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EXECUTIVE SUMMARY

The Transport Research Laboratory has undertaken a re-
search project on Urban Traffic Control (UTC) strategies
for congested conditions for the Driver Information and
Traffic Management Division of the Department of Trans-
port. The aim of the project is to produce strategies to
alleviate the effects of congestion in large urban areas.

SCOOT is widely used in the UK, and elsewhere in the
world. From Version 2.4 onwards, SCOOT has incorpo-
rated extra facilities for the control of congested traffic. The
most radical of which is the gating facility to relocate traffic
queues by restraining traffic on user specified roads. TRL
has successfully operated gating in this project in South-
ampton and Kingston-upon-Thames to restrain traffic as it
approaches a critical part of the road network. In South-
ampton, gating operated as part of the Bitterne Road bus
priority scheme. The practical use of Gating has demon-
strated that it is a valuable traffic management tool and the
experience gained has been used to write a user guide to
help local authorities make the best use of SCOOT gating.

Another strand of work in the project has developed new
techniques for alleviating the effects of urban congestion.
Although SCOOT has proved to be extremely effective in
achieving significant savings in delay when compared to
Fixed Time systems, there is the possibility that SCOOT’s
delay minimisation objective may not be the most effective
technique for controlling networks when there is a high
level of congestion. Simulation studies were designed to
gain an understanding of the mechanism by which conges-
tion spreads, and to investigate those extreme situations
and circumstances where SCOOT in its normal mode of
operation loses effectiveness. The main problem areas are
where the main road link at a junction is short and the
saturation flow of the main road is considerably greater
than that of the side road, or where blocking back of one link
can lead to blocking of a number of other links causing a
rapid spread of congestion.

Based on the results of the simulation a new measure of
congestion was developed called ‘Wasted Capacity’ de-
rived from SCOOT data. A computer program, MONACO,
has been produced to use the Wasted Capacity measure to
diagnose automatically the cause of localised chains of
congested links. The program first identifies the critical

link causing Wasted Capacity to build up on a route in the
controlled area; the critical link is the first link downstream
of a chain of links that each have Wasted Capacity. A
decision tree is then used to analyse the likely cause of the
problem on the critical link.

There are several possible causes of the problem on a
critical link. In a large SCOOT system the database con-
tains data on many links. It is possible with such large
databases that errors may be overlooked. MONACO will
rapidly identify the likely data error where the mistake
causes congestion. In addition the program canrecommend
the use of the various congestion facilities within SCOOT
to improve the control on problem links. It will also
recognise junctions that are overloaded and causing con-
gestion to build up. In such cases there is no simple solution,
either the junction must be physically rebuilt with greater
capacity, traffic restrained away from the junction or the
congestion accepted.

The third approach, within the project, to try to alleviate the
effects of congestion has been to investigate the benefit of
a global change in optimisation criterion. The MONACO
approach of identifying individual problems and attacking
them is appropriate for specific problems, but when a road
network is globally over-loaded then a different approach
is required. SCOOT’s objective function is to minimise a
weighted sum of delay and stops. In congested conditions
it is theoretically possible to increase the throughput of
many networks by changing the objective function to one
of maximising capacity. This is achieved by increasing the
use of high capacity roads. However, the theoretical in-
crease depends on individual drivers re-routing to take
advantage of the extra green time on high capacity roads.
The actual increase in throughput depends on the driver
response as well as on the change in control strategy.
Within this project CONTRAM and CONTRAMI were
used to investigate the sensitivity of the benefits of a
maximum capacity strategy to the level of driver re-rout-
ing. It was found that the benefits were dependent on the
level of driver response, but that the modelling programs
could give only limited guidance on the level of the benefits
in a particular network. Proposals for possible on-street
experiments have been developed.
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ABSTRACT

TRL has undertaken a wide ranging study for the Depart-
ment of Transport of how to use Urban Traffic Control
systems in congested road networks to improve traffic

conditions in urban areas of the UK. The first approach was

to investigate how best to use the traffic gating facility in
SCOOT V2.4 to restrict vehicles approaching particularly
sensitive parts of the road network and to provide guidance
to users. Simulation studies were used to investigate the
extreme conditions of congestion and link geometry under
which the normal operation of SCOOT might not be opti-
mum. A quantitative measure of the adverse effects of
congestion, Wasted Capacity, was developed. This meas-
ure formed the basis of a computer program, MONACO, to
automatically analyse and diagnose the causes of conges-
tion. The final approach was to investigate the potential of
changing the objective function of SCOOT, under con-
gested conditions, from minimum delay and stops to capac-
ity maximisation. The sensitivity of the benefits to driver
re-routing was investigated.

1. INTRODUCTION

TRL has undertaken a wide ranging study of congestion in
urban areas for the Department of Transport with the aim of
improving traffic conditions in UK towns and cities. The
work has concentrated on how to use Urban Traffic Control
(UTC) systems to improve the operation of urban traffic
signals in congested conditions. SCOOT is widely used in
the UK, and elsewhere in the world. From Version 2.4
onwards, SCOOT has incorporated extra facilities for the
control of congested traffic. The most radical of which is
the gating facility to relocate traffic queues by restraining
traffic on user specified roads. TRL has operated gating in
this project and used the experience to write a user guide to
help local authorities make the best use of SCOOT gating.

Another strand of work in the project has developed new
techniques for alleviating the effects of urban congestion.
Although SCOOT has proved to be extremely effective in
achieving significant savings in delay when compared to
Fixed Time systems, There is the possibility that SCOOT’s
delay minimisation objective may not be the most effective
technique for controlling networks when there is a high
level of congestion. Simulation studies were designed to
gain an understanding of the mechanism by which conges-
tion spreads, and to investigate those situations and circum-
stances where SCOOT in its normal mode of operation
loses effectiveness.

Based on the results of the simulation, a new measure of
congestion was developed called “Wasted Capacity’ de-
rived from SCOOT data. A computer program, MONACO,
has been produced to use the Wasted Capacity measure to
diagnose automatically the cause of localised chains of
congested links. In a large SCOOT system the database
contains data on many links. It is possible with such large
databases that errors may be overlooked. MONACO will
rapidly identify the likely data-error where the mistake
causes congestion. In addition the program can recommend
the use of congestion facilities within SCOOT to improve
the control on problem links. It will also recognise junc-
tions that are overloaded and causing congestion to build
up. In such cases there is no simple solution, either the
junction must be physically rebuilt with greater capacity,
traffic restrained away from the junction or the congestion
accepted.

The third approach has been to investigate the benefit of a
global change in optimisation criterion, rather than the
MONACO approach of identifying individual problems
and attacking them. SCOOT’s objective function is to
minimise a weighted sum of delay and stops. In congested
conditionsitis theoretically possible toincrease the through-
put of many networks by changing the objective function to
one of maximising capacity. However, the theoretical in-
crease depends on individual drivers re-routing to take
advantage of the extra green time on high capacity roads.
The actual increase in throughput depends on the driver
response as well as on the change in control strategy.

2. USE OF SCOOT GATING

Part of the research work in this project was to examine how
best to use the congestion controls, particularly the SCOOT
gating facility, that are available in Version 2.4 of SCOOT.
To gain experience in the use of gating, TRL used it to
replace the custom fixed-time restraint plans in the Bitterne
Road bus priority system in Southampton and to restrain
traffic entering Kingston-upon-Thames in the morning
peak period. Other examples of the use of gating are on the
signalised roundabout at junction 10 of the M25 and to limit
traffic approaching Nijmegen in the Netherlands from two
motorways. A user guide to gating has been written (Wood
and Baker 1994).



2.1 GATING ON THE BITTERNE
ROAD IN SOUTHAMPTOS,,TRL

has installed Gating in an area of Southampton known as
the Bitterne Road corridor. Gating is working in
conjunction with an existing bus priority scheme which has
been in use for over 20 years, Department of the Environ-
ment (1975). The bus priority scheme is based on fixed-
time plans which restrain private traffic in side roads and at
gating points on the two main approaches to Southampton

that run through the area, see Figure 1. Buses are given

priority by “buses-only” facilities on entry to the corridor,
which by-pass the queues of restrained vehicles that occur
regularly in the area during the morning peak.

TRL has replaced the fixed-time plans by the SCOOT
Gating facility to provide the traffic restraint within SCOOT,
but no changes are being made to the bus priority features.
Gating of the side roads and the Bitterne Road is controlled
by conditions at junction A in Figure 1 and the main road
traffic on Bursledon Road is controlled by Junction B on the
figure.

The TRL ASTRID database system (Hounsell and McLeod)
was used to monitor the moming peak traffic conditions to
compare Gating and the old fixed-time plans. The database
automatically collects, stores and processes traffic infor-
mation for display or analysis. ASTRID is currently being

Side roads gated

developed to run on-line and it has been installed in South-
ampton as part of TRL’s work in the DRIVE 2 project,
ROMANSE. An on-street survey was undertaken of the
effects of Gating on bus journey times.

2.1.1  Assessment of Bitterne Road Gating

Table 1 shows the results of the survey of bus journey times;
results are shown separately for buses approaching the city
on Bursledon Road from those approaching on Bitterne
Road.

No direct changes were made to the bus priority part of the
scheme and, therefore, it is not surprising that little change
was measured to the overall bus journey times. Similar
numbers of buses use the two roads and, as can be seen from
the last column of Table 1, overall, no difference was
measured in the bus journey times with the two methods of
control. However, buses could have been affected indi-
rectly by changes in conditions on the main road caused by
the different method of controlling non-bus access to the
mainroad. The overall impression from the results in Table
1 is that SCOOT Gating slightly improved conditions for
buses approaching Southampton on Bitterne Road and
slightly worsened conditions for those using Bursledon
Road. The differences recorded in Table 1 are small and not
statistically significant at the 95 per cent level.

Main road gating point

Bitterne Road

River ltchen

N

-—— Bath Road

N 6‘\60
4—-/F/\
1
centre
Main road gating point
Railway
Fig 1. Schematic plan of Bitterne Road scheme
TABLE 1
Results of the bus survey, journey times between timing points (min:s)
Standard errors of the means are shown in brackets
Bus route Bursledon Road Bitterne Road Combined
Fixed time 15:20 (0:32) 13:07 (0:19) 14:14 (0:20)
SCOOT Gating 16:19 (0:42) 12:15 (0:21) 14:22 (0:34)




A possible explanation for the different changes measured
for buses approaching the city on Bursledon Road from
those approaching on Bath Road is that the SCOOT Gating
may have altered the balance of delay at the junction of Bath
Road and Bursledon Road. In the morning peak buses
approaching along Bitterne Road are routed down Bath
Road to join Bursledon Road shortly before its junction
with Bitterne Road. The reason for this route is to avoid the
queue of gated traffic on Bitterne Road; other vehicles
cannot use the route as only buses are allowed to turn right
from Bath Road at its junction with Bursledon Road.
Therefore, the different effect on journey time on buses on
the two roads may be due to the Gating reducing the delay
for traffic exiting Bath Road at the expense of traffic on
Bursledon Road.

The effect of the SCOOT Gating on non-bus traffic was
derived from the SCOOT internal model. The data were
collected by the ASTRID database for convenience and
analysed to show the effects on all the gated links and on all
the main road links that should be free-flowing and benefit
from the scheme. Flow-weighting was used to produce the
average delay per link. Table 2 summarises the resuits.

There was no overall difference in the flows in the network
between strategies, although there were some differences
onindividual links. Delay normally increases with the flow
in a network and survey results need to be corrected for this
effect. However, in this survey no flow corrections were

needed to the delays because the overall flows were the
same during the periods when the two strategies were being
tested. The delays on each link were recorded every quarter
of an hour by ASTRID. The differences between the two
control strategies were tested for statistical significance
using a paired ‘t’ test of the mean values in each quarter
hour of the two hour survey period.

All the changes in delay listed in Table 2 are downstream
of the relevant SCOOT detector. Delays upstream of the
detectors are indicated by congestion on the link. Several
gated links were considerably more congested with fixed-
time control than with SCOOT Gating, particularly Bitterne
Road at its junction with Bursledon Road, the upper main
road Gating point in Figure 1. Therefore, the delays on the
gated links in Table 2 are underestimates, particularly for
fixed-time control. The extra delay, upstream of the detec-
tor, was estimated from the degree of congestion and flow
and the results are given in Table 3.

When the results for individual links were examined, it
could be seen that the SCOOT Gating had redistributed
some of the delays on the gated links. With fixed-time there
were large delays on Bitterne Road at its junction with
Bursledon Road plus the congestion described above. With
SCOOT Gating there was less delay here but at the other
main road entry into the system, on Bursledon Road, there
was more delay than with fixed-time control. With some
effort, the fixed-time plans could have been re-tuned to

TABLE 2
Non-bus traffic, flows per link (vehicles/h) and delays per link (veh-h/h).
Flow per Flow per link, Delay per Delay per
link, Fixed- SCOOT link, Fixed- link, SCOOT

Time Gating Time Gating
“Free-flow”
Main road 929 925 5.5 1.4*
links
Gated links 239 244 9.9 12.1
All links 570 571 6.5 3.8*

* Statistically significantly different from the Fixed-time value at the 95% level.

TABLE 3
Estimated delays allowing for congested links (veh-h/h)
Estimated delay per link, Estimated delay per link,
Fixed-Time SCOOT Gating
Gated links 23.6 15.3*
All links 9.3 4.5*

* Statistically significantly different from the Fixed-time value at the 95% level.



produce more equal delays over the entry links as the
SCOOT Gating has done. It was postulated above, when
discussing the bus results, that the journey time along Bath
Road was probably less with SCOOT Gating than with the
fixed time system. The SCOOT model results supported
this hypothesis as it estimated a small increase to the main
road traffic at the junction of Bursledon and Bath Roads,
implying that extra green time was given to the side road.

There were 25 links in the survey and, therefore, the best
estimate of the journey time saving for non-bus traffic is
(9.3-4.5) x 25 = 120 vehicle-hours of delay per hour during
‘the two hour survey period. This amounts to a saving of
some 60 000 vehicle-hours over a year.

2.1.2 Conclusions from the Bitterne Road

SCOOT Gating has successfully replaced the Bitterne
Road fixed-time control scheme. The bus survey showed
little change; a small reduction in journey times for buses
approaching the city on Bitterne Road and a similar small
increase for those approaching on Bursledon Road. The
small overall change is not surprising as no direct change
was made to the operation of the bus priority scheme. For
non-bus traffic, the journey times have reduced and the
most severe delay has been reduced at the expense of increas-
ing delays at other entries to the system. The delays at the
major entries now appear to be more equal than they were.

The time savings quoted in section 2.1 are equivalent to a
saving of approximately £240 000 per annum using the
standard value of time for non-working cars.

2.2 KINGSTON-UPON-THAMES

There is a problem in Kingston-upon-Thames caused by
queues obstructing the operation of a critical junctionin the
main one-way system. If the merge area at this junction
becomes obstructed by queues of stationary traffic, queues
rapidly build up in the rest of the system and can cause
gridlock if no action is taken. The normal cause is traffic
passing through the town blocking back from the rounda-
bout on the West side of Kingston bridge. A Gating experi-
ment was undertaken to restrict traffic on three main entries
to the Kingston one-way system. The police have clearance
plans available that restrict these entries, but are not usually
aware of the problem until it has become very serious.
Gating should be able to take action automatically, as socon
as necessary, to store the restrained traffic on the same
roads that are used by the police clearance procedures. The
effectiveness of Gating was assessed by analysis of video
records of traffic queues backing up to the merge area at the
critical junction.

Figure 2 shows the length of individual blocking periods.
Without Gating there were several cycles where the merge
area was continuously blocked for over 30 seconds, a
considerable period. The results with gating are quite
impressive, the conditions at the merge area were greatly

improved. The total period, during which any significant
congestion was observed, was reduced from about an hour,
without Gating, to between a quarter and half an hour on
different days with Gating. With Gating, the longer periods
of congestion, of over 30 seconds, were virtually elimi-
nated and the total time that the merge area was blocked by
stationary traffic was reduced by nearly an order of magni-
tude. Without Gating the merge area was blocked for about
20 minutes in each moming peak, but with Gating, it was
blocked for only about 2 to 3 minutes.

80

No gating

60 With gating

40 |

20

Number of occurrences

| xxccoonccoecounns
Over 1 minute

<30 seconds 30s to 1 min

Fig 2. Length of individual blocking incidents.

The Gating experiment was very successful in reducing the
level of congestion within the Kingston-upon-Thames one-
way system.

2.3 USERS’ EXPERIENCE

2.3.1 Kingston-upon-Thames

Since the TRL experiment in Kingston, Gating has been
implemented for the morning peaks on weekdays. Because
of the severity of Gating, the Traffic Control Systems Unit,
in cooperation with the London Borough of Kingston-
upon-Thames, have increased the minimum greens on the
gated links, during the Gating hours, to prevent excessive
queues.

2.3.2 M25 junction 10

Surrey County Council are very pleased with the operation
of Gating at the roundabout on the A3 at junction 10 of the
M25. The motorway is being widened to 4 lanes west of the
junction. During the moming peak, westbound traffic wish-
ing to join the motorway at junction 10 backs up onto the
roundabout because of the road works. Gating has success-
fully prevented severe lock-up problems and has kept the
circulatory carriageway free without creating severe queues
on the entries to the roundabout.

233 Nijmegen

The SCOOT system in Nijmegen in the Netherlands has
been installed by Dutch consultants for the Dutch Ministry



of Transport. Gating is an integral part of the scheme. The
two main links into the city from the motorway system are
'gated to prevent overloading the city network. Previously,
- restricted fixed signal timings were used, particularly in the
moming peak. Now, with the SCOOT system, Gating
operates throughout the day. In the morning peak periods
there are normally large queues at the gating points because
of the amount of traffic approaching the city. At quiet times
of day there are no queues, and no restraint, but if there is
a sudden influx of traffic, then the Gating logic provides the
necessary restraint and holds the excess vehicles at the
gating points. Restraint is available throughout the day, but
it is only used when justified. The Dutch engineers are
happy with the operation of Gating; as in Southampton and
Kingston they used minimum stage lengths to prevent
excessive restraint and tuned the Gating saturation for their
particular circumstances. The Dutch Ministry of Transport
are assessing the whole system.

24 CONCLUSIONS ON SCOOT
GATING

SCOOT Gating has been shown to be a valuable traffic
management tool. Traffic engineers can use it to control
where queues form in a congested road network and can
relocate queues to less critical areas of the network. As part
of a bus priority scheme, Gating can move queues of
delayed vehicles to roads where it is possible to give buses
priority, by bus lanes, or other means, to by-pass the queues
of congested traffic. Therefore, Gating enables the traffic
engineer to give priority to buses in situations where,
otherwise, there would not be sufficient road space to
reserve a separate lane for buses. Details of how to use
SCOOT Gating are given in the user guide (Wood and
Baker 1994).

3. SIMULATION STUDIES OF
CONGESTED TRAFFIC
CONTROL

Studies of how the details of traffic control affect congested
urban traffic have been undertaken on a number of different
networks using the STEP simulation. STEP simulates
individual vehicles on links in a network of traffic signals
and produces information on queues and delays in the
network. STEP can be used to simulate the effect of
changes to the SCOOT logic or other traffic signal system
in a consistent and repeatable manner, under normal,
oversaturated and congested traffic conditions. Flows and
turning movements, and any SCOOT parameter, can be
varied throughout the simulation.

3.1 SIMULATION STUDY

To gain anunderstanding of the relationship between signal
timings and the build up of congestion, an initial study was
made using a simple network of two nodes, connected by a
one way link. A study has been made of the effect on the
capacity of the network of different green splits and offsets
under fixed signal settings. The flow was set so that under
all the signal settings the network was oversaturated. The
parameters studied were: link length, turning proportions
and cycle time.

The main results of the study have been to demonstrate the
circumstances in which the offset is critical to the capacity
of the network, and to assist in understanding the mecha-
nism by which capacity of a network can be lost.

Figure 3 shows the number of vehicles queuing for each
offset for four different link lengths. The queues waiting to
join the main and minor roads are shown separately. This
figure illustrates the different shape of the capacity/offset
relationship when the adjoining link is short (LL=8) and
whenitis longer (LL.=12,16 and 20). For this series of runs
acycle time of 60 seconds was used and the main road/side
road stage lengths were 40/20 and 30/30 at the upstream
and downstream junctions respectively; the traffic demand
on the main road at the upstream junction was twice that on
the side road and the demands were balanced at the down-
stream node.

The main conclusions from the simulation runs presented
in figure 3 are:

In oversaturated conditions the effect of offset on the
capacity of a network is very dependent on the length of the
critical link.

A link can be considered as ‘long’ if the time taken to
discharge the queue of vehicles waiting on the link when it
is full is greater than or equal to the length of effective green
atthe downstream junction. Otherwise a link can be consid-
ered as ‘short’.

If the link is ‘long’ then the capacity of the downstream or
bottleneck junction is unaffected by the offset. This is
because, irrespective of the offset, there are always suffi-
cient vehicles queuing on the link to fully utilise the green
time, i.e. there is no wasted green at the bottleneck junction.

If the link is ‘short’ then the effective capacity of the
downstream junction is dependent on the offset. Initially
when the lights go green the queue on the link discharges
and the flow of vehicles through the junction is maintained
atthe saturation flow rate. Once this queue has disappeared,
however, the flow of vehicles will be dependent on the
stage running at the upstream node. If, for instance, the side
road at the upstream junction is on green, the flow through
will be only those vehicles that have turned. This will lead
to a reduction in the throughput and, hence in the effective
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Fig 3. Vehicle queuing for different links under fixed time control.

capacity at the downstream junction, as can be seen for the
short link (case LL=8) in Figure 3.

For both long and short links the capacity of the upstream
junction can be dependent onthe offset. The extent to which
the offset is critical depends on the effect of a blocked main
road link on traffic moving straight ahead from the side road.
In the simulation a blocked tuming vehicle will itself block
any vehicles behind it, irrespective of their destination.

For ‘long’ links there is arange of offsets which are optimal
and produce maximum capacity. For ‘short’ links the offset
is more critical and in many cases, when the combined
effect on both main and side roads is considered, only a
small range or even just one value of offset will be optimal.

The effect of different turning movements is illustrated in
figure 4, which shows the capacity/offset relationship for a
range of turning movements. The turning proportions from
the main and side roads have been chosen to maintain a
constant demand for the critical link. Cycle time and splits
were the same as in the previous example. A link length of
12 has been used which could be considered as ‘long’.
When there is no turning traffic, the offset has no effect on
the capacity of the network. With moderate turning move-
ments of cases TM2,1 and TM4,2 maximum capacity is
obtained with offsets in the range 0-16 seconds approxi-
mately. However, with large turning movements as in the
case of TM8,4, maximum capacity is obtained with offsets
in the range 32-36 seconds. The outcome depends on
whether there is a bigger percentage of vehicles from the

main or side road wishing to use the blocked link. With
turning movements of TM8,4 there is a smaller percentage
of vehicles wishing to use the blocked link from the main
road than from the side road. Thus a larger percentage
(40%) can turn away from the congestion if the offset
favours the main road compared to the 20% of side road
traffic that avoid the congestion if the offset favours the side
road. With TM6,3 the percentage of vehicles wishingtouse
the blocked link from the main road and side road are nearly
the same. This causes the effect of the offset to be almost
negligible.

The main conclusions from investigating the effects of
turning movements are:

The turning movement can have an effect on the value of
the offset which will maximise capacity. This is demon-
strated in figure 4.

The optimum offset gives priority to those vehicles which
do not wish to travel along the blocked link.

3.2 WASTED CAPACITY MEASURE

Having identified those conditions where the detailed con-
trol of the traffic signals can affect the capacity of the
network a measure of the effect was required. In order to
diagnose when there is a need to introduce special conges-
tion strategies a ‘new’ congestionindicator, Wasted Capac-
ity, has been derived. It is important that this indicator
shows the likelihood of a loss of efficiency of SCOOT in its
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Fig 4. The effect of offset over different turning movements under fixed time control

normal mode of operation, rather than just indicating the
actual level of congestion which could be measured, for
instance, as a large increase in delay. It is important to
determine not just that a network is congested but whether
the congestion will spread to other parts of the network and
cause further congestion.

A queue will cause a loss of capacity at an upstream
junction by blocking the exit from that junction while the
traffic signals are green. For each link at the upstream
junction the amount of capacity potentially lost at the link
is given by:

Lost Capacity = Time Blocked While Green x Saturation Flow

This Lost Capacity formula does not take into account that
there may be no queue to disperse on the upstream link and
therefore no vehicles would be prevented from moving.

To correct for this, Wasted Capacity is defined as:
Wasted Capacity = Min(Lost Capacity, Queue at End of Green)

and the Wasted Capacity at a node is the sum of the Wasted
Capacities for the upstream links of that node.

The Wasted Capacity measure can be derived from stand-
ard SCOOT data. A method for calculating the measure has
been implemented in the London SCOOT system where it
has been used to monitor the Wasted Capacity information
in real time. The Wasted Capacity in a SCOOT controlled

network is measured in Link Profile Units (LPU) the
SCOOT standard unit of demand. Normally a single vehi-
cle is equivalent to 17 LPU.

4. AUTOMATIC DIAGNOSIS OF
CAUSES OF CONGESTION

4.1 INTRODUCTION

A formal method of analysing congestion using Wasted
Capacity has been developed and automated into a compu-
ter program called MONACO (MONitoring and Analysis
of Congestion).

4.2 FUNCTIONAL SPECIFICATION

MONACO uses Wasted Capacity as aquantitative measure
of the problems caused by congestion. Wasted Capacity is
measured along routes that traverse a SCOOT network. A
route is a series of SCOOT links that form a path through
the area under SCOOT control. At present routes are
entered into MONACO, but the program could be en-
hanced to read the SCOOT database and build up routes by
using the “Main Downstream Link” of the current link to
find the next link in the route. An example would be links:

NO01/184e — N01/190a — N01/212e - N01/040a



Link NO1/040a is the “main Downstream Link” of link
NO01/212e etc. As shown in figure 5, these particular links
form a route travelling south along Regent Street across
Oxford Circus. The interpretation of the levels of Wasted
Capacity on different links in a route enables discovery of
the critical link. The critical link is the link suspected of
causing Wasted Capacity upstream on a route. Should
several links have high levels of Wasted Capacity and then
the next have little or none it is probable that the link has
some form of obstruction on it. The critical link is defined
as the first link with little or no Wasted Capacity in a route
after (or downstream of) links with severe Wasted
Capacity. For example, in the above route, if the levels of
Wasted Capacity were 550, 650, 0 and 0 LPUs respectively
(approximately 32, 38, 0 and 0 vehicles in the last analysis
period) then link NO1/212e would be the critical link and
node N01/212 would be the critical node.
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Fig 5. Route travelling south down Regent
Street from N0O1/184e to N01/040a
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MONACO is an IBM-PC (or compatible) based suite of
programs that connects to, converses with and monitors an
urban area under SCOOT control. Build ups of Wasted
Capacity are calculated and measured and excessive amounts
reported to the operator via a graphical display.

MONACO detects and diagnoses Wasted Capacity by the
following method. Every five minutes eachrouteis checked
for excessive amounts of Wasted Capacity, should this be
the case then MONACO investigates the route. During
investigation MONACO will discover the critical link, the
link where the congestion in spreading back from, and then
attempts to diagnose the possible cause. A diagnosis given
by MONACO will be governed by following the ‘decision
tree’ in figure 6.

MONACO uses the decision tree to determine the probable
cause of Wasted Capacity along a route in the monitored
area. An example of how MONACO does this is given
below, using the Regent Street route mentioned above:

Stage 1:  Wasted Capacity is measured along the above
route, at the end of the five minute interval the
levels of Wasted Capacity on this route are
considered to be excessive.

Each link in the route is examined. Wasted
Capacity is found on links N01/184e and NO1/
190a, noneis found onlinks NO1/212e or NO1/
040a. This identifies link N01/212¢ as the
critical link.

Stage 2:

MONACO starts at the root of the decision
tree (the top in figure 6). The question here
asks ‘is the critical link heavily over satu-
rated?’. This is the case, so MONACO fol-
lows the ‘yes’ path from its current position on
the decision tree.

Stage 3:

Stage 4: MONACO arrives at another question in the
decision tree. The question here asks ‘is there
a faulty detector at the critical node?’. This is
also true, link N01/212f has a faulty detector.
Again, MONACO follows the ‘yes’ path from
its current position on the decision tree.
Stage 5: MONACO arrives at a positionin the decision
tree with no questions. The position explains
the probable cause on the Wasted Capacity as
Default split wrong. So, for this example,
MONACO would output a message stating
the problem is likely to be associated with the
default split for link NO1/212f (the faulty
link).
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Fig 6. The decision tree used by MONACO

43 TESTING OF MONACO

Initially, MONACO was tested using off-line data already
collected from the SCOOT computers in London; these
tests enabled calibration of MONACO. After the off-line
tests, the MONACO system was loaded onto a Viglen 386
Personal Computer and installed in the Operations Room at
TCSU, Smiths Square, London for on-line testing.

4.3.1 Area to study

With MONACO installed in a single micro-computer, it
was limited to studying SCOOT areas operated by one
single SCOOT computer at a time. Therefore a decision had
to be made as to which area, and therefore which computer,
to choose. The decision was made to connect MONACO to
the new VAX computer that now controls central London
(referred to as SCOF in the TCSU computer network). This
area, controlled by the SCOF SCOOT computer, stretches
from Edgeware Road in the West to Shaftesbury Avenue in
the North. SCOF is also responsible for the Trafalgar
Square area.

432 Format of MONACO output

When MONACO detects and diagnoses the occurrence of
congestion it displays messages to the operator and records
information about the links affected. The links affected are
considered to be all those links from the start of the
congested route up to the critical node and in addition all
those links attached to the critical node, for example:

i
N01/091b 0 157 1020
N01/007e 0O 106 234
NO01/008a 0 78 0
NO1/008b 1 -1 0

This data is concerned with a problem in Trafalgar Square,
see Figure 7. The route affected was the Saint Martin’s
Lane entry to the north of the Square, travelling south. The
congested route follows links N01/091b, N01/007e and
N01/008a, which is the critical link. The only other link at
the critical node is N01/008b, giving a total of four links.
Each of the affected links in the route is stored with three
values, these are:

i.  detector status: this value is either 0, if the detector
on that link is functional, or 1 if it is faulty.

ii. percentage saturation: this is the percentage satura-
tion of the link (-1 indicates that the link is faulty).

iii. Wasted Capacity: this is the total Wasted Capacity
calculated for the link, summed over the previous
five minutes.

As well as the above information, which is logged to disk,
MONACO outputs two messages to the operator informing
him of the location of the congestion, its severity and
probable cause. An example of MONACO’s warning mes-
sages would be:

11



18:10:00 KO1 NO1/008b DEFAULT OFFSET WRONG
18:10:00 K02 CHAIN NO01/091b, LINK N01/008a IS
CRITICAL, WASTED = 1254 LPUs

These two messages, which are linked to the example
above, are output to the operator and logged to disk. The
K01 message informs the operator of the probable cause of
the congestion and the link from which the problem is
emanating, in this example N01/008b. The K01 message
can take seven formats depending on the probable cause of
the Wasted Capacity, these are:

<time> KO1 <link> DEFAULT OFFSET WRONG
<time> K01 <link> DEFAULT SPLIT IS WRONG
<time> KO1 <link> POSSIBLE VALIDATION PROBLEM
<time> K01 <link> CONGESTION OFFSET REQUIRED
<time> K01 <link> CONGESTION OFFSET WRONG
<time> K01 <link> HIGHER CONGESTION
IMPORTANCE FACTOR REQUIRED
<time> KO1 <link> ALTERNATIVE STRATEGY
REQUIRED

The K02 message takes just one format, this shows the time
of the warning, the link at the start of the congested route,
in this example N01/091b, the critical link on the route,
NO01/008a and the amount of Wasted Capacity created, in
this case 1254 link profile units worth.

4.4 ANALYSIS OF DATA

MONACOcollects and logs Wasted Capacity data over the
monitored area plus any build ups of Wasted Capacity,
recognition of Critical Links and a diagnosis of congestion
detected. These log files were collected from the MO-
NACO PC in London and examined at TRL.

Over a one week period, MONACO detected and diag-
nosed 156 congestion problems, as MONACO was being
tested no immediate remedial action was taken and many of
the 156 problems were repeat diagnoses of earlier prob-
lems. MONACO consistently found 10 critical links and 10
problem links on 8 different routes through the monitored
area. The congestion problems MONACO can recognise
fall into four broad categories.

44.1 Validation problems

If a problem is being caused by an unvalidated link in the
monitored area, MONACO uses the message below to
warn the operator:

POSSIBLE VALIDATION PROBLEM

This message is designed to tell an operator that a link in the
area has possibly not been validated and is causing Wasted
Capacity. This problem was detected in the earlier off-line
testing of MONACO. There was only one occurrence of
this problem in the area and, since then, the link has been
validated. MONACO did not report this problem during the
on-line testing.

12

4.4.2 Faulty detector messages

If a congestion problem is caused by a faulty detector,
MONACO alerts the operator with either of the two mes-
sages below, depending on the circumstances:

DEFAULT OFFSET WRONG

DEFAULT SPLIT IS WRONG
Both of these messages warn the operator that a faulty link
in the SCOOT network is causing congestion. The first
states that a link is operating with an incorrectly validated
default offset, suggesting that the operator should try alter-
native values. The second message informs the operator
that a link at the critical node is operating at the wrong
default split.

These two messages were reported in 43 cases over a one
week period. Many of these were situated on link N01/008b
in Trafalgar Square. The following three examples were the
most frequently observed:

i.  The following messages were output:

NO01/081b 0 548 1204
NO01/007e 0 156 369
NO01/008a o 78 O
NO1/008b 1 -1 0

13:20:01 KO1 N01/008b DEFAULT OFFSET WRONG
13:20:01 KO2 CHAIN N01/091b, LINK N01/008a
IS CRITICAL, WASTED = 1573 LPUs
The affected links in the route are:

N01/091b — N01/007e — N01/008a

3\6“

L

O
— 91 st Martin's Lane

aus

\|'295°
Strand

National Gallery

S
%
Trafalgar Square 8 O
< Q/
[8 >

g O 1/9F

Fig 7. Route N01/091b through Trafalgar Square



This output states that link NO1/008b is faulty and that there
is a possible problem with the default offset. MONACO has
reported a problem on this link as many as 60 times in a one
week period. Investigation has shown that link N01/008b
alternates between going suspect faulty and functional on
a frequent basis. A detector goes suspect faulty when it has
been occupied continuously for more than three minutes,
study of link NO1/008b has shown that this often occurs due
to the geometry and traffic flow of the area. The action that
should be taken for this link is to increase the suspect
detector timeout so that the detector is not mistakenly set
faulty.

ii. The MONACO information below was recorded
for the route eastwards along Mortimer Street:

NO1/184h 0O 296 435
NO1/185d 0O 130 156
NO1/186h 0 128 121
NO01/187d o 79 121
NO1/188h 0 121 530
NO1/189d 0O 109 ©

N01/189b 1 -1 0

'15:40:00 K01 NO1/189b DEFAULT SPLIT IS WRONG
15:40:00 K02 CHAIN NO1/184h, LINK N01/189d IS
CRITICAL, WASTED = 1363 LPUs

Figure 8 shows the links comprising the route east along

Mortimer Street and the links associated with the critical
node. The links in the route are shown below.

Regent Street

NO01/184h — N01/185d — N01/186h — N01/187d
— N01/188h — N01/189d

Link N01/189d is shown as being critical in the route, i.e.
there is no Wasted Capacity on this link but a significant
amount upstream, suggesting that there is a problem with
this link. Link N01/189b is flagged with the message that
the default split is wrong, the probable cause of the conges-
tion. This message informs the operator that the default
split, currently in operation because the link is faulty, is
incorrect. This is therefore causing abuilding up of conges-
tion along Mortimer Street. MONACO has shown that the
default split in operation for link N01/189b is incorrect, an
investigation as to this being generally true or that the
Wasted Capacity only occurs at certain times has not been
carried out yet. It might be the case that this default split
works effectively for the greater part of the day and that no
change would be advantageous.

iii. A third example of an incorrect default split is:

NO01/212g 0 750 1164
NO1/190a 1 -1 o
NO1/190c¢ 0 108 O
NO1/190b 0] 98 O

13:10:00 KO1 N01/190a DEFAULT SPLIT IS WRONG
13:10:00 K02 CHAIN N01/212g, LINK N01/190c IS
CRITICAL, WASTED = 1164 LPUs

G
Tottenham Court Road 6,‘7

Fig 8. Route N01/184h east along Mortimer Street
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This output was connected to the route shown in figure 9
that travels north across Oxford Circus. The links in the
route are:

N01/212g — N01/190c

link NO1/190ais flagged as the default split being too large.
The default split on link N0O1/190a is too small, causing too
little green time on link N01/190c which has caused the
Wasted Capacity on link N01/212g. As with example ii.
above, no investigation as to the ideal default split has been
carried out, the current setting might be the best ‘general
case’ value possible.

44.3 Congestion offset message

Should MONACO suggest that a congestion problem is
caused by an incorrectly set, or the lack of, a congestion
offset one of the messages below is displayed to the
operator.
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Fig 9. Route N01/212g north up Regent Street
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CONGESTION OFFSET REQUIRED
CONGESTION OFFSET WRONG

The CONGESTION OFFSET WRONG message did not
appear in the course of testing MONACO. This was due to
there being no serious congestion occurring on the few
links that have congestion offsets. The CONGESTION
OFFSETREQUIRED message appeared for the following
links:

N01/007¢, N01/176x, N01/040a, N01/247f and N01/295d

Travelling west above Oxford Circus is a route crossing the
northern section of Regent Street, see figure 10. The fol-
lowing MONACO data was recorded for this route:

NO1/194f 0 134 1009
NO01/190b 0 118 168
NO1/247e 0 3 0
NO01/247f 0 60 O

15:10:00 KO1 NO1/247f CONGESTION OFFSET
REQUIRED

15:10:00 KO2 CHAIN NO1/194f, LINK N01/247f IS
CRITICAL, WASTED = 1177 LPUs

The links in the route are:
NO01/194f — N01/190b — N01/247f —» N01/243b

Link N01/247f is identified as the critical link, link NO1/
190b has minor Wasted Capacity along it and, further
upstream, link N01/194f has very heavy Wasted Capacity.
The critical link is a ‘short’ link, i.e.. it is short enough that
the offset along them is very important to the traffic flow.
The importance of the offset and the Wasted Capacity that
is being caused would suggest that a congestion offset on
this link would be appropriate.

In fact, all the links in this route are ‘short’. It would
probably be wise to consider adding a congestion offset to
link N01/190b as well. It can be seen that link NO1/190b is
also causing Wasted Capacity since the Wasted Capacity
levelsincrease as you move upstream from the critical link,
in addition, N01/190b has short green times, making the
offset more important still. This observation has been made
from the existing output shown above, had the operator
merely placed a congestion offset on link N01/247f, as
MONACO suggests, then MONACO would have detected
the same problem at a later time, but with link NO1/190b as
the critical link.

444  Saturation messages

If a congestion problem is caused by an oversaturation of a
link or node, MONACO alerts the operator with either of
the two messages below, depending on the circumstances:

HIGHER CONGESTION IMPORTANCE FACTOR
REQUIRED

ALTERNATIVE STRATEGY REQUIRED
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The HIGHER CONGESTION IMPORTANCE FACTOR
REQUIRED message informs the operator that critical link
is oversaturated in relation to the other links at the critical
node, meaning that the critical link requires a higher con-
gestion importance factor to gain more of the available
green time at that node.

The ALTERNATIVE STRATEGY REQUIRED message
informs the operator that the critical link and other links at
the critical node are oversaturated, indicating a more seri-
ous congestion problem requiring a more global solution.

The MONACO output:
NO01/213b 0 0 1015
NO1/212e 0 94 137
No1/212h 0 121 0
NO1/212g 0 72 116
NO1/212f 0O 165 0

14:15:00 KO1 NO1/212f HIGHER CONGESTION
IMPORTANCE FACTOR REQUIRED

14:15:00 K02 CHAIN N01/213b, LINK N01/212f IS
CRITICAL, WASTED = 1015 LPUs

Indicated that a higher congestion importance factor was
required.

The congested route is west bound along Oxford Street
across Oxford Circus. The links involved are:

NO01/213b —» NO1/212f

MONACO has informed the operator that the congestion
importance factor on link N01/212f (western approach to

Oxford Circus) is probably too low in relation to the other
links. Congestion is building up along Oxford Street at link
NO1/213b. This message appears when the saturation on
the problem link (N01/212f) is significantly higher than the
other links at the critical node. Suggesting that the problem
link should be allowed more weighting when SCOOT
decides the green split.

An example of when the ALTERNATIVE STRATEGY
REQUIRED message appeared occurred at Trafalgar
Square: :

NO01/091b 0 0 1800
NO1/007e 0O 149 O
NO01/007h 0 202 0
NO01/007d 0o 70 O

15:20:00 KO1 NO1/007e ALTERNATIVE STRATEGY
REQUIRED

15:20:00 KO2 CHAIN N01/091b, LINK N01/007¢ IS
CRITICAL, WASTED = 1800 LPUs

Figure 7 shows the area affected, the links involved in the
route are:

NO01/091b — N01/007¢

The ALTERNATIVE STRATEGY REQUIRED message
appeared for link N01/007e three times during a one week
period. The percentage saturation on the critical link (NO1/
007e) is very high while the competing links also show high
saturation. In this case, no simple node based solution will
have a positive overall effect because the node is com-
pletely oversaturated. Possible actions are to reroute vehi-
cles to avoid the congested area and therefore decrease

15
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Fig 11. Route N01/213b west across Oxford Circus

demand or set up a gating system to relocate the traffic
queues to a less sensitive location.

4.5 CONCLUSIONS FROM
ANALYSIS
4.5.1 Benefit of MONACO

Itis clear that MONACO is finding consistent and relevant
information about the SCOOT area it has been tested on.
MONACO has produced information about congestion
problems, their location and severity along with the prob-
able cause. The probable cause of the congestion can
currently fall into one of four categories, each of which is
reported by one or more MONACO messages:

i.  Validation problems, where a link has not been
validated, this occurred once in the early testing
stages of MONACO and the problem has been
rectified.

ii. Faulty detector problems, where the loss of traffic
information from one or more detectors causes
SCOOT to lose some of its responsiveness. MO-
NACO will only detect problems due to a faulty
detector when the default logic is unable to prevent
congestion. Normally this will only happen if the
default parameters are inappropriate. The operator
can then either prioritise the detector repair sched-
ule or adjust the default parameters.

iii. Congestion offset problems, where a congestion
offset is either required or an existing one is inaccu-
rate.

iv. Saturation problems, these can inform the operator
that a particular approach to a junction is being
penalised, or more seriously, when a junction is
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oversaturated. Where saturation problems are
indicated, it may be possible to solve them by fine
tuning the junctions that MONACO indicates are caus-
ing problems. This may be achieved using congestion
offsets, more accurate default values for when alink goes
faulty or increasing the priority a link has at a junction. If,
however, thereis persistent oversaturationin the network,
these measures will not be sufficient and other solutions
will need to be applied. MONACO indicates this by
outputting an ALTERNATIVE STRATEGY RE-
QUIRED warning message. This is discussed in the
following section.

4.5.2  Alternative strategy required warning

Wheneverthe ALTERNATIVESTRATEGY REQUIRED
warning message is presented to the operator simple adjust-
ments to the SCOOT database, the ‘fine tuning’ mentioned
above, are not sufficient to solve the congestion problem.
This warning is given when a particular junction is over
saturated on several links, caused by the level of traffic
approaching, or exceeding, the maximum the road network
can accommodate. In these situations the traffic engineer
has the option of employing a traffic management tech-
nique such as a SCOOT procedure or gating to restrict the
volume of traffic approaching the junction. These methods
are discussed below. Should the engineer fail to solve the
problem using traffic management techniques then he
might have to resort to civil engineering solutions, such as
redesigning the junction, with the associated cost and
disruption that this would cause. In some situations, junc-
tion redesign could be impossible because of the positions
of local buildings etc.

Where traffic management solutions are inadequate and
civil engineering solutions are not possible, or too expen-
sive, the congestion and resultant delay may just have to be
accepted.



4.5.3 Alternative congestion strategies

As mentioned in the previous section, an operator can use
traffic management techniques to remedy a congested
situation. Two methods of doing this are:

SCOOT Procedures

Procedures are a set of predetermined SCOOT commands
for split weighting, offset weighting etc. These commands
are grouped together much like a computer program and
will change the behaviour of a certain part of the network
when started. The traffic engineer, in response to a regular
occurrence of congestion, determines the SCOOT com-
mands required to relieve the situation and places these
commands into a procedure. From then on, when that
particular situation occurs, the operator calls the procedure
and the remedial action is carried out. When the problem
eases, the procedure is removed.

Procedures are very flexible, they can contain whatever
commands the engineer sees fit, some might reduce the
green splits on links approaching a problem area thus
keeping the problem area relatively free of vehicles, others
might force the SCOOT computer to provide ideal offsets
for a particular route through the network, providing a
‘green wave’ effect that can be switched on and off at will.
However, procedures have two drawbacks, they are only
useful for regular occurrences of congestion and they must
be manually started and then stopped again by the operator.

The only location where the ALTERNATIVE STRAT-
EGY REQUIRED warning occurred during the testing of
MONACO was for link N01/007e, in Trafalgar Square.
This area already has a set of procedures to temporarily
change certain database values in order to clear the area of
traffic.

Gating

Gating, as described in section 2, is a traffic management
tool that automatically responds to congestion. The traffic
engineer on noticing a recurrent congestion problem, sets
up a gating strategy to automatically adjust green splits
leading to or away from the problem area. The engineer
identifies a ‘bottleneck link’, the saturation of which is
constantly monitored. If the saturation exceeds a preset
level, the green splits on one or more ‘gated links’ are
adjusted, either to restrict the flow of vehicles into the
problem area, or to enable a greater flow of vehicles out of
it.

Gating is less flexible than procedures because only the
green splits on the gated links are changed. However, once
set up, it requires no manual observation to operate. As yet
no gating systems have been set up in the London SCOOT
area monitored by MONACO.

5. AREA WIDE STRATEGIES

As stated in the introduction, capacity maximising signal
timings have the potential to increase the throughput of a
road network and could form an area wide strategy for the
alleviation of congestion. TRL has been investigating the
potential of capacity maximising signal timings. The best
known method of producing network wide capacity max-
imising timings is PO (Smith 1980). However, in this work
a less extreme approach has been taken. The SCOOT split
optimiser equalises the maximum degrees of saturation at
each junction. At the ideal node cycle time, such equi-
saturation settings approximately minimise delay at the
junction, In general, capacity in a network can be increased
under congested conditions by moving away from equi-
saturation timings to signal timings biased in favour of
roads with the greatest capacity at a junction. For example,
a dual carriageway main road would be run at a lower
degree of saturation than a single carriageway side road
crossing it. Although PO would, theoretically, give greater
network capacity than the simple approach of biasing high
capacity links, the simple approach could be easily imple-
mented using the existing SCOOT weighting facilities. The
objective function of the SCOOT Split optimiser could be
changed to PO, rather than equi-saturation, however, such
a modification could create a large change to the signal
timings. The effect of this change would be unpredictable,
particularly in the short term, as it would depend on drivers’
reactions and rerouting in response to the changes.

To obtain some information on the likely effects of modi-
fied timings, CONTRAM has been used to model the
changes. From a set of origin-destination flows, CONTRAM
models the junction delays and assigns traffic to the mod-
elled road network to minimise the total delay in the
network. In assigning traffic to the network, CONTRAM
assumes perfect knowledge by the drivers and, therefore,
perfect rerouting in response to any change in signal con-
trol. Within this project, CONTRAMI, the incident version
of CONTRAM, has been used to investigate how the
benefit predicted by CONTRAM depends on drivers’ re-
routing. To model an incident, CONTRAMI starts with an
optimum traffic assignment from a CONTRAM run for
normal operation of the road network. An incident is then
imposed on the network, by reducing the saturation flow of
one or more links. Drivers will not have full knowledge of
the “new” network with the incident. Therefore, acomplete
reassignment using CONTRAM is not appropriate.
CONTRAMI models driver response by allowing a user
defined proportion of drivers to divert in response to
abnormally large queues on links. Within this project,
CONTRAMI has been used to treat the new signal timings
as an “incident” and indicate how the network delay varies
as different proportions of drivers respond to the “inci-
dent.”
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5.1 NETWORK

A real road network has been simulated using CONTRAM
and CONTRAMI. The network chosen was the CONTRAM
network of Kingston-upon-Thames that has been used in
previous studies by TRL, including work on how best to
deal with incidents in congested conditions. Figure 12
shows the network. It should be noted that, since the roads
were coded for CONTRAM, the one-way system in King-
ston town centre has been extended and modified. How-
ever, the old road network, as used here, is more suitable for
our work. The new one-way system so dominates the road
network that there is little practical alternative to using it
and so little scope for rerouting. The network has 41 nodes
and atotal of 150 links, of which 43 are controlled by traffic
signals. It is large enough to provide realistic scope for
rerouting, but small enough to have reasonable computer
run times and for the results to be interpreted sensibly.

5.2 DERIVING THE BASE SIGNAL
TIMINGS

The timings to betested have been generatedby TRANSYT.
However, the signal timings depend on the traffic flows in

the network and in turn these flows depend on the routes
chosen by drivers in the network. Therefore, it is necessary
to iterate CONTRAM to assign the traffic and produce the
network flows and TRANSYT to produce appropriate
timings for those flows. The computer program INTRESS
was used to iterate TRANSYT, operating without any link
biases, and CONTRAM. TRANSYT optimisation of splits
differs in detail from that of SCOOT as it aims to minimise
a weighted sum of delay and stops rather than equalise
degrees of saturation. However, the resulting timings are a
good approximation to those from normal SCOOT opera-
tion for this project. The resulting delays modelled by
CONTRAM represent the network delay for minimum
delay control with drivers optimising their routes for these
signal timings. The iteration of CONTRAM and TRANSYT
did not converge very well. The total CONTRAM network
journey time fluctuated between runs. It was not part of this
project to investigate the stability of the convergence proc-
ess; such studies would constitute a significant research
programme on their own.

TRANSYT and CONTRAM are iterated because it should
be possible to reduce delays by optimising the signal
timings for the routes drivers take through the network.

NODE NOTATION @
SIGNALS: 900 - 914
OTHER : 800 - 826

ORIGINS + DESTINATIONS [33]
LINKS IN BOLD ARE THOSE

CONTROLLED BY MODIFIED
SIGNALS

Fig 12. Kingston-upon-Thames CONTRAM network
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It was clear from the intermediate results of INTRESS that
little extra benefit was being obtained by the later iterations.
Although INTRESS had not converged to a stable result,
the trend towards reduced delay stopped after a few itera-
tions. Therefore, a set of signal timings and traffic assign-
ment was chosen for the base case. The chosen set corre-
sponded to a low point of the oscillation when the trend to
reduced delay had flattened out. This base case was for an
optimum traffic assignment to a set of traffic signal settings
that produced low network delay. It is very unlikely that the
network delay could be significantly reduced by further
iterations with the same control method. Therefore, the
chosen base case provided a good basis for testing possible
improvements to the signal control method.

5.3 BIASING THE SIGNAL
TIMINGS

Having calculated the base signal timings and associated
delays, the next stage was to look at the effects of biasing
timings in favour of the higher capacity signal controlled
links. The TRANSYT link bias facility was used to modify
the signal timings. TRANSYT works by minimising its
“Performance Index,” a weighted sum of delay and stops. For
abiased link, the delay contribution to the performance index
is the product of the calculated delay and the bias. Therefore,
abias of greater than 100% increases the importance of delay
on that link and the TRANSYT optimiser will derive greater
benefit by reducing delay on that link. Conversely, biases of
less than 100% will make delay less important.

To simplify the task of understanding the results, biases
were first applied at single junctions to gain an understand-
ing of the effects. The tests at individual junctions were a
preliminary stage, before biasing all the signal controlled
junctions. Therefore, it was desirable to minimise the
computer time needed for these tests. A fullrun of INTRESS
to iterate CONTRAM and TRANSYT was not justified.
TRANSYT was run with link bias and the flows from the
base case. CONTRAM then took the resulting timings and
reassigned the traffic with full driver knowledge of the
modified signal timings. A range of biases was tested at
each junction, typically up to 200% on favoured links and
down to 50% on disbenefitted links.

Considerable care was needed when choosing which links
to favour with the bias. A stage based control system is
being considered and, therefore, it is necessary to bias in
favour of the stage that has the largest saturation flow when
the saturation flows for all the links that are green during
that stage are summed. The individual link with the highest
saturation flow at a junction may not be the one that should
receive the favourable bias. This consideration will be the
same in a real network as well as a simulated one.

A second point, with an assignment program such as
CONTRAM, is that traffic enters the network at fixed entry
points. It is not possible to divert such traffic away from its

fixed entry link. Therefore, a link that is directly connected
to an origin point is unlikely to be a good candidate for a
positive bias. A similar consideration will apply to select-
ing biases in a real network. In a SCOOT network, it is
unlikely that large biases will be applied to entry links. The
possibilities for diversion may well be less for entry links
but, more importantly, giving extra green time to an entry
link is likely to be giving extra green to traffic that is
entering the congested network; it is more likely that
restrictions will be needed for entering traffic.

Having gained an understanding of the effects of biasing
single junctions, biases were applied at all the appropriate
signal controlled nodes and INTRESS run. The results of
this run show the maximum benefit from the change in
signal control as CONTRAM was used and assumed full
driver knowledge and response to the new method of
control. CONTRAMI was then used to test the effects of
limited knowledge and response to the new signal timings.

5.4 RESULTS OF CONTRAM
NETWORK TESTS

From the results on individual junctions it appeared that
weights in the middle of the range tested, 150% on favoured
links and 60% on disbenefitted links were most likely to
give an overall benefit. However, the effects of network-
wide weighting of different strengths needed to be investi-
gated. This was done by varying the weightings in different
ways, but using the same weightings at all signalled junc-
tions within any one run. The selection of which links to
benefit, bearing in mind the factors discussed in the previ-
ous section, had already been done for the individual node
tests and no further selections were needed. INTRESS was
used to iterate TRANSYT and CONTRAM with the pre-
scribed link weightings in TRANSYT to provide a stable
set of routes and signal timings.

As with the base case, the iteration of TRANSYT and
CONTRAM did not converge quickly to a single, stable
solution. It is possible that the use of weightings does make
the process intrinsically less stable because TRANSYT
will be more sensitive to delay on the positively weighted
links. Again, investigation of the stability was outside the
scope of this project.

Figure 13 shows the results of the CONTRAM (i.e. full
driver knowledge) tests for different strength weightings
over the whole network.

It is clear from Figure 13 that weighting the links to favour
the higher capacity roads can reduce the delay in the test
network, but as the weightings are increased beyond the
optimum the delay increases; the optimum weightings
agree with the results on individual junctions. With these
flows, the maximum reduction in journey time was just
over two per cent, equivalent to a reduction in delay of
about seven per cent.
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Fig 13. Network journey time (veh-h) against
TRANSYT link weighting

5.5 RESULTS OF CONTRAMI
TESTS

The incident version of CONTRAM, CONTRAMI, was
used to investigate drivers responses to the modified signal
timings obtained using the “best” set of weightings, 60/150
from the CONTRAM tests. The changes in signal timings
were treated as an “incident,” that is some drivers were
allowed to change routes in response to queues caused by
the new signal timings and the others were constrained to
their original routes. This use of CONTRAMI is an exten-
sion from its original purpose.

CONTRAM and CONTRAMI respond to the change in
signal timings in two different ways. In CONTRAM driv-
ers are assumed to have full knowledge of the network and
to choose their best routes. Therefore, when the signal
timings are changed a completely new optimisation takes
place. With CONTRAMLI, the basic routes are taken from
aprevious CONTRAM run and some drivers are allowed to

change from their base route in response to queues encoun-
tered ontheir journey. This is a very different process from
re-optimising the whole network in response to the changed
signal timings. Therefore, even when all drivers are al-
lowed todivertin CONTRAMI they would not be expected
to find as good routes as they would with full knowledge in
CONTRAM.

The results of the CONTRAMI tests are given in table 4.
The signal timings were for the optimum set of weights
from the CONTRAM tests, 60% to the minor links and
150% to the major links.

Several effects can be seen in the results in Table 4. Firstly,
even when nodrivers are allowed to divert the total network
journeytime is less with the biased signal timings than with
the unbiased ones. Some of this effect may be due to the
fluctuations between CONTRAM runs and some to the
benefit of giving extra green time to the higher capacity
links with the normal traffic pattern. The second effectis a
small further reduction in journey time as drivers are
allowed to divert within CONTRAMI. The effects of
diverting in response to traffic queues are not as great as
reassigning the traffic with full knowledge of the new
signal timings as shown in the last line of the table.

Methods to increase the capacity of a network become
more important as the level of congestion in a network
increases. Therefore, the tests on the Kingston-upon-Thames
network were repeated with increased traffic flows. It was
not possible to increase the flows much without grossly
oversaturating the network, hence the flows to the network
were uniformly increased to 105 per cent. As for the base
case, the effects of different proportions of drivers divert-
ing was tested using CONTRAMI for the increased flow
level.

With the increased flow levels, all the benefit of biasing the
timings was seen even when no drivers could divert. For
this road network, it appears that with the high flows and
greater congestion, the optimum traffic assignment for
normal signal operation is effectively the same as that for

TABLE 4
Results of CONTRAMI tests
Percentage eligible for Total network journey

diversion time (veh-h/h)
Base case no weightings n/a 616.5
CONTRAMI 0% 606.3
CONTRAMI 25% 605.5
CONTRAMI 50% 605.5
CONTRAMI 75% 605.0
CONTRAMI 100% 605.0
CONTRAM n/a 602.5
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the biased timings. All drivers who can benefit by using the
high capacity roads are using them with the normal timings.
Weighting the signal timings in favour of those roads
reduces network journey time, but does not cause signifi-
cant traffic re-routing.

The use of CONTRAMI to model driver response to
modified signal timings is an extension to its normal
operation. The details of the internal operation mean that
the modelling of driver response will not be as good as for
a traffic incident. Therefore the results should be taken as
indicative rather than definitive. The conclusions from the
modelling are:

The full CONTRAM runs show that there is potential
benefit from using capacity maximising timings.

The level of the benefit in the network testes did not
appear very sensitive to the proportion of drivers
responding to traffic queues. However, simply re-
sponding to queues did not produce the full benefit.
Therefore, some time would probably be needed for
drivers to become accustomed to the new timings and
adjust their journeys appropriately.

5.6 POSSIBLE ON-STREET TESTS

Having explored the possibility of reducing congestion by
modifying the signal control, the next stage would be for a
future research project to extend this work with practical
on-street trials. Such trials would require a co-operative
highway authority, controlling a SCOOT network with
frequent congestion problems, and a method of assessing
the trial. As described in the introduction, the existing
SCOOT split weightings could be used to implement a
policy of favouring higher capacity roads, with the high-
way authorities agreement. The SCOOT system would not
need to be modified. As a second stage, an experimental
SCOOT system with an alternative objective function, PO,
for the split optimiser could be developed, if the on-street
trials were promising.

Because of the expense of manual data collection, it would
be necessary to use automatic data collection for any
extended trial. ASTRID could be used to collect SCOOT
data for an evaluation, but would need to be used with care.
The accuracy of the SCOOT model data has been assessed
for evaluation purposes (Carden 1988). That study con-
cluded thatthe SCOOT data are good for evaluation, but the
delay estimates are less reliable in congested condition
when links become exit blocked. Therefore, to evaluate the
effect of a change of control in congested conditions it
would be necessary to use both delay and congestion from
ASTRID. As the aim of the modified control strategy is to
increase the capacity of the network, the total flow in the
controlled region would also be used in the evaluation. The
SCOOT flows, which ASTRID stores, are normally good
for following changes in the level of traffic flow in the
network. However, in this test, the level of congestion may

change and affect the average speed of vehicles over the
SCOOT loops. As SCOOT uses both flow and occupancy,
a change in speed over the loop can change the SCOOT
“vehicle flow” when the actual level of flow does not
change. Therefore, it would be necessary to calibrate the
SCOOT flow against the true flow at the start and end of the
survey period. The calibration is straightforward, an ob-
server on-street measures the flow for 1 hour and the
calibration factor is the ratio of the measured flow to the
SCOOT flow for the same period.

The main difficulty in arranging a test on-street would be
the length of time required and the variability of traffic. A
learning period of several weeks would be required for
drivers to respond to the modified control and change their
routes if appropriate. The learning period would be consid-
erably longer if the network became congested only infre-
quently. Congestion is very variable. Therefore, several
weeks’ measurements would be needed for each control
method. The standard practice to minimise the differencein
background traffic conditions between control methods is
to alternate the control methods daily, or weekly. However,
because of the learning period required for drivers to
choose routes appropriate to the control strategy, such
alternation would be unacceptable for this survey. Hence,
the survey periods for each method of control would be at
least one or two months apart and seasonal variations in
traffic would confound the analysis of the results. If two
similar regions with comparable congestion problems can
be found in a city one region could be used as a control to
reduce the effects of the variations in traffic on the analysis
of the results. However, good controls are difficult to
obtain, and the comparability would have to be checked for
a period prior to the trial.

5.7 CONCLUSIONS FROM THE
AREA WIDE STRATEGY WORK

The modelling work reported here has shown that there can
be a potential benefit in modifying the SCOOT split
optimiser in congested conditions.

If the aim of the highway operator is to move the maximum
amount of traffic under congested conditions then SCOOT
weighting should help achieve this aim. It may take some
time for drivers to reroute to obtain maximum benefit from
the change in control if re-routing is necessary. However,
in some congested networks, drivers may already be choos-
ing the high capacity roads. This was the case found for the
CONTRAM model of Kingston-upon-Thames with artifi-
cially increased flows. Experiments with an operating
SCOOT system and extensive automatic data collection,
through ASTRID, would be needed to confirm the benefits.

The aims of highway authorities are moving away from
reducing vehicle delay to a much more positive attitude to
helping public transport vehicles. There has been no inves-
tigation in this project of the interaction between changing
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the normal operation of the SCOOT split optimiser and the
operation of bus priority. Such an investigation would be
best undertaken as part of a general project on public
transport priority in congested conditions. It is often the
case, in areas where congestion is likely, that bus routes
coincide with main road links to which capacity would be
biased by the proposed method. An option might be to use
capacity increases for public transport priority, forexample
by shortening the set-back of bus lanes.

6. CONCLUSIONS

An extensive study has been made of the control of urban
traffic in congested conditions.

Simulation studies have been used to identify the condi-
tions of link length and turning movements when offsets
are critical to the capacity of a network.

A new quantitative measure of the problems caused by
congestion, Wasted Capacity, has been developed.

This measure has been used as the basis of an automatic
method to analyse congestion and diagnose the cause. The
method has been automated in the MONACO computer
program. MONACO found consistent and relevant infor-
mation about the SCOOT area that it was tested on. It
produced information about congestion problems, their
location and severity along with the probable cause.

The SCOOT gating facility has been tested and shown to be
a valuable traffic management tool. It can control where
queues form in a congested road network and can relocate
queues to less critical areas of the network. As part of abus
priority scheme, Gating can move queues of delayed vehi-
cles to roads where it is possible to give buses priority, by
bus lanes, or other means, to by-pass the queues of con-
gested traffic. Therefore, Gating enables the traffic engi-
neer to give priority to buses in situations where, otherwise,
there would not be sufficient road space to reserve a
separate lane for buses.

A user guide to SCOOT Gating has been written explaining
how to employ Gating.

A global capacity maximising strategy may be of benefit
under very congested conditions. However, it may be
desirable to allocate the extra capacity to public transport
vehicles rather than general traffic where possible.
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