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Abstract

This paper describes the final results of the EU project MUSIC (Management of traffic USIng Control and other measures).  Three demonstration sites were used in Porto (Portugal), Thessaloniki (Greece) and York (UK).  Signal timing plans were designed using simulation modelling to meet a variety of transport planning goals.  These transport goals were set by the city authorities and were accompanied by precise measurable objectives.  In York, plans were designed along one route to help public transport and accompany the installation of a bus lane on a major radial route.  In Thessaloniki plans were designed city-wide to reduce congestion especially for public transport.  In Porto timing plans were designed to reduce congestion for public transport and to minimise conflicts between cars and pedestrians.

After design, the signal timing plans were installed on street and measured before and after to assess the effects of the signal timing changes and to check that the objectives were met.  The York timing plans reduced travel time for public transport without significant impact on cars and an increase in public transport ridership was measured.  The bus lane alone, without updated signal timings was shown to have no significant effect on bus travel time. In Porto the timing plans met with mixed success and while some targets were met others were not.   In Thessaloniki the timing plans met the majority of the targets and congestion was felt to be reduced city-wide as a result.

The MUSIC method is transferable to any city with a network model and has potentially large benefits to the travelling public.

1. Introduction

Traffic signals are present in the majority of European cities and represent a large and mainly untapped resource for management of traffic.  MUSIC (Management of traffic USIng flow Control and other measures) aimsed to prove that traffic signals can be seen as much more than simply a method of regulating flow at junctions.  MUSIC showed that traffic signals can be intelligently used without the need for any extra infrastructure for a wide variety of transport goals, including public transport priority, traffic flow reduction and even pedestrian “comfort”.

MUSIC was an EU funded DGVII project which demonstrated the potential for signal control policies which account for the rerouting of traffic.  The aim of the project was to show that fixed-time policies designed off-line using computer models could deliver real benefits on-street.  Three cities were chosen for the MUSIC implementation: York (UK), Thessaloniki (Greece) and Porto (Portugal).  In these cities the local authorities chose measurable transport targets which they wished to see met.  Computer modelling was done to create signal timing plans to meet these targets.  Finally, the results were assessed with on-street trials.  This paper presents the final results of MUSIC, briefly details the modelling process which was used to create the timings and also passes on the experience gained in this demonstration project.  The modelling process is not dealt with in full here.  More details of this can be found in MUSIC(2000), Clegg(2000a) and Clegg(2000b) and also at the project web site http://gridlock.york.ac.uk/music/

2. MUSIC Project overview

The MUSIC project involved several stages:

1. Agree measurable targets with local city authorities

2. Create/refine model of city

3. Create initial signal timing plan

4. Refine signal timing plan to meet local targets

5. Test results of signal timing plans

6. Perform on-street before study

7. Implement signal timing plans on street

8. Perform on-street after study

9. Assess how well targets were met

This scheme is logical and clear but some comments should be made which may prove valuable for other demonstration projects.  While the agreement of targets phase should certainly be at or near the start of the project, with hindsight it would have been better to include some provision to revisit the targets at a later stage in the project.  Inevitably, in a highly practical project, reality intrudes and not everything will happen according to plan.  In the case of the MUSIC project, for instance, not all the signals originally included were in fact available to be changes.  In a small number of cases, this meant that the projects targets included making changes to congestion on routes where no signal timing changes were possible.  It should also be stressed that sometimes it is possible for targets to be contradictory in a subtle way which is not immediately obvious without modelling.  For this reason, we would suggest that demonstration projects would be wise in future to include the possibility of revisiting targets at a midway stage in the project when more is known.

It is also worth stating that the importance of stage 2, creation and refinement of model, is difficult to overstate in any modelling/demonstration project.  In the end, any modelling demonstration is limited by the accuracy of the city model upon which it is based.  Unfortunately, there is not space in this paper to detail the calibration and validation process used during the MUSIC project.  Further details of this can be found in the project final report [MUSIC(2000)].  The before study which is usually necessary in a demonstration project can often help with this since it is often the case that a before study will highlight problem areas in a city model.

3. Modelling in the MUSIC project

For each city, initial network and signal timing data was contained within a SATURN model[Van Vliet(1982)].  SATURN networks were translated to CONTRAM [Leonard (1989)] and the University of York's own STEER (Signals/Traffic Emulation with Event-based Responsiveness) model [Clegg(1995)].  The STEER model was used to set signal timings as detailed in section 4 below.  The timings were then retranslated and tested in the original SATURN and sometimes also in CONTRAM.  The translation steps were necessary because the MUSIC optimisation procedure was only available in the STEER model.  It was felt that extra confidence in the results would be given to city authorities by retranslating the results into the SATURN model which they were used to using rather than leaving them in the relatively unknown STEER model which originated them.

Translating network models to work with different models is an extremely complex and often uncertain process.  The issues involved are discussed more fully in Clegg(1998).

4. The MUSIC Method for setting signal timings

The method used to create the basic signal timing plans was a combination of delay-based road pricing and Smith’s policy P0 [Smith(1979)].  The pricing was used as a design tool to reroute traffic in the simulation onto uncongested routes.  Following this, P0 was used to create signal timings that encouraged traffic to stay on these routes.  The simulation was then rerun with the new timings and without prices to assess the benefits of the timings.  This use of delay-based pricing as a design tool for signal setting is a heuristic but also has strong theoretical backing as described by Ghali(1993).

P0 is the natural idea that signals should attempt to route vehicles onto roads which have greater capacity by giving more green time to routes with greater capacity.  The method is to assign a "pressure" to each stage at a controlled junction as follows:

P= s1d1 + s2d2...

where P is the pressure on the stage, s1 is the saturation flow of the first link which is green during this stage, d1 is the delay experienced by the average vehicle on the first link which is green during this stage and s2 and d2 are the equivalent quantities for the second link which is green during this stage and so on.

The policy P0 then attempts to assign more green times to stages which have higher pressures until (it is to be hoped) the pressures equalise.

Delay-based road pricing, is the policy of charging drivers based upon the amount of time they spend queuing.  Delay-based pricing, whatever its other effects, is an extremely efficient way of causing drivers to avoid congested routes.  Studies have shown that even ignoring the peak-spreading and elasticity effects of road-pricing, it is produces a considerable reduction in travel time on a network [Smith (1994)].  The MUSIC method for designing signal timing plans is therefore this:

1) Impose a delay-based pricing on the simulated network with a small price p.  This should force drivers onto more efficient routes than their current ones.

2) Adjust signals according to P0.  We should now have signals which are set to favour drivers who are on optimal or nearly optimal routes.

3) Freeze the signals and remove the pricing.  Allow the vehicles to pick their optimal routes through the city.  The signals are now set to “guide” vehicles onto optimal routes.

4) Increase price p and go to step 1.  Repeat until an optimal pricing level p has been located.

This method has been found, on a variety of networks to produce signal timing plans as good as or better than the traditional policies P0 and equi-saturation [Ghali (1994a)], [Ghali(1994b)].  (In fact, when the pricing level P is zero, it can be seen that the policy is the same as P0).

Having used this method to produce an original timing plan which improved congestion in the city as a whole, the signals could be adjusted “by hand” to meet individual targets as set by the local authorities.  This was achieved by a painstaking process of manually adjusting the green times and splits in the SATURN model to favour or disfavour certain routes.  This approach, while practical, is extremely time consuming and it is to be hoped that further research, both in York and at other organisations, will find automated methods for meeting a wide variety of transport management goals.

5. MUSIC IN york

The York demonstration was somewhat different to the other two demonstrations in the project since it involved the setting of only two traffic signals.  The signals in York were both new pre-signals associated with the introduction of a bus lane which was designed to help public transport in general but the city’s park and ride scheme in particular.  The situation is shown in the diagram below:
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Figure 1: York bus pre-signals

The point of the pre-signals is that they can act as a queue relocation device.  The downstream junction in York (Melrosegate) was an extremely congested ones with large queues in peak hours.  The hope was that by introducing pre-signals some distance up the road, the queue could be relocated in such a way as to allow the bus to bypass the congestion without imposing excessive delays on other vehicles.  The main target for the demonstration was to reduce travel time for buses along Hull Road (a main route for one of the city’s four park and ride sites) without an undue increase in travel time for cars along the same route.  By relocating the queue before the Melrosegate junction it was further hoped to reduce the delays at this junction.  Three possible “rat runs” were identified and the fourth objective was to ensure that the traffic growth on these routes as a result of the scheme was not too great.

Initial modelling results quickly identified one of the signals as being much more effective than the other at influencing traffic.  The most upstream signal was at a point where the road was extremely high capacity and producing queuing was only possible by allowing an extremely small green time to general traffic.  It was felt that this would lead to a large number of red-light violations by motorists.

Modelling identified that a 50% green time to general traffic was the point where the second signal began to “bite”.  Some monitoring was necessary as this is an extremely high red time to put on signals which have extremely little crossing traffic (only buses and taxis).  The implementation was done in such a way that the effect of the signals could be isolated from the effect of providing the bus lane itself.  The before study was done with the bus lane in place and the signals giving generous green time to cars.  In this situation, the bus lane provided little benefit to the buses.  The green time to general traffic was then reduced to the level calculated by the modelling and an after study performed.  The green time was then reduced slightly further since the implementation to that point had gone well and the modelling indicated that further benefits could be achieved by a greater reduction.
The targets for York are shown below in table 1 and the implementation results in table 2.

	Measurable
	Area
	Objective
	Target

	M1
	Hull Road (between Park and ride exit and Melrosegate traffic signals
	Bus Travel Time 
	Reduce by 20%

	M2
	Melrosegate traffic signals (westbound) 
	Delay to all vehicles
	Reduce by 50%

	M3
	Hull Road (between Ring Road and just west of Melrosegate traffic signals)
	Car Travel Time 
	Limit increase to 10%

	M4


	Murton Village
	Vehicle Flow
	Limit increase to 30%

	
	Tang Hall Lane 
	Vehicle Flow
	Limit increase to 30%

	
	University Road
	Vehicle Flow
	Limit increase to 30%


Table1: Objectives for the York Study

	% green time for general traffic at the bus gate

	Area
	Objective
	50%1a
	Met?
	50% 1b
	Met?
	44%
	Met?

	Hull Road


	Bus Travel Time
	-13%
	~(
	-27%
	(
	-30%
	(

	Hull Road


	Car Travel Time
	-8%
	(
	+2%
	(
	-25%2
	(

	Murton Village


	Vehicle Flow
	-12%
	(
	-14%
	(
	-12%
	(

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

	University 

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

	Melrosegate Traffic signals
	Average Queue (vehs)
	-74%
	(
	#
	
	-84%
	(

	Melrosegate Traffic signals
	Maximum Queue (vehs)
	-71%
	(
	#
	
	-80%
	(


Table 2: Results of the York study

#= no data available

To ensure that the benefits were purely a result of the signal timing plans and not the introduction of the bus-lane, the results were compared against the situation where the bus-lane was in place but the signals were set to give generous green time to general traffic.  The three columns in table 2 show how the green time was gradually reduced.  The results of the study were somewhat disrupted by the ending of a major road works in the city centre.  The column 1a is the last readings before this and the column 1b is the first readings after this event.  The figure for car travel time marked 2 is taken from a single day of data and is probably unreliable.

It is clear from the table that all targets were met by the scheme.  The reduction in queuing at the previously busy Melrosegate intersection was marked as shown in the graph below. 
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Figure 2: Queue at Melrosegate (averaged over a number of before and a number of after survey days)

A further interesting result was the increase in occupancy on the park and ride site.  Bus occupancy was considered comparing the average occupancy during a month with the previous figure for the same year.  The figures up to April ‘97 show increasing occupancy.  This is almost certainly due to the park and ride site being relatively new at that point.  Between April ‘97 and January ’98, the occupancy was more or less constant, showing no increase (in fact a minor decline).  The MUSIC timings were introduced in January ’98 (the bus lane having been put in place in November ’97).  The figures between January ’98 and January ’99 (the last figures available) show a twenty percent increase in occupancy.  While the increased occupancy cannot with certainty be attributed to the MUSIC project, no similar increase was observed on the city’s other three park and ride sites.

In conclusion, for York the MUSIC implementation was a great success although the demonstration was smaller than originally imagined in scale.  The York signal settings remain in place at the time of this report (June 2000).

6. MUSIC in porto

In Porto, seventeen objectives were chosen in fourteen locations.  The objectives chosen were a mixture of car travel times, bus travel times, vehicle flows and, in one case, green time available to pedestrians at a crossing. In three locations, reductions of vehicle flows were desired in order to increase pedestrian comfort.  Twenty eight signals were originally due to be altered by the MUSIC procedure although because of various difficulties, only twenty four of these alterations were actually made.

	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 3: Porto city objectives

It should be noted that the “no more than 10% decrease” target was to meet worries that changes to the network may move vehicles off these main routes onto other routes in the city and cause congestion which would not be detected by the on-street studies.  The P1 target of green time to pedestrians was easily met by simple adjustments to the traffic signal controller – therefore a revised target of reducing the number of red light violations by pedestrians was set as a target for P1.

	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
	-10.0%
	(

	MM5
	Car Travel Time
	-20.0%
	(

	P1
	Ped. 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 4: Implementation Results for Porto

As can be seen from the table, eight targets were met or improved by the implementation but seven targets were made worse.  It was not felt that the results of the implementation in Porto were sufficiently positive for the signal timing changes to remain in place after the trial period.  

A number of problems were identified with the Porto demonstration which explain its poor performance relative to the other two demonstration sites.  Firstly, the implementation in Porto was slightly different to the scheme modelled.  Secondly, the Porto city model was the newest of the city models and it was therefore it was not so well calibrated.  As a result of this the modelled results in STEER showed thirteen targets met and in SATURN showed fifteen targets met but these improvements shown in the model did not translate into real life.  It was also felt that the traffic did not have time to establish a new equilibrium after the implementation of the new signal timings since the scheme was only in place for three weeks.

The Porto scheme, while only a partial success, showed clearly that traffic signal settings can be used to achieve a variety of transport objectives related to buses and pedestrians without the need for changing the infrastructure or adding expensive detection to signals.

7. MUSIC in Thessaloniki

Thessaloniki was the largest demonstration in the MUSIC project.  Eighteen targets were set, mainly relating to vehicle travel times on heavily used public transport routes through the city.  The “increase by up to 5%” targets for traffic flows were set to limit the increase in traffic through the city centre.  Reductions in traffic were also considered acceptable for these targets.  One hundred and twenty nine new signal settings were implemented during the Thessaloniki demonstration.  The objectives are listed in Table 5.   Egnatia has two entries since targets were provided for this street in both directions.  Similarly the delay targets were for two approaches to each of two intersections giving a total of four delay targets.

	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 5: Objectives for Thessaloniki

	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 m
	(

	Sintri 2
	Delay
	Reduce up to 2 mins
	-0.60 m
	~(

	YMCA Int.
	Delay 
	Reduce up to 3 mins
	-2.52 m
	~(

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


Table 6: Results for Thessaloniki

The results for Thessaloniki showed that thirteen targets were met or improved by the changes.  On the other hand, five targets were made worse, three of them considerably.  Of the targets made considerably worse it is interesting to note that, because of local constraints, no signals had in fact been changed on two these routes (Egnatia 1 and 2 – these were in fact journeys in opposite directions down the same street).

The implementation in Thessaloniki was considered a great success and a variant on these signal timings is still in place as this paper is written (June 2000).  It was felt by observers on street that congestion in general had been reduced as a result of the MUSIC scheme.  However, it should also be mentioned that the agreement between the modelled and the on-street results was not great.  Results also indicated that the traffic had not fully “settled down” after the change to the network which was made by the new signal timings being put in place.

8. Conclusions

In two of the three sites (York and Thessaloniki) the MUSIC project was successful at using signals to meet a variety of transport goals.  In Porto, while the demonstration was less successful, a wider variety of goals were achieved and the project demonstrated the principle of using traffic signals to help pedestrians, cars and public transport.

In York, a small implementation associated with a bus lane met all its targets and improved conditions for public transport passengers with no subsequent worsening of conditions for car drivers.  In Porto a larger demonstration met or improved the majority of its targets but was not considered a total success.  In Thessaloniki, a large demonstration project met almost all of its targets.  The implementation was considered extremely successful at reducing congestion in the city as a whole.  

The MUSIC project proved that, with no additional infrastructure, signals can be important in meeting a variety of transport goals and they can be used for more than simply improving conditions for car drivers.  The project highlighted the important research need for more automated methods of unlocking this potential of traffic signals.

Bibliography

Clegg R.G., Ghali M.O., Smith M.J. (1995): Equilibrium/Control results and the approach to a near-equilibrium of a new Dynamic Micro-simulation/Assignment model on a Network Model of York in Applications of Advanced Technologies in Transportation Engineering, the American Society of Civil Engineers, 568-572.

Clegg R.G., Clune A.J. and Cassir C. (1998): Do we Trust Simulation Models? European Transport Conference Proceedings of Seminar D, 265-276.

Clegg R.G., Clune A.J. (2000a): The MUSIC Project: Urban Traffic Control for Traffic Demand Management to appear in Transportation Research Record

Clegg R.G., Clune A.J., Smith M.J. (2000b): When the MUSIC’s over.  The final results of MUSIC, an EU project to Design and Implement Traffic Signal Settings which Meet a Variety of Transport Goals. To appear in Proceedings of the 11th mini-Euro conference on Artificial Intelligence in Transport Systems and Science (Helsinki University of Technology)

Ghali, M.O., Smith M. J. (1993): Traffic Assignment, Traffic Control and Road Pricing Proceedings of the Twelfth International Symposium on Transportation and Traffic Theory, University of California, Berkeley, California (Ed. C.A. Daganzo) 147-170

Ghali, M.O. Smith M.J. (1994a): Comparisons of the performances of three responsive traffic control policies taking drivers’ day-to-day route choices into account Traffic Engineering and Control, 35, 555-560

Ghali, M.O. Smith M.J. (1994b): Designing Time-of-day Signal Plans which Reduce Urban Traffic Congestion Traffic Engineering and Control 35 672-676

Leonard, D.R., Gower, P. and Taylor, N.B. (1989): CONTRAM: Structure of the Model. TRRL Report 178, Transport and Road Research Laboratory, Crowthorne.

MUSIC Consortium (2000): Final report of the MUSIC Project. European Union DGVII Fourth Framework (forthcoming).

Smith M.J. (1979): A Local Traffic Control Policy which Automatically Maximises the Overall Travel Capacity of an Urban Road Network Proceedings of the International Symposium on Traffic Control Systems also published in Traffic Engineering and Control (1980), 21, 298-302

Smith M.J., May, A.D., Wisten, M.B., Milne, D., Van Vliet, D., Ghali M.O. (1994): A comparison of the network effects of four road pricing systems Traffic Engineering and Control, 35 311-315

Van Vliet D. (1982): SATURN – A Modern Assignment Model Traffic Engineering and Control 23(12) 578-581

� In this paper, the following notation is used for assessment of targets:





( 	means a target has been met. 


~( 	means that a target has been improved but not met (For example, the target was “decrease flow on route by 20%” and the flow only decreased by 18%).


( 	means that a result has gone the opposite way to the desired target (For example the target was “decrease travel time on route by 10%” and the travel time in fact increased).


(( 	means that a result has gone the opposite way by a significant amount (more than 15%).


- 	means that none of the above conditions apply (For example, the target was “Limit the increase in flow to 10%” and the flow has increased by 15% or the target was “Decrease the travel time by 15%” and the travel time has remained unchanged).





_1013260523.doc


Junction  or road ahead has no room for bus lane.







Pre Signals







Cars queue at pre-signals







Bus-lane allows buses to bypass congestion












