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Abstract

Until recently, few tools have existed to help planners design signal setting policies to  manage traffic. The EU (DGVII) MUSIC project is a three year, one million ECU project aimed at providing TDM in a cost effective manner via signal control policies. 

Signal settings are an often overlooked, but potentially very cost-effective, way of managing traffic and the MUSIC project combines state of the art micro simulation, used to design the signal plans, with on street, large scale trials. 

The project has now finished and this paper presents final results of the on-site trials of computer designed signal settings in three cities: Porto (Portugal), Thessaloniki (Greece) and York (UK).

In this paper we first describe the very different physical and political situations in the three cites and how this affected the design of the study. MUSIC consisted of several main stages: 1) the setting of objectives and deciding upon on-street targets, 2) designing, via computer simulation, signal polices to meet these objectives, 3) before studies undertaken on-street and 4) the implementation of, and after studies on, the designed plans.

Each of these stages is discussed, including details of the final on-street results.

Introduction

Modern cities have many different, and often competing, objectives for their transport polices; the needs of retailers, private car owners, public transport users, cyclists and pedestrians are often contradictory. However, most previously used methods of setting signal timings using modelling only optimise for “total travel time”.

The MUSIC[1] project has looked at novel methods of signal setting for many objectives in three different European cities--Porto (Portugal), Thessaloniki (Greece) and York (UK). The project has involved designing signal control polices via simulation and then implementing these polices on street and measuring the results. 

In the first stage of the project the cities were allowed a free hand in choosing the objectives that they wanted the project to meet, and this resulted in a very varied set of initial objectives (ranging from classical “reduce car travel time” to “reduce traffic flow in this area to improve conditions for pedestrians”). In order to meet these objectives the STEER [2] software was developed at the University of York Network Control Group and used to design signal settings. In conjunction with STEER, the commercial and commonly used programs SATURN [3] and CONTRAM [4] were used to evaluate the new signal plans.

In the second stage of the project, these signal settings were implemented on street and the effect on traffic measured via surveys of travel time and flows etc. 

This paper presents the first results of the on-street trials and some initial conclusions from those results.

Project structure

The overall structure of the project is shown in Figure 1. The basic inputs to the MUSIC process were a calibrated and validated SATURN network model of the cities involved along with a set of Travel Demand Management objectives specified by each  city.
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Figure 1: An outline of the MUSIC project

All stages of the project have now been completed and are described in more detail below, however previous work on the MUSIC project gives more information about the earlier stages [5].

The Modelling Methodology

Two of the cities (York and Thessaloniki) had existing SATURN network models, which had received considerable time and effort in validation and calibration (more of which was done as part of MUSIC, as was the development of Porto’s SATURN model). 

Since SATURN did not include the network optimisation features that the project required, whereas the STEER program (written by the York Network Control Group) did, SATURN network models had to be converted into a form suitable for use with STEER. This proved a much more tricky problem than originally thought. While converting from one file format to another might seem straightforward, in fact the different assumptions underlying the models caused many problems. For example the fact that SATURN uses a node based network representation, while STEER (and CONTRAM) use link based representations. Also all the models handle network features (for example roundabouts and giveways) differently.

STEER

The STEER (Signal/Traffic Emulation with Event-based Responsiveness) program has been developed by YNCG, first under an EPSRC grant and then as part of the MUSIC project. It is a microscopic traffic simulator particularly suited to studying route-choice and signal control. 

In this model traffic is modelled at the individual vehicle level, and with a  high level of detail at junctions but it does not contain a car-following model for use within a link.

The MUSIC Method

Central to the MUSIC modelling was Smith’s P​0​ policy for setting traffic signals [6]. This is a capacity maximising strategy whereby each stage at a signal is assigned a “pressure”

P = d1s​1+d2s2+ ….

(where d1 is the delay on the first link that has green time during that stage, s1 the corresponding saturation flow etc.). The green splits are altered so as to equalise these pressures.

The general MUSIC modelling approach was as follows:

1. Set a (delay based) price level on the network

2. Allow STEER to run for about 30 simulated days, setting signals using P​0. 

3. Remove the pricing, fix the signals and allow the model to run to “equilibrium”

4. Choose a new price level and repeat.

The pricing levels here act as “dummy prices”. They are applied to force traffic to re-route away from areas of high congestion. The signals are altered each day using P​0. The overall effect of this is that when the pricing is removed and the signals left fixed, traffic is forced by the signal settings away from areas of high congestion; hopefully leading to better overall network performance.

Because the cities had been given a free choice of objectives at the start of the project, some of the objectives were not suitable for automatic optimisation. However, after the process described above, it was hoped that there would be a sufficient improvement in general network performance to allow some reallocation of priority to public transport or pedestrians (the adjustment of signals for these objectives might reduce overall network performance but without making the overall situation worse than before).

After this modelling process had been completed it was found necessary to “tweak” some signal settings by hand in order to meet specific objectives (for example by altering offsets). This is obviously an unsatisfactory procedure (though the results obtained were reasonable) and more work needs to be done to develop optimisation methods that can deal with more general objectives than the traditional ones.

The On-street Surveys

At all three sites before and after studies were implemented to measure the affect of the changes in signals, but due to the different nature of the sites, the specifics of the surveys were different in each site and so are described separately below.

At all three sites a period of several weeks, before and after the change in the signals, was monitored on typical weekdays (avoiding Monday and Friday), using both automatically collected (ATC) data and video and other survey techniques.

THE DEMONSTRATION PROJECTS

Porto

The Objectives

Porto is the second city of Portugal, with the old city centre consisting of a dense grid of roads with no clear hierarchy (there are no main through routes in this area, only a dense grid of roads of equal status); this caused several problems for the project which will be discussed later in the results section.

In Porto the objectives were very varied; ranging from reducing travel time for general traffic on some routes to improving pedestrians in others. The main focus of the objectives was on reducing travel times on major public transport routes so as to improve the attractiveness of public transport.

Areas
Objective
Target

MM1,MM2, MM3 
Car Travel Time 
Decrease by more than 10%

MM1,MM2, MM3
Total Vehicle Flow
No more than 10% decrease

MM4,MM5
Car Travel Time 
No Increase

P1
Green time to pedestrians
Increase by 5%

P2, P3, P4
Traffic flow
Decrease by more than 10%

RR1,RR2
Bus Travel Time
Decrease by more than 10%

BB1,BB2, BB3
Bus Travel Time
No Increase

Table 1: Objectives in Porto
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Figure 2: Map of the objectives in Porto
Several of the routes specified as objectives were control routes. No signals were to be altered along these routes, but they would be monitored to gain some insight into the behaviour of the network when the central signals were altered, and to check that the benefits in one area did not cause disbenefits in other areas.

Modelling Results

In Porto, due to problems of altering signal timings on street, less than 30 signals were available for alteration. In consultation with local planners 29 signals were identified that were judged to have the most potential to affect the target routes and it was to these 29 signals that the MUSIC method was applied. 

Area
Objective
STEER
SATURN

MM1
Car Travel Time
-12.2%   (
-11.8%   (

MM1
Flow
+14.6%  (
+42.1%  (

MM2 
Car Travel Time 
-8.5%       
-10.0%   (

MM2 
Flow
+9.0%    (
+2.3%    (

MM3 
Car Travel Time 
-0.9%
+0.0%

MM3 
Flow
-17.0%
+8.8%    (

MM4
Car Travel Time 
-1.2%     (
-0.6%     (

MM5
Car Travel Time
+6.3%     (
+11.1%   (

P1
Ped. Green.
+5%       (
+5%       (

P2
Flow
-35.0%   (
-7.3%     

P3
Flow
-5.9% 
-28.5%   (

P4
Flow
-5.3%
-25.1%   (

RR1
Bus Travel Time
-18.6%   (
-8.5%       

RR2
Bus Travel Time
+16.0%   (
-3.4%

BB1
Bus Travel Time
+0.6%     ( 
-0.6%

BB2
Bus Travel Time
-6.2%     (    
-4.4%     (

BB3
Bus Travel Time
-0.7%     (
+0.0%    (

Table 2: Modelling results in Porto

The table shows the results of the modelling (here a ( means that the target was met and a ( means that the results went in the opposite direction to that required). Because of the nature of the objectives and the small number of signals available Porto required the most human input in the signal setting process. For example, in some cases, offsets were “de-tuned” in order to discourage cars from entering areas where pedestrian priority was required.

Overall, the modelling results were positive and there was good agreement between the two models used. Exceptions were the flow on the MM3 route which showed an extremely large discrepancy despite having almost no difference in travel time. This was found to be due to the two models distributing the flows along the route differently. The RR2 route also contained another puzzling discrepancy but for most targets, however, if one model predicted a significant change the other had a change in the same direction.

On-Street Results

Video surveys were used for general traffic travel times but most flow counts were obtained by manual counts (observers counted the number of vehicles that entered each road section in 15 minute intervals). Bus travel times were also obtained by number plate matching, but the data was obtained by observers at the start and end of each route recording number plate and time. 

Area
Objective
Result (%)
Met?

MM1
Car Travel Time
-9.4%


MM1
Flow
+4.2%
(

MM2 
Car Travel Time 
+10.7%
(

MM2 
Flow
-7.5%
(

MM3 
Car Travel Time 
+16.6%
(

MM3 
Flow
-10.4%
(

MM5
Car Travel Time
-20.0%
(

P1
Red Violations
-30.7%
(

P2
Flow
+16.3%
(

P3
Flow
+6.2%
(

P4
Flow
-8.0%


RR2
Bus Travel Time
+22.8%
(

BB1
Bus Travel Time
+5.6%
(

BB2
Bus Travel Time
-4.4%
(

BB3
Bus Travel Time
+1.6%
(

Table 3: Implementation results in Porto

It will be noticed that some objectives are missing from the after results; this is caused by problems of routes having many different entrances and exits, and some exceptional incidents, so in the daily samples resulting from the number plate matching process were too small to be representative on some routes. This made it impossible to evaluate changes to MM4 and RR1 routes.

In Porto the results on street were the most ambiguous of the three cities. Agreement with modelling is not as good, and the results on street are more varied. The are several reasons for this disagreement with modelling. Firstly the Porto network model is less mature than the network models of the other two cities and as such, less calibrated. Secondly the implemented signal timings were slightly different to those provided by modelling. This was caused by:

· major road works in adjacent streets sent more traffic to the routes controlled by the junctions

· the need to make signal plans compatible for junctions sharing the same controller.

· The nature of the road network in Porto also made it hard to predict the behaviour of traffic; in a network without a pronounced hierarchy of roads there are many possible options for any particular journey, making computer simulation of route choice even more complex than normal.

· Finally, there were problems with the length of the implementation. For reasons external to the project the MUSIC signal timings could not be left in for long enough for significant re-routing to take place; this made it hard to assess the success of the timings.

These and other problem emphasise the importance of close and regular communication  with city authorities in a project like this.

Some positive results can be identified from the project, particularly pedestrians safety due to the reduced red light violations. With more work on improving the underlying network model, so as to gain better agreement between modelling and reality then it is the opinion of the authors that much better results could be obtained, even taking into account the problems mentioned above.

Thessaloniki

The Objectives

Thessaloniki is the second largest city in Greece and the core of an urban area with over 1 million inhabitants. In Thessaloniki the objectives were to decrease travel time on main radial routes, which are heavily used by buses. 

Area
Objective
Target

B. Olgas
Travel Time
Reduce by 10%

“
Flow
Increase by up to 5%

N.Egnatia
Travel Time
Reduce by 10%

Delfon
Travel Time
Reduce by 10%

“
Flow
Increase by up to 10%

Ag. Demetriou
Travel Time
Reduce by 5%

“
Flow
Increase by up to 10%

Lagada
Travel Time
Reduce by 10%

Monastriou
Travel Time
Reduce by 10%

Egnatia
Travel Time
Reduce by 15%

Egnatia 2
Travel Time
Reduce by 10%

Tsimiski
Travel Time
Reduce by 10%

Kountourgioti
Travel Time
Reduce by 10%

Nikis Av.
Travel Time
Reduce by 10%

Sintri Intersection
Delay
Reduce by 2 mins

Sintri 2
Delay
Reduce by 2 mins

YMCA Intersection
Delay 
Reduce by 3 mins

YMCA 2
Delay
Reduce by 2 mins

Table 4: Objectives in Thessaloniki
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In Thessaloniki the MUSIC project coincided with the introduction of a Seimens UTC system. Due to the installation of this system a relatively large number (127) of signals were available to be set; however there were many practical problems caused by the complex control of signals in Thessaloniki. Signals in the city were under the control of many different administrative bodies (each  district of the city had control of the signals in its area) meaning that even this large number of available signals was smaller than originally planned.

Modelling Results

Area
Objective
SATURN

STEER


B. Olgas
Travel Time
-30%
Ö
-25%
Ö

“
Flow
+4%
Ö
-1%
Ö

N.Egnatia
Travel Time
-38%
Ö
-48%
Ö

Delfon
Travel Time
-39%
Ö
-30%
Ö

“
Flow
+13%

+10%
Ö

Ag. Demet
Travel Time
-8%

+13%
´

“
Flow
+1%
Ö
+7%
Ö

Lagada
Travel Time
-18%
Ö
+3%
´

Monast.
Travel Time
-3%

-15%
Ö

Egnatia
Travel Time
+2%
´
+0%


Egnatia 2
Travel Time
+4%
´
+4%
´

Tsimiski
Travel Time
-10%
Ö
-29%
Ö

Kountour.
Travel Time
+17%
´
+1%
´

Nikis Av.
Travel Time
-15%
Ö
-13%
Ö

Sintri Int.
Delay
-0.3min

-2.23min
Ö

Sintri 2
Delay
-1.17min

+0.13min
´

YMCA Int
Delay
-2.17min

-0.43min


YMCA 2
Delay
-1.02min

-0.32min


Table 5: Modelling Results in Thessaloniki

Again the MUSIC method was applied, followed by manual tweaking. Again generally the two models were in reasonable agreement, but there were some significant discrepancies. The worst case was on Ag. Demetriou were STEER predicted an increase and SATURN predicted a decrease. This is thought to be due to the way the two models distribute flow between routes, although tracking down the reasons for this sort of difference is a very tricky business.

It is worth noticing that the two models seem to produce some quite extreme results for Thessaloniki. Increases or decreases in travel time of 30-40% are not uncommon. This was, perhaps, due to the extremely congested nature of the Thessaloniki network.

The On-Street Results

Data in Thessaloniki was collected by:

· Moving observer(s) in vehicles to obtain travel times

· Automatic traffic flow data from the UTC system

· Manual flow counts

Area
Objective
Target
Result
 Met?

B.Olgas
Travel Time
Reduce by 10%
+9.6%
(

“
Flow
Increase by up to 5%
-2.7%
(

N.Egnatia
Travel Time
Reduce by 10%
-44.4%
(

Delfon
Travel Time
Reduce by 10%
-45.2%
(

“
Flow
Increase by up to 10%
+8.0%
(

Ag. Demetriou
Travel Time
Reduce by 5%
-11.4%
(

“
Flow
Increase by up to 10%
+1.5%
(

Lagada
Travel Time
Reduce by 10%
-29.3%
(

Monastiriou
Travel Time
Reduce by 10%
+3.7%
(

Egnatia
Travel Time
Reduce by 15%
+23.8%
(

Egnatia 2
Travel Time
Reduce by 10%
+49.3%
(

Tsimiski
Travel Time
Reduce by 10%
+24.1%
(

Kountourgioti
Travel Time
Reduce by 10%
-12.2%
(

Nikis Av.
Travel Time
Reduce by 10%
-17.5%
(

Sintri Inter.
Delay
Reduce up to 2 mins
-2.65 min
(

Sintri 2
Delay
Reduce up to 2 mins
-0.60 min


YMCA Inter.
Delay 
Reduce up to 3 mins
-2.52 min


YMCA 2
Delay
Reduce up to 2 mins
-2.36 min
(

Table 6: Implementation Results in Thessaloniki

In Thessaloniki the results are in general good. The two targets that are missed by the most (Egnatia and Egnatia 2) in fact had no signals available along their length, making it very difficult to meet any targets along these corridors. One problem with the Thessaloniki results is the relatively poor agreement with the modelling results. The routes where the MUSIC timings were successful were not always the ones predicted by modelling. Again it is felt that part of this was caused by re-routing issues. Traffic on street took longer to re-route than was assumed in the modelling. However, despite these minor problems the Thessaloniki test was generally successful and it is felt that the MUSIC timings have had a positive effect in reducing congestion.

York

The Objectives

York is a small city (approx. 130,000 people) in the north-east of England. For over ten years the city council has had a transport strategy with an explicit hierarchy of priority for competing transport needs with pedestrians and public transport users at the top, and private car use at the bottom.

In York the MUSIC project linked in with a bus-priority advance signal scheme that was to be implemented along the Hull Road (a major radial route in the city). The basic idea behind this scheme was to relocate queues from a narrow downstream area to an area further out of town where there was room to install a bus lane. It was hoped that this would benefit buses by allowing them to bypass the queue of other traffic, whilst not inconveniencing other traffic too much (since the queue would merely be moved, not increased).
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Figure 4: Schematic Diagram of the York Scheme

In comparison to the other cities objectives, from a signal setting point of view, this was a much simpler problem then the others. Only two signals were available for alteration and so the number of possible combinations were sufficiently small that is was quickly decided that it was feasible to simply exhaustively try all possible combinations. 

The only complicating factor was the presence of “rat-runs”. There exist two possible alternatives to the Hull Road (one to the north through Tang Hall and the other to the south, though the university). It was considered by the council that any scheme which induced much higher than existing levels of traffic in either of these sensitive areas would not be acceptable.

Area
Objective
Target

Hull Road
Bus Travel Time 
Decrease by more than 10%

Hull Road
Car Travel Time 
Limit increase to 10%

Murton Village
Vehicle Flow
Limit increase to 10%

Tang Hall Lane 
Vehicle Flow
Limit increase to 10%

University Road
Vehicle Flow
Limit increase to 10%

Melrosegate signal
Vehicle Delay
Decrease by more than 10%

Table 7: Objectives in York

Of the three cities, York city council defined the clearest and most consistent set of objectives (aided by the simpler nature of the project) and this helped considerably in the following stages of the project.

Modelling Results

In York the main MUSIC method described above was not used; as described above since only two signals were available to be altered it was possible to exhaustively test all possible combinations. In fact it was soon found that the “upstream” signal had very little affect on the timings and so only the lower signal was altered. 
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Figure 5: Ratrun flow level (as a % of base) against general traffic green time in three models
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Figure 6: Bus Travel Time (as percentage of base) in three models
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Figure 7: Car Travel Time (as percentage of base) in three models

Unsurprisingly, given the nature of the objectives, no clear “best setting” emerged. However it was considered that what the modelling did show was that the signals only started having a substantial effect when the green time to general traffic was reduced below 50%. After this “bite point” diversion flows started to rise, but benefits to buses became more pronounced. As a result it was decided that, in the implementation phase, the signals would initially be set with a very high level of green time to general traffic and then slowly this would be reduced over two months to the “bite point”.  

On-Street Results

Due to the nature of the objectives in York data from many sources was used:

· Flow data along Hull Road and diversion routes from ATC counts

· Queue length surveys (conducted manually at 5 minute intervals)

· Travel times from a video survey

· Park and Ride usage levels

· Park and Ride journey time

For the video survey, number plates were recorded at either end of the route and then matched in software; similarly for the P&R bus journey time. Each bus is fitted with a tag so that the times it starts its journey and passes a given point are known. These points are then matched using software written by YNCG.

As can be seen from the results below the scheme as a whole was very successful in meeting its aims. Bus journey time was reduced, as was the variation in times. Park and Ride ridership increased and traffic increases along diversionary routes were held to an acceptable level. The modelling predicted the “bite point” accurately even though there were problems with the predicted levels of diversionary traffic. It is thought that in fact most drivers do not have the local knowledge needed to use these ratruns, hence the low levels of diversion compared with modelling, where drivers are assumed to have perfect knowledge.

One notable point from these results is the benefit that MUSIC timings give over conventional signal settings; it was not the addition of a bus lane and gate on its own that led to the very significant improvement in conditions for buses but the combination of the new signals and innovative timings.

The main problem in the assessment of the results was caused by the completion of another long-running and major traffic scheme (Layerthorpe Bridge) during the period of the after study. This caused significant re-routing on several routes into York centre and hence impacted on the MUSIC project site. It is considered that without this effect the results would have been slightly less good in terms of travel time improvements, but would still show a benefit.

Area
Objective
33% red *
Met?
38%

red*
Met?
44% red*
Met?
50%

red*1
Met?
50% red*2
Met?
56%

 red*
Met?

Hull Road
Bus Travel Time
-4%
(
-8%
(
-6%
(
-13%
(
-27%
(
-30%
(

Hull Road
Car Travel Time
-9%
(
-7%
(


-8%
(
+2%
(
-25%
(

Murton Village
Vehicle Flow
-5%
(
-9%
(
-9%
(
-12%
(
-14%
(
-12%
(

Hull Road (Tang Hall Lane)
Vehicle Flow
-5%
(
-6%
(
-7%
(
-5%
(
+0%
(
-9%
(

University Road
Vehicle Flow
+3%
(
+0%
(
+2%
(
+2%
(
+5%
(
+0%
(

Melrosegate Signals
Average Queue (vehs)
-42%
(


-35%
(
-74%
(


-84%
(

Melrosegate Signals
Maximum Queue (vehs)
-39%
(


-31%
(
-71%
(


-80%
(

Table 8:  York Implementation Results 
KEY

*  % Red = the % red time for general traffic at the Carlton Avenue bus gate

There are two values for 50% red, this is because there are two situations where conditions were observed. 

1 =  before new Layerthorpe Bridge opened

2 =  after new Layerthorpe Bridge opened

(= objective target met 

(  = objective target not met and has gone in the opposite direction (e.g. if a reduction was wanted and an increase is predicted) 

(  = objective target not met but has gone in the correct direction (e.g if a reduction was wanted but achieved a smaller than desired reduction)

The York test was, in many ways, the most successful of the three. All of the targets set were met resulting in a large benefit to buses and an increase of over 25% in bus patronage.

Overall Conclusions

In two out of the three cities the project was a great success.  In York, the project was an unqualified success, all the targets were met and a modal shift of over 25% was observed on the park and ride route where the changes were implemented that was not observed on the cities other park and ride routes.  While figures are not available for other public transport using the route, it is reasonable to assume that they also enjoyed increased patronage.  The data collected shows that the good results in York were mainly due to the timings on the signals rather than the reallocation of road space to the bus lane.  When the bus-lane was implemented originally with more traditional timings which gave priority to cars, little benefit was felt by buses and no queue reduction took place.  The York scheme is a good model for future implementation projects.  The City Authorities were directly involved with the project which gave them a great incentive to ensure its success.  Also, closer consultation in the initial stage meant that realistic targets were set.

In Thessaloniki, the project was a qualified success with some minor problems.  The majority of the targets were met and congestion in the city overall was reduced.  There were some problems with the fact that the city has a number of authorities involved with the setting of traffic signals and this caused some difficulties.  The targets were set before it was known which signals were to be changed.  This lead to the situation where, in some cases, attempts were being made to reduce travel times on routes without changing any signals on those routes.  The Thessaloniki study showed that there is considerable potential for a network wide approach to traffic signal setting accounting for driver’s route choice.  However, it was also felt that the drivers had not fully settled into their new routes at the end of the study period and that there were further gains to be made.

In Porto the results were more mixed but still interesting.  Gains in travel time on some links were offset by losses on others.  Overall, it was felt that neither a reduction nor an increase in congestion in the city was the result however, there were some gains made and, as a result of the MUSIC scheme, pedestrian red-light violations decreased.  There were several reasons for the mixed results. Firstly, for reasons discussed earlier, the scheme implemented was not the same as the scheme modelled.  Secondly, the Porto SATURN network was the least “mature” of the networks and, therefore, had had the least time spent on calibration.  While every attempt had been made to validate the network, it was, perhaps, not as well tuned as the other two networks.  Thirdly, the Porto objectives were more ambitious and varied than the others.  It was felt that, in some cases, they were slightly contradictory.  For example, the goals specified that gains should be made not only for public transport and pedestrians but also for cars.  Finally, the Porto road-network itself did not lend itself well to modelling.  In the city centre the road is a grid system with no clear hierarchy of preferred roads.  This makes it much more difficult to model since there are no “major routes” on which to concentrate modelling effort.

An important conclusion of the project is that there is currently no tool for automatically setting signals to meet diverse targets. The work done within this project has made a start towards such a tool but there is clearly scope (and an urgent need) for a tool that can deal with modern transport objectives.

Despite the varied nature of the three demonstration projects, MUSIC shows that signal control is a viable tool for Travel Demand Management.  Traditional signal setting methods tend to concentrate on the idea that signals should be set to minimise delays to vehicles but these results show that, with careful planning, they can be useful in meeting a variety of goals.
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