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Abstract

Traditional approaches to limit the number of road traffic have taken the form of the “three Es” of Education, Enforcement and Engineering. These types of interventions have shown varying amounts of success, but they are often limited in time and space. An example of this is the use of speed humps, Hogh occupanct vehicle measures and intelligent transport systems. Whilst speed humps reduce the vehicles speed locally, the driver is free to increase the vehicle speed in between humps (Pau and Angius, 2001). Similarly bus lanes and HOV measures have been introduced to encourage the use of buses and reduce the car dependency. The Problem however is that in many situations the bus lanes are observed to be under used while a huge increase in traffic congestion and delays are observed at the rest of the traffic lanes. These situations might also result in that the private car drivers make illegal use of the bus lanes as as they perceive them as waste of space use. Moreover, while such measures might encourage the use of public transport over the private cars, the increase in overall traffic, delays and the global level emissions and fuel consumptions will be very detrimental on the environment.
Intelligent Transport Systems (ITS) is the name given to an advanced systems which can be used in various ways to monitor traffic, detect vehicle location or detect the weight of the vehicles or the number of persons in any vehicle. This type of system can be achieved via a number of technical solutions, including using sensors and inductive loops. While the technology for providing such systems is available, an increasing number of applications are still under examination and testing.

This paper aims at investigating possible utilisation of Intelligent Transport System (ITS) to optimise the success of the greenways and the HOV measures and to improving the conditions in the urban areas. To achieve that, Glasgow road in Edinburgh has been modelled using the micro-simulation model, VISSIM (PTV, 2006) for three different types of scenarios on the same network. 

The paper is structured as follows. Section 1 reviews various literatures on HOV, ITS, micro simulation and VISSIM modelling. Section 2 describes the experiment and the methodology adopted for this work. The results and the analysis of the results are reported in Section 3. Finally Section 4 is devoted to the conclusion, limitations and ideas for further work.
1. Literature Review:

1.1  High Occupancy Vehicle (HOV)

The total vehicle delays on any network increases on a global level and although there have been a large number of travel demand management (TDM) measures have been considered over the past few decades,  the success of such measures always depend on the integration of the set of measures and on their impacts. High Occupancy Vehicle measures were mainly introduced to reduce the congestion problems in many major road networks by maximising the number of persons carrying capacity of the road network, given that the HOV get priority over the public transport (see Begg and David 2004 and Cullinane 1991). A high occupancy vehicle could be a bus, vanpools or a carpools. By encouraging the use of HOV, the number of vehicles on the road network could be minimised. The significant concept of providing HOV facilities is to reduce the travel time and predictable travel times. The priorities of HOV’s allow the individuals to travel in higher occupancy rather than travelling alone. The policies and support facilities for such High Occupancy Vehicle provides a support to encourage individuals to change their travelling behaviour (Saleh et al., 2003).

The HOV applications are being used for the past 30 years and the benefit have been seen almost in all places where they have been implemented. The applications include lanes for the High Occupancy Vehicles, and priorities over the other private vehicles. The HOV lanes may be devoted to vehicles with 2 or more passengers or 3 or more passengers depending upon the local policies and needs. In most HOV lanes the buses, vanpools and carpools are also allowed. The HOV priorities are most needed in the networks where the traffic is high and the network is heavily congested, so that the travel time and the reliability is improved after the implementation of the project. Key to the success of the HOV schemes includes public support, the supporting facilities and services, and enforcement. 
On one hand, the involvement of the travellers, neighbourhood groups and the policy makers in all the stages such as planning, designing and implementation is significant to make a project successful. On the other hand, the provision of the additional facilities such as park and ride, expanded bus services, transit stations and other component encourage the individuals to share the vehicles and go for the high occupancy mode instead of driving alone. Moreover, the success of the project depends on the commuters. If they feel that the HOV lanes are abused, the privilege of using the lanes will be lessened and the support among the public will be decreased; hence ongoing enforcement is essential for the success. Finally, the complementary policies such as ridesharing program, parking management and pricing policies, trip reduction ordinances, land use policies, guaranteed ride home programs and zoning ordinances all encourages the HOV use by their existence.

In this paper, it is assumed that the Intelligent Transport Systems (ITS) are used in order to identify the number of persons in vehicles and therefore identify the allocation of the HOV lanes. 

1.2 Micro Simulation Modelling

In order to investigate the effects of the HOV and the use of the ITS to provides priorities to buses as well as to HOV on the network and the interaction that would occur between the HOV and the rest of the traffic a VISSIM simulation model is used. 

In the micro-simulation (see Dowling (2002) and Fang (2003) for more discussions), the road traffic are modelled where the individual vehicles movement travelling around road networks are determined by using simple car following, lane changing and gap acceptance rules. For the road traffic management and the control systems evaluation the micro-simulation becoming very efficient as the real time work can be verified before the project been implemented. The difference between the traditional models and the micro-simulation model is that, the former provide the results of the total traffic in the network, which all behaves and obeys the same rules. The total flows per hour are the result that can be found. 

By contrast, in the latter ones, a better and more realistic representation of actual driver behaviour and network performance is considered.  The certain traffic components such as the complex junctions, ITS Systems, effects of accidents can be done only by the micro-simulation tools. The data for a particular vehicle in the network can be obtained by these methods.

Traffic simulation is computer-based system which models the dynamic traffic flows for a given time and facility.  It is usually applied to test complex situations without altering the real system which may be costly. The system where the analytical skills may not be much useful, the simulation plays an important role and decrease the burden of traffic modellers to test a system before it is implemented. 

Another added value of micro simulation is that the complex highway junctions and congested networks, can be presented visually in an attractive manner for the policy decision makers. Micro-simulation is particularly suited to the development, testing and evaluation of intelligent transportation systems (ITS), which is now widely used in reality. The systems interact with the vehicles sending the information from the vehicles to the system control to get the requires information .These systems such as responsive signal control, public transport priority and ramp metering systems react to vehicles approaching junctions, dynamic Route Guidance systems supply specific information to individually equipped vehicles and intelligent Cruise Control systems adjust the speeds of equipped vehicles.
VISSIM is a behaviour based simulation model that was developed to model urban traffic and public transit operations (see PTV, User Manual VISSIM 4.20). VISSIM is commonly used to evaluate various alternatives in transportation engineering because it can analyse traffic under constraints such as lane configuration, traffic composition, traffic signals, etc.

2.  Modelling the Impacts of HOV lanes

2.1 Introduction
In micro-simulation, the geographical maps are needed to start with and the vehicle inputs with the origin and destination information. The data has been collected by reading the number plates and by placing two persons each one in the entrance and the exit to read the number of vehicles through the network. The work is been simplified after 1997 by the Global positioning system by which the vehicle information and the road network information can be obtained easily which makes the system more effective.

In the simulation the equipped vehicles were defined as being fitted with mandatory ITS devices which will identify the number of people in the vehicle and hence identify the level of priority the vehicle will have in using the HOV lanes along the A8 corridor in Edinburgh. Alternatively, the vehicles unequipped with ISA were not allowed to use these lanes.  

2.2 The Corridor

The A8 network starts at Edinburgh's East End Junction. The network continues passing through Shandwick Place, which consists of some impressive Georgian buildings, to a one-way system near Haymarket station. At the Haymarket station the network meets with the A70 which is so called Slateford Road.  The A8 network then continues passing Donaldson's School for the Deaf and the Water of Leith near Murray field rugby stadium on the opposite side. That section is so called Corstorphine Road, and on the right side of the road is the entrance for the Edinburgh Zoo, with a golf course opposite to it. The section continues through the suburb of Corstorphine and it meets B701 (former ring road). Next to the Corstorphine suburb the road meets the A902 in a junction known as Maybury roundabout which no longer exists and is been replaced as a signal controlled junction. The road becomes dual carriageway there and a railway line crosses which runs to the Forth Bridge.

The next junction is the Gogar junction with the A720 City Bypass. The junction was originally a simple roundabout but more recently, it has been widened as A8 passes underneath, which must have improved traffic flows through it. There is another junction from which the road serving Edinburgh Airport is separated. And the dual carriageway continues to the Newbridge roundabout which is now a complex junction where M9 and M8 meets. After the junction the A8 network disappears into the junction 6 of the M8 route which is running to the south of Coatbridge.  After the junction 6, it crosses the junction 8 of the M8, which is also junction 2 of the M73 and the A8 continues to the north Glasgow. Though the network is long, for modelling the bus lane the A8 is considered up to the Maybury network from the Haymarket station.
2.3 Transport information on the corridor:

The bus lanes are part-time lanes, effective from 7:30 am to 9:30 am and 4 pm to 6:30pm. There are more than 10 bus routes along that corridor, mostly, are Lothian buses.  Taxis and cycles are also allowed in the bus lanes during the operation time.
The buses run for a frequency of 12 minutes during peak hours.

2.4 Simulation modelling  

In the simulation modelling, the default settings of the parameters have been defined in VISSIM to get the desired results. These parameters are vehicle types, vehicle class, function distribution such as speed, weight, and model and their characteristics, traffic compositions, evaluation, and simulation. 

The input file in the model is created by using the above parameters. The bitmap of the network and the network area were used to start creating an input file. This can

be done by loading the background file to the model input file. The background file can be in .jpg format or bitmap format. Once the image has been loaded into the input file, it is then scaled correctly, by entering the distance between two places in metre. 

In VISSIM, the vehicle type necessary for modelling has to be defined in order to have the traffic flow of that vehicle. Under the vehicle types, the model of a particular vehicle type can be changed such as length, height and the settings for a particular vehicle types and their functional distribution. The default vehicle types are 

Car, bike, bus, HGV, Pedestrian, and tram. These vehicle type models have been already assigned in the program. In this work, the vehicle types defined are Bus, Car and High Occupancy vehicle. The HOV are not in the default vehicle types, hence they are included in the modelling by defining them as a new vehicle type with characteristics similar to that the private vehicles but different in the occupancy, and hence for the allowance to use the HOV lanes. 
Each vehicle type defined in the vehicle type is classified under a vehicle class. This is done in order to make a vehicle behave with a particular characteristic. As the simulation is visualised clearly, the vehicle class is used to depict the vehicle of a particular class to a have the same colour. For example, the user can have the result of all the vehicle types though the two different vehicle types are assigned to the same class. In VISSIM, the user can create, edit and delete a vehicle class. 

2.5 Traffic composition:

The traffic flow of the network is controlled by the parameter traffic composition. The type of vehicle along with its percentage is given along with the other flows. The total vehicle composition is calculated automatically and according to the vehicle percentage given, the model calculates the particular number of vehicle in a type by the percentage given to take part in the whole composition. The composition can be newly created or edited in the default option or can be deleted. When the new traffic is created, the vehicle types required can be included in it with its percentage and the speed distribution.

In this work, the traffic composition consists of bus, car and HOV with its percentage as:
Bus   15%
HOV-70% (both 2+ and 3+ passengers)

Car-15%

The number of vehicle is taken from the transport statistics 2005. 
2.6 Traffic data 
Traffic data was taken from Regional Transport statistics (2006). The speed of all the vehicle type is stochastically distributed and can be given in the distribution function. In this work, the speed distributed is given in the range of 30-35 miles per hour, as the speed in the network is such that in the field measurement.

The significant simulation parameter is the simulation time, time for which the simulation needs to run. It is generally taken as 0 to 3600 seconds. But it depends on the requirements of the user. 

Three scenarios have been defined in this work in order to test the impacts of the HOV lane on traffic performance. These scenarios are:

1. Do-nothing / all traffic mixed

2. Bus lane only used by buses
3. Bus lane used by buses and HOV 
In all the three scenarios the delay for “all the vehicles”, “buses” and “HOV” and normal car have been modelled and analysed. Vehicle delays as well as other performance indicators of the network have been measured as discussed in the following section. 
3. Results and analysis of results

Figure 1 below shows the delays modelled per each type of vehicle (buses, HOV and normal cars), as represented in the three scenarios. 
From the Figure it is clear that the total delay of all the vehicles is reduced in the do-nothing scenario as all the traffic use the lanes commonly and as there is no priority measures. In the scenario where the bus lane only used by buses and HOV a slight increase is seen in the total delay in the network. Finally in the case where the bus lane is used only by buses, the delay is heavily increased as the entire traffic shares the one lane while the other lane is used for bus. This might well be a desired result since most of the travel demand management measures may aim at improving delays per buses but imposing extra delays on the rest of the traffic as to encourage modal shift and may improve safety.  
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Figure 1: Recorded delays modelled form the three scenarios

On the other hand, the delays on the private cars are greatly reduced when there is no priority measure and all traffic is equally allowed in all the lanes. The peak delay in this case, is observed when bus lane is been used only by the buses. In the bus+HOV scenario, the delay is slightly increased.
For the bus, the delays are observed to be mostly in the do-nothing scenario where the bus lanes are used in the latter and it is not in the former scenario. The delay for the buses are at its minimum where the HOV lanes are devoted to buses only (e. bus lanes). If the bus volumes are less than the capacity of the lane, there will be wasted capacity of that lane. Where the HOV are allowed to use the bus lane, the delays for buses have been increased.
Similarly, the HOV experience the most delays when the bus lane is used by buses only. That was while the delays for the HOV’s were reduced greatly where the bus lane was shared by the buses and the HOV’s.  In that case, the HOV’s were assumed to use both the lanes. 
Other network performance indicators which have been modelled in this work but have not been analysed include: 

 Number of vehicles in the network, All Vehicle Types                        
 Number of vehicles that have left the network, All Vehicle Types      

 Total Path Distance [km], All Vehicle Types                                       
 Total travel time [h], All Vehicle Types                                               

 Average speed [km/h], All Vehicle Types                                            

 Total delay time [h], All Vehicle Types                                                

 Average delay time per vehicle [s], All Vehicle Types                         

 Total stopped delay [h], All Vehicle Types                                           

 Average stopped delay per vehicle [s], All Vehicle Types                    

 Number of Stops, All Vehicle Types                                                     

 Average number of stops per vehicles, All Vehicle Types                    
4. CONLCUSION:

The Glasgow road is considered for the modelling for the network simplicity to model without any major junctions on the considered network area. From the result it is seen that that the allowing the high percentage of High Occupancy Vehicles into the bus lane while increasing the delays for buses it reduces the delays to the HOV’s greatly. In this case the HOV criteria taken into consideration are the private cars with the persons more than two. The result may be effective if the HOV (3+) or HOV (4+) is taken into consideration on that corridor. Though the idea of allowing the HOV into the bus lane and making them HOV lane is not very bad as the total delay of the network reduced as if all traffic is allowed to select the lane and there is no priority measure. Though this may result in reducing the bus priority measure, which may not be allowed actually as there may be pressure form the bus companies, who may not welcome such a system. 
There are some limitations to this work however. These include that in modelling the bus lanes there was no allowance for any bus stops on the corridor.  Also, the number of different types of vehicles on the network is not representing the actual types in reality since it is only three categories of vehicles have been considered in this work. The scenarios and the estimation of the number of passengers in each vehicles have been estimated from Transport statistics 2006 for this network. 
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