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Abstract 

The growth of serious injuries and fatalities resulting from traffic accidents at intersections is one of the 

main problems in urban areas. Signal control was proposed as an alternative intersection design on rural 

roads. There were many reasons behind this, the most outstanding of which was the traffic signals can be 

used as a cost effective tools for traffic management in urban areas. The LHOVRA technique was 

intended to improve safety and reduce lost time at signalized intersection along high speed roads. The 

LHOVRA technique is an isolated traffic control strategy in Sweden which is formed from different 

concepts. 

This thesis work is aimed to evaluate the LHOVRA technique with a focus on the O-function. Hence, two 

different scenarios, one with O-function and one without O-function were implemented in the micro 

traffic simulation software, VISSIM. VISSIM has been used to simulate the traffic situation of the Gamla 

Övägen – Albrektsvägen intersection by considering the LHOVRA scenario (with O-function) as well as 

traditional scenario (without O-function) of the intersection. 

Field measurements were used as input data for VISSIM simulation. The VISSIM simulation model was 

calibrated to find a close match between simulated and real data. 

Finally, a comparison of alternatives was carried out based on traffic performance and traffic safety 

measurements. The simulation experiment results gained by the comparisons were presented a higher 

time-to-collision value. The higher time-to-collision value the safer situation is. Both delays and travel 

time were reduced to primary road traffic. 

Key words: Calibration, Dilemma zone, Driver behavior, Signal control, Simulation experiment, 

Signalized intersection, LHOVRA technique, Traffic volumes, Traffic safety, VISSIM, VisVap. 
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Glossary of Terms – Quick Reference Guide 

Actuated control A controller that receives information from vehicles or pedestrian 

detectors and provides signal timing accordingly. 

Calibration Process used in Traffic simulation to ensure that the behavior of a 

particular model matches with the observed measurement values. 

Capacity The maximum suitable flow rate at which vehicles can reasonably be 

expected to travel a point under given conditions. 

Car-following Used to describe the statue of a vehicle that has a time gap or headway 

less than a prearranged maximum value. 

Critical-gap The minimum acceptance distance in a yielding situation that vehicles 

can accept when they are crossing a conflicting traffic stream. 

Cycle time The length of time in seconds for a complete stage sequence to run 

before it is repeated. 

Degree of saturation The ratio of traffic flow to capacity. 

Dilemma zone Area on approach to a signalized intersection where the driver is 

irresolute in their desire or ability whether to stop or go when faced with 

the yellow indication. 

Driver behavior Term used to describe the action of drivers in different driving situations. 

Effective green time The time during a green interval where traffic can extracted at saturation 

flow through the intersection. 

Green time (G):                    Time within a given phase during which the "green" indication is   
    shown, stated in seconds. 
 

Gap-acceptance  Process that describes interaction between prioritized and non-prioritized 

road-users. 

Inter-green period The period in seconds between the end of green of one stage and the 

begin of green on the next stage. 

Isolated signal control The situation in which a signal control runs individually and 

independently of other signal controllers. 

Left-turn equivalent factor  The left-turn equivalent factor is used to convert left turning vehicles to 

equivalent straight-through vehicles, because left-turning vehicles 

generally require a longer green time than straight-through vehicles.   
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Past-end green time The time duration where the normal signal changes from green to yellow 

is delayed. 

 

Pre-timed traffic control Signal control in which the phase and cycle time is fixed and pre-

determined. It is appropriate for adjacent intersections where the number 

of traffic movements is consistent on week days. 

 

Time-to-Collision The time that remains until a collision between two vehicles would have 

occurred if the collision course and speed difference are maintained.  
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1. Introduction 

Nowadays, traffic flow is increasing rapidly and hence become a big problem for road users. Improving 

the traffic safety situation is an important issue where Sweden and many other countries have made 

important contributions. One of the effective type of Intelligent Transportation System (ITS) which is 

often considered is traffic signals which has a high impact on traffic conditions and provides an important 

level of safety and convenience for road-users at intersections.  

In Sweden, about 50% of the traffic signal-controlled intersections operate in isolation. This means that 

each traffic signal works independently and they have no coordination with other intersections. Finding 

an acceptable balance between traffic safety and performance is usually difficult. Swedish signaling is 

commonly group-based rather than phase-based and the traditional Swedish vehicle actuated signal 

control is based on what has been termed the time gap method (Archer, 2005).  

The Swedish LHOVRA technique has been developed for use in rural traffic environments. The name 

LHOVRA is an acronym formed from the initial letters for the Swedish terms corresponding to: (SRA, 

1991; 2002b): 

 

L = Truck/bus priority 

H = Major road priority 

O = Incident reduction 

V = Variable green/yellow 

R = Reduction of red light infringement 

A = Green-yellow-red-green sequences 

 

The so called “O” and “R” functions are concerned with safety enhancement, while the other four 

functions are mainly concerned with traffic performance. LHOVRA is applicable to roads where the 

speed limit on approaches does not exceed 70 km/h. According to the Swedish Road Authority (SRA, 

1991; 2002b), about 70% of the isolated signalized intersections in Sweden today have some type of 

LHOVRA functions.   

This thesis investigates the implementations of the O-functionn (Incident Reduction) on driver decisions 

on whether to stop or go when faced with the onset of amber. This thesis also presents a comparison 

between the situations with the O-functionn in operation and the situations without the O-functionn. 

According to SRA (1991) the O-functionn can reduce the red-light violations and the number of rear end 

collision without imposing any negative effect of traffic performance. 

 

1.1. Background 

Traffic signal control is a very cost-effective method for improvement of urban traffic systems in terms of 

performance, safety and environment. Traffic signals can be used to regulate the traffic on streets or roads 

in urban areas. Traffic signals can increase the road safety as well as minimizes delay and stop times. 

Traffic signals can be either operated as isolated or coordinated. In isolated traffic signal control, signal 

timing decisions are based only on the traffic demand in the approaches of the intersection while in 
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coordinated traffic signal control; the timing decisions are based on other adjacent traffic signals to 

facilitate passage of the signalized system.  

Isolated traffic signal control is divided into three categories; Fixed time signal control (FT), Vehicle 

actuated control (VA) and Self optimized real time control. Fixed time signal control is predetermined 

and it is used to minimize the intersection delay for the traffic demand based on historical data. In vehicle 

actuated control, variable green time allocation and cycle time is based on detected traffic demand in the 

signalized approaches and it is based on real time information. In self-optimized real-time control, 

variable green time allocation and cycle time is based on real-time optimization of traffic performance 

according to traffic conditions for all signalized approaches in the intersection (Al-Mudhaffar, 2006). 

Traffic simulation or simulation of transportation systems is the mathematical modeling of transportation 

systems through the application of computer software. Traffic simulation is applied to better help design, 

plan and operate transportation systems. Traffic simulation is important in transportation because it can be 

used for experimental studies; study road facilities too complicated for analytical treatment and provide 

attractive visual demo of current and future scenarios. 

 

1.2. Aim and Purpose 
  

The main objective of this study is to investigate the Level of Service (LoS) and traffic safety 

performance effects of the LHOVRA O-functionn in the specific intersection (Gamla Övägen – 

Albrektsvägen). The main focus in this project is how to implement LHOVRA O-functionns in order to 

increase safety, reduce lost time and the number of stopped vehicles at signalized intersections along 

high-speed roads. During the project, two different scenarios (scenario with O-function and the traditional 

Swedish traffic control) will be exposed. Scenarios will be compared with respect to differences in 

performance in terms of safety, delay time, queue length, travel time, and capacity. All this gets 

accomplish with using traffic simulation software VISSIM.  

 

1.3. Methodology 

In recent years micro simulation techniques have developed as a useful tool for traffic analysis. With the 

micro simulation technique it is possible to simulate the road networks with dynamic traffic conditions 

and driver behavior. Signal control is one interesting control strategy which is possible to study by micro 

simulation. 

Traffic data collected from the isolated signalized intersection (Gamla Övägen – Albrektsvägen) were 

used as a field measurement for this thesis. The methodology of the thesis can be divided into the 

following steps: 

 

 Initially, a comprehensive literature study was performed including different papers, books, 

previous thesis of traffic planning and traffic engineering. 

 

 A Traffic micro simulation software VISSIM version 5.4 was used to analysis the intersection and 

also for its scenarios. 
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 Data collections regarding traffic flow, geometric layout, signal timing, desired speed, signal 

phasing, travel time and other related information was gained during survey. These data were 

utilized in VISSIM. Video recording of a signalized intersection was done at peak hour afternoon 

for five days. 

 

 The calibration process was performed to adjust model parameters in order to meet local field 

data and reproduce local driver behavior. The behavioral parameters such as desired speed, 

number of observed vehicles, and average standstill distance were adjusted to match the model 

with the measured field data.  

 

 

 Two simulations were set-up, one for the scenario with the O-functionn and one for without the 

O-functionn (traditional Swedish control system). The scenario with the O-functionn is enabled 

by detecting vehicles that enters the dilemma zone and delaying the change to amber. 

 

 

 A Vehicle Actuated Programming (VAP) was built base on the information required for the O-

functionn. A VAP is a discrete software which is belong to VISSIM and is synchronized in time 

with VISSIM. The VAP program is acting as a real time signal controller for each of the two 

scenarios. 

 

 Analysis of the effectiveness of the O-functionn along with statistical analysis was carried out in 

order to analyze the hypotheses.  

 

 In the end, a conclusion and discussion of the thesis work was carried out. 

   

The following hypotheses was studied in detail:  

H1  – The LHOVRA „O‟ function will give longer time to collisions. 

H2  – Capacity will be higher for the scenario with the LHOVRA „O‟ function. 

H3 – Delay time and travel time will be lower (in the major approaches to the intersection) for the    

scenario with the LHOVRA „O‟ function. 

H4  – Queue length will be lower for the scenario with the LHOVRA „O‟ function. 
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1.4. Delimitation 

This study has been limited, due to time and equipment and some parameters were not used as follows: 

 The study has been made, by comparing the study of only one intersection i.e. Gamla Övägen – 

Albrektsvägen, in Norrköping. 

 Manual counting and field measurement has been made only during the evening peak periods 

between 16:00 and 17:00.  
 

 Model validation was not considered due to lack of data. 

 Some input data which are necessary to conduct VISSIM simulation were difficult to measure 

such as O-D flow, maximum and normal deceleration, reaction time variation and so on. 

 Public transport and its efficacy on traffic condition were not considered to examine. 

 

1.5. Scenario Definitions 

Two networks were created in VISSIM including the LHOVRA (O-function) network and the traditional 

network. Table 1.1 shows the division of networks.  

 

Table.1.1. Division of networks. 

 

 

 

 

 

 

 

 

 

Scenario 1 Traditional control strategy Actuated

Scenario 2  LHOVRA (O function) Actuated

Scenario Control model Signal control
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2. Literature Study  

Focus of the literature study was on three main subjects: traffic signals, traffic simulation and traffic 

safety.  

2.1. Traffic Signal 

2.1.1. Signalized Intersection 

Intersections can be categorized into two different categories: primary and secondary intersections. 

Primary intersections are the ones with worst accident rates and often at the connection of two arterials. 

These intersections will need the longest cycle time, because they have the highest demand-to-capacity 

ratio. The secondary intersections generally are used to serve the local commercial areas and adjacent 

residential areas. The characteristics of these intersections are higher demand on the major approaches 

and much less demand on the minor approaches (FHWA, 2005). 

Traffic signals are a common form of traffic control which plays an important role in achieving safer 

performance at intersections. They can be used to increase the traffic handling capacity of an intersection, 

and allow vehicles to share the road space by separating conflicting movements (FHWA, 2009).  Table 

2.1 shows that in the United States during 2002, 24 percent of the fatalities/injuries crashes and 21 percent 

of all collisions happened at signalized intersection. 

 

 

 

 

Table.2.1. Summary of motor vehicle crashes in the United States 2002 (FHWA, 2003). 

 

Figure 2.1 shows that the conventional two-lane signalized intersections have 32 vehicle/pedestrian 

conflict points. Conflict points at a conventional signalized intersection can be categorized as follows: 

 

 Eight diverge and eight merge conflict points. Collisions related with diverging or merging 

movements are side and rear-end collisions. 

 

 Sixteen crossing conflict points. 12 of these conflicts are associated with crossing and left-turning 

movements. The other remaining conflict points (4 conflicts) are associated with movements of 

vehicles on two adjacent approaches.  

 Total Crashesh Fatalities/Injuries  

 Number    Percent Number      Percent  
Non-Intersection Crashes 3,599,000     57 1,022,549         52  
Signalized Intersection Crashes 1,299,000     21 462,766            24  
Non-Signalzied Intersection Crashes         1,418,000     22 481,994            25 

 
 

Total 6,316,000     100 1,967,309         100  
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Figure.2.1. Illustration of conflict points for a signalized intersection (FHWA, 2003). 

 

2.1.2. Controller Types 

Traffic signals operate in either actuated or pre-timed (fixed) mode. Pre-timed control consists of a series 

of intervals which are predetermined in duration but in contrast, actuated control consists of intervals 

which are controlled or extended by detectors. Pre-timed control can be split into isolated operation and 

coordinated operation while the actuated control can be split into a semi-actuated, fully actuated and 

coordinated operation. 

 

The relationship between control type and intersection operation shows as follows:  

 

 In pre-timed control, the cycle length and phase time are predetermined and fixed for both 

isolated and coordinated operations while in actuated control the cycle length is only fixed 

(except the coordinated adaptive systems) for coordinated operation (Semi-actuated and fully 

actuated are not fixed). 

 Conditions and examples of each operation that shows where applicable are shown in Table 2.2.  

 

 

 

Table.2.2. Conditions where applicable (FHWA, 2008). 

Isolated Coordinated Semi-Actuated Fully Actuated Coordinated

Conditions 

where 

applicable 

Where detecion is not 

available  (E.g. Work 

zones)

Where traffic is 

consistent, closely 

speed intersections, 

and where cross street 

is consistent (E.g. 

central business 

distircts and 

interchanges)

Cross road carries light 

traffic demand, Major 

road is posted < 40 mph 

(E.g. Highway 

operations)

Where detection is 

provided on all 

approaches, Isolated 

locations where 

posted speed is > 40 

mph (E.g. rural, high 

speed locations)

Arterial where traffic 

is heavy and adjacnet 

intersections are 

nearby (E.g. Suburban 

arterial)

Pre-timed Actuated
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2.1.2.1. Pre-timed Control  

Pre-timed control is a signal control in which the phase time (sequence of right of way), and cycle time 

are fixed and predetermined. It is suitable for intersections with pre-timed coordination where the number 

of traffic movements is consistent on a day of week (FHWA, 2008).  

 

Pre-timed control has several advantages as follows: 

 

 It is cheap, because it does not require detectors. 

 It is easy to work, it requires minimum amount of training to maintain and set up. 

 Its operation is safe to problems related with detector failure. 

 It can be used to coordinate traffic signals with adjacent signals, but need manual control and 

update due to changed traffic condition. 

 

Figure 2.2 shows the timing operation for a two traffic movement (two phase) pre-timed signal controller. 

 

 
 

Figure.2.2. Pre-timed signal control [modified from Trafficware]. 

 

 

2.1.2.2. Actuated Control 

In actuated signal control the cycle length and phase time are controlled by detectors. A controller in 

actuated signal control is based on data from detectors. In contrast to pre-timed controls, the cycle lengths 

of actuated control may vary from cycle to cycle in response to number of movements and demands (zhili 

Tian, 1988). Actuated control can be categorized as semi-actuated or fully-actuated, depending on the 

number of traffic volume and patterns which are detected.  
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In semi-actuated control, the major approach receives green unless there is traffic movement (a vehicle or 

vehicles) on minor approaches. The green phase for minor approach is retained until vehicles are served, 

or until maximum green time is reached. Detectors are installed only on the minor movements (zhili Tian, 

1988). An overview of a semi-actuated control is shown in Figure 2.3. 

 

 
 

                  Figure.2.3. Semi-actuated signal control. 

 

 

 

Semi-actuated control has several advantages as follows: 

 

 Semi-actuated control is the most appropriate signal system at intersections which are part of a 

coordinated signal system.  

 It does not require detectors for the major approaches. 

 

In semi-actuated control, the passage time and maximum green time parameters must be selected 

properly. If these parameters are not properly set, the continuous traffic movement associated with minor 

approaches can lead excessive delay to the main approaches.  

In fully-actuated control, all signal phases are controlled by detector actuations. Detectors are installed for 

all traffic movements and in all approaches. In fully-actuated control, each phase has a minimum and 

maximum green time where the duration of maximum green time is higher than the minimum green time. 

Fully-actuated controls are the best suited at isolated intersections where the traffic demands and traffic 

movements vary throughout the day (FHWA, 2008). The information about fully-actuated control can be 

seen in Figure 2.4. 
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                   Figure.2.4. Fully-actuated signal control. 

 

 

Fully-actuated control has several advantages as follows: 

 

 It decreases the delay relative to fixed-timed control. 

 It allows a phase in the cycle to be skipped if there is no demand for service. 

 

The drawback of fully-actuated control is that it‟s initial and maintenance cost is higher than the other 

control types.  

 

 

2.1.3. Behavior of Left Turns  
 
Left turn at signalized intersection can be handled in one of two ways: 

 

Permitted left turns. This type is made across and opposing flow of vehicles. The driver permitted to 

cross through the opposing flow, but must select an appropriate gap in the opposing traffic stream through 

which to turn (Roess et all., 2004). 

 

Protected left turns. This type is made without an opposing vehicular flow. The signal plan protects left 

turning vehicles by stopping the opposing through movements. This requires that the left turns operates as 

separately (Roess et all., 2004).  
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2.1.4. Headway 

Headway is the space in time or is the distance between two consecutive vehicles traveling the same path. 

The headway between consecutive vehicles increases, led to increase a green time for a particular phase. 

This is shown on the time-space diagram illustrated in Figure 2.5. 

 
 

Figure.2.5. The headway between consecutive vehicles on a time-space diagram. 

 

 

2.1.5. Capacity 

 

The capacity is defined as the maximum hourly rate at which vehicles can travel a point or a section of 

roadway (or lane) during a certain time period under normal traffic conditions. Capacity can be obtained 

during the peak hours when there is sufficient demand (HCM 2000, p2-2).  

Capacity analysis is important as helps to perform an operational analysis of existing signalized 

intersection or to design a new intersection. It is helpful to specify cycle time, size of intersection, phasing 

and the number of lanes for each approach. Capacity analysis of signalized intersection is affected by 

different parameters include the turning movements, the area type, geometric parameters of the individual 

lanes, number of lanes, width of the lane and so forth. 
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2.1.6. Discharge Headway, Saturation Flow, Lost Times and Capacity 

 
2.1.6.1. Discharge Headway 

 
The fundamental component of a signalized intersection is the time interval of stopping and leaving of the 

traffic stream. This process illustrated in Figure 2.6.When the light turns to green, the queue of stored 

vehicles during the red phase, starting to be discharged. As the queue moves, headway measurements are 

taken as follows (Roess et all., 2004):  

 

 The first discharge headway is the time between the beginning of the green signal and the time 

that the front wheels of first vehicle cross the stop line. 

 The second discharge headway is the time between the first vehicle‟s front wheels cross the stop 

line and the time that second vehicle‟s front wheels cross the stop line. 

 

 Subsequent headways are similarly measured. 

 

 
 

Figure.2.6. Vehicles in an intersection queue [Source: HCM2000]. 

     

 

The relation between the queue position and discharge headway is presented in Figure 2.7. The first three 

or four vehicles consume more headway whereas from the fifth or sixth vehicle there is a steady headway.   
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Figure.2.7. The relation between the queue position and discharge headway [Source: HCM2000]. 

 

2.1.6.2. Saturation Headway and Saturation Flow Rate 

 
As mentioned, the average headway will tend to a constant value from the fourth or fifth headway 

position. The constant headway achieved is referred as saturation headway; it is given the symbol “h” in 

units of seconds/vehicle. If it is assumed that every vehicle consumes “h” seconds of green time 

(continues green time) then the number of vehicles per hour that can enter the intersection computed as 

(Roess et all., 2004): 

   
    

 
 

Where:   = saturation flow rate, vehicle per hour of green per lane (veh/hg/ln). 

   = saturation headway, seconds/vehicle (s/veh). 

 

The saturation flow rate is defined as the number of vehicles that would pass through an intersection in an 

hour if the signal were continuously green. Highway Capacity Manual (HCM) assumed the maximum 

saturation flow rate of 1900 passenger cars per hour per lane when field measurement is not available. 

Sometimes, the ideal saturation flow rate may not be achieved during each signal cycle. Because there are 

many situations where queues are less than five vehicles in line, demand is not enough to reach the stop 

bar and high portion of heavy vehicles during cycles. Thus, to achieve optimal efficiency, traffic flow 

must be maintained at or near saturation flow rate on each approach (FHWA, 2009). 
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2.1.6.3. Lost Time 

 
Lost time is the time interval which the intersection is not effectively used by any approach. Lost time is a 

combination of start-up and clearance lost times. 

 
2.1.6.3.1. Start-up Lost Time 

 
Start-up lost time is the lost time at the beginning of a green signal phase before the traffic stream starts 

moving. As illustrated in Figure 2.7 the first three or four vehicles consume more headway (  sec/veh). 

Thus the sum of the headway of first three or four vehicles is defined as start-up lost time (Roess et all., 

2004). 

 

   ∑  
 

 

Where:    = the start-up Lost time (sec) 

    = the incremental headway for the     vehicle (sec). 

 

2.1.6.3.2. Clearance Lost Time 

 
Clearance lost time     related with stopping the queue at the end of the green signal. The unused portion 

of the yellow change and red clearance interval that are not efficiently used by traffic is referred as 

clearance lost time (FHWA, 2009). Clearance lost time is difficult to observe, because it requires that the 

queue be large enough to use all of the green time provided. In such a situation the clearance lost time is 

defined as the duration between the last vehicle‟s front axle crossing the stop line, and the beginning of 

the green time for the next phase (Roess et all., 2004). 

 

2.1.6.3.3. Total Lost Time 

 
The sum of start-up and clearance lost time is referred as total lost time. The HCM defines a default value 

of 4 seconds per phase for total lost time (FHWA, 2009; Roess et all., 2004 ). 

 

          

Where:      = the total lost time 

    = the start-up lost time (sec) 

     = the clearance lost time (sec) 
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2.1.6.4. Effective Green Time 

 

The effective green time is defined as the total duration that traffic movement on the approach lane can be 

expected to move. The typical traffic movement is shown in Figure 2.8. The effective green time is 

computed as follows (FHWA, 2009): 

 

 

 

           

Where:   g = the effective green time 

  G = the actual green interval 

  Y = the actual yellow interval 

  R = actual red clearance interval 

                 = the total lost time (         ) 

 

 

 

 

 
Figure.2.8. flow rate movement at signalized intersection Source (FHWA, 2009).  

 

 

 

 

 

 



  Page 
24 

 
  

 

2.1.6.5. Capacity of an Intersection Lane or Lane Group 
 

The capacity of an intersection lane or lane group computed as (Roess et all., 2004): 

 

       
  

 
  

 

 

Where:      = the capacity of lane or lane group i, veh/h  

    = the saturation flow rate for lane or lane group i, veh/hg 

    = the effective green time for lane or lane group i, s 

 C = the signal cycle length, s 

 

2.1.6.6. The Concept of Left-Turn Equivalency 

 
One of the most difficult procedures of modeling a signalized intersection is the left turning. Left turns 

can be made from shared-lane operation or from exclusive-lane operation. Traffic signals also may design 

to allow for protected or permitted left turns or some combination of the two.  

Left turn vehicles use more effective green time crossing the junction than with a similar through vehicle. 

This case would be more complex when a permitted left turn made across an opposing vehicular flow 

from a shared lane and the left-turning vehicle must wait for an acceptable gap in the opposing flow. 

Waiting for an acceptable gap may lead to vehicle blocks in the shared lane and delay behind it. Some 

vehicles will change lane to avoid the delay but others are unable to change lane and they must to wait 

until the left turner successfully completes the turn, see Figure 2.9 (Roess et all., 2004).  

 

 
 

Figure.2.9. Effects of left turners on a two lane approach with a pre-timed right turn movement [modified 

from reference TCD]. 
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Therefore, many models of signalized intersection account for this in terms of through vehicle- 

equivalents. This means that, how many through vehicles would use the same amount of effective green 

time crossing the stop line as one left turning vehicle (TCD, 2003). For instance consider the situation 

illustrated in Figure 2.10 in the same period the left lane discharge four through and three left turning 

vehicles, while the right lane discharges ten through vehicles.  

 

 
 

Figure.2.10. Sample equivalence observation on a signalized intersection approach Source (Roess et all., 

2004). 

 

In terms of effective green time consumed this situation means that ten through vehicles are equivalent to 

four through vehicles plus two left turning vehicles. 

    

10 = 4 + 2      or      = 3 

 

Where:  

     = the left-turn equivalent 

 

In this equation, one left turn vehicle is equivalent to three through vehicles in terms of headway. The left 

equivalent depends on number of factors including the opposing traffic flow, how left turns are made 

(protected or permitted) and the number of opposing lanes. Left turn equivalent depends on number of 

opposing lanes and the opposing flow (TCD, 2003). 

 

 

2.1.6.6.1. Saturation Flow Rate for Multi-lane Approach 

 

In order to calculate the saturation flow rate for multilane approach, adjustment factor should be 

determined. The left-turn adjustment factor depends on number of variables, including, whether the left-

turn is made from the shared lane or exclusive lane, and proportion of left-turning vehicles in the shared 

lanes. The left-turn adjustment factor is1.0, if the lane group does not include any left turns (HCM, 2000). 

The left-turn adjustment factor is computed as (Roess et all., 2004): 

 



  Page 
26 

 
  

    = 
 

               
 

Where:     = left-turn adjustment factor 

    = left-turn percentage 

     = left-turn equivalent 
 

Then, the adjustment saturation flow rate is calculated as (Roess et all., 2004): 

 

     S             

 

Where: S = the adjustment saturation flow, veh/hg/ln    

                   = the saturation flow rate under ideal conditions, veh/hg/ln 

                = the left-turn adjustment factor  

 

 

2.1.7. DILEMMA ZONE 

This section describes one common type of safety problem that results when vehicles arrive on the 

junction approach and the phase is terminated. The dilemma zone area at signalized intersection is defined 

as a roadway section close to the stop line where high potential for an accident exists. In these situations, 

a group of drivers within a few seconds travel time faced with the onset of an amber light may not be able 

to pass or clear the junction during the change period or stop before the stop line with an acceptable 

deceleration rate (FHWA, 2002). The decision stop or go in face to the amber interval is dependent on 

number of factors including the distance to the stop line, current speed of vehicle and driver 

characteristics such as reaction time, driving style, driving experience, etc. (Archer, 2004). 

 

2.1.7.1. Dilemma Zone Boundaries 

The beginning and end of dilemma zone are difficult to determine and depend on many factors. The 

beginning of the dilemma zone is defined as a distance from the stop line within which 90 percent of 

divers would stop if faced with the amber traffic signal. The end of the dilemma zone is defined as a 

distance from the stop line within which only 10 percent of drivers would stop. Dilemma zone boundaries 

also have another definition which is based on travel time where 85 percent of drivers would stop if they 

drive 3 seconds travel time from the stop line. Similarly, drivers would clear the intersection if they drive 

less than 2 seconds from the stop line. Dilemma zone boundaries on a typical intersection approach are 

shown in Figure 2.11. 
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Figure.2.11. Dilemma zone boundaries [modified from Reference FHWA, 2002]. 

 

Where: DB = the distance from the stop line to the beginning of the dilemma zone. 

DE = the distance from the stop line to the end of the dilemma zone. 

 

 

In the definition of the LHOVRA by Swedish National Road Administration, the dilemma zone is 

considered to being 97 meters and end 53 meters before the stop line for 70 km/h and between 56 to 30 

meters for 50 km/h (SRA, 2002b). 
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 2.1.8. Swedish Signal Control in Traditional Way  

 

The information about how traditional control strategy is being operated can be seen in Figure 2.12. 

 

Figure.2.12. Normal operation of an approach (SRA, 2002b). 

 

The approach is controlled by two detectors, one short detector which is installed about 80 m upstream of 

the stop line and one long detector which is installed 10 m upstream the stop line. These two detectors are 

working simultaneously. The main function of long detector is to ensure discharge of accumulated 

vehicles against a red signal during the beginning of the green time. The green period is retained until the 

rear part of the last starting vehicle in the queue passes the detectors. If no more vehicles pass the 

detectors, the signal change to amber and then red can begin. On the other hand, if more vehicles reach at 

the short detector D80 before the change to amber/red, the detector is authorized to extend the green 

period. Vehicles that coming late makes the green period extending for headway less than 3.5 s. The 

normal operation of an approach which is controlled in traditional way has been illustrated in Figure 2.13. 
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(a) 
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(b) 

Figure.2.13. Traditional-basic concept (a): space-time diagram.(b):Application of Traditional strategy. 

The following assumptions were made for made for discussion purposes:  

(1) Vehicles delayed, drivers waiting for reaction at the beginning of green period. 

(2) Ensure discharge of traffic during beginning of green period. 

(3) Further vehicle arrive at the outer detector, extend the green period. 

(4) Headway between consecutive vehicles is higher than the set interval.  

(5) Passage time reaches zero and phase terminates. 
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2.1.9. Overview of  the LHOVRA Technique 

The LHOVRA technique was recommended for use in rural traffic environment at the end of the 1970s. 

Each letter in the LHOVRA acronym refers to the following functions (See Table 2.3): 

 

Table.2.3. LHOVRA acronym both in English and Swedish. 

All LHOVRA functions can be used in combination or individually. They are only applicable to actuated 

traffic signals, either semi or fully actuated. The technique can be implemented in both isolated and 

coordinated control (SRA, 2002b). Figure 2.14 a and b shows the distribution of functions to 

detector/signal group for speeds 50 and 70 km/h respectively. 

(a) 

Acronym Swedish Name English Name

L Lastbils-prioritering. (Funktionen kan ersättas med B=Buss) Truck priority ( this function can be repalced by B = Bus priority )

H Huvudledsprioritering Major road priority

O Olycksreduktion Incident reduction

V Variabelt gult Variable green/yellow

R Rödkörningskontroll Red light infringement

A Allrödvändning Green-yellow-red-green sequences
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(b) 

Figure.2.14. Overview of the LHOVRA technique. (a): 50 km/h.(b):70 km/h [Modified from SRA, 2002b]. 

 

The description of LHOVRA functions are listed as below:                                          

2.1.9.1. L Function = Truck, Bus, and Platoon Priority. 

This function works with two detectors placed D300 (detector at 300 m) upstream the stop-line and the 

other detectors which are located 8 m apart. If the following conditions are met then this is interpreted as 

a BUS or TRUCK (SRA, 2002b): 

 The detectors are occupied simultaneously. 

 The time difference between detector pulses corresponds to a speed greater than 60 km/h (speed 

setting is variable). 

One of the detectors has a specific condition to detect close arrival vehicles (headway < 2.5 s) and 

interpret it as a platoon. 

This function needs detectors located far from the approaches; therefore it is the most expensive function. 
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2.1.9.2. H Function = Major Road Priority 

This function can be used to increase the priority on the major/primary road where priority is preferred.  

This function works with the detectors D180/D130/D80/D10. In this function detector D130 is used to 

extend the green time and it has right to re-demand the extension once this has been exceeded. This 

function gives priority to the primary road and it does not consider safety aspects (SRA, 2002b).  

The information about how the H function is being operated in Figure 2.15 is illustrated as follows (SRA, 

2002b):  

(1) Discharge of traffic during the beginning of green period until the last starting vehicle in the 

queue leaves the detector. 

(2) Change from green to yellow and then red begin, if no more vehicles arrive at the long detector. 

(3) Vehicles that coming late in the approach, maintaining the green time for a headway less than 6.2 

s. 

 

 

Figure.2.15. The LHOVRA - H function, (SRA, 2002b). 
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2.1.9.3. O-function = Incident Reduction 

The O-function, also called “Incident Reduction (IR)” function is designed to detect the number of 

vehicles entering the dilemma zone and thereby delaying a decide to change green/amber. In practice, the 

O-function is facilitated to reduce the number of rear-end collisions and red light infringements by 

postponing a decide change to green/yellow. A delay of the change to green/amber will only take a place 

as long as the intersection is not operating near saturation flow.  The most difficult part in the O-function 

is to determine the dilemma zone for the specific type of approach. In the O-function, it is important to 

determine a proper interval timing that allows the last extending vehicle to clear the dilemma zone before 

the change to green/amber (Vägverket (SRA), 1991).         

If the current green signal is continued and the extra green re-extended then this time is interpreted as past 

end green (PEG).The O-function is performed with two detectors to measure time gaps between vehicles. 

For the primary roads with a posted speed limit of 70 km/h the first detector D130 (detector at 130 m) 

will often give 3.5 seconds of past end green time and the second detector D80 (detector at 80 m) will 

give 2.5 seconds past end green time (i.e. update the remaining past end green time) (Archer, 2004).   

The information about how the O-function is being operated in Figure 2.16 is illustrated as follows:  

(1) Vehicles that coming late in the approach, maintaining the green time for a headway less than 6.2 

s. 

(2) Change to yellow can occur any time. 

(3) No change happens. 

(4) Critical arrivals change from green to yellow and then red begin, if no more vehicles arrive at the 

long detector, or the green time increasing if further vehicles arriver at outer detectors. 

(5) Passive green occurs for example, vehicles on the opposite direction need green time. 

(6)  Vehicles that coming late in the approach, maintaining the green time for a headway less than 5.1 

s. 

(7) Extra green time as alternative zone. 
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Figure.2.16. The LHOVRA - O-function, (SRA, 2002b). 

 

The normal operation of an approach can be described with the aid of a space-time diagram as in Figure 

2.17. 
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(a) 
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(b) 

Figure.2.17. O-function-basic concept (a): space-time diagram. (b): Application of Traditional strategy. 

 

The following assumptions were made for made for discussion purposes (Li & Wu, 2011):  

(1) Vehicles delayed, drivers waiting for reaction at the beginning of green period. 

(2) Maximum green period beings at the end of minimum green time. 

(3) Past-End-Green period (extra green period) beings at the end of maximum green time, change to 

green/yellow not occur with a vehicle in the dilemma zone. 

(4) Headway between consecutive vehicles is higher than the set interval.  

(5) Passage time reaches zero and phase terminates. 
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2.1.9.4. V Function = Variable Yellow 

This function is controlled by detectors D80 and D10. The V function should be used in sub-approaches 

without conflicts and bicycle traffic. In V function, the amber time is divided into a fixed amber time and 

a variable amber time. The fixed part is 3 seconds and the variable part is up to 2 seconds. The total 

maximum of variable amber time is 5 seconds (SRA, 2002b). Figure 2.18 shows the information about 

how the V function is being operated. 

 

 

Figure.2.18. The LHOVRA - V function, (SRA, 2002b). 
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(1) A driver arrives at D85 (detector at 85 m) rapidly after change to amber has started; only a part of 

the variable 2 s interval will be used. 
(2) A vehicle arrives at D85 before the fixed portion of 3 s has expired; the full variable portion 2 s 

interval will be used. 
(3)  The fixed portion of 3 s and D80 is based on the statement that a vehicle outside this distance has 

made a decision to stop.  

 

2.1.9.5. R Function = Reduction of Red Light Infringements 

This function is using detectors D80 and D10 (the same detectors as the V-function). The main task of the 

R function is to decrease the effects of intentional red light infringement and handle secondary conflicts. 

In this function, the fixed clearance time of the signal group shall be complemented with a variable 

clearance time (SRA, 2002b).  Figure 2.19 shows both different conditions of fixed and variable red time 

(clearance time) and Control of R function. 

 

Figure.2.19. Fixed/Variable red time and control of R function (SRA, 2002b). 
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The operation of R function can be seen in the Figure 2.20 and related information. 

 

Figure.2.20. R function in LHOVRA (SRA, 2002b). 

 

(1) Dangerous red zone, red-time requires extra protection (2.5 s) 
(2) Not dangerous red zone (2.0 s) 
(3) Total red-time (4.5 s) 
(4) A vehicle passing 2 s after maximum extension red-time is not considered as safe. 

 

2.1.9.6. A Function = Green-yellow-red-green Sequences 

This function is controlled by detector D200/D140 (if D200 is used). The task of this function is to 

decrease the number of instantaneous green-yellow-red-green sequences. This function detects the tailing 

vehicles in all red situations to ensure that the approaching vehicle is far enough away if it occurs. Figure 

2.21 shows the green-yellow-red-green sequences in LHOVRA. 
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Figure.2.21. A =Green-yellow-red-green cycles (SRA, 2002b). 

 

 

2.2. Traffic Flow and Traffic Simulation 
 

2.2.2. Gap Acceptance 

 

Safety aspect is critical for intersection because an investigation from police expressed that almost one 

fifth of all fatal accidents occurring in urban areas are intersection accidents and two-thirds of the 

accidents with injuries occur at intersections or in close to the intersections (inrikesministeriet, 2004). Left 

Turn Across Path/Opposite Direction (LTAP/OD) crashes is the most common form of conflicts at 

signalized intersections. This mostly happens at signalized intersection with unprotected left turn signals. 

HWANG et al. (2005) described the “Gap” as a time or space that a vehicle needs to consider for cross 

safely between two ongoing vehicles. A gap between two vehicles is the distance between front bumper 

of the first vehicle and the rear bumper of the second vehicle and calculated in seconds, see Figure 2.22. 

(FHWA 2009, p 8-1).  
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Figure.2.22. Gap time between two vehicles. 

 

Gap acceptance is the gaps between vehicles which driver has to look when they are willing to accept. If a 

vehicle uses a gap (time interval) but if the gap is failed then it is referred as rejected gap.  

Critical gap is the minimum gap that a vehicle can accept when they are crossing a conflicting traffic 

stream. A gap would be accepted if it is equal or greater than the critical gap and a gap would be rejected 

if it is less than critical gap (HCM 1994, p 10-16). 

 

2.2.3. Car Following  

A car following model controls driver‟s behavior with respect to the preceding vehicle in the same lane. A 

vehicle is considered as following when its desired speed is inhibited by a preceding vehicle and driving 

at the desired speed will lead to collision, whereas a vehicle considered as free if its desired speed is not 

inhabited by preceding vehicle (Olstam and Tapani, 2004). Car following models describe how one 

vehicle follows another in a continuous flow. Therefore, understanding car following contributes 

significantly to understanding of traffic flow. Figure 2.23 shows the notation of car following model.  

 

 

Figure.2.23. Notation of car following model. 
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2.2.3.1. Car Following in VISSIM 

VISSIM use a car-following model based on the psycho-physical model suggested by, Wiedemann 1974. 

In psycho-physical model a driver will recognize changes of a leading vehicle as he approaches this 

vehicle of lower speed. Minimum changes over time are needed to be identified by drivers. Experiments 

show certain thresholds on relative position space and speed difference for drivers of following vehicle to 

take an action. Two different car-following models suggested by VISSIM, one Wiedemann 74 is 

recommended for urban town traffic and the other for inter-urban motorways. According to these models 

the movement of vehicles is based on behavioral assumptions regarding gap acceptance and desired speed 

(PTV, 2001). According to Wiedemann‟s model a vehicle situation can be in anyone of four conditions: 

Free-driving, approaching to a faster vehicle, following and breaking (Wiedemann, 1974). 

 Free-driving: in this mode no influence of following vehicles observable and the driver search to 

reach and keep a certain speed. 

 Approaching: in this mode driver adapts own speed to the lower speed of a preceding vehicle. 

The driver of following vehicle applies deceleration in order to reach his desired safety distance. 

 Following: in this mode the driver follows the leading vehicle without any conscious acceleration 

or deceleration.  

 Breaking: this mode can happen if the speed of preceding vehicle suddenly changes or if a third 

car changes lanes in front of the observer driver. 

The thresholds of Widemann‟s model (see Figure 2.24) are explained in an abbreviated form as follow 

(Fllendorf and Vortisch): 

AX: Desired distance between the rear fronts of two consecutive vehicles in a standing queue.  

SDV: Action point where a driver suddenly observes that approaches a slower vehicle in front. 

CLDV: This threshold is applied when higher deceleration by usage of the breaks and larger variation 

than SDV needed.  

OPDV: Action point where the following driver notice that own speed is lower than the leading vehicle 

and starts to accelerate.  
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Figure.2.24. Car-following model of Widemann (Source: PTV, 2010). 

In general, the car following model Wiedemann 74 is effective and simple and has been carefully 

validated in a number of different traffic situations. The Wiedemann 74 has two main parameters that are 

very useful for calibration purpose in addition to a desire distance between stopped vehicles (Archer, 

2004). In contrast, the car following model Wiedemann 99 is more complex and contains 10 parameters. 

 

2.2.4. Calibration Procedure 

Microscopic traffic simulation models have been widely used in the evaluating of transportation 

engineering and management analysis for the past few decades. The main reasons for popularity of 

simulation models include their attractive animation, less costly, safer, easier to work, risk free, and faster 

than field testing and implementation. Simulation models include a large amount of parameters that must 

be calibrated and validated before they can be used to provide meaningful results. Micro simulation 

models contain various types of parameters that can be used to describe driving behavior, traffic control 

system, and traffic flow characteristics (Park & Schneebeger, 2003). These parameters contain default 

values, but they also let simulation users to select and change a range of values for the parameters. The 

process of modifying and adjusting of default simulation model parameters by using filed measured data 

to reflect local traffic condition is model calibration (Park and Qi, 2005). Many of the input parameters 

used in simulation such as number of cars, traffic signal setting, and geometry are easy to measure. 

However, some of model parameters that are related to car following sensitivity factors, queue discharge 

rate, driver‟s behavior, and acceptable gaps are difficult to obtain in the field. Therefore, it is common to 

use either default parameters provided by simulation model or justify parameters by the user (Park and 

Qi, 2005). Changes to default parameters during calibration process should be defensible and based on 

engineering judgments. 
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The following practical calibration procedures are used in this thesis: 

 Error-checking 

 Initial evaluation 

 Identification of calibration parameters 

 Multiple Runs  

 Feasibility test 

In the following section the parts will be described in more details. 

 

2.2.4.1. Error Checking 

Error checking is the initial step of calibration process and it is used to ensure that the simulation model 

input data has been entered properly. Error checking process can be used to improve the efficiency and 

effectiveness of the model (Dwoling, 2002). The following steps are involved in error checking: 

 Review input data 

 

 Check link and node network 

 Check network connectivity 

 Check intersection controls 

 Check link geometry 

 Review demand inputs 

 Check O-Ds of trips on the network   

 Check turning percentages 

 

 Review animation 

 

 Run the animation at very low demand level 

 Run the model at 50% of the existing demand level 

 

2.2.4.2. Initial Evaluation  

Once the simulation model is successfully created, the performance of default simulation model compared 

with the field data. If a close match found between field data and default model, then the default model 

could be candidate for use for subsequent analysis. Otherwise, the further calibration steps must be 

conducted.  

 

2.2.4.3. Multiple Runs 

This phase explains how to calculate the minimum number of micro simulation model runs. One of the 

most common problems in using micro simulation tools is using the output results from only one 
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replication. Drawing a conclusion based on the single model execution can lead to imprecise results from 

the model outputs (FHWA, 2004). Therefore, multiple runs of the simulation model are required in order 

to drawing correct conclusion from the results. Micro simulation results will differ from run to run and 

affected by random number seed used in each run. It is important to estimate the variation and level of 

confidence interval in the results as to estimate true mean (accurate average) value of that result (Center 

for Microcomputers in Transportation, 1997). Federal Highway Administration (FHWA) proposed a 

methodology for selecting the appropriate number of required simulation runs (FHWA, 2004).  

To calculate the minimum number of multiple runs, the following information is needed: 

 

 Estimation of sample Standard deviation (FHWA, 2004): 

The calculation of standard deviation is needed to estimate the number of runs. However, few initial 

runs with different random seeds are needed to estimate the standard deviation.  Few numbers of runs, 

between 10 to 20 initial repetitions are recommended. The analysis period should be long enough and 

a one hour period is recommended (60 minute periods are often used in academic environments). The 

equation below is uses to calculate an initial estimate of the sample standard deviation. 

   
∑    ̅  

   
 

Where:  

S = standard deviation 

X = variable such as travel time 

         ̅  = average value of the variable produced by the model runs 

             N = number of runs  

 

 Selection of desired confidence level 

 

The confidence level is the probability that the true mean lies within the target confidence interval 

(FHWA, 2004). For instance, a confidence level of 90 percent or (1 - 0.1) = 0.90 means that at 

least 90 percent of results lies within time interval. It is recommended to pick 95 percent level of 

confidence but whatever confidence interval like 90 percent, 99 percent or 99.9 percent can be 

selected. Higher levels of confidence need more runs. 

 

 Computation of desired confidence interval 

The confidence interval (CI) commonly referred as the error rate or margin of error is an interval of 

numbers within which the true mean number can be expected to lie within at the confidence level. 

The range of interval is may differ according to the purpose of the study. Greater differences in 

testing alternatives require a larger confidence interval. In contrast, a smaller confidence interval is 

required for testing alternatives that are very similar. The equation below is used to calculate 
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confidence interval for the true mean (FHWA, 2004; Center for Microcomputers in Transportation, 

1997): 

CI = 2 *              
 

√ 
        or  CI =  ̅ ±                √

  

 
 

Where: 

         = student‟s t statistic  

  = confidence level 

N = number of repetitions 

s  = standard deviation of the model results 

        ̅  = average total travel time 

 

 Desired range 

Desired range is obtained from desired confidence interval (CI) divided by standard deviation (S) or 

desired range = CI/S. Then, minimum number of repetitions can be obtained from Table 2.4.  

Desired Range (CI/S)  Desired Confidence Minimum Repetitions 

    
                0.5         99% 130 
                0.5    95%                    83 
                0.5  90% 64 
 
                1.0 

  
       99% 

 
36 

                1.0 
                1.0 

   95% 
90% 

23 
18 

 
                1.5 

  
       99% 

 
18 

                1.5 
                1.5 

   95% 
90% 

12 
9 

 
                2.0 

  
       99% 

 
12 

                2.0 
                2.0 

   95% 
90% 

8 
6 

    

    
Table.2.4. Minimum number of repetitions (FHWA, 2004). 

For example, if the standard deviation in the travel time is 1.5 s and the desired confide interval is 3.0 s at 

90% confident level, then minimum 6 reputations are needed to evaluate the mean travel time.  
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2.2.4.4. Identification of Calibration Parameters 

In this phase, only those calibration parameters should be selected which have a relevant impact on the 

simulation results. Moreover, an acceptable range must be determined for each selected calibration 

parameter and the use of unrealistic values should be avoided. The detailed description of each calibration 

parameter could be found in the manuals of the selected simulation model or other existing research 

findings. Example of calibration parameters are lane change distance, average standstill distance, 

minimum headway, waiting time before diffusion and emergency stopping distance. 

 

2.2.4.5. Statistical Analysis 

In this phase, t-test can be used as a statistical method to compare group means. A t-test compares two 

samples of test data. It helps to determine whether the means are the same or different from each other. 

The t-test can be carried out on one sample t-test, paired samples, independent two sample t-test with 

assuming equal variance and independent two sample t-test with assuming unequal variance, see Figure 

2.25 . The one-sample t-test survey if the population mean is equal to hypothesized value (µ0). In paired 

samples t-test, there are two samples which are dependent and needs to calculate variances of individual 

matched pairs. The independent two sample t-test with assuming equal variance only used when the two 

sample size are unequal and the two sample variances are assumed to be equal. The Independent two 

sample t-test with assuming unequal variance is only used when the distribution of two sample are 

assumed to be different (Park.H.H, 2009).  

 

Figure.2.25. Illustration of t-test [modified from Reference Park.H.H, 2009]. 
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2.2.4.5.1. F-Test 

The F-test can be used to test the equality of the variance.  The F-test variable is the ratio of the two 

variances of the samples where the larger of the two variances from either sample is applied in the 

numerator. The null hypothesis for this test states that there is no difference in population of variances. 

The alternative hypothesis states that there is a difference in population of variances (McAvoy et all., 

2006).  

The observed value for the F-test is computed as following equation: 

     
  

 

  
  

Where: 

     = F-observed 

  
    = larger variance 

  
    = smaller variance 

 

The critical value for the F-test is determined by the number of degrees of freedom of the dataset and the 

field of study dataset as well as alpha equal to 0.05 (95% level of confidence). 

 

           <             Retain (do not reject) the null hypothesis 

If   

           >                      Reject the null hypothesis 

 

 

If the assumption of equality is valid (          <         ), then the t-test analysis, assuming equal 

variances can be used. If the assumption of equality fails (          >         ), then the t-test analysis, 

assuming unequal variances can be used. The illustration of F-test is presented in Figure 2.26. 
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Figure.2.26. Illustration of F-test 

 

 

2.2.4.5.2. T-Test (assuming equal variances) 

Statistical hypothesis testing is used to determine whether the calibrated results were statistically equal to 

the field data or not. The procedure for the hypothesis testing is described as following: 

1. Calculate the mean of the measure of performance (such as travel time) for both alternative 

designs. 

2. Calculate the standard deviations for the two alternatives. 

3. Calculate the pooled variance by using the following formula: 

  
  = 

          
    (     )  

 

       
 

Where: 

   = sample size for alternative x 

   = sample size for alternative y 

   = standard deviation of the results for alternative x 

   = standard deviation of the results for alternative y 
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   = pooled standard deviation 

 

4. Calculate the critical t value according to the degree of freedom and the given alpha such as 

below: 

         (  ⁄ ) 

5. Calculate the value of T-statistic by using the following formula: 

 

T = 
   

  
√

    

     
 

Where: 

  = the mean for alternative x 

  = the mean for alternative y 

 

 

6. State the conclusion: 

 

 T <           (  ⁄ )    Retain (do not reject) the null hypothesis 

If 

 T >           (  ⁄ )    Reject the null hypothesis 

 

 

2.2.4.5.3. T-test (assuming Unequal Variances) 

This test is also known as Welch‟s t-test, which is used only when the population variances are assumed 

to be different. 

The procedure for the hypothesis testing is described as following: 

1. Calculate the mean of the measure of performance (such as travel time) for both alternative 

designs. 

2. Calculate the variance for the two alternatives. 

3. Calculate   ̅   ̅ 
 (note that this is not a pooled variance): 

 

  ̅   ̅ 
 = √
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Where: 

   = sample size for alternative x 

   = sample size for alternative y 

  
  = variance of the results for alternative x 

  
  = variance of the results for alternative y 

 

4. Calculate the value of the T-statistic as: 

T = 
   

  ̅   ̅ 

 

Where: 

   = the mean for alternative x 

   = the mean for alternative y 

 

5. Find the degree of freedom: 

      

  
  
 

  
 

  
 

  
   

 
   

  
  

      
 

 
   

  
  

      

 

6. State the conclusion: 

 

         >        Retain (do not reject) the null hypothesis 

If   

         <                 Reject the null hypothesis 

 

The calibration process is presented extensively in section 3.5. 
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2.3. Traffic Safety 

2.3.1. Time-to-Collision  

The Time-to-Collision (TTC) has been applied as a safety indicator in safety analyses (a concept 

introduced by Hayward 1972). TTC is defined as” the time that remains until a collision between two 

vehicles would have occurred if the collision course and speed difference are maintained” (Hyden, 1996).  

The TTC is computed according to equation below (Minderhoud and Bovy, 2001): 

     
                  

 ̇      ̇      
 

Where: 

   = denoting the position of vehicle i 

 ̇  = denoting the speed of vehicle i 

     = length of vehicle i 

i-1 = the vehicle ahead of vehicle i 

  

TTC in car-following situations situation only occurred when the speed of the following vehicle is higher 

than the speed of the lead vehicle. Then, a TTC value can only be estimated when a positive speed 

difference between the vehicles exist. The higher time-to-collision (TTC) value, the safer a situation is. 

The TTC concept is illustrated with two vehicle trajectories in Figure 2.27.  

 

Figure.2.27. Time-to-collision (TTC) concept shown with vehicle trajectories (Source: Minderhoud and 

Bovy, 2001).  
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Different situations of two following vehicles trajectories: 

(1) Leading vehicle (i-1) starts to break.  

(2) Reaction time.  

(3) Follower vehicle i starts breaking.  

(4) Time-to-collision (TTC) value at instant t. 

(5) Hypothetical collision trajectories of the vehicles shown by the straight narrow lines, if the speed 

differential at instant t is assumed to remain constant until instant   . 

 

2.3.2. Critical Time-to-Collision Value 

The basic idea of selecting a critical value is to examine how often a certain driver undershoots a given 

lower safety limit. In order to distinguish between safe and unsafe situations, a threshold as a critical 

value should be selected. The maximum TTC that can be selected is 6 seconds; because no author 

considers that a TTC larger than 6 seconds to be dangerous (Hirst and Graham, 1997). The report, Hirst 

and Graham (1997) shows that a time-to-collision value of 4 or 5 seconds produced too many alarms. The 

study shows that a TTC value of 3 seconds made the least number of errors although in some cases 

critical situations were observed. The maximum threshold value for the TTC safety indicator is set to 3.5 

seconds for the purpose of this study. This value is suggested in the literature by (Hirst and Graham, 

1997). 
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3. Evaluation of the LHOVRA-O-function by Traffic 

Simulation. 

This chapter covers data collection, model building and calibration process.  

3.1. Determination of Measure of Effectiveness 

It is important to transparently determine which measures of effectiveness that should be used before 

proceeding forward to the data collection process. Two different parameters have to be determined 

including controllable/uncontrollable input parameters and the performance measure. Controllable input 

parameters in the simulation program including waiting time before diffusion, lane changing distance, 

minimum headway and so forth. Uncontrollable input parameters including traffic counts, existing 

geometry, current signal timing plans and so forth. The performance measure parameters including queue 

length, average delay time, and average travel time between two desire points in the network (Park and 

Scheneeberger, 2003). 

 

 3.2. Data Collection 

Observation of real driver in real situations has always been the basis of the traffic analysis. A massive 

number of data was selected for this thesis work.  

The required data in this thesis included: 

 Input data for simulation model 

o Measure of traffic flow and vehicle composition. 

o Turning percentages 

o Pedestrian movement at pedestrian crossings. 

o Spot measures of vehicles speeds in the intersection. 

o Measures related to gap-acceptance and headway for all yielding situations. 

 

 Calibration data  

o Travel time.  

 

3.2.1. Site Selection 

The first step of the data collection was to select an intersection in an urban area that met the criteria‟s: 

 Intersection with independent signal control (Isolated intersection). 

 Speed limit of 50 km/h. 

 A clear view of the intersection from a camera position. 

It was difficult to find an intersection in Norrköping (a mid-size town in Sweden) with independent signal 

control (Isolated intersection). There were only a few options. Finally, the Gamla Övägen – 
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Albrektsvägen intersection in Norrköping was selected for the study, see Figure 3.1. The junction is 

located in the south part of the city; the two streets forming it were major roads leading to residential 

areas. The continuing of the Albrektsvägen (from the east direction to the west) led to the city center, the 

continuing of the Gamla Övägen (From north to south) led to the suburban area. 

 

 

Figure.3.1. Location of the Gamla Övägen – Albrektsvägen in Norrköping (Source: www.hitta.se) 

 

The intersection Gamla Övägen - Albrektsvägen in Norrköping is a four-way isolated junction. Gamla 

Övägen legs have three lanes in each direction with a separate lane for left turning vehicles and 

Albrektsvägen legs have two lanes in each direction, see Figure 3.2. In Gamla Övägen the capacity on the 

road is shared between private vehicles and public transport. Traffic signals were placed on all approaches 

of the intersection. The posted speed limit is 50 km/h on all approaches to the intersection. 
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Figure.3.2. Arterial photo of Gamla Övägen – Albrektsvägen (Source: www.hitta.se) 

Test site data was collected on different days during mid-week between 16:00 to 17:00 p.m. to provide a 

basis for the simulation model. Currently the Gamla Övägen – Albrektsvägen intersection signal control 

is limited to only using the „L‟ function which is concerned with traffic performance. Without safety 

performance the number of situations where drivers faced a decision concerning whether stop or go when 

faced with the onset of amber time can be increased. The „O‟ function which is directed specifically at 

safety enhancement can improve the traffic safety performance of Gamla Övägen – Albrektsvägen 

intersection. 

 

3.2.2. Field Study 

The information and data measurements were collected on different days in the Autumn of 2011. These 

data were collected in order to provide a basis for the simulation model calibration and as input data for 

the simulation model. The weather was either sunny or cloudy, but the surface was dry and there was no 

precipitation. The measurement device (i.e. camera device) was placed on an appropriate location in order 

to record the traffic flow of each passing vehicle, see Figure 3.3. The other equipment‟s which are used in 

this thesis for data collections are: a stopwatch, markers to mark the pavement, camera stand, and note 

taking materials. The camera location is shown in Figure 3.4. 
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Figure.3.3.Camera location in the west-east approach on Albrektsvägen. 

 

Figure.3.4. Indication of the location of the camera. 
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3.2.3. Traffic Flow (traffic counts) and Turning Percentages 

The traffic flow data was collected in order to produce input data for the simulation model in 15 minute 

intervals. Observed traffic flow is shown below in Figure 3.5. The figure presents the variability of all 

approaches in the afternoon peak hour between 16:00 to 17:00 pm. turning percentages (turning 

proportion) of intersection approaches were also derived from the field observation.  

 

 

Figure.3.5. Observed traffic flow during afternoon period 16:00 to 17:00 p.m. 
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The turning proportion (in percentage) for all approaches of the intersection was calculated and is shown 

in Figure 3.6.  

 

Figure.3.6. Turning proportions for the intersection approaches during the one hour 

measurements. 

 

3.2.4. Travel Time 

Travel time is defined as “the time necessary to travel a route between any two points of interest”. There 

are many different methods for calculating vehicle travel times. The important factor is to ensure that the 

method used in the real world situation is the same as in the simulation model. Average travel times data 

were measured by recording the time from a vehicle crosses the first desired marked section x1 of the 

road to crosses the second desired marked section x2 of the road (including waiting time). Travel time 

was also measured at the dwell and waiting time (see Figure 3.7).  



  Page 
61 

 
  

 

 Fig.3.7. Illustration of travel time measurement. 

 

Figure 3.8 shows the travel time field measurement for each segment. Each approach consists of one start 

and one destination cross section. The red line (x1) shows the beginning of the cross segment (the first 

desired marked section) and the yellow line (x2) shows the end of the cross segment (the second desired 

marked section).  

 

(a) 
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(b) 

 

 

(c) 
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(d) 

Figure.3.8. Illustration of travel time measurement for each segment; (a): west-east. (b): east-west. (c): 

south-north. (d): north-south. 

 

Travel time was measured 5-9
th
 December 2011 during the afternoon peak hour 16:00 to 17:00 p.m., see 

Table 3.1. Significant differences were not found in different observations.  

 

 

                  Table.3.1. Travel time (seconds) observations during peak hours in 5 different days.  

1 20.5 25.0 30.5 22.7 24.0 28.9 21.6 23.5 33.1 26.4 25.2 28.8

2 24.2 21.6 30.6 22.4 22.7 30.7 22.8 24.5 34.0 26.0 22.2 27.6

3 23.3 21.6 28.6 21.8 22.8 30.4 21.2 22.6 31.3 27.2 21.6 28.1

4 20.5 23.0 29.5 21.4 22.5 27.6 24.6 22.8 32.5 27.6 23.2 29.4

5 20.3 23.5 30.7 23.3 21.5 27.7 21.9 23.4 31.3 28.3 22.9 27.3

Average 21.8 23.0 30.0 22.3 22.7 29.1 22.4 23.4 32.4 27.1 23.0 28.2

Straight
Observations

Straight Left- turn

APPROACH 1 APPROACH 2 APPROACH 3 APPROACH 4

Left- turn Right-turn Straight Left- turn Right-turnRight-turn Straight Left- turn Right-turn
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3.2.5. Pedestrian Flow 

Pedestrian flows at intersections are usually collected directly using either manual counts or automated 

counts. In manual counts a video camera was conducted in order to collect pedestrian flows. The 

intersection was videotaped in the afternoon peak hour between 16:00 to 17:00 pm. Figure 3.9 illustrates 

the data collection points, for all approaches. 

 

 

 Figure.3.9. Overview of pedestrian lanes within intersection. 

 

Table 3.2, shows the pedestrian traffic volume for each collection point during peak hours 16:00 to 17:00. 

  

Approaches  Flow from A to B 
      (ped/hour) 

Flow from B to A    
      (ped/hour) 

    
Approach 1  33      58 
    
Approach 2  11 10 
    
Approach 3 
 
Approach 4                            

 12 
 
31 

11 
 
18 

    

    
Tabl.3.2. Pedestrian flow observation. 
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3.2.6. Gap Time 

Values of some parameters are relatively difficult to measure directly from the field observation. Thus, 

value of these parameters can be taken from other studies that are applicable to the current model. One of 

these parameters is gap time. 

Gap time is the time interval between passage of one vehicle and the arrival of the next vehicle (Gattis 

and low, 1998). The critical gap is defined by Highway Capacity Manual (HCM) as the “minimum length 

time interval that allows intersection entry to one minor street vehicle” (HCM, 1994). The critical gap US 

estimating ranges are shown in Table 3.3. A related study has been made by Vägverket for intersections 

within urban and suburban areas (Vägverket, 2008).The Critical gap Swedish estimating ranges for urban 

and sub-urban areas is shown in table 3.4. The afternoon critical gap value for Sweden urban has been 

used in this study.  

 

 

Table.3.3. Critical gap for two way stop control intersections (Source: 2000 Highway Capacity Manual) 

 

 

Table.3.4. Minimum acceptable gap time in Sweden (Source: Vägverket, 2008). 

Left turn, Major street 4.10 4.10

Right turn, minor street 6.20 6.60

Through traffic, minor street 6.50 6.50

Left turn, Minor street 7.10 7.50

Critical Gap tg

Vehicle Maneuver
Two-Lane Major Road    

(sec.)

Four-Lane Major Road        

(sec.)

Morning Midday Afternoon Morning Midday Afternoon

Left turn  -  Secondary to primary 5.6 5.9 5.7 4.3 4.4 4.6

Right turn - Secondary to primary 4.1 3.5 3.5 3.6 4.0 3.3

Left turn  -   primary to secondary 4.8 5.1 5.1 4.7 4.7 4.8

Sub-Urban Urban

Critical gap (s)
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3.3. Model Building 

3.3.1. Choice of Simulation Software  

Simulation is important in transportation because it can be used to study complicated road facilities and 

analyses the current and future scenarios in a gorgeous visual demo. In this thesis, the VISSIM was used 

in order to provide ideal conditions for model intersections and testing different traffic scenarios in high 

level of detail before final implementation in the real world. There were many criteria for selecting 

VISSIM as a simulation tool as follows: 

 Visualization, possibility to illustrate analysis and results in an impressive and useful manner. 
 Detailed modeling, possibility to achieve the highest level of detail and model various 

geometries from standard intersections to most complex designs. 
 Usability, possibility to create a network model with a dew simple mouse clicks. 
 Traffic control and traffic management, possibility to control and manage signal controller 

including LHOVRA via the VisVAP module. 
 Road geometry as detailed as you need it 
 All modes in one simulation: cars, busses, trucks, Pedestrians and bicycles 

 

3.3.2. VISSIM-Microscopic Simulation 

VISSIM is a microscopic traffic, pedestrian and public transport simulation software that is developed by 

PTV Vision in Karlsruhe, Germany (PTV, 2004). It can be used in several different transportation areas 

and unlike other simulation software packages it is flexible in modeling all form of signal control. 

VISSIM offers an unlimited number of vehicle types in order to model a full range of multi-modal 

operations. Data can be exported from VISSIM, for any time period within the steady period, any location 

in the network, and by vehicle class. VISSIM can model signal control through fixed-time signal plans, 

actuated signal plans and via VisVAP macro language logic.  

 

3.3.3. VisVAP 

VisVAP is an acronym for „visual vehicle actuated programming‟ and exist as a complementary software 

for creating and editing program logics as flow charts. VisVAP is synchronized in time with VISSIM and 

can be used for both signal group and stage design.  
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3.4. Geometry Model Configuration 

3.4.1. Basic Model Configuration     

A basic scenario with the current situation at the intersection (Gamla Övägen – Albrektsvägen) based on 

the actuated signal plan was implemented in VISSIM. This scenario was created in order to create the 

base model and conduct the calibration process. This model was used for calibration process and as a 

foundation for further scenarios. 

3.4.1.1. Network Coding 

The first step in coding a VISSIM network is to trace links. Therefore, it is important to determine 

number of lanes on the approach and within the intersection. Figure 3.10 a shows the trace links of all 

approaches. Connectors are used to connect the two adjacent links and they used to model turning 

movements (PTV, 2010).  Links and connectors are shown in Figure 3.10 b, blue links stands for lanes on 

the road and pedestrian lanes, while pink links are connectors. In order to create a road, different links 

need to be connected to another links.  

    

 

(a) 
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(b) 

Figure.3.10. Modeling of the intersection in VISSIM (a): Trace links.(b):Links & connectors 

 

3.4.1.2. Route Decision 

A route is a fixed sequence of links and connectors, from the routing decision point to at least one 

destination point. A route can have any length. The route decision is defined based on the traffic flow 

statistics and uses a static percentage for each destination. Figure 3.11 shows the route decision for each 

approach. 
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Figure.3.11. Route decision of each approach 

 

3.4.1.3. Conflict Areas 

Conflict areas can be used to prevent three common forms of crossing crashes, left turn across 

path/opposite direction (LTAP/OD), left turn across path/lateral direction (LTAP/LD) and left turn into 

path (LTIP) as shown in Figure 3.12 (Howard et al, 2008). The main reason is that a vehicle on a minor 

approach failing to select a suitable gap when trying to cross an intersection and vehicle on a major road 

unable to stop on time. LTAP/OD crashes are the most common type of conflicts at signalized 

intersection, and it occurs at signalized intersections with a permissive green for left turn and when the 

opposite direction vehicles often misjudge the available gap in traffic or their view of oncoming vehicle 

was obstructed. (Ragland and Zabyshny, 2003). The LTAP/OD represents approximately 27.3 percent of 

all intersection crashes LTAP/OD crashes at signalized intersections occur when a stopped left turning 

vehicle proceeds into the intersection and is hit on the left side by a vehicle. The LTAP/LD represents 

approximately 15.9 percent of all intersection crashes. Likewise, The LTIP represents approximately 5.9 

percent of all intersection crashes (Misener, 2005). 
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(a) 

 

 

  (b) 
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 (c) 

Figure.3.12. Crossing path crashes in intersection (a): LTAP/OD.(b):LTAP/LD. (c):LTIP 

(Source:   Howard et al, 2008) 

 

 

Conflict areas provided as an alternative in VISSIM to select priority in intersections. For each conflict 

area, drivers make a decision on how to cross the intersection. A driver on a minor stream observes the 

upcoming vehicles in the major roadway and decides for which gap he/she wants to go. On the other 

hand, a driver on a main stream estimate if the vehicle on a minor roadway could not complete the 

crossing, then the vehicle in the main roadway will break or stop (PTV, 2010). Conflict areas was created 

in VISSIM in- order to prevent crossing crashes within the intersection. Figure 3.13 shows the modeled 

conflict areas in VISSIM, to protect conflict movements within the intersection. According to the 

VISSIM manual, this applies to all situations where vehicles on different links should recognize each 

other. The green bar shows the major road and a vehicle located on that has the right-of-way. On the other 

hand, the red bar shows the minor road and whenever the current headway is less than the minimum 

headway, the red bar stops any approaching vehicles (PTV, 2010). 
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     (a)            (b)      (c) 

 

Figure.3.13. Conflict areas within the intersection. (a): left turn across path/opposite direction 

(LTAP/OD).(b): left turn across path/lateral direction (LTAP/LD). (c): left turn into path (LTIP). 

 

The example of LTAP/OD situation is shown in Figure 3.14.  In this example, a blue car on a vertical 

section has selected a proper gap when trying to cross the intersection.  

 

   

 

Figure.3.14. Priority rules in intersection at three succeeded time periods. 
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3.4.1.4. Signal Heads 

A signal head in VISSIM was used at the stop line for each lane individually. Vehicles stop about 0.5 m 

behind the stop line/signal head during the red time. Signal head locations are shown in Figure 3.15. 

 

Figure.3.15. Signal head locations. 

 

3.4.1.5. Pedestrian Model 

Four pedestrian crossing sections were created within the intersection. The rule of pedestrian and their 

signal planning are described in detail in the signal control section. The pedestrian priority rules were 

implemented in the simulation model in order to give priority to pedestrians. For instance, an example of 

pedestrian priority function in VISSIM can be seen in Figure 3.16.     

   

Figure.3.16. Signal heads and priority rules for pedestrians at three succeeded time periods. 
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3.4.2. Traditional Control Strategy (scenario 1) 

In order to facilitate understanding of the effects of the LHOVRA technique, a new scenario (traditional 

control strategy) was created and compared with the LHOVRA (O-function) scenario. This technique 

controls the approaches by two detectors, one short and one long. The detector positions in traditional 

model are shown in Figure 3.17. 

 

  

Figure.3.17. Detector positions in the traditional control strategy. 
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3.4.3. LHOVRA Control Strategy (scenario 2) 

In order to implement the LHOVRA (O-function) in VISSIM, detectors need to be placed in the modeled 

network. The placements of the detectors are shown in Figure 3.18. 

 

 

Figure.3.18. Detector positions in the LHOVRA control strategy. 
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3.5. Calibration process 

This chapter describes the calibration procedure in detail. Calibration process is divided into five sections: 

Error checking, initial evaluation, multiple runs, identification of calibration process, and statistical 

calibration test. 

3.5.1. Error Checking 

Once the simulation model was successfully set up, animation review and error checking was conducted 

to ensure that the model input data were entered correctly. A three step checklist process was conducted 

for the error checking. 

 First step, the basic network connectivity were checked. For example, two or more links or connectors 

were located in the same place and they look like a single link. Then, the link geometry such as number of 

lanes, lengths of the links and free flow speed were checked. Also, intersection controls such as control 

data and control type were checked. Figure 3.19 illustrates overlapping parts of a link and connector. This 

type of error should be removed in order to avoid modeling error.  

  

Figure.3.19. Link connectivity errors in VISSIM. 

 

Second step, data collection points were selected to verify traffic counts and to check entry and exit link 

flows. Third step, the model was run at 50 percent or less demand level and the behavior of vehicles was 

observed through the network. Afterward, the animation of the model was run at very low demand level 

and single vehicles were followed through the network to check for unexpected breaks or slow down 

through the network. 

From three conducted error checking process, we can conclude that the model is working properly. 
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3.5.2. Initial Evaluation 

In this step multiple simulation runs with the default parameters were conducted and the average travel 

time from the simulation output was compared with the field travel time. The average travel time of the 

simulation was found to be 19.85 seconds and the average travel time of the field measurement was found 

to be 25.3 seconds. It was found that the simulation travel time was lower than the field travel time. 

Therefore, a calibration process was necessary and decided to conduct the subsequent calibration steps; 

multiple runs, identification of calibration process, and statistical calibration test.   

 

3.5.3. Multiple Runs 

Ten initial simulation runs with different random seeds were executed and the results from the simulation 

are provided as below in Table 3.5. 

Replication Total Travel time (sec)                                  

    
1     26.13 0.75 0.5600 
2     25.95 0.93 0.8680 
3  28.23               - 1.34 1.8045 
4 27.94               - 1.06 1.1236 
5 26.93               - 0.04 0.0019 
6 26.86 0.02      0.0005 
7 27.44               - 0.56 0.3136 
8 26.23 0.66 0.4312 
9  26.50 0.38 0.1475 
10 26.62 0.26 0.0702 

    

 Avg = 26.88   Sum = 5.32 

 

Table.3.5. Average calculation for obtain the sample variance. 

 

From the above table, the sample standard deviation (variance) for 10 replications was calculated: 

              = 5.32/9 = 0.59 

The t-factor for 10 runs with 95% confidence level, t (1-0.95)/2 = 2.262 was used to obtain the length of 

the confidence interval. 

CI = 2 *              
 

√ 
 = 2 * 0.55 = 1.1 

     or    

 ̅±             √      = 26.88 ± 0.55 
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The variation of ±0.55 determines the range of the confidence interval. The result could be anywhere 

within the range 26.33 to 27.43. 

CI = 27.43 – 26.33 = 1.1 

Desired range = desire confidence interval (CI) / standard deviation (S) 

Desired range = 1.1 / 0.76 = 1.5 

Table 2.4 (in section 2.2.4.3 in page47) was used to find the minimum number of simulation repetitions. 

In regard to obtained desired range of 1.5 and 95% confidence interval minimum, then a minimum of 12 

repetitions are needed for the parameter calibration.   

 

3.5.4. Identification of Calibration Parameters (Initial Calibration) 

In the initial calibration phase, users may not be able to recognize the important calibration parameters or 

the acceptable range for each calibration parameter. Thus, users can specify the reasonable range for each 

specific parameter based on a review of the simulation model manual (PTV, 2010). 

The following section is the list of VISSIM parameters and reasonable ranges used in the calibration 

process. These parameters include number of observed preceding vehicles, Average standstill distance, 

minimum headway, waiting time before diffusion, and desired speed distribution. The selected parameters 

are those that have high influence on the model. 

  

 Number of Observed Preceding Vehicles 

 

According to the VISSIM user manual “The numbers of observed vehicles affects how well 

vehicles in the network can predict other vehicle‟s movements and react accordingly” (PTV, 

2010). It is helpful to increase the default value if there are several cross sections at a short 

distance within a network. The default value of number for observed vehicles in VISSIM is 2 

vehicles. According to the park and Qi, acceptable ranges of values used for the number of 

observed preceding vehicles were set to 1 to 4 vehicles (Park et all, 2006; park and Qi, 2005). 

 

 Average Standstill Distance 

 

According to the VISSIM user manual “Average standstill distance defines the average desired 

distance between stopped cars or between cars and stop-line” (PTV, 2001). The default value for 

average standstill distance is 2 meters. Based on the park and Qi, acceptable ranges selected in 

this study were set to 1-5 meters (Park et all, 2006; park and Qi, 2005). 

 

 Minimum Headway (front/rear) 

 

According to the VISSIM user manual “minimum headway defines the minimum distance to the 

vehicle in front that must be available for a lane change in standstill condition” (PTV, 2001). The 
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default value for minimum headway is 0.5 meter. According to the park and Qi, acceptable ranges 

for minimum headway were set to 0.5 – 7 meter (Park et all, 2006; park and Qi, 2005). 

 

 Waiting Time Before Diffusion  

 

According to the VISSIM user manual “waiting time before diffusion defines the maximum 

amount of time a vehicle can wait at emergency stop position waiting for a gap to change lanes in 

order to stay on its route” (PTV, 2010). The default value for waiting time before diffusion is 60 

seconds. According to the park and Qi, acceptable ranges used for this parameter were set to 20 – 

60 seconds (Park et all, 2006; park and Qi, 2005). 

 

 

 Desired Speed Distribution 

 

According to the VISSIM user manual “Desired speed distribution is an important factor that has 

a significant influence on roadway capacity and achievable travel speed. If not hindered by other 

vehicles, a driver will travel at his desired speed.” (PTV, 2010). Minimum and maximum values 

can be entered in VISSIM for desired speed distribution. The speed limit on Gamla Övägen and 

Albrektsvägen is 50 km/h. Acceptable ranges were 45 to 55 km/h, 40 to 60 km/h and 35 to 65 

km/h. These values were chosen based on prior studies and prior experience with VISSIM. The 

desired speed distribution of 40-60 km/h was used in this thesis. The desired speed distribution of 

35 to 65 km/h was not selected because this range did not seem to be practical for vehicles to 

have a desired speed of 50 km/h. The desired speed distribution of 45 to 55 km/h was not chosen 

because it was too narrow and all vehicles in the network had a similar travelling speed with little 

interaction between them (park and Schneeberger, 2003). Table 3.6 shows the adjustment 

parameters and their acceptable ranges. 

 

     

Parameters 

 

Acceptable range 

 

Number of observed preceding vehicles 

 

Average standstill distance 

 

Minimum headway (front/rear) 

 

Waiting time before diffusion  

  

 

1 to 4         vehicles 

 

      1 to 5          meters 

 

      0.5 to 7       meters 

 

20 to 60     seconds 

  

 

 

Table.3.6. Summary of adjustment parameters and their acceptable ranges. 
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3.5.5. Statistical calibration test 

The parameters to be adjusted should be based on real values form the field measurement. Many of the 

parameters were difficult to measure in the field, and then many of the comparison parameters were 

adjusted to their best guessed values by the trial and error. In each trial and error steps, the results of the 

calibrated data have been evaluated by comparison with the measured data. The Excel Solver was used to 

determine whether the adjusted parameters were statistically equal to the measured data. The six best 

combinations of parameter sets are presented in Table 3.7.   

 

 

Table.3.7. Best combinations of parameter sets. 

 

The t-test was applied to determine whether or not the results from VISSIM were statistically equal to the 

field measured travel times. In this study the statistical hypothesis testing for two alternatives have been 

performed based on the results in travel time. In most combinations, the t-test shows that the field travel 

time is statistically different from the simulation-based results except for a few parameter sets which are 

close to the field travel time. Performing t-test shows that the best combination set is the combination 

number 6. 

In this project alpha equal to 5 percent was selected for the critical t value. Table 3.9 and 3.10 presents the 

statistical hypothesis results for comparison between measured field data and simulation results based on 

travel time. If T <          
 

 ⁄   and p-value > α, then we cannot reject the null hypothesis hence, there 

is no significant difference between the average travel time of the simulated model and the field 

measurement. If the p-value < α, then the null hypothesis of equal means is rejected. The smaller p-values 

show less reliability in the statistical significance of the data (Monsere et all, 2005). Table 3.8 and 3.9 

shows the t-test results for calibration set 6 and for each turning. 

Parameters Combination 1 Combination 2 Combination 3 Combination 4 Combination 5 Combination 6

No. of Observed 

Vehicles
4.0 3.0 3.0 2.0 3.0 4.0

Standstill Distance (m) 2.0 2.0 3.0 3.0 4.0 3.0

Waiting Time Before 

Diffusion (s)
60 60 60 60 60 60

Minimum Headway  

(m)
2.0 2.5 3.0 2.0 2.5 3.0
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(a) (b) 

 

Table.3.8. T-test results per turning. (a): approach east – west; (b): approach west – east. 

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

0.82

2.13

0.06

2.00

5 12

22.32 21.35

0.55 0.92

0.62

2.13

0.15

1.48

0.07

1.90

East - West

LT

RT
Travel Time

Observation Simulation

5 12

22.68 22.05

0.79 0.56

Travel Time

Observation Simulation

5 12

TH
Travel Time

Observation Simulation

29.05 27.59

2.15 2.06

2.09

2.13        

        

        

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

3.11

2.13

0.24

1.20

5 12

21.76 20.63

3.46 2.98

1.67

2.13

0.14

1.54

2.13

0.06

2.09

RT
Travel Time

Observation Simulation

5 12

22.95 21.89

2.06 1.52

TH
Travel Time

Observation Simulation

12

29.97 28.90

0.86 0.93

0.91

West - East

LT
Travel Time

Observation Simulation

5
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(a)                (b) 

Table.3.9. T-test results per turning. (a): approach south – north; (b): approach north – south. 

 

 

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

1.98

2.13

0.07

1.90

5 12

22.41 20.99

1.79 2.02

0.44

2.13

0.06

2.06

2.13

0.06

2.06

RT
Travel Time

Observation Simulation

5 12

23.36 22.63

0.55 0.39

Travel Time

Observation Simulation

12

32.44 31.09

1.35 1.58

1.52

South - North

LT
Travel Time

Observation Simulation

5

TH

        

        

        

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

Observations

Mean

Variance

Pooled Variance

t -test (p -value)

T

0.72

2.13

0.15

1.51

5 12

27.10 26.41

0.88 0.66

2.56

2.13

0.59

0.54

RT
Travel Time

Observation Simulation

5 12

23.01 22.55

1.80 2.84

0.15

1.49

TH
Travel Time

Observation Simulation

12

28.24 27.60

0.69 0.64

0.66

North - South

LT
Travel Time

Observation Simulation

5

2.13        
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A comparison of the field data, the calibrated VISSIM model, and the un-calibrated VISSIM model 

(default parameters) shows the importance of the calibration for microscopic simulation models. Travel 

times on Gamla Övägen - Albrektsvägen intersection is compared in Figure 3.20.  As shown in Figure 

3.20, the calibration model compares much better with the observed data (field data) than the un-

calibrated model.     

  

 

 

Figure.3.20. Comparison of field data calibrated VISSIM and un-calibrated VISSIM. 
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4. Signal control Mode 

 

Figure.4.1. Albrektsvägen - Gamla Övägen traffic signal (Source: Norrköpings municipality). 

 

4.1. Simulation Signal Plan 

The most critical part of signal timing is the selection of a suitable phase configuration. The phase 

configuration includes the number of phases and the sequence of phases. A simple two-phase 

configuration should be used as a general standard unless additional phases required (Highway Capacity 

Manual 2000). Two-primary phases were applied in the simulation model. The phase plan diagram is 

shown in Figure 4.2. 
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Figure.4.2. Phase plan in the signal control model. 

 

According to the distribution of traffic movements and the geometry of the intersection, there are four 

lane groups created for describing the operation of the intersection. The segmentation rules of the signal 

group into lane groups were conducted according to the Highway Capacity Manual 2000 (chapter 16). 

Figure 4.3 shows the typical lane groups for both vehicles and pedestrians. 

 

 

(a) (b) 

Figure.4.3. Typical lane groups. (a): vehicles lane groups. (b): pedestrian lane groups 
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4.2. Signal Timing 

The objective of signal timing is to allocate the green time at a signalized intersection in order to 

minimize the average delay and reduce the probability of accident occurrence. The following parameters 

play important roles in traffic control operation and they are generally applicable to all signalized 

intersections. These parameters must be specified for each phase separately. 

4.2.1. Minimum Green Time 

The minimum green time is the first part of the green interval. This time setting defines the shortest or 

minimum allowable amount of the green interval. Its duration is based on the number of waiting vehicles 

in the queue between the stop line and the detector upstream. It should also be long enough to ensure that 

stopped vehicles have enough time to cross the intersection safely before the yellow signal appears 

(FHWA, 2005). A minimum green time which is too short may endanger pedestrian safety; in contrast 

one that is too long may lead to increase the delay at the intersection. 

In general, in cases where the pedestrian movement are not provided by a pedestrian signal, the minimum 

green time duration is somewhere between 4 to 6 seconds (Trafikverket, 2004). Minimum green time is 

needed to react to the beginning of the green interval. If a minimum green time is set too low, there is a 

risk of increased rear-end collisions (FHWA, 2008). Table 4.1 shows the values for the minimum green 

time. 

 

Phase Type Facility Type Minimum Green Time Needed (s)  

Through 
 

Major Arterial (speed limit is 40 mph or less) 
 
Major Arterial (speed limit exceeds 40 mph) 
 
Collector, Local, Driveway             
 
Minor Arterial                

  7 to 15 
 
  10 to 15 
 
  2 to 10 
 
  4 to 10 
 

 

Left Turn Any                                2 to 5  

 

Table.4.1. Minimum green time needed to satisfy driver expectancy (FHWA 2008) 

 

In the cases where pedestrian are presented with this phase, the minimum green time need to be long 

enough to accommodate pedestrians crossing time. The minimum green time is estimated by the equation 

below (HCM, 2000): 

        
 

  
      

    

  
   for    > 10 ft  

        
 

  
             for    ≤ 10 ft 
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Where: 

          =  minimum green time (s), 

3.2       =   pedestrian start-up time (s),  

L         =  Crosswalk length (ft), 

         =  average speed of pedestrians (ft/s), usually assumed to be 4.0 ft/s, 

       =  number of pedestrians crossing during an interval (p), and 

       =   effective crosswalk width (ft). 

The crosswalk width measurement derived at the half of the crosswalk and it should be at least half of the 

road. Finally, the pedestrian crossing time was estimated as 15 seconds. Therefore, a minimum green time 

is suggested as 4 seconds in this case. 

 

4.2.2. Maximum Green Time 

Maximum green time defines maximum duration of time that a phase can remain green in the presence of 

a conflicting demand. The maximum green time usually will not be reached because detectors will find a 

gap to end the phase, but if there are ongoing calls and detections, the system will not find a gap and the 

maximum green parameter will then terminate the phase. Finally, the maximum green time was set to 20 

and 18 seconds for phase 1 and 2 respectively. 

 

4.2.3. Amber Time   

The main purpose of the amber time is to aware drivers that their green time is about to change to the red 

time and allow them to stop safely in prior to the onset of the red signal. If the amber time is too short, 

some drivers will be forced to violate the red time and important safety hazard is created (Beeber, 2011). 

According to Swedish code, Amber time is determined as 4 seconds at 50 km/h and 5 seconds at 70 km/h 

(Swedish National Road Administration, 1991).  

 

4.2.4. Red/Amber 

The default duration of Red/amber interval was set as 1.5 seconds in Sweden (Trafikverket, 2004). 
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4.2.5. Inter-Green Time 

The inter-green time is the time duration between the end of green time for one phase and the beginning 

of the green time for the subsequent phase. The inter-green time includes the amber time interval, all-red 

clearance interval and also a combination of amber and all-red intervals (amber + all-red). A too short 

inter-green time will be dangerous, in contrast to a too long inter-green period which is unacceptable 

since it may lead to insubordination and delay (Transport Research Library, 1996). 

The minimum inter-green time is determined by (Lind, 2011; Li & Wu, 2011): 

 

     Inter-green = Amber + red + red Amber 

 

     Red = 
  

  
⁄  

  
  

⁄     

Where: 

   = Clearing distance (m) 

    = Clearing speed (m/s) 

   = Entering distance (m) 

    = Entering speed (m/s) 

   = Red amber time 

 

For better understanding, the above parameters clearance distance and entering distance for the timing of 

inter-green periods are illustrated in Figure 4.4. Dc is the clearance distance for the last vehicle of the 

stream A and De is the entering distance for the first vehicle of the stream B. The Vc is the speed that the 

last clearing vehicle passes over Dc. The entering distance De is the distance between the stop line and 

the conflict point (Retzlo and Boltze, 1987). 
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Figure.4.4. Inter-green calculation parameters [Source: Lind, 2011]. 

 

The inter-green matrix for all possible cases was calculated and shown in Table 4.2. The K1- K4 are 

vehicle lane groups and F1- F4 are pedestrian lane groups. 

 

 

Table.4.2. Inter-green matrix for vehicle and pedestrians lane groups. 

 

 

K1 K2 K3 K4 F1 F2 F3 F4

K1 0 6 4 4 3 3 3

K2 0 3 6 3 4 4 4

K3 2 5 0 4 3 4 4

K4 5 3 0 3 4 3 4

F1 9 7 7 8

F2 8 9 8 7

F3 8 7 9 8

F4 8 9 9 9

To (Entering Vehicles)
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4.2.6. Inter-Stage Period 

The inter-stage is defined as the duration between the end of one stage and beginning of the next stage. 

The inter-stage period should not be less than the relevant inter-green period. The lengths of inters-stages 

are shown in Table 4.3. 

 

Table.4.3. Lengths of inter-stages 

After completing the phase plan, inter-green and inter-stage calculation, the information are imported and 

recorded into the *.pua file. This information can be seen in Appendix 5. 

 

4.2.7. Past-End-Green (PEG) 

Past-end-green (PEG) is another green extension parameter with shorter green extension intervals. It 

means that during the Past-end-green time, the signal group can remain green and can re-extend the green 

interval. Past-end-green is an important safety factor that decreases the risk of rear end collisions. High 

speed Swedish intersections generally have 12 seconds of maximum PEG. In this project, the signal group 

utilization of the past end green time was maximized to 6 seconds. 

4.2.8. Pulse Headway 

In the simulation model, the green time extension is retained in the approach by applying a signal pulse 

discipline headway. The green time in the signal group will be retain and retained for headway less than 

3.5 s while in the O-function, 5.1 second is chosen for phase 1 and 2. 

 

4.3. Applied Vehicle Actuated Control Strategies 

The following principles were applied in the simulated vehicle actuated control: 

1. Swedish control is based on signal group control.  

2. Each phase commences with a minimum green time before change to the next traffic pattern.  

During this portion, there is no change to green/yellow, unless more vehicles arriving are 

detected. If more vehicles are detected the after the minimum green time, the green time should 

be extended. 

3. The current phase should be terminated at the end of the green time when the extension has 

ended. Vehicles arriving during this portion can no more influence the change from green to 

yellow/red (SRA, 1991). 

Stage 1 Stage 2

Stage 1 9 Sec

Stage 2 9 Sec
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5. Analysis of Results 

This chapter includes the simulation results based on the performance of two scenarios as discussed in 

chapter 2. The simulation results were created during a one hour simulation and in tabular form. The 

results are presented in form of traffic and safety performance. Traffic performance parameters such as 

delay time, travel time, queue length, and capacity whereas the traffic safety performance parameter as 

time-to-collision. The parameters which are used to evaluate this intersection are defined as follow: 

 Delay time – delay time is computed by difference between the real travel-time from ideal travel-

time. 

 Travel time – is defined as the time taken to complete a trip. Travel time is computed as the 

average time for one vehicle passing between two specific points through one route.   

 Queue length – is defined as the number of vehicles stopped in a lane behind the stop line. 

 

5.1. Traffic Operational Data Statistical Analysis 

The student t-test was considered to determine if the differences in mean travel time, delay time, and TTC 

of intersection are significant. In order for the t-test to maintain its power, several assumptions must be 

considered as follow (Dutta et al,. 2008): 

 Only the continuous data should be tested with the t-test. 
 The data observation should be independent; this means that the observations of the first group 

are different from the second group. 
 To test the equality of the variance, the F-test can be utilized. If the assumption of the equality of 

variance is valid (the null hypothesis is not rejected), then the t-test with equal variance is 

calculated. Otherwise, If the assumption of the equality of variance is fails, then the  t-test with 

unequal variance is calculated 

 The results of the traffic performance and statistical significance of the two traffic control systems 

(LHOVRA and traditional) are presented as follow: 

 

5.1.1. Delay Time Analysis 

A comparison of results for average delay times for all vehicles passing the stop line for all approaches 

are shown below in Figure 5.1. The results show that the delay time for the primary road traffic is 

decreased by using the LHOVRA (O-function) scenario. This difference can be ascribed to the greater 

total amount of green time for the primary road. At the same time, the delay time to the minor road traffic 

increased by using the LHOVRA signal control.  
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Figure.5.1. Average delay time comparison between two scenarios per lane. 

 

The F-test is used to examine the homogeneity of the variances for comparison of the delay time for each 

turning. Table 5.1 presents the results of the F-test and indicates which of the two tests was selected for 

use in comparison of two scenarios. The results of the F-test are presented in Appendix 2. 

 

 

Table.5.1. Selection of appropriate t-test statistic. 

LT F_Observed <F_Critical Un-Equal Variance

TH F_Observed <F_Critical Un-Equal Variance

RT F_Observed <F_Critical Equal variance

LT F_Observed <F_Critical Un-Equal Variance

TH F_Observed <F_Critical Un-Equal Variance

RT F_Observed <F_Critical Equal variance

LT F_Observed >F_Critical Un-Equal Variance

TH F_Observed >F_Critical Equal variance

RT F_Observed >F_Critical Un-Equal Variance

LT F_Observed <F_Critical Equal variance

TH F_Observed <F_Critical Un-Equal Variance

RT F_Observed <F_Critical Equal variance

North - South 

South - North 

Intersection 

Approaches
F-test

Appropriate t-test 

Statistic

West - East 

East - West 
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      (a)                                                                        (b) 

Table.5.2. T-test delay time results per turning (a) approach west – east; (b) approach east – west. 

 

    

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Significant Difference? Yes

<0.0001

-13.75

2.44

1.09 1.23

13.58 22.87

LHOVRA traffic 

control

Traditional traffic 

control

LT
Delay time

Significant Difference? Yes

<0.0001

-11.33

2.44

1.17 1.41

9.87 20.33

LHOVRA traffic 

control

Traditional traffic 

control

TH

Delay time

-14.75

Significant Difference? Yes

2.57

<0.0001

1.04 1.48

12.86 28.98

LHOVRA traffic 

control

Traditional traffic 

control

West - East

RT

Delay time

        

        

        

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Significant Difference? Yes

<0.0001

-11.12

2.44

1.43 1.24

22.31 32.86

LHOVRA traffic 

control

Traditional traffic 

control

LT
Delay time

Significant Difference? Yes

<0.0001

-15.02

2.44

0.78 0.97

12.15 21.55

LHOVRA traffic 

control

Traditional traffic 

control

TH

Delay time

-13.51

Significant Difference? Yes

2.44

<0.0001

0.97 1.18

12.29 22.62

LHOVRA traffic 

control

Traditional traffic 

control

East - West

RT

Delay time

        

        

        



  Page 
94 

 
  

    

(a)                                                                                     (b) 

Table.5.3.T-test delay time results per turning (a) approach south – north; (b) approach north – south. 

 

 

 

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Significant Difference? Yes

0.003

7.24

2.44

0.98 1.02

16.63 11.51

LHOVRA traffic 

control

Traditional traffic 

control

LT
Delay time

Significant Difference? No

0.31

1.09

2.44

1.22 0.96

10.00 6.19

LHOVRA traffic 

control

Traditional traffic 

control

TH

Delay time

2.54

Significant Difference? No

2.57

0.05

0.58 0.88

10.48 7.64

LHOVRA traffic 

control

Traditional traffic 

control

South - North

RT

Delay time

        

        

        

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Significant Difference? Yes

0.002

7.93

1.07 0.86

2.44

LHOVRA traffic 

control

Traditional traffic 

control

15.27 9.78

Significant Difference? No

LT
Delay time

0.13

2.01

0.96 1.32

2.57

LHOVRA traffic 

control

Traditional traffic 

control

10.11 7.05

Significant Difference? No

TH

Delay time

1.01

2.44

0.34

9.47 8.67

1.31 0.93

RT

Delay time

LHOVRA traffic 

control

Traditional traffic 

control

North - South
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Statistical t-test was performed to determine if the difference between the delay time of the LHOVRA 

scenario and the traditional scenario were significant. The results of the t-test are summarized in table 5.2 

and 5.3. It should be noted that, because of the large samples sizes, a small difference between two mean 

delay times can be statistically significant. Statistical t-test was also performed with a null hypothesis, 

which the mean delay time observed between the LHOVRA scenarios was similar to the traditional 

scenario. It was found that for the approaches west-east and east-west, the null hypothesis was rejected 

indicating that the mean delay time of the LHOVRA scenario and the traditional scenario were 

statistically significant at alpha equal 0.05 (see table 5.2). However, for the approaches north-south and 

south-north, the null hypothesis was not rejected (except two cases) indicating that the mean delay time of 

the LHOVRA scenario and the traditional scenario were statistically similar (see table 5.3).  

 

5.1.2. Travel Time 

The result of the travel time has the same tendency as the results of delay time. A comparison between 

two scenarios shows that the average travel times for the primary road traffic are decreased by using the 

LHOVRA signal control. At the same time, the travel time to the minor road traffic increased by using the 

LHOVRA signal control, see Figure 5.2.  

    

 

Figure .5.2. Average travel time comparison between two scenarios. 

The F-test is used to examine the homogeneity of the variances for comparison of the travel time for each 

turning. Table 5.4 presents the results of the F-test and indicates which of the two tests was selected for 

use in comparison of two scenarios. The results of the F-test are presented in Appendix 3. 
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Table.5.4. t-test for intersection travel time.  

 

Statistical t-test was performed to determine if the difference between the travel time of the LHOVRA 

scenario and the traditional scenario were significant. The results of the t-test are summarized in table 5.5 

and 5.6. Statistical t-test was also performed with a null hypothesis, which the mean travel time observed 

between the LHOVRA scenarios was similar to the traditional scenario. It was found that for the 

approaches west-east and east-west, the null hypothesis was rejected indicating that the mean travel time 

of the LHOVRA scenario and the traditional scenario were statistically significant at alpha equal 0.05 (see 

table 5.5). However, for the approaches north-south and south-north, the null hypothesis was not rejected 

(except one case) indicating that the mean travel time of the LHOVRA scenario and the traditional 

scenario were statistically similar (see table 5.6). 

     

LT F_Observed > F_Critical Un-Equal Variance

TH F_Observed > F_Critical Un-Equal Variance

RT F_Observed > F_Critical Un-Equal Variance

LT F_Observed > F_Critical Un-Equal Variance

TH F_Observed > F_Critical Un-Equal Variance

RT F_Observed > F_Critical Un-Equal Variance

LT F_Observed < F_Critical Equal variance

TH F_Observed > F_Critical Un-Equal Variance

RT F_Observed < F_Critical Equal variance

LT F_Observed < F_Critical Equal variance

TH F_Observed < F_Critical Equal variance

RT F_Observed < F_Critical Equal variance

North - South 

South - North 

F-test
Appropriate t-test 

Statistic

Intersection 

Approaches

West - East 

East - West 
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(a)                                                                        (b) 

Table.5.5. T-test travel time results per turning (a) approach west – east; (b) approach east – west. 

  

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T -6.74

Significant Difference? Yes

2.44

0.0005

2.07 2.50

18.65 29.62

LHOVRA traffic Traditional traffic 
LT

Travel Time

-10.63

Significant Difference? Yes

2.57

< 0.0001

1.06 1.66

16.74 27.24

LHOVRA traffic Traditional traffic 
TH

Travel Time

Significant Difference? Yes

< 0.0001

-13.79

2.57

0.92 1.26

19.24 30.07

LHOVRA traffic Traditional traffic 

West - East

RT
Travel Time

        

        

        

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T -8.04

Significant Difference? Yes

2.44

< 0.0001

1.20 1.48

30.07 37.78

LHOVRA traffic Traditional traffic 
LT

Travel Time

-11.75

Significant Difference? Yes

2.57

< 0.0001

0.60 0.99

19.43 26.26

LHOVRA traffic Traditional traffic 
TH

Travel Time

Significant Difference? Yes

0.0007

-7.36

2.57

1.37 1.89

17.98 26.47

LHOVRA traffic Traditional traffic 

East - West

RT
Travel Time
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(a)                                                                                     (b) 

Table.5.6. T-test travel time results per turning (a) approach south – north; (b) approach north – south. 

 

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T 1.97

Significant Difference? No

2.57

0.15

2.07 1.90

24.48 20.59

LHOVRA traffic Traditional traffic 
LT

Travel Time

2.53

Significant Difference? No

2.57

0.05

1.10 1.93

17.89 13.95

LHOVRA traffic Traditional traffic 
TH

Travel Time

Significant Difference? No

0.11

1.96

2.44

0.58 0.90

17.93 14.97

LHOVRA traffic Traditional traffic 

South - North

RT
Travel Time

        

        

        

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Mean

Standard Deviation

t -test (p -value)

T

Significant Difference? Yes

2.76

2.44

0.03

2.54 2.50

LHOVRA traffic Traditional traffic 

21.43 16.78

Significant Difference? No

LT
Travel Time

2.01

2.44

0.08

2.51 1.93

LHOVRA traffic Traditional traffic 

19.14 15.34

Significant Difference? No

TH
Travel Time

0.06

2.22

2.44

16.04 13.68

1.22 1.30

RT
Travel Time

LHOVRA traffic Traditional traffic 

North - South
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5.1.3. Queue Length 

The results for the average and maximum queue length in relation to all approaches are summarized 

below in table 5.7. The results show that the average queue length on the major road has been almost 

halved by using the LHOVRA scenario. On the other hand, the average queue length on the minor road 

has been almost the same and a slightly smaller average queue length is noticed for the traditional 

scenario. 

 

 

Table.5.7. Comparison of average queue length and maximum queue length at the stop line for all 

approaches.  

 

The results in table 5.8 show that the average queue length in the LHOVRA traffic control (Mean = 3.75) 

were lower than the queue length in the traditional traffic control (Mean = 5.75).  

 

 

Table.5.8. Comparison of intersection queue length. 

 

 

 

 

Average Queue Length (meters) Maximum Queue Length (meters) Average Queue Length (meters) Maximum Queue Length (meters)

West - East 3 27 10 50

East - West 5 41 8 43

South - North 4 26 3 19

North - South 3 25 2 19

LHOVRA Scenario Traditional Scenario

LHOVRA 

traffic control

Traditional 

traffic control

3.75 5.75

0.96 3.86Standard Deviation

Intersection Queue Length Comparison

Model

Mean
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5.1.4. Capacity  

A comparison of the results for Saturation flow rate, effective green time and capacity in relation to all 

approaches are summarized below in table 5.9. The results show that the capacity of each approach is 

obviously increased in the LHOVRA scenario. The saturation flow rates are also very similar for the two 

simulation scenarios as expected. 

 

 

Table. 5.9. Comparison of saturation flow rate, effective green time and capacity at the stop line for all 

approaches. 

 

 

Saturation Flow 

Rate

Effective Green 

Time
Capacity

Saturation Flow 

Rate

Effective Green 

Time
Capacity

RT 1711 17.2 587 1711 19.8 616

TL 1642 17.2 564 1642 19.8 592

RT 1771 17.2 608 1771 19.8 638

TL 1417 15.3 435 1417 17.7 456

RT 1647 14.0 462 1647 16.4 490

T 1801 14.0 506 1801 16.4 536

L 1165 9.5 222 1165 11.5 244

RT 1621 14.0 453 1709 16.4 509

T 1727 14.0 483 1802 16.4 537

L 1130 10.5 238 1130 12.6 259

Traditional Scenario LHOVRA Scenario

West - East

East - West

Sout - North

North - South
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5. 2. Traffic Safety 

5.2.1. Time-to-Collision 

TTC value for all following vehicles for each direction is evaluated. The length of the black rectangle 

shows the areas that had TTC average value of less than 1 second, based on all car following vehicles. 

The length of the dark red rectangle shows the areas with TTC average values between 1 and 2 seconds, 

and etc. Generally, the areas closer to the intersection have smaller TTC values, particularly values below 

the threshold value of 3.5 seconds occur almost near to the stop line. Figure 5.3 a shows the TTC results 

for the traditional scenario and Figure 5.3 b shows the TTC results for the LHOVRA O-functionn 

scenario. 

 

 

(a) 
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(b) 

Figure. 5.3. Time-to-Collision below 5 s in areas near to the intersection’s approaches. (a):Traditional 

traffic control and (b): LHOVRA traffic control. 

 

Visual inspection shows that the LHOVRA function presented brighter rectangle area than the traditional 

scenario and thereby higher TTC values (the brighter rectangle area the safer situation is). Large 

differences between two scenarios with the respect to the brighter rectangle area can be found in link 1 

and link 4. 
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The F-test is used to examine the homogeneity of the variances for comparison of time-to-collision for 

each turning. Table 5.10 presents the results of the F-test and indicates which of the two tests was selected 

for use in comparison of two scenarios. The results of the F-test are presented in Appendix 4. 

 

 

Table.5.10. T-test results of the intersection time-to-collision 

 

The visual inspection comparison of link 1 shows that: 

 Link 1: For the LHOVRA scenario, the TTC values less than 5 s occurred with the frequency of 

2.8 % for lane 1 and 2.2 % for lane 2, while for the traditional scenario the values  was 3.6 % for 

lane 1 and 2.4 % for lane 2.  Table 5.11, shows the percentage of vehicles in the network with 

TTC value below the threshold value (3.5 s).  

 

Table. 5.11. Percentage of the TTC values below the threshold value (3.5 s) in link 1. 

 

The t-test was also carried out to compare the results of two scenarios. 

 Table 5.12 a shows the results of the TTC for lane 1, in which the average TTC value in the LHOVRA 

traffic control (mean = 3.65) were higher than the traditional traffic control (mean = 3.16). Table 5.12 b 

shows the results for the TTC for lane 2, in which the average TTC value in LHOVRA traffic control 

Lane 1 F_Observed <F_Critical Equal variance

Lane 2 F_Observed <F_Critical Equal variance

Lane 1 F_Observed >F_Critical Un-Equal Variance

Lane 2 F_Observed >F_Critical Un-Equal Variance

Lane 3 - -

Lane 1 F_Observed >F_Critical Un-Equal Variance

Lane 2 F_Observed <F_Critical Equal variance

Lane 1 F_Observed <F_Critical Equal variance

Lane 2 F_Observed <F_Critical Equal variance

Lane 3 F_Observed <F_Critical Equal variance

Link 3

Link 4

Intersection 

Approaches
F-test

Appropriate t-test 

Statistic

Link 1

Link 2

Link 1
LHOVRA 

Scenario

Traditional 

Scenario

Lane 1 0.72% 3.15%

Lane 2 0.57% 1.99%
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(mean = 3.68) were higher than the traditional traffic control (mean = 3.15). The results also showed that 

the average TTC value in traditional scenario for both lanes (lane1 and lane2) were below the TTC 

threshold value of 3.5 s, whereas the average TTC value in LHOVRA Scenario for both lanes were 

higher.  

Statistical t-test with assuming of equal variances was also performed with a null hypothesis, which the 

mean TTC observed between the LHOVRA scenarios was similar to the traditional scenario. It was found 

that for the lane 1, the null hypothesis was not rejected indicating that the mean travel time of the 

LHOVRA scenario and the traditional scenario were statistically similar at alpha equal 0.05. Moreover, it 

was also found the same results for lane 2, and the null hypothesis was not rejected. This indicating that 

the mean time-to-collision of the LHOVRA scenario and the traditional scenario were statistically similar 

(see Table 5.12). 

 

    

          (a)                                            (b) 

Table. 5.12. t-test results for approach 1. (a): Lane 1; (b): Lane2. 

 

The visual inspection comparison of link 2 shows that: 

 Link 2: For the LHOVRA scenario, the TTC values less than 5 s occurred with the frequency of 

1.6 % for lane 1 and 0.9 % for lane 2  and 0 % for lane 3, while for the traditional scenario the 

values was 5.6 % for lane 1 and 0.7 % for lane 2 and 0 % for lane 3.  Table 5.13, shows the 

percentage of vehicles in the network with TTC value below the threshold value (3.5 s).  

 

LHOVRA 

traffic control

Traditional 

traffic control

3.65 3.16

0.90 0.17

No

Variance

Time-to-Collision Comparison

Link 1 Model

Lane 1

Mean

T 0.95

Pooled Variance 0.14

1.99

t-test (p-value) 0.20

Significant Difference?

        

LHOVRA 

traffic control

Traditional 

traffic control

3.68 3.15

0.22 0.36

No

Time-to-Collision Comparison

Link 1 Model

Significant Difference?

t-test (p-value) 0.70

T 1.58

Mean

Variance

Pooled Variance 0.29

2.06

Lane2
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Table. 5.13. Percentage of the TTC values below the threshold value (3.5 s) in link 2. 

 

Table 5.14 a shows the results of the TTC for lane 1, in which the average TTC value in the LHOVRA 

traffic control (mean = 4.27) were higher than the traditional traffic control (mean = 3.88). Table 5.14 b 

shows the results for the TTC for lane 2, in which the average TTC value in LHOVRA traffic control 

(mean = 4.22) were higher than the traditional traffic control (mean = 4.34). 

Statistical t-test with assuming of unequal variances was also performed with a null hypothesis, which the 

mean TTC observed between the LHOVRA scenarios was similar to the traditional scenario. It was found 

that for the lane 1, the null hypothesis was not rejected indicating that the mean travel time of the 

LHOVRA scenario and the traditional scenario were statistically similar at alpha equal 0.05. Moreover, it 

was also found the same results for lane 2, and the null hypothesis was not rejected. This indicating that 

the mean time-to-collision of the LHOVRA scenario and the traditional scenario were statistically similar 

(see Table 5.14). 

   

          (a)                                            (b) 

Table. 5.14. t-test results for approach 2. (a): Lane 1; (b): Lane2. 

 

 

Link 2
LHOVRA 

Scenario

Traditional 

Scenario

Lane 1 0.05% 1.12%

Lane 2 0.37% 0.09%

Lane 3 0.00 0.00

LHOVRA 

traffic control

Traditional 

traffic control

4.27 3.88

0.25 0.35

No

1.28

Significant Difference?

Variance

Time-to-Collision Comparison

Link 2 Model

Lane 1

Mean

2.11

t- test (p -value) 0.06

T

        

LHOVRA 

traffic control

Traditional 

traffic control

4.22 4.34

0.41 0.29

No

T 0.55

Mean

Variance

2.28

Time-to-Collision Comparison

Link 2 Model

t- test (p -value) 0.58

Significant Difference?

Lane 2
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The visual inspection comparison of link 3 shows that: 

 Link 3: For the LHOVRA scenario, the TTC values less than 5 s occurred with the frequency of 

0.6 % for lane 1 and 1.0 % for lane 2, while for the traditional scenario the values was 1.0 % for 

lane 1 and 1.2 % for lane 2.  Table 5.15, shows the percentage of vehicles in the network with 

TTC value below the threshold value (3.5 s).  

 

 

Table. 5.15. Percentage of the TTC values below the threshold value (3.5 s) in link 3. 

Table 5.16 a, shows the results of the TTC for lane 1, in which the average TTC value in the LHOVRA 

traffic control (mean = 4.16) were higher than the traditional traffic control (mean = 4.05). Table 5.16 b 

shows the results for the TTC for lane 2, in which the average TTC value in LHOVRA traffic control 

(mean = 4.26) were higher than the traditional traffic control (mean = 4.20). 

Statistical t-test of unequal variances for lane 1 and equal variances for lane was also performed with a 

null hypothesis, which the mean TTC observed between the LHOVRA scenarios was similar to the 

traditional scenario. It was found that for the lane 1, the null hypothesis was not rejected indicating that 

the mean travel time of the LHOVRA scenario and the traditional scenario were statistically similar at 

alpha equal 0.05. Moreover, it was also found the same results for lane 2, and the null hypothesis was not 

rejected. This indicating that the mean time-to-collision of the LHOVRA scenario and the traditional 

scenario were statistically similar (see Table 5.16). 

 

     

         (a)                                            (b) 

Table. 5.16. t-test results for approach 3. . (a): Lane 1; (b): Lane2. 

Link 3
LHOVRA 

Scenario

Traditional 

Scenario

Lane 1 0.07% 0.11%

Lane 2 0.08% 0.24%

LHOVRA 

traffic control

Traditional 

traffic control

4.16 4.05

0.19 0.17

NoSignificant Difference?

Time-to-Collision Comparison

Model

Mean

Variance

Lane 1

Link 3

2.02

t- test (p -value) 0.56

T 0.73

        

LHOVRA 

traffic control

Traditional 

traffic control

4.26 4.20

0.25 0.17

No

2.04

t- test (p -value) 0.89

T 0.13

Time-to-Collision Comparison

Model

Mean

Variance

Pooled Variance 0.23

Link 3

Lane 2

Significant Difference?

        



  Page 
107 

 
  

The visual inspection comparison of link 4 shows that: 

 Link 4: For the LHOVRA scenario, the TTC values less than 5 s occurred with the frequency of 

2.1 % for lane 1, 1.2 % for lane 2 and 2.3 % for lane 3, while for the traditional scenario the 

values was 2.8 % for lane 1, 1.8 % for lane 2 and 3.5 % for lane 3.  Table 5.17, shows the 

percentage of vehicles in the network with TTC value below the threshold value (3.5 s).  

 

 

Table.5.17. Percentage of the TTC values below the threshold value (3.5 s) in link 4. 

 

Table 5.18 a shows the results of the TTC for lane 1, in which the average TTC value in LHOVRA traffic 

control (mean = 3.61) were higher than the traditional traffic control (mean = 3.45). Table 5.18 b shows 

the results for the TTC for lane 2, in which the average TTC value in LHOVRA traffic control (mean = 

3.92) were higher than the traditional traffic control (mean = 3.79). Table 5.18 c shows the results for the 

TTC for lane 3, in which the average TTC value in LHOVRA traffic control (mean = 3.70) were higher 

than the traditional traffic control (mean = 3.33). As shown in figure 5.18, the average TTC value in 

traditional scenario for lane 1 and lane 3 were below the TTC threshold value of 3.5 s. 

 

     

(a)                     (b) 

Link 4
LHOVRA 

Scenario

Traditional 

Scenario

Lane 1 0.55% 1.94%

Lane 2 0.31% 0.72%

Lane 3 0.87% 2.74%

LHOVRA 

traffic control

Traditional 

traffic control

3.61 3.45

0.27 0.39

No

Variance

Time-to-Collision Comparison

Link 4 Model

Lane 1

Mean

Pooled Variance 0.30

2.04

t- test (p -value) 0.46

T 0.74

Significant Difference?

        

LHOVRA 

traffic control

Traditional 

traffic control

3.92 3.79

0.33 0.23

No

Lane 2

Time-to-Collision Comparison

Link 4 Model

Mean

Variance

Pooled Variance 0.28

2.08

t- test (p -value) 0.56

T 0.58

Significant Difference?
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         (c)       

Table. 5.18. t-test results for approach 4. . (a): Lane 1; (b): Lane2; (c): Lane 3. 

 

Statistical t-test of equal variances was also performed with a null hypothesis, which the mean TTC 

observed between the LHOVRA scenarios was similar to the traditional scenario. It was found that for the 

lane 1, the null hypothesis was not rejected indicating that the mean travel time of the LHOVRA scenario 

and the traditional scenario were statistically similar at alpha equal 0.05. Moreover, it was also found the 

same results for lane 2 and lane 3, and the null hypothesis was not rejected. This indicating that the mean 

time-to-collision of the LHOVRA scenario and the traditional scenario were statistically similar (see 

Table 5.18). 

 

 

 

 

 

 

 

 

 

LHOVRA 

traffic control

Traditional 

traffic control

3.70 3.33

0.10 0.71

No

2.04

Link 4 Model

Time-to-Collision Comparison

Lane 3

Mean

Variance

Pooled Variance 0.45

Significant Difference?

t- test (p -value) 0.15

T 1.46
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6. Discussion and Conclusion 

In this thesis study a microscopic simulation program VISSIM has been used to study the Gamla Övägen 

– Albrektsvägen intersection. This thesis has been concerned with methods and concepts related to the 

safety indicators and their effectiveness for traffic safety assessment. The initial step was the data 

collection process including measures of traffic flow, turning percentages, pedestrian movement at 

pedestrian crossing, measures related to gap acceptance for yielding situations, and travel time. After the 

data collection process a calibration procedure applied to check whether or not the collected parameters 

were able to reproduce the field condition. 

For the purpose of this study, the results shown here are only based on the calibration simulation model 

with regard to the aspects of the traffic performance and they were no validated against real-world values. 

The performance of the calibration process was tested by comparing the distribution of the field travel 

time data and the simulation outputs. Therefore, it is necessary that a simulation-model is calibrated 

before any further traffic analyses (Simulation based) are executed. 

This thesis study used five days of travel time data for investigating the variability of filed data. Two 

significant issues were met during the calibration procedure. One issue dealt with claiming the calibrated 

simulation model is equal to the field data and the other subject was related to the importance of 

visualization during the calibration process. It was found that all multiple simulation runs were not 

statistically equal to the field distribution. Therefore, individual runs were not appropriate for statistical 

testing. Feasibility test was performed as an initial check in order to identifying the appropriate and 

reasonable ranges of calibration parameters. Statistical t-test as an effective analysis was used to 

determine whether or not the results from VISSIM were statistically equal to the field measured travel 

times. In addition, two traffic signal control models were generated in VISSIM in order to present the 

condition with the LHOVRA function and the condition with traditional traffic signal control.   

The results of the simulation experience carried out based on traffic performance and traffic safety 

measurement. The traffic performance measurement shows that the travel time and delay to the main road 

traffic were reduced with the LHOVRA technique compared with traditional signal control and the travel 

time and delays were increased to the minor road traffic. The average queue lengths were reduced in 

major roads with LHOVRA technique, while the average queue length were nearly similar in minor road 

traffic. The capacity of the scenario which is used the LHOVRA technique was higher than the traditional 

scenario. 

With regard to the traffic safety results of this study, TTC results were carried out based on visual 

inspection and statistical analyses. The TTC value is considered a representative measure of accident risk 

(Archer, 2004). From the visual inspection, generally for both scenarios on the sites closer to the 

intersection more small TTC values were found than on the sites further away from intersection. It is 

noticeable that the percent of dangerously small TTC value is much higher on the traditional scenario; this 

means that more following vehicles has a TTC value of less than 5 s. On the other hand, it was found that 

the LHOVRA function has a higher TTC value (higher TTC value the safer situation is), especially the 

larger differences can be seen in the link 1 and link 4 towards the intersection. From the statistical 

analyses, we can conclude that there were no significant differences between two scenarios. In contrast to 

the traditional scenario, the average TTC values of the LHOVRA scenario on all corresponding links 



  Page 
110 

 
  

were higher than the TTC-threshold value (3.5 seconds). The TTC threshold value is a TTC value that can 

be applied to distinguish safe and safety critical approach situations.  

Consequently, the results indicate the effectiveness of the LHOVRA O-function used in the Gamla 

Övägen – Albrektsvägen intersection. The results of LHOVRA scenario showed no indication of any 

negative traffic performance impact when compared to the traditional scenario. 

On the other hand, Jeffery Archer (2004) conducted a relevant study, in which the effects of O-function 

estimated from traffic safety point of view. The results of the simulation experiment provide a clear 

indication of effectiveness of the LHOVRA O-function used in standard vehicle actuated signaling in 

Sweden. The results of the safety measure show that the LHOVRA O-function is effective avoiding red-

light violations and great effect on safety in the form of TTC. From the safety perspective, The use of the 

simulated O-function showed an average 22 percent decrease in the number of rear-end collisions in 

comparison to a case without O-function. Safety was measured in accordance to the minimum TTC safety 

indicator (Archer, 2004).   

Another relevant study was conducted by Al-mudhaffar (2002), in which some improvement suggested 

by the author includes: moving the detectors closer to the stop line and making the detectors speed 

dependent. The results show that a moving closer to the stop line, where the dilemma zone also is brought 

closer has a positive effect on safety in the form of the TTC and reduction in red-light infringement. 

Furthermore, it was found that a speed dependent LHOVRA O-function may have the ability to remove 

conflicting conditions if Past-end green (PEG) is only given to those vehicles that really need it. 
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7. Recommendations 

After carrying out this thesis work the following aspects can be identified as opportunities of 

improvements: 

 The data collection is highly time consuming and some improvements are needed to reduce this 

process. Furthermore, in order to collect safety parameters such as acceleration/deceleration rate, 

some sophisticated equipment is needed such as hand-held radar or laser. Then, they can be used 

to refine the collection procedure.  

 Another traffic data (such as delay time) is needed for model validation, to tests the accuracy of 

the model by comparing traffic data generated by the model with the collected from the field. 

 Public transport inclusion in both simulation models. 

 Many factors are involved in the safety performance of the intersection. The other factors such as 

Time-to-Accident and Post-Encroachment Time can be considered for further studies. 

 Study of other similar projects in other intersections can give helpful information for further 

decision. 
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9. Appendixes 

 

9.1. Appendix 1 

 
Traffic flow was recorded every 15 minutes during evening peak hour period 16:00 – 17:00. The traffic 

volume and turning proportion for each approach are obtained which are used as a vehicle input for 

VISSIM model. 
 

     
 

1 4 0 0

2 1 0 1

3 3 0 2

4 4 0 1

5 6 0 2

6 3 1 3

7 1 1 1

8 2 0 3

9 2 0 0

10 3 1 0

11 4 1 2

12 4 1 2

13 7 1 6

14 1 0 2

15 1 1 3

16 1 2 3

17 5 1 1

18 7 0 2

19 4 0 4

Total 63 10 38

16:00 - 16:15

Observation 

number

Straight 

forward
Left-turn Right-turn

West - East
Interval

34.23
Turning 

porportion (%)
56.75 9.009

1 5 1 0

2 3 1 1

3 7 0 2

4 6 1 1

5 5 1 3

6 4 0 2

7 7 0 2

8 0 0 0

9 9 2 7

10 1 1 2

11 5 0 1

12 3 1 2

13 9 0 5

14 3 0 0

15 3 0 3

16 3 1 5

17 6 0 0

18 2 0 2

Total 81 9 38

Interval

16:15 - 16:30

Observation 

number

Straight 

forward
Left-turn Right-turn

Turning 

porportion (%)
63.28 7.03 29.69

West - East
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1 4 1 0

2 5 2 4

3 3 0 2

4 4 0 2

5 2 0 1

6 5 1 0

7 3 0 2

8 6 0 3

9 2 1 2

10 5 1 4

11 0 0 1

12 3 0 1

13 3 1 3

14 2 0 1

15 3 0 2

16 4 0 1

17 5 0 3

18 7 0 1

19 1 0 2

Total 67 7 35

Turning 

porportion (%)
61.47 6.42 32.11

West - East
Interval

16:30 - 16:45

Observation 

number

Straight 

forward
Left-turn Right-turn

1 3 0 2

2 6 0 3

3 7 0 2

4 3 0 1

5 3 0 4

6 3 0 0

7 9 1 3

8 9 0 3

9 4 1 3

10 3 1 1

11 6 0 1

12 5 0 1

13

14

15

16

17

18

19

Total 61 3 24

West - East
Interval

16:45 - 17:00

Observation 

number

Straight 

forward
Left-turn Right-turn

Turning 

porportion (%)
69.32 3.41 27.27

1 1 1 0

2 2 2 0

3 2 3 0

4 2 0 1

5 2 2 0

6 2 1 0

7 3 0 1

8 10 1 0

9 3 2 0

10 5 2 0

11 3 1 1

12 5 4 1

13 3 3 2

14 1 3 0

15 3 1 0

16 6 1 0

17 3 0 1

18 4 2 1

19 8 1 0

Total 68 30 8

Observation 

number

Straight 

forward

Interval

16:00 - 16:15
East - West

Turning 

porportion (%)
64.15

Left-turn Right-turn

28.3 7.54

1 9 1 0

2 5 3 0

3 1 3 0

4 3 3 0

5 6 0 1

6 2 1 0

7 1 0 0

8 2 1 0

9 3 2 0

10 2 2 0

11 5 0 0

12 4 3 0

13 1 1 0

14 1 1 1

15 3 2 0

16 7 0 1

17 4 1 0

18 0 3 0

Total 59 27 3

Interval

Observation 

number

Straight 

forward
Left-turn Right-turn

East - West

Turning 

porportion (%)
66.29

16:15 - 16:30

30.34 3.37
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1 2 1 0

2 3 1 0

3 3 2 0

4 4 1 2

5 2 4 0

6 2 2 0

7 3 0 1

8 5 3 0

9 2 3 1

10 1 2 0

11 0 1 0

12 0 2 0

13 2 3 0

14 1 2 0

15 6 1 1

16 3 0 0

17 3 2 1

18 5 2 1

19 7 2 0

Total 54 34 7

35.79 7.37

Interval

16:30 - 16:45

Observation 

number

Straight 

forward
Left-turn Right-turn

East - West

Turning 

porportion (%)
56.84

1 9 6 0

2 3 2 1

3 2 3 0

4 3 1 0

5 4 3 0

6 1 2 1

7 2 1 0

8 5 1 1

9 5 2 0

10 3 1 0

11 6 2 0

12 4 3 0

13

14

15

16

17

18

19

Total 47 28 3

East - West
Interval

16:45 - 17:00

Observation 

number

Straight 

forward
Left-turn Right-turn

Turning 

porportion (%)
60.26 35.90 3.85

1 2 3 1 0

2 2 0 2 0

3 4 1 0 0

4 0 2 0 0

5 3 0 2 0

6 0 3 3 2

7 2 0 2 0

8 1 2 1 0

9 5 4 2 0

10 4 4 1 0

11 4 2 3 0

12 3 3 0 0

13 4 1 1 1

14 4 2 1 0

15 2 2 0 0

16 2 0 0 0

17 4 1 1 1

18 7 1 2 0

19 4 4 1 0

Total 57 35 24 4

Interval

16:00 - 16:15

BUSLeft-turn Right-turn

South - North

Observation 

number

Straight 

forward

Turning 

porportion (%)
47.5 3.3329.16 20

1 4 4 1 2

2 5 2 3 0

3 4 2 3 0

4 2 0 2 1

5 3 2 4 0

6 4 0 0 0

7 3 1 1 0

8 5 2 4 0

9 1 3 0 0

10 3 1 0 0

11 0 1 2 0

12 3 1 2 0

13 2 4 5 0

14 2 0 2 0

15 2 3 1 0

16 0 1 0 0

17 2 0 0 0

18 2 5 4 0

Total 47 32 34 3

Right-turn BUS

Turning 

porportion (%)
40.52 29.31 2.59

South - North
Interval

16:15- 16:30

Observation 

number

Straight 

forward
Left-turn

27.59
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1 3 2 2 1

2 2 2 1 0

3 4 1 1 0

4 3 0 1 0

5 0 2 2 0

6 0 1 0 0

7 2 1 2 0

8 3 1 2 0

9 3 1 4 0

10 2 1 2 0

11 1 0 0 0

12 2 1 1 0

13 4 3 3 1

14 5 0 1 0

15 0 1 2 0

16 2 1 1 0

17 6 0 2 0

18 4 2 0 0

19 4 0 1 0

Total 50 20 28 2

South - North
Interval

16:30 - 16:45

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

Turning 

porportion (%)
50 20 28 2

1 4 3 2 0

2 2 1 0 0

3 4 3 4 0

4 4 3 1 0

5 4 2 0 0

6 1 1 2 0

7 4 2 2 0

8 3 2 3 1

9 4 1 1 0

10 3 1 1 0

11 4 1 0 0

12 0 2 2 0

13

14

15

16

17

18

19

Total 37 22 18 1

South - North
Interval

16:45 - 17:00

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

Turning 

porportion (%)
47.44 28.21 23.08 1.28

1 2 0 0 0

2 2 0 0 0

3 4 0 0 0

4 3 1 0 0

5 5 0 0 0

6 4 0 0 0

7 2 0 1 0

8 6 1 2 1

9 0 2 1 1

10 2 0 0 1

11 5 0 0 0

12 4 0 2 0

13 3 1 0 0

14 2 0 0 0

15 2 0 0 1

16 3 0 0 0

17 5 0 0 0

18 2 0 1 0

19 6 0 2 0

Total 62 5 9 4

Turning 

porportion (%)
77.5 6.25 11.25 5

North - South
Interval

16:00 - 16:15

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

1 6 2 0 0

2 5 0 0 0

3 1 0 0 0

4 7 0 2 0

5 5 0 0 0

6 6 0 1 0

7 2 1 0 0

8 6 0 0 0

9 1 0 1 0

10 4 0 0 0

11 3 0 1 0

12 8 0 0 0

13 2 0 0 0

14 2 0 0 0

15 2 2 0 1

16 7 0 1 0

17 0 2 0 0

18 5 1 0 0

Total 72 8 6 1

Turning 

porportion (%)
82.76 9.20 1.15

North - South
Interval

16:15 16:30

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

6.90
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1 3 1 0 0

2 3 0 0 0

3 4 1 1 1

4 1 0 0 0

5 3 0 1 0

6 7 0 1 0

7 1 0 1 1

8 3 0 0 0

9 3 0 0 1

10 2 0 1 0

11 1 0 0 0

12 4 1 0 0

13 2 0 0 0

14 4 0 3 0

15 5 1 0 0

16 3 0 1 0

17 2 0 0 0

18 5 0 1 0

19 3 0 0 0

Total 59 4 10 3

Turning 

porportion (%)
77.63 5.26 13.16 3.95

North - South
Interval

16:30 - 16:45

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

1 2 0 0 0

2 5 0 0 0

3 6 0 1 0

4 7 0 0 0

5 4 1 0 0

6 4 0 1 0

7 5 0 1 0

8 6 0 0 0

9 4 0 1 1

10 3 0 0 1

11 1 0 0 0

12 2 0 2 0

13

14

15

16

17

18

19

Total 49 1 6 2

North - South
Interval

16:45 - 17:00

Observation 

number

Straight 

forward
Left-turn Right-turn BUS

Turning 

porportion (%)
84.48 1.72 10.34 3.45
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9.2. Appendix 2 
 

F-test results of the average delays for all turnings.  

 

     
 

    
 
    

 

 

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

0.4889

0.1078

West - East

F-test_Delay time

Null hypothesis? Do not reject

F-test_Delay time

0.6930

0.1078

Null hypothesis? Reject

F-test_Delay time

Null hypothesis? Reject

1.8684

9.2766

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

Null hypothesis? Reject

F-test_Delay time

0.6411

East - West

F-test_Delay time

0.6759

0.1078

0.1078

Null hypothesis? Reject

F-test_Delay time

1.3320

9.2766

Null hypothesis? Do not reject

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

0.4376

Null hypothesis? Reject

0.1078

F-test_Delay time

South - North

F-test_Delay time

1.6254

9.2766

Null hypothesis? Do not reject

F-test_Delay time

0.8873

0.1078

Null hypothesis? Reject

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

North - South

F-test_Delay time

2.4961

9.2766

Null hypothesis? Do not reject

F-test_Delay time

1.5331

9.2766

Null hypothesis? Do not reject

0.5280

0.1078

Null hypothesis? Reject

F-test_Delay time
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9.3. Appendix 3 
 

F-test results of the average travel time for all turnings.  

 

    
 

  
 

 

 

 

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

0.6828

0.1078

Null hypothesis? Reject

Null hypothesis? Reject

F-test_Travel time

F-test_Travel time

0.4096

0.1078

0.1078

Null hypothesis? Reject

West - East

F-test_Travel time

0.5299

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

0.6583

0.1078

Null hypothesis? Reject

Null hypothesis? Reject

F-test_Travel time

F-test_Travel time

0.3676

0.1078

0.1078

Null hypothesis? Reject

East - West

F-test_Travel time

0.3484

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

1.1804

9.2766

Null hypothesis? Do not reject

Null hypothesis? Reject

F-test_Travel time

F-test_Travel time

0.3245

0.1078

0.1078

Null hypothesis? Do not reject

South - North

F-test_Travel time

0.0948

RT

F_Observation

F_ Critical

TH

F_Observation

F_ Critical

LT

F_Observation

F_ Critical

1.0087

9.2766

Null hypothesis? Do not reject

Null hypothesis? Do not reject

F-test_Travel time

F-test_Travel time

2.1029

9.2766

9.2766

Null hypothesis? Do not reject

North - South

F-test_Travel time

1.1699
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9.4. Appendix 4 
 

F-test results of the time-to-collision for all turnings.  

 

     
 

     
 

 

 

 

 

Lane 1

F_Observation

F_ Critical

Lane 2

F_Observation

F_ Critical

F-test_Travel time

0.7901

Null hypothesis?

Link 1

F-test_TTC

0.8288

Do not reject

0.6888

Null hypothesis? Do not reject

0.8401

Lane 1

F_Observation

F_ Critical

Lane 2

F_Observation

F_ Critical

F-test_Travel time

1.3611

Null hypothesis?

0.6274

Null hypothesis? Reject

Link 3

0.8412

Do not reject

1.1624

F-test_TTC

Lane 1

F_Observation

F_ Critical

Lane 2

F_Observation

F_ Critical

Lane 3

F_Observation

F_ Critical

Null hypothesis?

F-test_Travel time

0.4970

Null hypothesis?

Link 2

F-test_TTC

2.2010

Reject

F-test_Travel time

0.5904

Null hypothesis? Reject

1.4070

Lane 1

F_Observation

F_ Critical

Lane 2

F_Observation

F_ Critical

Lane 3

F_Observation

F_ Critical

Null hypothesis? Do not reject

F-test_Travel time

1.7244

Null hypothesis?

1.4199

Null hypothesis? Do not reject

Link 4

1.4064

1.1649

1.4925

Do not reject

F-test_Travel time

1.1307

F-test_TTC
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9.5. Appendix 5 
 

*.pua file is an important file which is includes information about inter-stages, inter green times and when 

the phase change occurs. 
 

$SIGNAL_GROUPS 

$ 

K1  1 

K2  2 

K3  3 

K4  4 

F1  5 

F2  6 

F3  7 

F4  8 

$STAGES 

Stage        Signal group 

$ 

Stage_1  K1 K2 F3 F4  

red   K3 K4 F1 F2 

Stage_2  K3 K4 F1 F2  

red   K1 K2 F3 F4 

 

 

$STARTING_STAGE 

$ 

Stage_1 

 

$INTERSTAGE1 

Length [s] : 9 

From Stage   : 1 

To Stage    : 2 

$ 

          K1    -127       0 

          K2    -127       0 

          K3       5   127  

          K4       5    127 

          F1       9    127 
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          F2       9   127  

          F3    -127       0   

          F4    -127       0 

 

$INTERSTAGE2 

Length [s]      : 9 

From Stage      : 2 

To Stage        : 1 

$ 

          K1  6   127      

          K2  6   127 

          K3    -127       0    

          K4    -127       0    

          F1    -127       0 

          F2    -127       0        

          F3       9    127 

          F4       9   127 

 

$END 
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9.6. Appendix 6 

 
The signal controller including LHOVRA (O-functionn) has been defined in VisVAP. 
 

 
 

 

 


