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Abstract:



Traffic signals are a cheap, readily available method for implementing a variety of transport demand alternatives.  The MUSIC (Management of traffic USIng Control) project (1) (2) is an attempt to actually use some of this potential by creating and implementing signal setting policies in three European Cities: Thessaloniki (Greece), Porto (Portugal) and York (UK).  The modelling of signal setting policies to account for mid-term re-routing effects is a difficult process.  This paper attempts to outline some of the processes which have been used during the MUSIC project to create signal times to meet a variety of goals including congestion reduction, helping bus travel times and routing traffic away from pedestrian areas.



�Introduction

Traffic signals are very common in urban areas and represent a simple and readily available opportunity to manage an urban traffic network.  The MUSIC project is designed to show how off-line creation of fixed-time plans for traffic signals may be used to achieve reductions in congestion and consequential gains in the efficiency and cleanliness of urban travel.  It is also hoped to show that mode-choice shifts from car to public-transport (and from car to other modes) may then be expected in the longer term.  The project attempts to demonstrate this, both theoretically using simulation models and practically with real-life demonstrations implementing the control strategies taken from the simulation modelling and measuring the resultant benefits (or disbenefits).



This paper will concentrate on the simulation modelling section of the MUSIC project.  There were three foci for the modelling: a new method (based upon road-pricing) to create a signal timing plan for rush hour in a city; using models to assess the re-routing effects of signal setting policies and using a variety of models in order to give more confidence in the results obtained.  As originally conceived, the simulation modelling would be almost an automatic process where signal timings would be created in one model and tested in others.  As is inevitable in practical projects, what actually happened diverged somewhat from this and this paper attempts to document the modelling process which has actually been used during the MUSIC project.



The MUSIC process

Central to the MUSIC project is the MUSIC process for off-line creation of fixed-time signal plans.  The MUSIC process has its origins in Smith’s policy P0 (3) and in the idea of delay-based road pricing.



P0 is the well-known idea that signals can attempt to route vehicles onto roads which have greater capacity by giving more green time to routes with greater capacity.  In essence the method is to assign a “pressure” to each stage of a signal based upon the following formula:



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.



The policy P0 then attempts to assign more green times to stages which have higher pressures until (it is to be hoped) the pressures on all the stages 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 produces a considerable reduction in travel time on a network.  The MUSIC signal plan design process is therefore this:



1) Impose a delay-based pricing on the simulated network with a small price p.  This should force drivers onto optimal or nearly optimal routes.

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.  (In fact, when the pricing level p is zero, it can be seen that the policy is the same as P0).



The STEER model

The STEER (Signals/Traffic Emulation with Event-based Responsiveness) was created by the York Network Control Group with the explicit aim of using it to study problems in traffic control, especially the aim of creating efficient fixed-time signal plans for realistic networks.  For these reasons, the program has the following features:



STEER is a micro-simulation to avoid some of the inherent uncertainties in studying signalised control in a macro-simulation.  Most notably, a macro-simulation has difficulties with modelling responsive control systems and with modelling the interaction between nearby signals especially the relative off-sets.  



STEER is a dynamic model in order that the difference made by having different signal plans at different times of day might be studied.  This also allows the program to assess what difference might be made by the ‘peakiness’ of rush-hours.  (Some cities have a rush hour with a ‘peak-within-a-peak’ whereas others have extremely similar demand levels for the full hour. 



STEER explicitly incorporates the MUSIC signal design process as described above in order that it might both produce and assess signal timing plans.



From SATURN to STEER

The creation and validation of a network model of a city is an expensive and time-consuming project.  For this reason, it was decided that the demonstration cities would be ones with existing SATURN (4) network models and that these SATURN models would be converted to a format suitable for use with STEER and CONTRAM (5).  This is certainly no trivial task and the difficulty of conversion between apparently similar network formats should be stressed.  An extremely detailed knowledge of all the involved models is an absolute necessity to resolve the numerous problems which arise.  For example, when comparing the travel times of a dynamic model such as STEER with a static model such as SATURN it is critical to realise exactly what one is comparing!  For example, a seemingly simple value like “Total Travel Time on Network” can have extremely different values depending on whether one measures times which occur only within the rush hour or the time taken for all cars which enter the network within rush hour to exit the network.  (In SATURN these times are loosely equivalent to “Simulation” and “Assignment” total travel times).  While the translation of SATURN networks into STEER and CONTRAM format is still far from perfect (and, in many ways, can never be perfect since the programs all work on fundamentally different assumptions) it is at least close enough that signal timings which show a benefit in STEER will generally show a similar benefit in SATURN.  It was felt that producing results both in STEER and SATURN (and in the case of York CONTRAM) would indicate whether the gains from signal setting policies were a characteristic of the particular model used or were independent of the model.



The York case study -- objectives

The York case study  was in some ways the odd-one-out of the MUSIC project.  It was decided early in the project that signal timing plans would not be created for the whole network but would, instead, concentrate on a single corridor where some new signals were being placed.  The scheme being implemented involved the creation of two short stretches of bus-lane along an inbound corridor (the Hull Road) for one of York’s Park and Ride routes.  These short bus-lanes would, on their own, do little to speed buses.  However, in combination with bus-actuated signals, they  were intended to allow the buses to get ahead of some of the traffic on the inbound route during the rush hour while, at the same time, the two new signals could act as a kind of “gating” mechanism to slow the stream of cars heading into the city along the Hull Road and ease congestion at the end of the route.  



The objective of the MUSIC project in York was to calculate timings for these two new signals which would meet the objectives shown in � REF _Ref413756828 \* MERGEFORMAT �Table 1� which were chosen by the City Council.  In summary, the objective was to speed the buses along Hull Road without penalising cars too greatly.  It was hoped that this would also have a positive effect on the congested downstream signal at Melrosegate.  A concern was that vehicles would re-route through Tang Hall Lane, University Road or Murton Village so it was important to monitor the level of “rat-running” through these areas.



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 � SEQ Table \* ARABIC �1�: Objectives for York

The York case study -- methodology

Needless to say, the originally envisaged MUSIC method was inappropriate for the York case.  There were only two signals  to be adjusted and the goal was to minimise an increase in congestion whereas the goal of the MUSIC method is to decrease congestion.  A different approach was therefore necessary.  In this case, in fact, since the number of signals was so limited, it was possible to try a spectrum of values for each of the two signals in order to pick the best.  These settings were assessed in three programs, SATURN, CONTRAM and STEER.   



The SATURN to CONTRAM and STEER translation process proved particularly troublesome in York.  While SATURN has a single junction type of “roundabout”, no such concept exists in CONTRAM or STEER and so the SATURN roundabouts had to be broken up into a series of give-way junctions.  Another issue was SATURN’s use of speed-flow curves along links to represent the slowing effect of extra congestion.  SATURN uses exponential flow-curves while CONTRAM’s are piece-wise linear and STEER, being a micro-simulation, does not have speed-flow curves at all.  All these issues add extra dimensions of complexity to the already non-trivial modelling process.



It was quickly found that only one of the two signals made a great deal of difference to the study.  The other signal simply did not hold back enough traffic unless the green time given was an extremely small proportion of the cycle.  It was thought that this would be too dangerous for practical implementation and would lead to red-light violations from frustrated motorists.  The signal remaining was adjusted through a range of values and the effects on the various objectives monitored.  The effects on the total flow on the three rat-runs, the car travel time down Hull Road and the bus travel time along Hull Road are shown in Figures 1-3.



To say the least, the agreement between the three models is tenuous. It can also be seen that the models predict no benefit to buses (in fact a slight increase in travel time). However, one consistent prediction seemed to be made and that was the point at which the signals started to have an effect on travel times. This “bite point” seemed to be at around thirty seconds in the cycle in all three models. It was therefore decided, in consultation with the Council, that thirty seconds in the cycle would be the timing level implemented for the demonstration.  It was also decided that this level would be approached slowly with the green time to cars gradually being reduced over a number of weeks to the final level.



The York case study -- modelling results

�

Figure � SEQ Figure \* ARABIC �1�: Car travel time (as percentage of 'before' case) in three models

�

Figure � SEQ Figure \* ARABIC �2�: Bus Travel Time (as percentage of 'before') in three models

�Figure � SEQ Figure \* ARABIC �3�: Rat-Run flow level (as percentage of 'before') in three models



The Porto case study -- objectives

The modelling in Porto more closely approached the original modelling conceived for the MUSIC project.  The partners in Porto created a list of objectives shown in � REF _Ref413757475 \* MERGEFORMAT �Table 2�.



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, RR3�Bus Travel Time�Decrease by more than 10%��BB1,BB2�Bus Travel Time�No Increase��Table � SEQ Table \* ARABIC �2�: Objectives for Porto

To summarise, the objectives MM1, MM2 and MM3 are main car routes where a travel time reduction was desired (it was also considered desirable that cars should stay on these routes).  MM4 and MM5 were control routes picked to check whether these adjustments were harming the rest of the network.  P1, P2, P3 and P4 were pedestrian routes where the objectives were to divert cars away from the route or give pedestrians more priority at signals.  RR1, RR2 and RR3 were bus routes where travel time was a priority and BB1 and BB2 were control routes where it was important that travel time did not increase.  

It was also desirable that as few signals as possible were altered to make the changes to the network easier to implement on the ground.



The Porto case study -- methodology

In Porto the original MUSIC method for producing signal timings was considered appropriate to create an initial approximation.  Obviously the initial MUSIC method was geared to congestion reduction rather than flow reduction but the results of the MUSIC method were taken as a starting point with the thirty most critical signals selected by the partners in Porto chosen for alteration.  After runs on a number of pricing levels were done, the best pricing level was chosen.  This produced a gain in travel time assessed in STEER of 1.8% and assessed in SATURN of 0.6% -- relatively poor overall gains.  The initial MUSIC results are shown in � REF _Ref413759716 \* MERGEFORMAT �Table 3�.  Assessed in STEER, nine objectives are met and five are made worse.  Assessed in SATURN ten objectives are met and four are made worse.   While the number of objectives met is encouraging, these results are not really  satisfactory due to the number of results made worse by the changes.



These poor initial results were partly to be expected, the MUSIC process was designed to reduce overall travel time in a city (which it was achieving) not to reduce flows in an area or to reduce times on specific routes (after all, it may be an overall benefit to induce re-routing by increasing travel time on a specific route).  Also, the MUSIC method made no adjustment to signal offsets which could be critically thrown out of phase by adjustment to green time splits.  In order to rectify this, using the MUSIC results as a base, we made adjustments to the network aimed specifically at the targets.  In the areas where decreases in travel time were desired, green times were fractionally increased and offsets were realigned.  In areas where flow decreases were needed, green times were reduced to that area and signal offsets were deliberately mis-aligned!



After “tweaking”, the assessments had improved considerably.  Assessed in STEER, nine targets were now met and only three were worsened.  Assessed in SATURN,  eleven targets were now met, two were nearly met and only one was worsened -- a considerable improvement on the original situation.  However, “tweaking” signal offsets by hand does not seem a very satisfactory way to approach a signal setting study and, in the opinion of the authors, this highlights the extremely high need for methods of setting signals (both green splits and offsets) to meet goals other than traditional “congestion reduction” goals.  Much of the modelling benefits seen in the Porto study were due to adjustments of signal timings “by hand” and much of these benefits were connected with offset alterations, yet no good tool yet exists for optimising signal offsets to meet a variety of goals.



The Porto case study -- modelling results

Area�Objective�STEER�SATURN��MM1�Car TT�-12.2%   (�-1.7%��MM1�Flow�+11.7%�+2.3%    (��MM2 �Car TT �-9.1% �-10.8%   (��MM2 �Flow�+4.3%    (�+7.4%    (��MM3 �Car TT �+13.4%   (�+9.6%    (��MM3 �Flow�-15.7%   (� +4.4%   (��MM4�Car TT �+0.5%    (� +0.4%   (��MM5�Car TT�+5.8%    (�+2.2%    (  ��P1�Ped. Green.�+5%       (�+5%       (��P2�Flow�+26.8%   (�+44.1%   (��P3�Flow�-25.3%   (�-46.2%   (��P4�Flow�-26.2%   (�-23.6      (��RR1�Bus TT�+1.4%     (�-2.8%     ��RR2�Bus TT�+16.0%   (�+10.7%   (��RR3�Bus TT�-1.9%�-0.6%��BB1�Bus TT�-3.7%     (�-10.3%   (��BB2�Bus TT�-1.2%     (�+0.0%    (��Table � SEQ Table \* ARABIC �3�: Porto Objectives assessed in STEER and SATURN before "tweaking" (( means a target is met, ( means it is made worse)



Area�Objective�STEER�SATURN��MM1�Car TT.�-12.2%   (�-11.8%   (��MM1�Flow�+14.6%  (�+42.1%  (��MM2 �Car TT �-8.5%       �-10.0%   (��MM2 �Flow�+9.0%    (�+2.3%    (��MM3 �Car TT �-0.9%�+0.0%��MM3 �Flow�-17.0%�+8.8%    (��MM4�Car TT �-1.2%     (�-0.6%     (��MM5�Car TT�+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 TT�-18.6%   (�-8.5%       ��RR2�Bus TT�+16.0%   (�-3.4%��RR3�Bus TT�+0.6%     ( �-0.6%��BB1�Bus TT�-6.2%     (    �-4.4%     (��BB2�Bus TT�-0.7%     (�+0.0%    (��Table � SEQ Table \* ARABIC �4�: Porto objectives assessed in STEER and SATURN after "tweaking" 

 As can be seen, the Porto results do not always agree between models.  Generally speaking, however, the changes are in the same direction and often to approximately the same degree.  The notable exceptions are the flow on MM3 in both sets of results and the travel time on RR2 in the second set of results.  These disparities need some explanation and are being examined.



The Thessaloniki case study -- objectives

Thessaloniki is an extremely congested Greek city.  The goals in Thessaloniki were perhaps the most straightforward in the three MUSIC cities -- simply reduce congestion on certain of the city’s main routes.



Area�Objective�Target��R. 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. Demet�Travel Time�Reduce by 5%��“�Flow�Increase by up to 10%��Lagada�Travel Time�Reduce by 10%��Monast.�Travel Time�Reduce by 10%��Egnatia�Travel Time�Reduce by 15%��Egnatia 2�Travel Time�Reduce by 10%��Tsimiski�Travel Time�Reduce by 10%��Koumtour.�Travel Time�Reduce by 10%��Nikis Av.�Travel Time�Reduce by 10%��Sintri Int.�Delay�Reduce by 2 mins��Sintri 2�Delay�Reduce by 2 mins��YMCA Int�Delay �Reduce by 3 mins��YMCA 2�Delay�Reduce by 2 mins��Table � SEQ Table \* ARABIC �5�: Thessaloniki's objectives

The two Egnatia road objectives listed together represent the travel time in opposite directions along the same road.  The four delay based objectives at the bottom represent different approaches to two different junctions.



The Thessaloniki case study -- methodology

Since the Thessaloniki objectives were, in many ways, the most straightforward, they were also the most suitable for using the original MUSIC method for creation of signal timing plans.  The MUSIC method produced a travel time gain of 22% when assessed in STEER and 13% when assessed in SATURN.  The high saving in travel time was extremely pleasing and, with no tweaking, nine of eighteen goals were met when assessed in STEER and the same number when assessed in SATURN.  Some “tweaking” by hand may help improve this number but this has yet to take place.  Assessed in STEER, three objectives are worsened by our changes and four are worsened in SATURN.  However, some of the objectives are not only met but considerably exceeded – most notably in N. Egnatia where both models predict travel time gains of over 40%.



While the modelling process in Thessaloniki was the most straightforward the translation process certainly was not.  Thessaloniki has some wide multi-lane highways and the network ran into a limitation of CONTRAM and STEER.  The two programs only allowed a link to have five links downstream of them.  This limit was exceeded in Thessaloniki on many roads.  A system of introducing “dummy nodes” had to be introduced to get around this problem.



The Thessaloniki case study -- modelling results

Area�Objective�STEER�SATURN��R. Olgas�TT�-42%        (�-24%        (��“�Flow�+8%�+3%         (��N.Egnatia�TT�-50%        (�-46%        (��Delfon�TT�-42%        (�-21%        (��“�Flow�+3%         (�-4%          (��Ag. Demet�TT�+7%         (�-1%��“�Flow�+23% �+27%��Lagada�TT�-54%        (�-17%        (��Monast.�TT�-62%        (�-23%        (��Egnatia�TT�-21%        (�-5% ��Egnatia 2�TT�-18%        (�+13%       (��Tsimiski�TT�-3%�-17%        (��Koumtour.�TT�+25%       (�+20%       (��Nikis Av.�TT�+18%       (�-6%��Sintri Int.�Delay�-1.33min�-4.07min  (��Sintri 2�Delay�-0.85min�+1.23min (��YMCA Int�Delay �-0.80min�-0.18min��YMCA 2�Delay�-2.45min  (�+0.21min (��Table � SEQ Table \* ARABIC �6�: Thessaloniki objectives as assessed in STEER and SATURN

It can be seen that there is a considerable disparity between STEER and SATURN on some objectives.  Notably on the delay objectives and the second Egnatia Road objective.
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Conclusions

The modelling section of the MUSIC project has been a long (and on occasions painful) process which is now largely complete.  The difficulties of moving from modelling hypothetical situations to using models in real-life situations cannot be over-stated and several important lessons have been learned.



Firstly, it is absolutely vital that when translating between models a researcher is extremely sceptical of the accuracy of the translation.  While it may seem, in principle, quite straightforward to convert between different data-input formats, often this hides great difficulties and incompatible modelling assumptions.  Each new network received seemed to locate some new gap in the translation process.



Secondly, comparing the outputs of models can be extremely tricky  if the differences between the models are not kept in mind.  One of the authors spent several weeks searching for a discrepancy between two models which turned out to be simply that one was assessing twice as long a time period as the other.  A seemingly innocuous concept like “Total travel time within the peak hour” can have extremely different values depending on whether one takes it to mean “The time spent travelling by vehicles within the peak hour” or “The time spent travelling by vehicles which depart within the peak hour”.



Finally, despite considerable research, no good tool is yet available which can automatically produce signal setting policies for a wide range of transport goals.  The MUSIC process goes some way to meeting certain of these goals but, currently, goals such as “reduce vehicle flow” and “increase vehicle travel time by no more than ten percent” must be addressed by a laborious process of manual “tweaking” of simulated signals.  This is an important research need which must be addressed soon.



The MUSIC modelling as it stands is now almost complete and the implementation phase should begin in Porto and Thessaloniki in the spring of 1998.  The implementation phase in York has already occurred and the initial results of the after surveys are somewhat encouraging.  The acid test for the simulation models is, after all, in how well they reflect what would happen in reality and the MUSIC project should give clear insight into this issue when the results of the after studies are known.
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