15 22.53 1320 33.43 

 
1A 281 08:15 08:30 20.17 1283 34.55 

 
1A 281 07:30 08:30 22.77 1361 33.44 

 

Table 7 Outputs of scenario 1A for Section 281 (continue of table 6) 
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1A 319 07:30 07:45 41 35 1.71 9841.76 4.31 10.7 

 
1A 319 07:45 08:00 45 40 1.77 8562.46 4.36 10.7 

 
1A 319 08:00 08:15 43 38 1.79 10677.8 5.1 10.63 

 
1A 319 08:15 08:30 41 35 1.69 8545.89 4.56 10.53 

 
1A 319 07:30 08:30 42 37 1.74 37627.9 4.58 10.97 

 

Table 8 Outputs of scenario 1A for the approach from Madlaveien toward junction 1(Section 319) 
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1A 319 07:30 07:45 90.20 859 8.79 

 
1A 319 07:45 08:00 87.02 692 7.92 

 
1A 319 08:00 08:15 104.06 889 7.91 

 
1A 319 08:15 08:30 91.71 751 8.97 

 
1A 319 07:30 08:30 93.24 798 8.42 

 

Table 9 Outputs of scenario 1A (fixed control) for Section 319 
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1A 07:30 07:45 37.18 21.32 2.04 47 95072.39 

 
1A 07:45 08:00 36.3 21.86 2.35 53 101375.99 

 
1A 08:00 08:15 36.13 24.9 2.35 64 105690.93 

 
1A 08:15 08:30 37.61 21.43 2.06 65 95278.02 

 
1A 07:30 08:30 36.81 22.38 2.19 55 397417.42 

 

Table 10 Outputs for the whole network in Scenario 1A (System results) 
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It is seen that the signalization in this scenario has greatly improved the traffic situation for 

section 281 (Kannikgata approach) as it has been desired. To have a better view of the 

improved situation in Scenario 1A compared with Scenario Zero, the decrease in density, 

mean delay, stop time, number of stops, travel time, mean queue and maximum queue in 

section 281 are illustrated in diagram 2. The values shown on the top of each column are the 

original values in Scenario Zero (the scenario without signalization), and those which are 

written inside the blue parts are the new values after the signalization in Scenario1A. The 

vertical axis shows the percentage, so that for example for “density” we have 103.62 vehicles 

per kilometers in Scenario Zero. In Scenario 1A, this value is decreased to 22.77 

(vehicle/km). Considering the vertical axis, we can see that the density value has been 

decreased for about 78% from Scenario Zero to Scenario 1A. 

 

 
 

Diagram 2 Traffic factors improvement (in percentage) for section 281 from Scenario 

Zero to Scenario 1A 

 

Furthermore, the traffic situation of the whole network in Scenario 1A has been greatly 

improved compared with that in Scenario Zero. The improvement is apparent considering all 

the over-stated traffic factors. As for example, the values of density, number of stops, mean 

delay and travel times are presented in Diagram 3. According to the diagram, the values of 

density, number of stops and travel time have decreased almost 40%, and the delay has 
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decreased for 60%. Moreover, the mean speed value has increased 80% (from 29.28 km/hr to 

36.81 km/hr) according to tables 5 and 10. 

 

 
 

Diagram 3 the positive effects of changes in Scenario 1A on the traffic situation in 

the whole network compared with Scenario Zero 

 

However, the traffic situation in section 319 (Madlaveien approach) has deteriorated 

extremely. Diagram 4 shows the changes of traffic factors’ values for section 319 from 

Scenario Zero to Scenario 1A. The “mean delay” has more than doubled, and the “mean stop 

time” has increased for more than 70%.  
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Diagram 4 Traffic factors decline (in percentage) for section 319 from Scenario 

Zero to Scenario 1A 

 

Although the improved results for section 281 and the whole network are much significant, 

the extreme decline of the traffic situation in section 319 is not acceptable. As long as there is 

a section with unacceptable traffic situation in a network, the total traffic condition of the 

whole network or any other sections can not be sufficient for approving the scenario. 

Therefore, it is required to alter the signal control system in the next scenario in a way that 

traffic advancement in Kannikgata does not result in excessive traffic deterioration in 

Madlaveien (section 319). 

5.2.2.2 Scenario 1B (replication ID: 905) 

 

In this scenario the traffic signal for Mdlaveien approach is designed with a shorter cycle time 

(90 seconds) in which the green and red phases are respectively 50 and 40 seconds. These 

values were selected after trying some different sets of red and green phases for 90 seconds 

cycle time. The 50 second green phase for section 319 provided much better results 

comparing the other phase combinations. The scenario was run for 15 replications which had 

the same seed numbers as in Scenario Zero. Finally, the average replication was calculated 
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and stored in the database (replication ID: 905). The output values for sections 281 and 319, 

as well as for the whole network are presented in tables 11-15.  
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281 07:30 07:45 10 6 0.56 6636.75 0.84 11.29 

281 07:45 08:00 8 4 0.48 6160.7 0.61 9.911 

281 08:00 08:15 10 6 0.56 6345.93 0.79 10.53 

281 08:15 08:30 9 6 0.5 5678.04 0.76 10 

281 07:30 08:30 9 6 0.52 24821.4 0.75 13.31 

 

Table 11Outputs for Section 281(Kannikgata approach) in scenario 1B 
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281 07:30 07:45 24.24 1386 31.49 

281 07:45 08:00 22.41 1456 33.76 

281 08:00 08:15 23.1 1339 31.55 

281 08:15 08:30 21.45 1243 33.15 

281 07:30 08:30 22.8 1356 32.48 

 

Table 12 Outputs for Section 281 (continue of table 11) in scenario 1B 

 

 

Section 

 

 

Time 

from 

 

Time 

to 

 

 

Mean delay 

time (sec) 

 

 

Mean stop 

time  

(sec) 

Number 

of 

Stops 

Travel 

time 

(sec) 

Queue 

mean 

(meter) 

Queue 

max 

(meter) 

319 07:30 07:45 29 24 1.55 7399.22 3.17 10.53 

319 07:45 08:00 29 24 1.41 6351.75 2.43 9.733 

319 08:00 08:15 31 26 1.58 8499.46 3.56 10.43 

319 08:15 08:30 28 23 1.38 6672.22 2.55 9.867 

319 07:30 08:30 29 24 1.49 28922.7 2.93 10.67 

 
Table 13 Outputs for Section 319 (Madlaveien approach) in scenario 1B 
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Section 

 

 

 

Time 

from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

Mean speed 

(km/hr) 

 

319 07:30 07:45 71.4 864 11.02 

319 07:45 08:00 55.46 759 11.51 

319 08:00 08:15 79.23 941 10.14 

319 08:15 08:30 58.8 812 12.38 

319 07:30 08:30 66.22 844 11.14 

 

Table 14 Outputs for Section 319 (continue of table 13) in scenario 1B 

 

 

Time 

from 

 

 

Time 

To 

 

 

Mean speed 

(km/hr) 

 

 

Density 

(veh/km) 

 

 

Number 

of 

Stops 

 

 

Mean delay 

time (sec) 

 

 

 

Travel time 

(sec) 

 

 

07:30 07:45 37.83 20.43 1.96 42 91105.29 

07:45 08:00 36.85 20.36 2.25 48 97343.03 

08:00 08:15 36.95 21.49 2.16 48 100316.06 

08:15 08:30 38.71 18.4 1.79 40 85756.41 

07:30 08:30 37.53 20.17 2.05 45 374520.53 

 

Table 15 Outputs for the whole network in Scenario 1B (System results) 

 

Considering the output values, the signalization in this scenario has improved the traffic 

situation for section 281 in Kannikgata to almost the same extent as in Scenario 1A. Diagram 

5 shows the improvement of the traffic situation for section 281 in Scenario1B compared with 

the original scenario (Scenario Zero). Comparing diagram 5 with diagram 1, it is seen that the 

degree of improvement in this scenario is almost as much as in Scenario 1A. 
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Diagram 5 Traffic factors improvement (in percentage) for section 281 from Scenario 

Zero to Scenario 1B 

 

The traffic situation in Section 319 (Madlaveien approach) has improved in this scenario 

compared with scenario 1A. Diagram 6 shows the values of mean delay and stop time for this 

section in Scenarios 1B, 1A and Zero, as well as their difference in percentage. Mean delay 

and stop time are chosen as the representative traffic factors for the general traffic situation as 

the other traffic factors have almost had the same pattern. In this diagram, the values of delay 

and stop time, written at the top of the blue, purple and yellow columns, are respectively the 

values in Scenario Zero, Scenario 1B and Scenario 1A. For example, the mean delay for 

section 319 in Scenario Zero is 15 seconds. In Scenario 1A the mean delay increased to 42 

seconds, and in Scenario 1B it decreased to 29 seconds.  
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Diagram 6 Traffic factors changes (in percentage) for section 319 in Scenario 1B 

 compared with the previous scenarios 

 

As it is seen in this diagram, although traffic situation in section 319 has improved in this 

scenario compared with in Scenario 1A, the degree of improvement is not enough yet 

considering the section’s initial situation in Scenario Zero. Thus, in the next step it is tried to 

find a scenario which provides acceptable traffic values both for section 319 and section 281.    
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5.2.3 Scenario Two (Actuated Control) 

 

In the following scenarios, a traffic actuated signal is considered for section 319 (Madlaveien 

approach) at the stop line by roundabout 1. In addition, a detector is located in section 281 

(Kannikgata approach), 2.5 meters behind the stop line. The signal for section 319 is 

connected to the detector on section 281. The aim is to design the signal on Madlaveien ina 

way that the red phase activates just when there is a need for it due to the traffic on 

Kannikgata (section 281). As it is desired to find a scenario which provides acceptable traffic 

values for section 319 while keeping the good achieved condition in section 281, avoiding 

unnecessary red phases in section 319 when there is no need for it in Kannikgata is a potential 

solution which will be tried in the following scenarios. 

5.2.3.1 Scenario 2A (replication ID: 906) 

 

In this scenario the parameters in AIMSUN Actuated Control are the same as the example 

explained in Chapter 5 as following. The parameters are presented here again: 

 

Phase 1: (green phase for Madlaveien): 

Recall: Max 

Max-Out: 20 seconds 

No detector 

 

Phase 2: (red phase for Madlaveien) 

Recall: No 

Minimum Green: 10 seconds 

Maximum Initial Green: 20 seconds 

Passage Time: 2 seconds 

Seconds Actuation: 2 seconds 

The detector’s position in Knnikgata: 2.5 meters behind the stop line 

Detector’s “Locking”: Yes 

 

This scenario is also runned in 15 replications and the average outputs are calculated by 

AIMSUN. The detailed outputs of the average replication for sections 281 and 319 as well as 

the system’s outputs are presented in tables 16-20.  
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Section 

 

 

Time 

from 

 

Time 

to 

 

 

mean delay 

time (sec) 

 

mean stop 

time (sec) 

 

Number 

of 

Stops 

 

travel time 

(sec) 

 

Queue 

mean 

(meter) 

Queue 

max 

(meter) 

281 07:30 07:45 7 3 0.42 5432.76 0.46 8.76 

281 07:45 08:00 6 2 0.38 5435.7 0.38 7.96 

281 08:00 08:15 7 3 0.43 5253.92 0.48 8.4 

281 08:15 08:30 19 15 0.5 7318.61 1.35 9.22 

281 07:30 08:30 8 5 0.43 23441 0.67 11.4 

 

Table 16 Outputs of scenario 2A for the approach from Kannikgata toward junction 1 (Section 281) 

 

 

 

Section 

 

 

 

Time 

from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

mean speed 

(km/hr) 

 

281 07:30 07:45 20.06 1375 34.61 

281 07:45 08:00 19.71 1450 35.66 

281 08:00 08:15 19.53 1341 34.67 

281 08:15 08:30 27.09 1208 33.28 

281 07:30 08:30 21.6 1343 34.7 

 

Table 17 Outputs of scenario 2A for Section 281 (continue of table 16) 

 

 

Section 

 

 

Time 

from 

 

Time 

to 

 

 

mean delay 

time (sec) 

 

mean stop 

time (sec) 

 

Number 

of 

Stops 

 

travel time 

(sec) 

 

Queue 

mean 

(meter) 

Queue 

max 

(meter) 

319 07:30 07:45 39 34 1.76 9065.54 4.06 10.63 

319 07:45 08:00 38 33 1.68 8262.95 3.51 10.47 

319 08:00 08:15 39 34 1.77 9972.96 4.42 10.63 

319 08:15 08:30 38 33 1.63 8305.31 3.43 10.13 

319 07:30 08:30 38 33 1.71 35606.7 3.86 10.97 

 

Table 18 Outputs of scenario 2A for the approach from Madlaveien toward junction 1 (Section 319) 
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Section 

 

 

 

Time 

from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

mean speed 

(km/hr) 

 

319 07:30 07:45 85.3 834 8.179 

319 07:45 08:00 73.3 764 8.876 

319 08:00 08:15 92.79 907 7.429 

319 08:15 08:30 73.55 815 9.41 

319 07:30 08:30 81.24 830 8.427 

 

Table 19 Outputs of scenario 2A for Section 319 (continue of table 18) 

 

 

Time 

from 

 

 

Time 

To 

 

 

mean speed 

(km/hr) 

 

 

Density 

(veh/km) 

 

 

Number 

of 

Stops 

 

 

Mean delay 

time (sec) 

 

 

 

travel time 

(sec) 

 

 

07:30 07:45 37.63 20.99 2.04 45 93174.78 

07:45 08:00 36.26 21.18 2.44 58 102154.16 

08:00 08:15 37.17 21.74 2.10 46 99379.92 

08:15 08:30 37.01 22.95 2.13 68 99918.88 

07:30 08:30 37.08 21.71 2.17 53 394627.56 

 

Table 20 Outputs for the whole network in Scenario 2A (System results) 

 

In this scenario (Scenario 2A) the traffic situation in section 281 (Kannikgata approach) has 

reached a condition even better than that in the previous scenarios. (Diagram 7) However, the 

scenario has not improved the traffic situation in section 319 (Madlaveien approach) to an 

acceptable level. On the contrary, the traffic situation in this section got even worsened 

compared with in the previous scenario (scenario 1B). The mean delay and stop time values 

for this section in all the examined scenarios are shown in Diagrams 8-9.  Mean delay and 

stop time are chosen as the representative traffic factors as the other traffic factors have almost 

had similar changing patterns in section 319. The diagrams show the worsened traffic 

situation in section 319 in Scenario 2A compared with the previous scenario. They also 

provide a good view over the traffic pattern changes in this section throughout the four 

scenarios. 
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Diagram 7 the improved traffic situation for section 281 (Knnikgata) in Scenario 2A compared with the 

previous scenarios 

 

 

 
 

Diagram 8 the mean delay value in section 319 (Madlaveien) in Scenario 2A compared  

with the previous scenarios 
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Diagram 9 the stop time value in section 319 (Madlaveien) in Scenario 2A compared with the previous 

scenarios 

 

As the traffic in section 319 is not acceptable, it is still required to find a scenario which not 

only keeps the good results for section 281 (Kannikgata approach), but also provides 

acceptable outputs for Madlaveien (section 319). For this purpose, scenario 2B is designed 

and examined as following. 
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5.2.3.2 Scenario 2B (replication ID: 908) 

 

The same as in Scenario 2A, a traffic actuated signal is considered for section 319 in this and 

a detector is designed in section 281, 2.5 meters behind the stop line. The signal for section 

319 is connected to the detector on section 281. The “Recall” parameter for phase 1 is set to 

“Max”. This means that the signal will be always green unless there is a pending call from 

phase 2. For phase 2, the “Recall” is set to “No”. This means that red phase for the metered 

approach will request to be served only if the detector detects a vehicle on the controlling 

approach. The detector’s locking parameter is set to “No”, so that the detector just detects the 

presence of vehicles. This means that only vehicles stopping over the detector activates the 

request of service for phase 2, so that the max out time in phase 1 begins to count down. 

Phase 1 is not terminated before that “Max-out” reaches zero. The “Max-out” for phase 1 is 

set to 15 seconds. As soon as there is a request for phase 2, phase 1 starts counting down for 

15 seconds. It should be noticed that while serving phase 1, if any vehicle passes through the 

detector, phase 2 will request to be served, but if the traffic is flowing and no vehicle gets 

stopped over the detector (no vehicle is detected over the detector’s location), the request will 

be removed. Then, “Max out” time for phase 1 will be assigned to its initial value. Therefore, 

the signal gets red just when there is a queue in section 281 which reaches the detector 

location and lasts for more than 15 seconds. 

As soon as phase 2 is activated, there is a call for phase 1 since “Recall” for phase 1 is set to 

“Max”. Thus, when Phase 2 starts, the “Max-out” time begins to count down. The “Max-out” 

value in this phase is set to 50 seconds. “Passage time” is also applied for phase 2, as in the 

previous scenario. While phase 2 is active, if the headway between two vehicles is less than 

the “passage time”, the “Gap out” is not counted down and the phase will be active until 

“Max out” reaches zero. As soon as the headway becomes more than the passage time, the 

“Gap out” starts to count down. In the meantime, if the headway becomes less than the 

passage time again, before “Gap out” reaches zero, the “Gap out” value is automatically set to 

the “Passage time” (2 seconds) again. When “Gap out” reaches zero, the phase is terminated. 

In other words, phase 2 will end by “Gap out” or “Max out”, whichever reaches zero sooner. 

In this scenario “Seconds Actuation” is not applied as vehicles are not counted by the detector. 

The detailed outputs for sections 281 and 319, as well as the system’s outputs are presented in 

tables 21-25.  
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Section 

 

 

Time 

from 

 

Time 

to 

 

 

mean delay 

time (sec) 

 

mean stop 

time (sec) 

 

Number 

of 

Stops 

 

travel time 

(sec) 

 

Queue 

mean 

(meter) 

Queue 

max 

(meter) 

281 07:30 07:45 10 6 0.63 6542 0.79 10.27 

281 07:45 08:00 7 3 0.5 5989.2 0.5 8.84 

281 08:00 08:15 9 5 0.59 6198.59 0.7 9 

281 08:15 08:30 8 4 0.53 5412.17 0.54 7.8 

281 07:30 08:30 9 5 0.56 24141.94 0.63 11.51 

 

Table 21Outputs of scenario 2B for Section 281 (Kannikgata approach) 

 

 

 

Section 

 

 

 

Time 

from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

mean speed 

(km/hr) 

 

281 07:30 07:45 24.22 1369 29.19 

281 07:45 08:00 21.66 1456 32.74 

281 08:00 08:15 22.55 1345 30.33 

281 08:15 08:30 19.77 1263 32.16 

281 07:30 08:30 22.05 1358 31.1 

 

Table 22 Outputs of scenario 2B for Section 281 (Kannikgata approach) 
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Time 

to 

 

 

mean delay 

time (sec) 

 

mean stop 

time (sec) 

 

Number 

of 

Stops 

 

travel time 

(sec) 

 

Queue 

mean 

(meter) 

Queue 

max 

(meter) 

319 07:30 07:45 15 11 0.97 4546.67 1.46 8.53 

319 07:45 08:00 11 8 0.75 2867.64 1.31 7.27 

319 08:00 08:15 14 10 0.99 4431.27 1.97 9.23 

319 08:15 08:30 9 6 0.65 2762.77 1.27 7.2 

319 07:30 08:30 13 9 0.87 14608.35 1.50 10.07 

 

Table 23 Outputs of scenario 2B for Section 319 (Madlaveien approach) 
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Section 

 

 

 

Time 

from 

 

Time 

to 

 

Density 

(veh/km) 

 

Flow 

(veh/hr) 

 

mean speed 

(km/hr) 

 

319 07:30 07:45 41.89 905 19.5 

319 07:45 08:00 34.67 707 23.27 

319 08:00 08:15 51.01 917 19.26 

319 08:15 08:30 34.86 774 25.65 

319 07:30 08:30 40.61 826 21.4 

 

Table 24 Outputs of scenario 2B for Section 319 (Madlaveien approach) 
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Mean delay 

time (sec) 

 

 

 

travel time 

(sec) 

 

 

07:30 07:45 38.59 19.82 1.81 39 88537.15 

07:45 08:00 37.80 21.04 2.09 47 93118.71 

08:00 08:15 38.64 21.85 1.88 49 93063.5 

08:15 08:30 40.10 19.3 1.62 64 85482.92 

07:30 08:30 38.75 20.5 1.85 47 360202.2 

 

Table 25 Outputs for the whole network in Scenario 2B (System results) 

 

In this scenario the traffic situation in section 281 (Kannikgata approach) has kept its best 

results which had been reached in the earlier scenarios; furthermore, the traffic situation in 

section 319 (Madlaveien approach) has improved significantly. The improvement in section 

319 is so much that the some of the traffic factors for this section reached even better values 

than the original situation in Scenario Zero. This means that the goal to find a scenario which 

not only keeps the good results for section 281 (Kannikgata approach), but also provides an 

acceptable traffic condition for section 319 (Madlaveien approach) is reached.  

In order to depict the improved traffic situation in this scenario compared with the other 

scenarios, the mean delay and stop time values for section 281 and 319 are shown in the 

following diagrams. Diagrams 10-11 show that section 281 (Kannikgata approach) has its best 

traffic condition in the last scenario (Scenario 2B) compared with the other scenarios. 

Diagrams 12-13 illustrate the significant improvement of the traffic situation in section 319 

(Madlaveien approach) which even surpassed the original situation in Scenario Zero. The 
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other traffic factors have also had the similar change patterns considering the outputs 

presented in the above tables. 

 

 

Diagram 10 the best output result for mean delay for section 281 in Scenario 2B compared to the previous 

scenarios 
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Diagram 11 the best output result for stop time for section 281 in Scenario 2B compared to the previous 

scenarios 
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Diagram 12 Significant decrease in mean delay value for section 319 in Scenario 2B compared with the 

previous scenarios 

 

 
Diagram 13 Significant decrease in stop time value for section 319 in Scenario 2B compared with the 

previous scenarios 
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5.3 Comparison  
 

In the following tables, the outputs of the four examined scenarios as well as the original 

scenario for section 281, sections 319, and the whole network are gathered. The aim is to 

provide a clear view of output changes throughout the scenarios, so that it becomes possible 

to compare the scenarios easily. As there are many traffic factors in the AIMSUN’s outputs, it 

was not so practical to present all of them for all the scenarios with diagrams. On the other 

hand, it is still quit easy to have a good overview of output changes in the following tables, 

thus compare the scenarios easily. 

In these tables, Scenario Zero is shown by red color as a symbol for unacceptability of the 

output values. The final scenario (Scenario 2B) is shown with green color, which means that 

the scenario’s results for Section 281, Section 319, and the whole network are approved. 
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(sec) 

 

Queue 

mean 

(meter) 

 

Queue 

max 

(meter) 

 

Zero 281 1240 8.71 82 77 2.39 112712.6 8.88 20.45 

1A 281 1361 33.44 9 6 0.486 25017,2 0.76 13.62 

1B 281 1356 32.48 9 6 0.52 24821.4 0.75 13.31 

2A 281 1343 34.7 8 5 0.43 23441 0.67 11.4 

 
2B 281 1358 31.1 9 5 0.56 24141.94 0.63 11.51 

 

Table 26 Comparison of the scenarios’ final results for section 281 (Kannikgata approach) 

 

As it is seen in Table 26, all the traffic factors in section 281 have reached extremely better 

values in Scenario 2B compared with its original situation in Scenario Zero. The speed 

increase from 8.71 (km/hr)  in Scenario Zero to 31.1(km/hr) in Scenario 2B or mean delay 

time decrease from 82 seconds to 9 seconds clearly confirm that Scenario 2B has successfully 

provided an acceptable traffic situation in Section 281. 
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mean 

(meter) 

 

Queue 

max 

(meter) 

 

Zero 319 2082 29.1 15 9 1 47925.38 2.98 26.68 

1A 319 798 8.42 42 37 1.74 37627.9 4.58 10.97 

1B 319 844 11.14 29 24 1.49 28922.7 2.93 10.67 

2A 319 830 8.427 38 33 1,71 35606,7 3,86 10,97 

 
2B 319 826 21.4 13 9 0.87 14608.35 1.50 10.07 

 

Table 27 Comparison of the scenarios’ final results for section 319 (Madlaveien approach) 

 

As it is seen in Table 27, the traffic factors in section 281 have reached much better values in 

Scenario 2B compared with in Scenarios 1A, 1B and 2A. It is just the Flow value which is a 

little less in Scenario 2B (826 vehicles/hr) than that in Scenario 1B (844 vehicles/hr) and 2A 

(830 vehicles/hr). The difference is so little that is completely negligible. Besides, this value 

in Scenario 2B is extremely better than that in Scenario Zero. The speed increase from 8.71 

(km/hr)  in Scenario Zero to 31.1(km/hr) in Scenario 2B or mean delay time decrease from 82 

seconds to 9 seconds clearly confirm that Scenario 2B has successfully provided an 

acceptable traffic situation in Section 281. 
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travel time 
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Zero 29.28 37.43 3.74 140 
 

672475.85 

1A 36.81 22.38 2.19 55 397417.42 

1B 37.53 20.17 2.05 45 374520.53 

2A 37.08 21.71 2.17 53 394627.56 
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47 

 
360202.2 

 

Table 28 Comparison of the scenarios’ final results for total network 

 

According to Table 28, all the traffic outputs for the whole network in Scenario 2B are 

extremely better than in the original scenario. Thus, Scenario 2B can greatly improve the 

traffic jam problem in Kannikgata while it does not make any new problem for other parts of 
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the network. As a result, to overcome the negative effects of the unbalanced flows in 

Roundabout 1, it is recommended to implement scenario 2B in the area.  
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6 Conclusion 
 

Considering the very good results achieved in the last scenario for all the traffic outputs in 

Madlaveien and Kannikgata approaches, as well as in the whole network, the scenario is 

recommended as the final solution for improving the traffic situation in Kannik area. For this 

purpose, it is first necessary to implement the geometrical changes explained in Chapter 5.2.2, 

which includes adding the individual approach to Madlaveien for the vehicles going straightly 

from Madlaveien toward Kannikgata. Therefore, these vehicles do not need to pass the 

roundabout and consequently skip to stop unreasonably by the red light, as they do not have 

any effect on the traffic situation in section 281. 

Reviewing the examined scenarios and their results shows that the main factor which helps to 

achieve a good result in roundabout metering is to avoid unnecessary red phases for metered 

approaches. Therefore, not only it is essential to apply actuated traffic control systems instead 

of traditional signalization, but also selecting proper parameters when setting the actuated 

control is extremely important. In this respect, implementing proper detectors which can 

actuate the presence of vehicles is a helpful alternative. Just passing a vehicle through a 

detector’s location should not be interpreted as a queue forming and therefore a request for a 

phase change. 

Applying AIMSUN for Kannik case study could be considered as an exclusive experiment 

verifying the unexplored strengths of the micro simulation tool for signalization of 

roundabouts. The capabilities of AIMSUN regarding Traffic Actuated Control are enormously 

suitable and helpful for studying a variety of signalization and metering scenarios. Thus, in 

spite of the difficulties experienced in this thesis due to the lack of information about how to 

employ AIMSUN in many respects, this micro simulation package is strongly recommended 

as a powerful tool for later case studies of roundabout metering. 

Lastly, it should be mentioned that in order to better design and model every new roundabout 

case in any simulation tool, it is first important to become acquainted with the tool’s details 

and parameters to the most possible. As every case might be specifically different and there is 

a great lack of former experiments in this field, this process may take a long time as result of 

several tries and fails. However, it should be noticed that such attempts for each case not only 

leads to a much better design of that specific case, but also will be a step forward on the long 

way to enrich the few available resources in this field.   
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7 Appendix 1: Traffic Flows Input Data 
 

 Roundabout 2: Musegata / Rv509 

 

 

  
Figure 17 Traffic flows and turning percentages at roundabout 2 (Olav V/Rv509/Mussegata) during 

morning 7:30-08:30 [28] 

 

 

 
Figure 18 Traffic flows and turning percentages at roundabout 2 (Olav V/Rv509/Mussegata) during 

afternoon 15:15-16:15 [28] 
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 Roundabout 3: Rv509 / Rv44 

 

 

 
Figure 19 Traffic flows and turning percentages at roundabout 3 (Rv44/Rv509) during morning 7:30-

08:30 [28] 
  

 
Figure 20 Traffic flows and turning percentages at roundabout 3 (Rv44/Rv509) during afternoon 15:15-

16:15 [28] 
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