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(57) A traffic control system comprises at least one
traffic control device for outputting signals to control flow
of traffic for a control region, a control means for control-
ling the signals output by the at least one traffic control
device, and at least one detector for providing at least
one output signal representative of traffic within the con-
trol region, wherein the control means is configured to
control the signals output by the at least one traffic control
device in dependence on the at least one detector output
signal.
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Description

Field of the invention

[0001] The presentinvention relates to a traffic control
system, for example to a control and monitoring system
for temporary or permanent traffic signals,

Background to the invention

[0002] Known sets of temporary or permanent traffic
signals comprise a set of signal heads, each for control-
ling traffic flow through a respective traffic leg. Operation
of the signal heads is controlled using a signal controller
which controls the cyclical display of red, amber and
green signals on the signal heads.

[0003] In the simplest control system, green and red
times for each signal head in each signal cycle have a
fixed length, which may be set, for instance, at the time
of installation of the temporary traffic lights.

[0004] In an alternative known control system, each
signal head has associated with it an above ground de-
tector (AGD) in the form of a microwave sensor mounted
on the signal head, for sensing the presence of a vehicle.
The control system may operate a vehicle actuation (VA)
method. A minimum green time is set, which defines the
minimum length of time that each signal head displays a
green signal during each signal cycle. The green time for
a particular signal head is extensible beyond the mini-
mum green time, and up to a maximum green time, if one
ormore vehicles are detected by the sensor for that signal
head. Alternatively or additionally, after each signal cycle
all signal heads are turned to red and maintained on red
until a vehicle is detected by a sensor for one of the signal
heads. The signal cycle is then operated, with the first
green signal of the cycle being displayed on the signal
head for which the presence of a vehicle has been de-
tected.

[0005] The microprocessor optimised vehicle actua-
tion (MOVA) system is an example of a more sophisti-
cated vehicle actuation (VA) system. The system in-
cludes a pair of below-ground detectors associated with
each signal head, one located at a greater distance from
the stop line then the other. Vehicles are counted over
each pair of detectors, and estimates of vehicles queuing
at or on the approach to a junction, for each leg of the
junction, are obtained at any given time, During each
stage of each signal cycle, the system decides whether,
and for how long, to extend a particular green signal be-
yond the minimum green time in dependence upon the
number of vehicles that have passed over the detectors
at each leg of the junction. The MOVA system has two
modes of operation, one of which is adapted for un-con-
gested conditions, and the other of which is adapted for
situations in which queues are present on one or more
approaches to a junction.

[0006] The MOVA system generally operates to con-
trol a single set of traffic lights, although linked MOVA
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systems co-ordinating two or three closely-spaced, ad-
jacent traffic signals have also been deployed, for in-
stance at signal-controlled roundabouts. The system
controller is installed locally in a control box associated
with the set of traffic lights.

[0007] Linked set of traffic lights are also known, in
which signal timings for different sets of traffic lights at
different locations are linked, either by operation in de-
pendence upon a common timing signal (for example
derived mains frequency) or by communication between
controllers for each set of traffic lights, linked together by
cable.

[0008] In the known SCOQOT system, a central traffic
computer is used to set timings of signal cycles in a co-
ordinated fashion for many different sets of traffic signals
across a wide area, for instance across an entire city or
city centre, based on the outputs from a network of in-
duction loop detectors that detect the presence or ab-
sence of vehicles.

[0009] It is In general more straightforward to set ap-
propriate green and red times for permanent traffic lights
than is the case for temporary traffic lights, as likely traffic
flows, In the absence of abnormal conditions, may be
more predictable and as the effects of different signal
timing cycles may be observed over a significant period
of time.

[0010] Itis an aim of the present invention to provide
improved, or at least alternative, temporary and/or per-
manent traffic control systems.

Summary of the invention

[0011] In a first, independent aspect of the invention
there is provided a traffic control system comprising at
least one traffic control device for outputting signals to
users to control flow of traffic for a control region, a control
means for controlling the signals output by the at least
one traffic control device, and at least one detector for
providing at least one output signal representative of traf-
fic within the control region. The control means may be
configured to control the signals output by the at least
one traffic control device In dependence on the at least
one detector output signal,

[0012] By controlling the signals output from at least
one traffic control device in dependence on detector sig-
nals representative of traffic within a control region (for
example, a junction, or roadworks region) as well as or
instead of controlling the traffic control devices based on
fixed timings or on traffic on approach to the control re-
gion, greater accuracy, efficiency or safety in the control
of traffic flows may be obtained. It has been found that
traffic conditions or events occuring within the control re-
gion itself can have a significant impact on the operation
of a controlled junction, roadworks or other controlled
region, and by taking such traffic conditions into account
improved traffic flow may be obtained.

[0013] The traffic control system can be particularly
suitable for use as a temporary traffic light system, for
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example associated with roadworks (although it can also
be suitable for use as a permanent traffic light system).
Driving conditions through roadworks or other temporary
traffic-controlled regions can be difficult, with increased
variability of vehicle speeds and increased possibilities
of delays (for example due to accident or hesitancy of
drivers) of individual vehicles within the region. Further-
more, control regions associated with temporary traffic
light systems, for instance at roadworks, can be long,
with significant variability of vehicle transit times through
the control regions. It has been found that the optimum
green or red times for each traffic light cycle may vary
from cycle to cycle in dependence on driver or vehicle
behaviour within the control region or vehicle properties.

[0014] The control of flow of traffic for a control region
may comprise controlling access of vehicles to the control
region.

[0015] The control region may be located between at

least two approaches to the control region, and the con-
trol means may be configured to control the signals output
by the at least one traffic control device to alternate ac-
cess to the control region from the at least two approach-
es.

[0016] The system may comprise a plurality of traffic
control devices, each ftraffic control device being ar-
ranged to control flow of traffic into the control region from
a respective different approach to the control region, and
the controller may configured to control each of the traffic
control devices in dependence on the at least one detec-
tor output signal representative of traffic within the control
region.

[0017] The control means may be configured to deter-
mine the value of a traffic-related parameter. The control
means may be configured to determine the value of the
traffic-related parameter from the at least one outputfrom
the atleast one detector located within the control region.
[0018] The control of signals output by the control de-
vice may comprise controlling the timing or content of the
signals output by the control device.

[0019] The traffic control device may comprise at least
one traffic light signal unit. The controlling of signals out-
put by the control device may comprise controlling the
timing of signals output by the at least one signal unit (for
example, red time, green time, and/or signal cycle time
for the or each of the signal units).

[0020] The atleast one detector output signal or traffic
related parameter may be representative of the presence
or absence of a vehicle in the control region, and the
control means may be configured to extend a red time
and/oragreentimeinresponse toa vehicle being present
in the control region.

[0021] The control means may be configured to use
an algorithm to determine the timings of operation of the
at least one signal unit The controlling of the timing of
signals output by the at least one signal unit may com-
prise selecting an algorithm and/or selecting a value for
at least one parameter used in the algorithm. An algo-
rithm in this context may be at least one or any combi-
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nation of calculation, selection or process steps used to
determine the timing of operation of the at least one signal
unit. The algorithm may be implemented in hardware or
software or any suitable combination of hardware and
software.

[0022] The or each signal unit may be for controlling
flow of traffic into the control region from a respective
approach to the control region. Each signal unit may be
located at the edge of the control region. Each signal unit
may have a respective stop line associated with it, and
the control region may be delimited by the stop lines.
Each approach to the control region may be a respective
leg of a junction.

[0023] Alternatively or additionally, the traffic control
device or at least one of traffic control devices may be
provided in the control region. The or each traffic control
device in the control region may be configured to control
access to or from the control region from at least one
intermediate entry or exit within the control region (for
example works access to the control region). The or each
traffic control device in the control region may comprise
at least one traffic light signal unit.

[0024] The or each detector may be located at an in-
termediate position between the signal units. The or each
detector may be moveable.

[0025] The system may comprise further detectors
outside the control region. The further detectors may be
provided on at least one approach to or exit from the
control region. A respective plurality of detectors may be
provided for each approach to or exit from the control
region at different distances from the control region. A
single detector, or two detectors, may be provided for
each approach or exit. Alternatively, between three and
ten, or between four and eight detectors may be provided
for each approach or exit.

[0026] The control means may be configured to control
the signals output by the control device in dependence
upon at least one output from the at least one further
detector outside the control region, as well as in depend-
ence on the output from the at least one detector within
the control region.

[0027] The control means may be configured to set the
timing of signals output by the at least one signal unit,
and the controlling the timing of signals In dependence
upon at least one output from the at least one detector
located within the control region may comprise varying
the set timings of the signals. The control means may be
configured to set the timings in dependence on at least
one output from the at least one further detector outside
the control region. The control means may be configured
to vary the timings of the signals in dependence on the
value of the at least one traffic-related parameter. The
control means may be configured to vary the timings of
the signals if the value at least one traffic-related param-
eteris greater than (or less than) a predetermined thresh-
old value. The varying of the timings of the signals may
comprise extending a red time, for example to allow all
vehicles in the control region to clear the control region
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before switching a signal unit from red to green.

[0028] The at least one detector signal and/or the traf-
fic-related parameter may be representative of travel
through the control region. The at least one detector sig-
nal and/or the traffic-related parameter may comprise or
be representative of at least one of vehicle speed, (for
example vehicle speed In the control region), estimated
time until exit from the control region, estimated time until
clearance of vehicles from the control region, or traffic
flow rate (for example, traffic flow rate in the control re-
gion). The traffic-related parameter may comprise an en-
vironmental parameter. The at least one environmental
parameter may be, forexample, representative of at least
one of noise, pollution level, and/or concentration of one
or more pre-determined compounds, temperature, wind-
speed, precipitation, or light level.

[0029] The traffic-related parameter may comprise ve-
hicle type, and the system may comprise means for de-
termining the vehicle type.

[0030] That feature is particularly important, and so in
a further independent aspect of the invention there is
provided a traffic control system comprising at least one
traffic control device for controlling traffic in a control re-
gion, means for determining the type of the or each ve-
hicle, and a control means, for example a controller, for
controlling operation of the at least one traffic control de-
vice in dependence on vehicle type.

[0031] The or each traffic control device may be oper-
able to output signals to users. The controlling of opera-
tion of the or each traffic control device may comprise
controlling the timing or content of the signals.

[0032] The system may further comprise the or an at
least one detector. The at least one detector may be for
detecting the presence of the or at least one vehicle. The
means for determining vehicle type may determine the
vehicle type in dependence on an output from the at least
one detector. Alternatively the control means may be
configured to associate outputs from the at least one de-
tector with vehicle type determined by the means for de-
termining vehicle type.

[0033] The means for determining the type of the or
each vehicle may comprise imaging means for obtaining
image data representative of an image of the or each
vehicle and for determining the vehicle type from the im-
age data. The vehicle type determining means may be
configured to determine the area and/or shape of the
vehicle and to determine the vehicle type from the deter-
mined area and/or shape. The vehicle type determining
means may be configured to determine the vehicle area
and/or shape from the image data.

[0034] The means for determining the type of the or
each vehicle may comprise at least one weight and/or
pressure sensor for measuring the weight and/or pres-
sure exerted by the or each vehicle. The means for de-
termining the type of the or each vehicle may comprise
at least one noise and/or vibration sensor for measuring
the noise and/or vibration caused by the or each vehicle.
[0035] The means for determining the type of the or
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each vehicle may comprise the or a detector located with-
in the control region.

[0036] The at least one traffic control device may com-
prise a road user interface, for example at least one dis-
play device (for example at least one electronic sign) for
providing instructions to a user (for example a vehicle
occupant), and the control means may be configured to
provide instructions to a user in dependence on a deter-
mined type of the vehicle. The instructions may compris-
es instructions concerning a suggested or compulsory
speed limit within the control region, or a lane to be used
within the control region (for example, cars may be In-
structed to use one lane and lorries may be instructed to
use another lane), or an instruction to change lane (for
example a vehicle may be instructed to change lane if it
is in the wrong lane for its vehicle type within the control
region) or an instruction to change speed (for example a
vehicle may be instructed to slow down or speed up if it
is travelling too quickly or slowly for the control region,
or for alane within the control region, and/or for its vehicle
type).

[0037] The atleast one traffic control device may com-
prise the at least one signal unit, and the control means
may be configured to control timings of the at least one
signal unitin dependence on the determined at least one
vehicle type. For example, the control means may be
configured to extend or shorten a green or red time in
dependence on whether a particular vehicle type has
been detected within or on approach to the control region.
For example, if a bicycle, lorry or other slow-moving ve-
hicle type is detected on the approach to or within the
control region then a green time may be extended to allow
the slow-moving vehicle type to clear the control region.
Alternatively the start time of a red signal may be brought
forward to prevent the slow-moving vehicle from entering
the control region during that signal cycle.

[0038] There may be provided means for distinguish-
ing individual vehicles, and associating output data rep-
resentative of measurements by a plurality of the detec-
tors with an individual vehicle. The output data may com-
prise time and/orlocation data, and by associating control
means may be configured to determine the speed of the
individual vehicle from the time and/or location data.
[0039] That feature is particularly important and so In
a further independent aspect of the invention there is
provided a traffic control system comprising a plurality of
vehicle detectors, means for distinguishing individual ve-
hicles, and means for associating output data from each
of the plurality of detectors with an individual vehicle.
[0040] Each ofthe vehicle detectors may be for detect-
ing the presence or absence of a vehicle at a respective
location and for determining the time

[0041] The means for distinguishing individual vehi-
cles may comprise means for reading at least one iden-
tifier from the vehicle. The at least one identifier may com-
prise at least part of a vehicle registration number, and
the means for reading the atleast one identifier may com-
prise imaging means for imaging the at least part of a
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vehicle registration number. The means for reading the
atleast one identifier may comprise an automatic number
plate recognition (ANPR) system. The identifier may
comprise an rfid tag or other readable tag and the means
for reading at least one identifier may comprise an rfid or
other tag reading system.

[0042] The means for distinguishing individual vehi-
cles may comprise the or a means for determining vehicle
type, configured to determine the type of a series of ve-
hicles in succession, and to distinguish between succes-
sive vehicles of different types.

[0043] The atleast one traffic control device may com-
prise means for providing information to a road user, as
well as or instead of the at least one signal unit.

[0044] That aspect of the invention is particularly im-
portant and so in a further independent aspect of the
invention there is provided a traffic control system for
controlling flow of traffic in a control region, the system
comprising means for providing information to a user (for
example a vehicle occupant), and control means (for ex-
ample a control processor) for controlling the information
provided by the information providing means.

[0045] The system may further comprise the or an at
least one detector. The control means may control the
information provided by the means for providing informa-
tion in dependence on a detection signal or signals from
the at least one detector.

[0046] The means for providing information may com-
prise a road user interface, for example at least one dis-
play device. The at least one display device may com-
prise at least one display device for each approach or
leg of a Junction. Alternatively or additionally the means
for providing information may comprise, for example, at
least one speaker for broadcasting speech or other
sounds to a user.

[0047] The means for providing information may be
located within the control region. The information may
comprise a suggested or compulsory speed limit within
the control region, or a lane to be used within the control
region, or an instruction to change lane, or an instruction
to change speed, or a warning concerning hazards within
the control region (for example, the presence of an entry
or exit for works vehicles, or the presence of power lines)
or the length of the control region, or expected time until
exit of the control region.

[0048] The system may further comprise at least one
proximity detector in the control region for detecting the
proximity of a vehicle, and the control means may be
configured to determine whether the vehicle Is within a
threshold proximity of a predetermined location, for ex-
ample the location of a hazard. The hazard may be, for
example, power lines, or plant (for instance plant for use
In roadworks) or a location for the operation or parking
of plant, or a low bridge or other overhead feature. The
control means may be configured to cause the means
for providing information to output a message if a vehicle
is within the threshold proximity. The message may com-
prise a warning or instruction (for example, "move left’)
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concerning the proximity to the predetermined location.
[0049] The information may comprise information con-
cerning the timing of operation of the or each signal unit.
The information may be real time information. The infor-
mation may comprise current average queuing or wait
time, or an estimate of the time before a driver or other
user will pass through the control region, or an estimate
of the number of red-green signal cycles before the driver
or other user will pass through the control region. The
information may comprise information concerning the
system or junction where the system is installed, for in-
stance indicating that the system is under active control,
and/or that priority is being given to one or more other
legs of the junction, which may occur either temporarily
(for instance in the case of significant queues on other
legs of the Junction) or for an extended period of time
(for instance in the case of anticipated increased traffic
flow on the other leg or legs due to the start or finish of
a public event) or permanently. The information may
comprise an instruction to slow down or speed up, or a
warning, or arecommended speed, or expected wait time
before a traffic signal unit will change, for example
change between green and red. The information may be
provided in any suitable form. For example, time before
an event is to occur (for example a change of a signal
from red to green, or from green to red) may be displayed
as a clock that counts down the time (for example, the
number of seconds) remaining until the event.

[0050] The information may comprise atleast one sug-
gested diversion to avoid the control region. The infor-
mation may further comprise an estimated time of travel
to the end of the diversion. The information may further
comprise a comparison to an estimated time of travel for
travel via the control region.

[0051] The information providing means may be oper-
ated in dependence upon operation of the or an at least
one signal unit, and may be synchronised with a signal
cycle of the at least one signal unit.

[0052] The information provided by the or each infor-
mation providing means may be varied in dependence
on traffic conditions and/or in dependence on the speed,
location or other property of a detected vehicle and/or in
dependence on a signal cycle or a phase of the signal
cycle of the at least one signal unit and/or in dependence
on the position of the information providing means, pref-
erably the position of the information providing means
relative to a signal unit and/or a traffic queue.

[0053] The or each information providing means may
comprise a position-determining device, for example a
GPS or GSM device. The or each information providing
means may be configured to determine its position and
to provide position data representative of Its position to
the control means. The control means may be configured
to determine the position of the or each information pro-
viding means. The information providing means may
comprise a wireless communication device for transmit-
ting at least one message to a user device in a vehicle.
[0054] That feature is particularly important and so in
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a further independent aspect of the invention there is
provided a traffic control system for controlling the flow
of traffic in a control region, the system comprising a wire-
less communication device for transmitting at least one
message to a user device in a vehicle.

[0055] The or a control means may be configured to
control operation of the wireless communication device.
The control means may be configured to control the con-
tent of the at least one message.

[0056] The at least one message may comprise the
information to be provided to a user. Thus, the information
can be provided via wireless communication with a user
device as well as or instead of via the or a display device.
[0057] The wireless communication device may com-
prise a Bluetooth communication device for transmitting
the at least one message using the Bluetooth protocol.
Any other suitable wireless communication protocol may
be used.

[0058] The wireless communication device may com-
prise aradio transmitter configured to transmit the at least
one message in aradio broadcast. The system may com-
prise the or a display device, operable to display the radio
frequency of the radio broadcast. The or a control means
may be configured to control the or a display means to
display the radio frequency of the radio broadcast and
may be configured to display a message advising users
to tune their radios to that frequency.

[0059] The system may be a temporary traffic control
system or a permanent traffic control system. A tempo-
rary traffic control system may be used, for example, to
control traffic in the presence of a disruption to normal
traffic conditions. Such a disruption to normal traffic con-
ditions may be due, for example, to roadworks, a traffic
accident, or an event. It can has been found that traffic
flow can be improved if the traffic controls system can be
synchronised with at least one other traffic control system
[0060] Therefore, the traffic control system may com-
prise means for monitoring the state of at least one other
traffic control system. The control means may be config-
ured to control the output of the signals output by the
control device. The control device may comprise at least
one traffic light signal unit

[0061] In another independent aspect of the invention
there is provided a traffic control system comprising at
least one traffic light signal unit, a controller for controlling
the timing of operation of the at least one traffic light signal
unit, and means for monitoring the state of at least one
other traffic control system, wherein the controller is con-
figured to control the timing of operation of the at least
one ftraffic light signal unit in dependence on the deter-
mined state of the at least one other traffic control system.
The monitoring means may comprise at least one sensor
for sensing a physical parameter representative of the
state of the at least one other traffic control system. The
at least one sensor may be arranged to sense the phys-
ical parameter without affecting the operation or config-
uration of the at least one other traffic control system.
[0062] The atleastone other traffic control system may
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comprise at least one further traffic light signal unit and
the means for monitoring the state of the at least one
other traffic control system may comprise an optical sens-
ing device for sensing the light output from the further
traffic light signal unit or at least one of the further traffic
light signal units.

[0063] That feature is particularly important, and so in
a further independent aspect of the invention there is
provided a traffic control system comprising at least one
traffic light signal unit, a controller for controlling the tim-
ing of operation of the at least one traffic light signal unit,
and an optical sensing apparatus for sensing the light
output from at least one further traffic light signal unit
included in a further traffic control system.

[0064] The controller may be configured to monitor op-
eration of the further traffic control system using the op-
tical sensing apparatus. The controller may be configured
to control the timing of operation of the at least one traffic
light signal unit in dependence on at least one output
signal from the optical sensing apparatus. The controller
may be configured to determine the state of the further
traffic control system and/or the at least one further traffic
light signal unit from at least one output signal from the
optical sensing apparatus and to control the timing of
operation of the at least one traffic light signal unit in
dependence on the determined state of the further traffic
control system and/or the at least one further traffic light
signal unit. The optical sensing apparatus may comprise
attachment means for attaching the optical sensing ap-
paratus to the further traffic control system. The attach-
ment means may comprise at least one detachable clip
or clamp.

[0065] The control means may comprise a control
processor and communication apparatus for communi-
cating with at least one remote device or location. The
remote device may comprise a remote server. The re-
mote device may form part of a traffic light monitoring
centre or a traffic control centre, or may be associated
with a traffic management agency, or a satellite naviga-
tion service provided or a broadcaster or any other body
that is concerned with monitoring, analysing or reporting
on traffic.

[0066] The control means may comprise a data store
for storing the traffic related data. The control processor
may be configured to transmit the traffic related data to
the at least one remote device. The control processor
may be configured to transmit output data from the at
least one detector to the at least one remote device for
subsequent processing and/or storage.

[0067] The control means may be configured to trans-
mit data to a satellite navigation service provider. The
data may comprise the traffic related data mentioned
above and/or may comprise data representative of the
location of the traffic control system, and/or the location
of roadworks or other cause of traffic disruption, or tem-
porary traffic lights) The satellite navigation service pro-
vider may transmit traffic, timing or route updates to port-
able satellite navigation devices (for example, installed
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in vehicles) based on the traffic related data.

[0068] Eachdetector may comprise a sensorfor meas-
uring a traffic-related parameter. Each detector may com-
prises a plurality of sensors. At least one of the plurality
of sensors may be for measuring an environmental pa-
rameter. Each sensor may be for measuring a parameter
in real time.

[0069] Each detector may comprise for example, one
or more of an acoustic sensor, proximity sensor, vibration
sensor, visual recognition system, laser sensor, micro-
wave sensor, induction loop sensor, capacitive sensor,
pressure sensor, radar sensor, ultrasonic sensor, infra-
red sensor, transponder, air quality sensor, RFID sensor,
mobile phone, plezo-electronic sensor, magnetometer
sensor and temperature sensor. Each detector may be
operable to detect the presence or absence of a vehicle
using sonar or radar. An RFID sensor may be configured
to read radio frequency inductive (RFID) tags or devices
that may be present on vehicles.

[0070] Each detector may be for detecting the pres-
ence or absence of a vehicle, for example in real-time.
Each detector may be an above-ground detector, butone
or more of the detectors may be below-ground detectors.
[0071] Each detector may comprise means for deter-
mining its position. The or each position-determining
means may comprise GPS or GSM circuitry. Alternatively
or additionally, each detector may comprise a transmitter
for transmitting a signal to a reference object and a re-
ceiver for receiving a response signal from the reference
object, and a timing device for determining the time be-
tween transmission of the signal and receipt of the re-
sponse signal, and the position determining means is
configured to determine the position of the device relative
to the reference object. The reference object may com-
prise another of the detectors and/or the control means
and/or may be a reference object at or adjacent to a stop
line or traffic junction.

[0072] The or each system may be used for data col-
lection and logging.

[0073] Inone mode of operation, the detectors and the
controller may be used for automatic gathering of traffic
flow data in advance of installation of temporary traffic
lights, in order to set parameters (for example, signal
timing parameters) for the temporary traffic lights.
[0074] Inanother mode of operation, the detectors and
the controller may be used for automatic gathering of
traffic flow data at the site of an existing, permanent traffic
light system in advance of installation of a temporary traf-
fic light system at the same site. The temporary traffic
light system may be controlled to use one or more differ-
ent signal unit control algorithms or timings than the per-
manent traffic light system (which are switched off during
operation of the temporary traffic light system). A com-
parison of the effect of the algorithms and/or timings used
by the permanent and temporary traffic light systems may
be performed based on the gathered traffic flow data.
[0075] In another independent aspect of the invention
there is provided a method of controlling traffic for a con-
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trol region using at least one traffic control device for con-
trolling flow of traffic for the control region, comprising
receiving at least one detection signal from at least one
detector, the at least one detection signal being repre-
sentative of traffic in the control region, and controlling
signals output by the at least one traffic control device in
dependence on the at least one detection signal.
[0076] In afurther independent aspect of the invention
there is provided a controller for a traffic control system,
the traffic control system comprising at least one traffic
control device for outputting signals to users to control
flow of traffic for a control region, wherein the controller
is configured to receive from a detector at least one de-
tection signal representative of traffic within the control
region, and to control the signals output by the at least
one traffic control device in dependence on the at least
one detection signal.

[0077] In another independent aspect of the invention
there is provided a computer program product comprising
computer readable instructions that are executable to
perform a method as claimed or described herein.
[0078] In other aspects of the invention there may be
provided one or more of the following, alone or in any
appropriate combination:- detectors located at interme-
diate position between traffic light signal units; differen-
tiation between types of vehicles/expected speeds of ve-
hicles; moveable intermediate signal and associated de-
tector within area between traffic light signal units (for
example, for plant access); monitoring of location and
speed of vehicles within area between traffic light signal
units, for example proximity to plant or power lines; dis-
play of messages (for example, slow down, move left or
right); traffic control devices within roadworks area, op-
erable, in dependence on speed or location of vehicles;
advisory signal indicated desired speed on approach to
traffic lights; advisory signal indicating time through
works; additional signal units within roadworks area,
which may be operable in dependence on, for example,
speed of vehicle or proximity of vehicle to plant or power
lines; transmission of messages (for example, slow
down) to drivers’ radios, the messages may be transmit-
ted over short range (for example, via traffic channel);
auto update to satellite navigation systems/external driv-
er interfaces; receipt of timing/status data from existing
traffic lights and synchronisation of operation of tempo-
rary/portable traffic lights with the existing traffic lights
(the data may be passively received, and used in control
procedures for the temporary/portable traffic lights); in-
forming external agencies (for example, the Highways
Agency or a local authority) that a traffic control is in place
and/or informing them of traffic levels; optical sensor at-
tached to existing traffic lights, with transmitter for trans-
mitting status signals to temporary/portable traffic light
controller; installation of detectors and automatic data
gathering of traffic flows in advance of installation of tem-
porary/portable traffic lights, in order to set parameters
for the temporary/portable traffic lights; installation of de-
tectors and automatic data gathering of traffic flows at
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site of existing traffic lights, in advance of installation of
temporary/portable traffic lights at the same site; com-
parison of traffic flow for existing traffic lights and for tem-
porary/portable traffic lights; transmission of measured
waittimes or flow rates through temporary/portable traffic
lights to navigation devices (for example, using existing
navigation device networks); transmission of data imme-
diately to required users; speed calculation from distance
and time, through the use of vehicle tagging and GPS
time settings. In another independent aspect of the in-
vention there is provided a traffic control system com-
prising at least one traffic control device for outputting
signals to users to control flow of traffic in a control region,
a control means, for example a controller, for controlling
the signals output by the atleast one traffic control device,
and atleast one detector located within the control region.
[0079] There may also be provided an apparatus or
method substantially as described herein with reference
to the accompanying drawings.

[0080] Any feature in one aspect of the invention may
be applied to other aspects of the invention, in any ap-
propriate combination. For example, apparatus or sys-
tem features may be applied to method features and vice
versa.

Detailed description of embodiments

[0081] Embodiments of the invention are now de-
scribed, by way of non-limiting example, and are illus-
trated in the following figures, in which:-

Figure 1 is a schematic diagram of a known tempo-
rary traffic light system;

Figure 2 is a schematic diagram of a traffic light sys-
tem according to one embodiment;

Figure 3 is a schematic diagram of a variant of the
system of Figure 2;

Figure 4 is a schematic diagram of another variant
of the system of Figure 2;

Figure 5 is a schematic diagram showing the layout
ofthe system of Figure 2, installed at a traffic junction;
Figure 6 is a schematic diagram of a detector;
Figure 7 is a schematic diagram of a system control-
ler;

Figure 8 is a schematic diagram showing the layout
of a further embodiment, installed on a road;
Figure 9 is a schematic diagram showing the layout
of another embodiment installed on a road;

Figure 10 is a schematic diagram of an electronic
sign;

Figures 11 and 12 are schematic diagrams showing
the layout of further embodiments;

Figure 13 is a schematic diagram illustrating com-
munication between a controller of a traffic control
system and one or more remote devices;

Figure 14 is a schematic diagram of a layout of a
further embodiment;

Figure 15 is a schematic diagram of a light sensing
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device installed on a traffic light signal unit; and
Figures 16 and 17 are schematic diagrams showing
the layout of other embodiments.

[0082] A known temporary traffic light system is shown
in Figure 1. The system of Figure 1 is similar to traffic
light systems described in UK patent application GB 2
435708, in the name of Hatton Traffic Management Lim-
ited.

[0083] The system of Figure 1 comprises a 4-phase
traffic light control system and a set of traffic lights for a
4-way junction, and comprising four signal units 3a-3d,
each provided with a respective controller 2a to 2d, and
each connected to a respective battery (not shown). In
the example of Figure 1, the controllers 2a-2d are essen-
tially identical. Each one is switchable to either master
controller or slave controller mode operation. This is done
when the control system is initially set up. In the present
case thefirst controller 2a, is designated to be the master
controller, and the other three are slave controllers 2b-
2d. In a variant of the system of Figure 1, there is a single
dedicated master controller 2a and the other controllers
2b-2d are dedicated slave controllers and the controllers
are not switchable between master and slave modes.
[0084] Each signal unit 3a-3d is provided with a wire-
less modem 5 for sending end receiving signal transmis-
sions from one or more other controllers as appropriate.
Each signal unit 3a-3d may also be provided with a ve-
hicle actuated sensor, in the form of a detector 4, and a
signal head control unit 8 that controls operation of red,
green and amber lights of the signal unit, in response to
control instructions from the master controller. The de-
tector 4 of Figure 1 is a radar detector, a microwave de-
tector, or an infrared detector.

[0085] On detecting a vehicle, the detector 4 posi-
tioned on top of each signal unit 3, generates an output
signal, which is registered by the controller 2 for that sig-
nal unit. If the controller in question is not the master
controller 2a then data is sent via the wireless modem 5
of the signal unit to the master controller 2a indicating
that a vehicle has been detected by the signal unit in
question.

[0086] The master controller controls the length of
each green phase according to a vehicle actuation (VA)
technique, in dependence upon the signals received from
the detector 4 of its signal unit, and from the data received
from the other signal units indicative of the detection of
vehicles. The master controller sends control signals to
the signal head control units 8, either directly in the case
of the signal head control unit 8 included in the same
signal unit as the master controller, or via the wireless
modems in the case of the other signal head control units
8.

[0087] Amanual control handset (not shown) is attach-
able to, or may be integrated with, the controllers 2, and
can be used in the manual operation mode or for setting
parameters, such as minimum or maximum green time,
for other modes of operation.
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[0088] The system can be set to manual operation
mode, fixed time operation mode, demand responsive
operation mode or all red.

[0089] In demand responsive operation mode, the
control signal to begin a sequence is sent from the master
controller to the signal head control unit 8 of the signal
unit which registered the first demand, which then begins
its sequence. If a constant demand is registered on that
signal unit the light remains at green until the demand
has passed. If another signal unit registers a demand the
first signal unit runs out its remaining green time, turns
through amber and waits for a red clearance time before
the next signal unit begins a new sequence and so on.
The master controller maintains a roving contact with the
signal units to check for any malfunctions. If any malfunc-
tions are registered the system sets all heads to red and
then restarts.

[0090] A traffic light system according to one embod-
iment is shown in Figure 2, in which like features are
indicated by like reference numerals. In this example, the
system is a modification of the known system of Figure
1, Itis a feature of the embodiment that it can be relatively
straightforward to produce by modifying certain existing
systems.

[0091] The system of Figure 2 includes a system con-
troller 14 that includes a processor and wireless commu-
nication circuitry, and that is used to control operation of
the system. The system of Figure 2 also includes a set
of above ground detectors 12 associated with each signal
unit 3, and a road user interface, for instance in the form
of an electronic sign unit 13, associated with each signal
unit 3. In the example of Figure 2, there are four detectors
52 in each set of detectors 12. However, any suitable
number of detectors may be provided in each set. In var-
iants of the system of Figure 2 the detectors 52 are below
ground detectors rather than above ground detectors.
[0092] The system is powered through the use of, for
example but not limited to, one or more of mains power,
rechargeable batteries, solar cells and mobile wind tur-
bines.

[0093] The system controller 14 is configured to com-
municate wirelessly with any of the controllers 2a-d. In
operation the system controller usually communicates
with the designated master controller 2a, and sets and
varies as appropriate the signal cycle timings, including
green and red times, to be used by the master controller
2a, or the algorithm to be used by the master controller
2a to set the signal cycle timings. The master controller
2a then controls operation of the signal units 3 as de-
scribed above. The system controller 14 effectively uses
the master controller 2a to apply system cycle timings
selected by the system controller 14.

[0094] The system controller 14 sets the signal cycle
timings in dependence upon signals received from the
sets of detectors 12. Thus, the embodiment of Figure 2
provides a modification of an existing system to provide
additional detectors. The embodiment of Figure 2 also
provides, for example:- different algorithms for determin-
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ing signal cycle times, including green and red times; for
the measurement of various additional parameters and
the use of those parameters in setting signal cycle times;
for the automatic sensing of the position of the various
detectors; for the sending of data representing position
from each of the detectors or sets of detectors; for the
integration of the system into a network of traffic signals;
and for communication with a user. Those features will
be discussed in more detail below.

[0095] A variant of the embodiment of Figure 2 is
shown in Figure 3. In this case a single controller 2 Is
provided, rather than a set of controllers 2a-2d. The sys-
tem controller 14 controls operation of the system by con-
trolling operation of the controller 2, which in turn controls
operation of the signal units 3.

[0096] Another variant of the embodiment of Figure 2
is shown In Figure 4. In this case the signal controller 14
communicates directly with the signal units, and no ad-
ditional controller 2 is present.

[0097] The embodiment of Figures 2 and 3 are shown
as modifications of existing systems, but may also be
entirely purpose-made. Various connections and com-
munications between components of the systems are
shown as being wireless, but any or all of those connec-
tions or communications may be wired rather than wire-
less. The systems of Figures 2, 3 and 4 are temporary
traffic light systems but may also be permanent traffic
light systems.

[0098] The detectors 52, and signal units 3 of the em-
bodiment of Figures 2 to 4 are shown installed at a traffic
Junction in Figure 5. The signal units are used to control
the flow of traffic through a control region 50 indicated
by dashed lines on Figure 5. In certain modes of opera-
tions, the system controller 14 controls system timings
In dependence on atleast one parameter associated with
one or more monitoring zones 54, shown on Figure 5 by
dotted regions. The at least one parameter may be rep-
resentative of or associated with traffic within the moni-
toring zone.

[0099] In the example of Figure 6, the detectors are
mounted at the roadside in the direction of travel on the
approach to the control region to monitor the movement
and type of traffic. In variants of the system of Figure 5,
detectors may be on both the Inlet and outlet of any leg
of a Junction, to detect vehicles both approaching end
moving away from the control region.

[0100] A detector 52 used in the system of Figures 2
and 5 is shown schematically in Figure 6. In the example,
of Figure 6, the detector is a self-contained unit that may
be attached to a lamppost or other street furniture. Alter-
natively, the detector may be mounted on a dedicated
post or other support. The detector unit may comprise a
protective housing.

[0101] The detector 52 comprises wireless communi-
cation circuitry 60, a control processor 61, GPS or GSM
circuitry 62, and a battery (not shown) or other power
source or mains connection.

[0102] The detector 62 also includes a vehicle detec-
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tion sensor 64 for detecting the presence or absence, or
passage, of a vehicle in a detection region associated
with the sensor.

[0103] The control processor is a Microchip
PICI18F4620, whichis an 8-bit flash programmable RISC
processor with a variety of digital and analog I/O ports.
The wireless communication circuitry comprises a Tl
CC2420 r.f. transceiver integrated circuit and a PCB an-
tenna operates under the IEEE 802.16.4 protocol, and
provides a 250kbits/sec datarate using adirect sequence
spread spectrum (DSSS) offset QPSK modulation format
in one mode of operation.

[0104] The Microchip PICI18F4620, the TI CC2420r.f.
transceiver Integrated circuit and the PCB antenna are
included in a 26pin surface mount module.

[0105] The power supply for the detector comprises a
3.6V lithium cell, for example lithium thionyl chloride D
cell or Li-ion rechargeable battery. (which may be re-
charged by associated photovoltaic cells). The power Is
supplied to the module via a LDO linear regulator circuit
that provides a 3V supply.

[0106] The vehicle detection sensor 64 comprises a
40KHz Prowave 400PT160 ultrasonic transducer, pow-
ered by a 5V Input obtained from the power supply via a
step-up converter circuit. In an alternative embodiment
separate transmit and receive transducers (for example
Prowave 400ET180 and 400ER180) are used.

[0107] The ultrasonic transducer is activated by apply-
ing a complementary (push-pull) pair of square wave sig-
nals that drive a pulse into the transducer via a MOSFET
driver IC and a 1:5 step-up transformer. A diode T-R
switch network enables the same transducer to then re-
ceive signals that echo back from traffic. The signals are
fed through an op-amp based differential amplifier with
a gain of 100, a second order bandpass filter and finally
an envelope detector circuit before being fed into the con-
trol processor. In one mode of operation a 20 cycle, 40
KHz pulse is used by the transducer and 10 pulses per
second are transmitted. The ultrasonic transducer is
mounted, if possible, at a height of 0.8m above the
ground, which corresponds to the door level (widest
point) of an average small car.

[0108] Itis a feature of the system that each detector
may include one or more additional sensors, or may com-
prise other sensors In place of vehicle detection sensors
64. In the example of Figure 6, the detector 52 also in-
cludes an air quality sensor 66.

[0109] In alternative embodiments, the detector in-
cludes a sensor for determining an environmental pa-
rameter as well as or instead of the vehicle detection
sensor 64, and the controller 14 is configured to control
the timing of display of traffic control signals on the signal
units 3a, 3b, 3c, 3d in dependence on the environmental
parameter.

[0110] Any suitable sensors may be included in the
detectors, Each detector may comprise, forexample, one
or more of an acoustic sensor, proximity sensor, vibration
sensor, visual recognition system, laser sensor, induc-
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tion loop sensor, pressure sensor, radar sensor, ultra-
sonic sensor, infra-red sensor, transponder, air quality
sensor, RFID sensor, mobile phone, piezo-electronic
sensor, magnetometer sensor and temperature sensor.
The RFID sensors are able to detect the presence of
and/or read data from RFID tegs on vehicles, If present,
[0111] As mentioned above, each detector 52 in the
system of Figures 2 and 5 also includes GPS or GSM
circuitry 62 for determining the position of the detector.
Alternatively GPS or GSM circuitry 62 is provided for each
set of sensors 12 rather than for each individual sensor
52.

[0112] As the detectors 52 or set of detectors 12 are
able to determine their own positions using the GPS or
GSM circuitry, and are also able to transmit those posi-
tions to the system controller 14, the systemis particularly
versatile and straightforward to set up. The detectors may
not be limited to being in particular positions and the po-
sition of the detectors may be selected in dependence
upon a particular junction layout or upon traffic condi-
tions. The system controller 14 may alter the signal tim-
ings, or algorithms used to determine the system timings,
automatically in dependence upon the positions of the
detectors or sets of detectors.

[0113] In operation, each detector or set of detectors
sends signals to the system controller 14. which gener-
ates traffic flow data from the signals. In some variants,
each detector communicates with the system controller
directly. In other variants, some of the detectors commu-
nicate with the system controller 14 via one or more other
detectors. The detectors may thus be daisy chained, ei-
ther wirelessly or via wired connections. Those variants
are particularly useful when the detectors have a short
communication range or where It is desired to locate at
least some of the detectors a large distance from the
system controller 14, which is usually located near the
control region.

[0114] A system controller 14 is shown in Figure 7, and
comprises a processor 70, a memory 72, communication
circuitry 74, and a battery (not shown) or other power
source or mains connection. The communication circuitry
74 is usually wireless communication circuitry, but in
some variants that system controller 14 may comprise
communication circuitry for wired communication as well
as orinstead of the wireless communication circuitry. The
processor comprises an initialisation module 75, a traffic
signal control module 76, a position monitoring module
77, and a communications module 78 for controlling
transmission and reception of signals via the communi-
cation circuitry 74. The processor 70 and wireless com-
munication circuitry 74 of the system controller 14 are of
the same or similar type as the control processor and
wireless communication circuitry of the detector of Figure
6, with the control processor being suitably programmed
with software for implementing the various modules 75,
76, 77, 78 and other functions. However, any suitable
processor and communication circuitry can be used. The
processor can be a suitably programmed general pur-
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pose processor or can be a dedicated processor In which
functions are implemented in software, dedicated hard-
ware, or a mixture of software and dedicated hardware.
[0115] The system controller 14 can be programmed
or otherwise configured to apply any one of a number of
different algorithms or other processes in order to deter-
mine the signal timings. In some modes of operation the
system controller 14 determines and/or varies signal tim-
ings in real time in dependence upon output from the
detectors. Thus, as traffic conditions change the system
controller 14 can immediately respond by varying the sig-
nal timings appropriately. The signal timings can be var-
ied between successive signal cycles. The system con-
troller 14 is able to vary the signal timings in response to
variations In traffic conditions at different times of day or
due to, for example, events or accidents.

[0116] The system controller 14 can determine one or
more traffic-related parameters, such as level of flow,
amount of traffic, number of vehicles waiting, type of ve-
hicle and direction of travel from the signals from the de-
tectors, usually in real time. In addition the system con-
troller may determine and monitor the value of other pa-
rameters such as level of emissions, level of noise, vi-
bration, temperature and position.

[0117] The system controller 14 processes the result-
ing date in real-time and calculates the most effective
control sequence and/or signal timings, and instructs op-
eration of the signal heads either directly or via controller
2. In some modes of operation, the system controller 14
is configured to determine the values of the traffic-related
or other parameters for the at least one monitoring zone
54.

[0118] In one example, the system controller 14 con-
trols signals timings In dependence on traffic volumes
and/or flow rates on each approach to a junction and on
average levels of pollutants produced by vehicles, such
as carbon monoxide or sulphur based compounds, on
each approach to a junction, If pollutant levels build up
above a predetermined level then the system controller
14 may prioritise reducing the levels of stationary traffic
on one or more of the approaches, if higher pollution lev-
els are expected from stationary traffic.

[0119] In certain modes of operation, the system con-
troller 14 applies adaptive techniques to determine the
signal timings. In one such mode of operation, the con-
troller 14 uses neural network techniques to determine
the signal timings.

[0120] In another mode of operation, the system con-
troller 14 calculates the best form of traffic signal pattern
for the current level of traffic. Through prior modelling of
the types of traffic flows experienced at temporary and
permanent traffic control sites a set of possible signal
patterns or algorithms are obtained, and those signal pat-
terns or algorithms are stored by the system controller
14. One of those signal patterns or algorithms is selected
by the system controller 14 to be used to control signal
timings. The parameters of the signal pattern or algorithm
may be altered in real time by the system controller 14
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or another signal pattern or algorithm may be selected,
as traffic characteristics or other parameters vary over
time.

[0121] Many of the algorithms, in particular vehicle ac-
tuation or demand responsive algorithms, that can be
used by the controller 14 to control the timings of signals
displayed by the signal units 3a-3d include or are de-
pendent on the position of the detectors.

[0122] Forexample, correct determination of the value
of a traffic related parameter (for example the length of
a queue, the speed of a vehicle or the estimated time for
a detected vehicle to arrive at a signal unit) which may
be used by or included In an algorithm and which is de-
termined from the outputs of the detectors 3a-3d, de-
pends on the correct position of the detectors being
known by the controller 14. The position of the detectors
can be determined from the GPS circuitry included in the
detectors. The GPS circuitry can also be used to time
stamp measurements by the detectors. In the case of the
speed of a vehicle, the value of the speed may in one
example be determined from the time difference between
detection of the vehicle by two spatially separated detec-
tors, In which case it is necessary to know the separation
of the detectors. In another example, an algorithm may
specify thata green time is to be extended if the controller
14 determines from outputs from the detectors that a ve-
hicle is detected (and/or is moving at above a predeter-
mined speed) within a predetermined distance of a signal
unit 3a or stop line, which again requires that the control-
ler 14 knows the correct position of the detectors 52a,
52b. In a further example, an algorithm comprises the
feature of extending a green time if a vehicle is detected
by a detector that is at a position that is such that the
vehicle would be expected to reach a signal unit within
a predetermined time (for example 4 seconds) based up-
on a measured or expected speed, which requires that
the controller knows the correct position of the detectors.
[0123] A set of signal timing algorithms, and parame-
ters for those signal timing algorithms are stored In the
memory 72. The initialisation module 75 selects one of
the signal timing algorithms in dependence on the mode
of operation that has been selected and/or in depend-
ence on the positions of the detectors. The initialisation
module may also calculate values of parameters to be
used by the selected signal timing algorithm using the
determined positions of the detectors.

[0124] Control of the signal units 3a-3d is then passed
to the traffic signal control module 76, and the signals
units are operated in accordance with the selected mode
of operation and/or algorithm. The traffic signal control
module 76 receives detection signals from the detectors
52a, 52b (and from the detectors of the other legs of the
junction), processes the detection signals in dependence
onthe position of the detectors to generate control signals
for controlling the timings of signals displayed by the sig-
nal units 3a-3d, and provides the control signals to the
signal units 3a-3d.

[0125] Another embodiment is illustrated in Figure 8.
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in which the traffic control system is used to control traffic
through an area of roadworks 100. In this example, car-
riageways 102, 104 approaching the roadworks 100 from
different directions can be treated as different legs of
junction. A signal unit 3a, 3b is provided for each car-
riageway 102, 104. The positions of the detectors are
determined relative to the signal units 3a, 3b which are
Installed adjacent to temporary stop lines 106, 108. A
single detector 52 is provided for each signal unit 3a, 3b.
The traffic control system controls traffic in a control re-
gion delimited by the stop lines 108, 108

[0126] As mentioned above, the system also includes
road user interfaces for communicating with drivers, The
road user interfaces 13 In the embodiment of Figure 5
are, for example, LED based lighting boards, and are
controlled by the system controller 14. Alternatively, the
road user interfaces may be any other suitable display
devices. Each board or other display device is able to
communicate with the system controller 14 and to indi-
cate to a driver or other user information specific to the
control site or roadway where the system is installed, or
concerning operation of the system, or concerning traffic
flow through the junction. The information may be real
time information. In one example, a road user interface
13 may be used to indicate, for example, current average
queuing or walt time at that approach to the control re-
gion, or an estimate of the time before the driver or other
user will pass through the control region, or an estimate
of the number of red-green signal cycles before the driver
or other user will pass through the control region, and/or
any other desired message. The road user Interface 13
may also provide other information concerning the sys-
tem orjunction whereitis Installed, forinstance indicating
that the system is under active control, and/or that priority
is being given to one or more other legs of the junction,
which may occur either temporarily (for instance in the
case of significant queues on other legs of the junction)
or for an extended period of time (for instance in the case
of anticipated increased traffic flow on the other leg or
legs due to the start or finish of a public event) or perma-
nently.

[0127] Each road user interface 13 can be located at
or near a signal unit 3, but Is often located remotely on
the approach to a signal unit, in order to provide advance
information to road users.

[0128] An embodiment of a traffic control system in
which several display devices 13a, 13b, 13c, 13d in the
form of electronic signs are provided on each approach
to a set of roadworks is illustrated in Figure 9 (which is
not to scale). The embodiment is a variant of the embod-
iment of Figure 8 and also includes detectors 52, which
are not shown in Figure 9 for clarity.

[0129] Two electronic signs 13a, 13b or 13c, 13d are
provided for each carriageway on the approach to the
roadworks. Each electronic sign includes an LED display
area 110, a sign controller 112 and wireless circuitry 114
for communication with the system controller 14, asillus-
trated in Figure 10. The system controller 14 controls the
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information that is displayed by each electronic sign 13a,
13b, 13c, 13d by sending control signals to the sign con-
troller 112 via the wireless circuitry 114 for that electronic
sign.

[0130] The information that is displayed by each elec-
tronic sign can be linked to the traffic control procedure
applied by the system controller 14 and to traffic condi-
tions detected by the detectors 52. The information that
is displayed by each electronic sign can also be synchro-
nised with the timing of the operation of the signal units.
[0131] For example, if traffic is queuing in advance of
the roadworks the electronic signs 13a, 13b can be con-
trolled to display information indicating that there is a traf-
fic queue and/or the length of the queue or queuing time
and/or the length of time that is likely to be needed to
pass through the roadworks

[0132] Ifthereis atraffic queue and electronic sign 13a
is in advance of the start of the queue, it can be controlled
to display the message "Roadworks ahead. Traffic queu-
ing. Current queue time 5 minutes’, If electronic sign 13b
is at a location after the start of the queue, it can be con-
trolled to display the message "Queue time from here 3
minutes". Alternatively the electronic signs 13a, 13b may
be configured to display a message indicating an esti-
mated total time to get through the roadworks, (including
any queuing time).

[0133] Atleastone of the electronic signs 13a, 13b can
also be controlled to suggest possible diversions in ad-
vance of the roadwork. In that case the electronic sign in
question is usually located before at least one turning or
roundabout, in advance of the control region, which can
be taken by vehicles in order to follow the suggested
diversion. For example, the electronic sign can be con-
trolled to display a message "Diversion in operation, Turn
left here to avoid roadworks" or "Diversion in operation.
Take second left to avoid roadworks". The electronic sign
can also be controlled to display an estimated time that
may be saved if the diversion is followed, for example °5
minutes travel time may be saved by taking diversion".
The controller can determine the estimated time saving
by processing the output signals from the detectors to
estimate travel time via the control region, and comparing
it to an expected time of travel via the diversion.

[0134] The estimated times may be determined from
the length of any queue (determined by the presence or
absence of stationary vehicles at each detector), the cy-
cle times of the traffic lights, and the expected time to
travel through the roadworks, based on expected aver-
age speeds. Alternatively, the estimated times may be
determined by tracking individual vehicles between their
approach to the traffic lights and their exit from the traffic
lights. The tracking of individual vehicles is described in
more detail below.

[0135] If there is no queue then one or both of elec-
tronic signs 13a, 13b may be controlled to display the
message "Roadworks ahead. Temporary traffic lights.
No queue at present’.

[0136] In another mode of operation, the controller 14
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is configured to estimate a threshold or optimum speed
of a vehicle approaching the signal units in order to main-
tain a desired rate of flow of vehicles through the road-
works. The estimate may be based upon the speed of
vehicles approaching the signal units measured by the
detectors and may be synchronised with the timing of
operation of the signal units. For example if the controller
calculates that an approaching vehicle or vehicles will
not pass through the traffic lights before they turn to red,
it may control the electronic signs 13a, 13b to issue the
message "Slow down. Traffic lights approaching" and/or
display a hazard or warning sign, Alternatively, if the con-
troller calculates that the vehicle or vehicles are ap-
proaching the traffic lights at a speed that means the
signal unit 3a will display a green signal on arrival, it may
provide no information or may provide the message
"Please maintain your speed."

[0137] The controller 14 is able to operate each elec-
tronic sign to present tailored messages to each vehicle.
For example, if the controller 14 detects that a vehicle is
approaching one of the signs 13a, and is within a thresh-
old distance of the sign, it is able to control the sign to
display a message tailored to that vehicle. For example,
if that vehicle is travelling too fast compared to the esti-
mated optimum speed to enable the vehicle to pass
through the traffic lights (or, alternatively, to safely stop
before the traffic lights) It displays a message to that ve-
hicle to slow down. When that vehicle passes the sign,
the message is turned off. If the next vehicle to approach
the sign, within the threshold distance, is travelling at the
correct speed then no message is displayed on the sign.
[0138] Inavariantof the embodiment of Figure 9, each
electronic sign includes GPS or GSM circuitry and Is con-
figured to determine its position and to provide its position
to the controller 14. The controller 14 can control the in-
formation displayed by each electronic sign in depend-
ence on the position of the electronic sign.

[0139] As mentioned above, in certain embodiments
individual vehicles can be identified and tracked by the
controller 14. An example of such an embodiment is il-
lustrated in Figure 11. The embodiment is a variant of
the embodiment of Figure 8. In this case, two detectors
52a, 52b are located at each approach to the roadworks.
Associated with each detector is an automatic number
plate recognition (ANPR) camera system 120a, 120b that
is aligned with the carriageway 102 and is operable to
process images of vehicle number plates of vehicles as
they approach the ANPR camera system 120a, 120b,
and to determine at least part of the registration number
of each vehicle from the images using optical character
recognition (OCR) techniques. Any suitable, commer-
cially available ANPR camera can be used, for example.
[0140] A communications device is included in, or as-
sociated with, each ANPR camera system and is config-
ured to stream time-stamped registration number data
representative of detected registration numbers to the
controller 14 as each successive vehicle passes the AN-
PR camera system 120a, 120b.
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[0141] Aswell as being detected using the ANPR cam-
era systems 120a, 120b, each vehicle is also detected
by the detectors 52a, 52b and time-stamped detection
data is also sent from each detector 62a, 62b to the con-
troller 14. In the embodiment of Figure 11, the detection
data from the detectors 52a, 52b indicates the presence
or absence of a vehicle at the detectors 52a, 52b at a
particular time but does not identify the vehicle. However,
the controller 14 is operable to correlate the detection
data from the detectors 52a, 52b with the registration
number data from the ANPR camera systems 120a, 120b
to determine the precise time each identified vehicle was
present at each detector 52a, 52b. As the location of each
detector 52a, 52b is known accurately, the speed of in-
dividual vehicles can be determined from the detection
data.

[0142] A further detector 52c and ANPR camera sys-
tem 120c is located adjacent to the carriageway 103 at
the exit to the roadworks, and can be used to detect and
identify individual vehicles as they exit the roadworks.
The controller 14 is configured to determine the time tak-
en for individual vehicles to pass through the roadworks,
based on the detection date from the detectors 52a, 52b,
52c correlated with individual vehicles.

[0143] In other known applications, registration
number data obtained using ANPR camera systems is
usually correlated with other data obtained from vehicle
databases, for example owner or vehicle information. It
is a feature of the embodiment of Figure 11 that such
further owner or vehicle data does not need to be ob-
tained. Instead the registration number data is merely
used to track vehicles through the traffic light system.
Usually the registration number data is deleted by the
controller 14 after a vehicle has left the traffic lights (al-
though such registration number data can be retained if
required) as there is no need to maintain a record of the
identity of the vehicles that have passed through the traf-
ficlight system. Itis a feature of the embodiment of Figure
11 that it is not necessary for the ANPR camera systems
to recognise the whole of each registration number, it is
usually sufficient for only part of each registration number
to be recognised in order to distinguish between succes-
sive vehicles passing through the traffic light system.
[0144] In alternative embodiments, other systems for
Identifying individual vehicles can be used instead of AN-
PR camera systems. For example, known imaging sys-
tems that comprise a camera or cameras and a processor
running image recognition or other image processing
software can be used to determine the area of passing
vehicles and/or to recognise the shape of passing vehi-
cles, and to identify individual vehicles and/or to deter-
mine vehicle type from the determined vehicle area or
recognised vehicle shape. In another embodiment, on-
or below-ground pressure or force sensors are used to
distinguish individual vehicles and/or to determine vehi-
cle type, based on the pressure or force exerted on the
sensors by passing vehicles.

[0145] The speed and time data determined using the
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ANPR camera systems (or other system for distinguish-
ing or identifying individual vehicles or vehicle types) and
detectors can be used by the controller 14 for a variety
of purposes, including determining the messages to be
displayed to drivers on electronic signs 13a, 13b. Elec-
tronic signs 13a, 13b are included in the embodiment of
Figure 11 but are not shown for reasons of clarity. De-
tectors and ANPR cameras are also installed on the other
carriageway 104 for detecting vehicles passing through
the roadworks in the opposite direction, but are also not
shown in Figure 11 for clarity.

[0146] Data from the detectors and/or from the ANPR
camera systems can be used to determine the category
of each vehicle that passes by the detectors. Vehicle cat-
egories can include, for example, car, bus , lorry, bicycle,
motorcycle, and van or minibus. Vehicle categories can
alsoinclude petrol, diesel, electric or hybrid engine types.
[0147] In one embodiment, in which the detectors in-
clude environmental detectors for measuring exhaust
gases, the vehicle type is determined from the level and
type of exhaust gases. In such embodiments the control-
ler 14 can be configured to distinguish between highly
polluting vehicles (for example large lorries or buses) and
other vehicles. The controller 14 can be configured to
alter signal timings, for example, extending a green time,
Inresponse to detecting the approach of a highly polluting
vehicle to ensure that the vehicle is not stopped by the
traffic lights, or to ensure the waiting time for such a ve-
hicle at the traffic lights is minimised.

[0148] In embodiments in which the controller is oper-
able to distinguish detector data relating to individual ve-
hicles, for example in an embodiment including ANPR
camera systems, the controller can be configured to dis-
tinguish vehicle type from speed or acceleration charac-
teristics on approach to the traffic lights. On average the
speed and acceleration characteristics of vehicles differs
in dependence on the type of vehicle, for example the
speed and acceleration characteristics of cars are, on
average, different to the speed and acceleration charac-
teristics of buses or lorries. If vehicle type is to be distin-
guished from speed or acceleration characteristics on
approach to the traffic lights, a relatively large number of
spaced-apart detectors is usually used, for example 5 or
more detectors, and at least some of the detectors are
usually at greater than a threshold distance (for example,
50m) from the traffic lights if the vehicle type data is to
be used in real time control. The controller determines
the time at which each identified vehicle passes the de-
tectors, calculates speed and/or acceleration data and
uses for example a look-up table, pattern matching or
correlation techniques to determine which vehicle type
most closely matches the speed and/or acceleration da-
ta.

[0149] The determined vehicle type data can be stored
and used in subsequent analysis of the different types of
vehicle passing through the traffic lights. That analysis
can be used to determine appropriate signal timing algo-
rithms or can be used more generally in traffic flow anal-
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ysis.

[0150] Inthe embodiments of Figures 9 to 11, informa-
tion is provided to drivers via electronic signs. In alterna-
tive embodiments the same or similar information is pro-
vided to drivers via their mobile phones. An example of
one such embodiment is illustrated in Figure 12.

[0151] The system of Figure 12 is similar to that of Fig-
ure 9, but includes a Bluetooth transmitter 130 or other
wireless transmitter that is associated with and controlled
by the controller. The controller includes a broadcast/
multicast module 132 for broadcasting or multicasting
data via the Bluetooth transmitter or other wireless trans-
mitter. The transmission range 134 of the Bluetooth
transmitter is indicated by the dashed line In Figure 12,
and usually has a radius of up to 100m.

[0152] In one mode of operation, the broadcast/multi-
cast module 132 periodically sends interrogation mes-
sages via the Bluetooth transmitter 130 to identify all mo-
bile phones within the transmission radius. The broad-
cast/multicast module 132 transmits to each of the iden-
tified mobile phones a text message, e-mall or image
data that contains information concerning, for example,
the length of the traffic queue on the approach to the
traffic lights, the likely queuing time and/or in the case of
temporary traffic lights the length of time that is likely to
be needed to pass through any roadworks or other dis-
ruption that may be associated with the traffic lights. The
broadcast/multicast module 132 may be configured to
transmitsuch text messages, e-malls orimage datawhen
there is a queue of greater than a threshold length at the
traffic lights, for example as determined by the detectors.
[0153] Many other devices in addition to mobile
phones are now Blustooth-enabled, such as laptop com-
puters and satellite navigation devices, and the broad-
cast/multicast module 132 can be configured to transmit
to all identified devices of all suitable types the text mes-
sage, e-mail or Image data, for display to a user.
[0154] The controller may also be configured to display
on the electronic displays 13 (if present) that a text mes-
sage, e-mail or image data has been sent to mobile
phones or other Blustooth-enabled devices and advising
users to check their mobile phones or other devices. Usu-
ally the controller would include in the message an in-
struction that only passengers, rather than drivers,
should check their mobile phones or other devices due
to safety considerations.

[0155] Although the use of Bluetooth has been de-
scribed in relation to sending information to a user, any
other suitable wireless protocol may also be used. The
embodiment of Figure 12 includes only a single Bluetooth
or other wireless transmitter 130, but In alternative em-
bodiments several Bluetooth or other wireless transmit-
ters 130 are provided, at and on the approach to the
traffic, lights in order to extend the range and/or power
of the transmissions.

[0156] In variants of the embodiment of Figure 12, a
short-range radio transmitter is provided in place of the
Bluetooth transmitter 130. In such variants the broadcast/
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multicast module 132 is configured to generate automat-
ically speech content to be broadcast via the short range
radio transmitter. The speach content can be generated
using any known speech generation software, which is
included In the broadcast/multicast module. The speech
content comprises a message including a first standard
part, for example "Traffic queue, current average wait
time" and a further, variable part, for example "10 min-
utes" generated by the controller from the average wait
time determined from detector data. In such variants, the
controller is configured to control the electronic displays
to display a message indicating that information concern-
ing the traffic lights and/or roadworks, is broadcast via
radio and Indicating the frequency to which the radio
should be tuned to obtain the broadcast information. An
unattributed, free-to-use frequency is usually used.
[0157] The embodiments described above in relation
to Figure 12 rely on local broadcasting or multicasting of
traffic, delay or other information concerning the traffic
lights, roadworks or other cause of delay. In other em-
bodiments, the controller 14 is in communication with a
remote traffic light monitoring centre 140, as illustrated
In Figure 13. The remote control centre comprises a serv-
er comprising a control processor 142, storage 144 for
storing traffic and other data, and wireless/wired commu-
nication circuitry 146 for communicating with the control-
ler 14 and other devices.

[0158] In operation, the controller 14 transmits to the
traffic light monitoring centre 140 data concerning traffic
conditions in the vicinity of the traffic lights, for example
traffic queue lengths, vehicle speeds and/or wait times
that it has determined from detector data or other meas-
urement data. Alternatively or additionally the controller
14 can transmit unprocessed or partially processed de-
tector data or other measurement data to the traffic light
monitoring centre 140 and the control processor 142
processes the data to determine queue lengths, vehicle
speeds, wait times or other parameters.

[0159] The trafficlight monitoring centre 140 in the em-
bodiment of Figure 13 is In communication with a satellite
navigation service provider 148, and provides the deter-
mined queue length, vehicle speed and/or wait time or
other data to the satellite navigation service provider 148.
Some satellite navigation service providers now provide
data updates representative of current traffic conditions
to subscribers or other users, which enable the users
portable navigation devices to take into account current
traffic conditions in determining routes or travel times. In
the embodiment of Figure 13, the satellite navigation
service provider 148 is able to include in its data updates
to users live or average queue length, vehicle speed
and/or wait time data for the traffic lights provided by the
traffic light monitoring centre 140, and which may be
based on detector data obtained from the detectors at
the traffic lights. The traffic light monitoring centre 140 is
also able to provide the satellite navigation service pro-
vider with location data representative of the precise lo-
cation of temporary traffic lights and/or roadworks or oth-
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er causes of delay. That location data is particularly
straightforward to provide in embodiments in which the
detectors or other components of the traffic light system
include GPS devices or other location-determining de-
vices.

[0160] Inthe embodiment of Figure 13, the traffic light
monitoring centre 140 is also configured to provide data
to aHighways Agency traffic centre 150, a Local Authority
traffic centre 152 and/or any other traffic management
agency, or indeed any organisation that processes or
analyses or otherwise uses traffic data, including broad-
casters, satellite navigation service providers or research
or monitoring organisations. The traffic centres 150, 152
may provide central control of existing, permanent traffic
lights for example using the SCOOT or other similar sys-
tem. By providing traffic light data relating to operation
of temporary traffic lights (for example representing traffic
light location, queue times, wait times and/or traffic
speeds) to the traffic centres, the traffic centres are able
to alter operating parameters of existing permanent traffic
lights if desired. In particular, the operating parameters
(for example average green or red times, or cycle dura-
tions) of existing permanent traffic lights in the vicinity of
the temporary traffic lights can be altered.

[0161] The embodiment of Figure 13 is operable to in-
tegrate temporary traffic lights into an existing permanent
traffic light system, by transmitting traffic data to a control
centre for the permanent traffic light system, enabling the
traffic control centre to after the operation of the existing
permanent traffic light system, as described in the pre-
ceding paragraph. However, that approach requires
modification of operation of the permanent traffic light
system, and also requires that the permanent traffic lights
are under central control. In many cases, it is not desired
to modify the operation of existing permanent traffic light
system, and many existing permanent traffic lights are
locally controlled and in any event are not integrated Into
a wider area traffic control system.

[0162] A further embodiment s illustrated In Figure 14
in which a temporary traffic light system is integrated with
alocal permanent traffic light system 160. The temporary
traffic light system is similar to that illustrated in Figure
5, and includes a traffic light system controller 14 that is
operable to communicate with and control, either via
wired or wireless communication, detectors 52, electron-
ic signs 13, and traffic light signal units 3a-3d. Connec-
tions from the traffic light system controller 14 to those
components are not shown in Figure 14, for clarity.
[0163] The permanenttraffic light system 160 compris-
es a set of further traffic light signal units 162a-162d and
a further system controller 164 for controlling operation
of the further traffic light signal units 162a-182d.

[0164] The temporary traffic light system of Figure 14
further includes a set of fight sensing devices 164a-164d
for sensing the state of the further traffic light units. One
of the light sensing devices 164a is illustrated in Figure
15 installed on the further traffic light signal unit 162a.
The light sensing device 164a comprises three light sen-
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sors 166a-166¢ each clipped or otherwise attached to
the further signal unit. Each of the light sensors 166a-
166¢c is aligned with one of the red 168a, amber 168b
and green 168c lights of the further signal unit 162a and
is operable to detect whether that light is lit or not lit. The
light sensing device also comprises a processing unit
170 that comprises a processor 172, wireless communi-
cation circuitry 174 and antenna 176, for processing the
outputs from the sensors are transmitting state data rep-
resentative of the state of each traffic light signal unit to
the system controller 14. Although four light sensing de-
vices 164a-164d are shown in Figure 14, it has been
found that it can be sufficient to provide a single light
sensing device 162a, on one of the signal units 166a.
[0165] The system controller 14 in the embodiment of
Figure 15 is configured to synchronise operation of the
temporary traffic light system with that of the permanent
traffic light system based on the state data provided by
the light sensing devices 164a-164d. The synchronisa-
tion can be provided in various ways. In the simplest syn-
chronisation mode, the controller 14 sets the duration of
a red-green cycle of the temporary traffic lights to be
equal to the duration of a red-green cycle of the perma-
nent traffic lights.

[0166] In one mode of operation, an estimate is deter-
mined of the time It would take on average for a vehicle
to travel from the permanent traffic light system to the
temporary traffic light system (for example from signal
unit 162d to signal unit 3c). The estimated time can be
estimated by an operator and provided to the controller
14. Alternatively a further detector 52 and/or ANPR cam-
era system of the temporary system can be installed ad-
jacent to the permanent traffic light system, and the time
take for vehicles to travel between the permanent traffic
light and the temporary traffic light system can be meas-
ured.

[0167] In one synchronisation mode, the controller 14
then synchronises the temporary traffic light system to
the permanent traffic light system, for example to provide
a green wave so that vehicle receiving a green signal
from signal unit 162c also should expect to receive a
green signal from traffic light unit 3c, based on the esti-
mated or measured travel times between the traffic light
systems.

[0168] In a further synchronisation mode, an operator
can Input to the controller 14 which leg or legs of the
Junction controlled by the permanent traffic light system
have the highest priority (for instance which legs have
the highest expected volume of traffic) and the controller
14 then synchronises the temporary traffic light system
to the permanent traffic light system, so that vehicles ar-
riving from the highest priority leg or legs of the Junction
can expect to receive a green signal from the temporary
traffic light system, based on the estimated or measured
travel times.

[0169] In another mode of operation of the embodi-
ment of Figures 14 and 15, the controller 14 is configured
to vary the timings of the temporary traffic light system
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relative to the timings of the permanent traffic light system
determined from the state data, and to monitor the effect
of the variation of timings on traffic conditions (for exam-
ple vehicle throughput or vehicle queue length or time)
determined from data from the detectors 52.

[0170] Forexample,the controller 14 may vary thetime
offset between the end of a green signal at one of the
signal units (for example signal unit 162c) of the perma-
nent system and the start of a green signal at one of the
signal units (for example signal unit 3c) and monitor the
impact of different time offsets on traffic conditions. The
controller 14 can then select a time offset (or other signal
timing parameter) to optimise traffic conditions.

[0171] The controller 14 can be configured to automat-
ically update signal timings of the temporary traffic light
system as the signal timings of the permanent traffic sig-
nal vary (for example as timings of the permanent traffic
signal vary on a daily cycle or due to vehicle-actuation).
The state data from the light sending devices can be pro-
vided to the controller 14 In real time or near real time,
and the controller 14 can be configured to vary the signal
timings of the temporary traffic light system In response
tothe state data Inreal time or near real time (for example,
by ensuring that the temporary traffic lights move to the
next stage of a signal cycle an offset time after the per-
manent traffic lights have moved to the next stage of a
signal cycle).

[0172] The embodiment of Figures 14 and 15 is able
to provide synchronisation of a temporary traffic light sys-
tem with a permanenttraffic light system without requiring
any interference with the control system of the permanent
traffic light system.

[0173] Inthe embodiments described above, detection
data from detectors 52 is used for a variety of purposes,
Including setting or varying signal timings, providing vis-
ual or audible messages to users, monitoring traffic con-
ditions, and Integrating different sets of traffic signals.
The detectors in the embodiments illustrated in Figures
1 to 15 have generally been located on the approach to,
or exit from, a set of traffic light signal units. However, In
variants of each of those embodiments, detectors are
also located at Intermediate positions between traffic
lights signal units of a set of traffic light signal units. Thus,
the presence or absence of vehicles or other traffic-re-
lated parameters can be detected within the or a control
region that is controlled by the traffic light signal units.
[0174] It has been found that the provision of detectors
within a control region can be particularly useful in relation
to atemporary traffic light system or other temporary traf-
fic system. Temporary traffic light systems are usually
provided when there Is some disruption to normal traffic
conditions, for example roadworks. It is often the case
that roadworks or other disruption extend for relatively
large distances and thus temporary traffic light systems
are often controlling traffic through a large control region.
Asthe control region can be large, there can be significant
variations in traffic flows within the control region, and
traffic events (for example accidents or delays) can occur
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within the control region, each of which can significantly
affect efficient operation of the temporary traffic control
system or other traffic control measures. It has been
found that the provision of detectors within a control re-
gion can also be useful in the context of permanent traffic
light systems in some circumstances.

[0175] An embodiment of a traffic control system that
includes detectors within a control region between traffic
light signal units is illustrated in Figure 16. The traffic
control system is for controlling traffic around a roadwork
area 180 on one carriageway 180 of a road. The traffic
from each direction is allowed to travel alternately along
the carriageway 184.

[0176] Temporary stop lines 186, 188 and associated
traffic light signal units 3a, 3b are provided at each side
of the roadwork area 180. The temporary stop lines 186,
188 define a control region within which traffic is control-
led by the traffic control system using the traffic light sig-
nal units 3a, 3b. The control region of the embodiment
of Figure 16 is several hundred metres In length.
[0177] The traffic light signal units are in wired or wire-
less communication with a controller 14, which controls
the signal timings of the traffic light signal units. Detectors
(not shown) are provided on the approach to the tempo-
rary stop lines In each direction, and are arranged and
operated in similar fashion to that described In relation
to one or more other embodiments described herein. The
controller 14 is able to control the signal timings in de-
pendence on detection signals from the detectors. Elec-
tronic signs and/or ANPR camera systems can also be
provided on the approach to and/or exit from the stop
lines, if desired, and operated in a similar fashion to that
described above.

[0178] In addition to detectors on the approach to the
stop lines, detectors 52a, 52b, 52c are provided within
the control region between the stop lines 186, 188 (and
between the signal units 3a, 3b). The detectors 52a, 52b,
52c are In wired or wireless communication with the con-
troller 14.

[0179] Electronic signs 13a, 13b, one facing in each
direction oftraffic flow, are also provided within the control
region and are in wired or wireless communication with,
and controlled by, the controller 14. ANPR camera sys-
tems can also be provided within the control region, if
desired.

[0180] It is a feature of the embodiment of Figure 16
that the controller 14 can be configured to control the
signal timings, and/or to control Information provided to
users via the electronic signs 13a, 13b, In dependence
on outputs from the detectors 52a, 52b, 52c¢ within the
control region.

[0181] In some modes of operation, the signal timings
are set at the controller 14 (either set manually or set
automatically by the controller 14, for example in depend-
ence on outputs from detectors located on the approach
to the control region) but may subsequently be varied In
dependence on outputs from the detectors In the control
region. In one example of such a mode of operation, the
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controller 14 monitors the passage of vehicles past each
of the detectors 52a, 52b, 52c. If the controller 14 deter-
mines that one or more vehicles have been delayed with-
in the control region it may be configured to extend the
currentgreen time beyond that determined by the original
signal timings to enable the delayed vehicle or vehicles
time to exit the control region, before switching the direc-
tion of traffic flow within the control region. Thus, it can
be ensured that all vehicles have cleared the control re-
gion before switching traffic flow direction.

[0182] The feature described in the preceding para-
graph can be particularly useful for temporary traffic light
systems associated with roadworks, as driving condi-
tions through roadworks can be relatively difficult, with
Increased variability of vehicle speeds and increased
possibilities of delays (for example due to accident or
hesitancy of drivers) of Individual vehicles within the re-
gion. It has been found that the appropriate green or red
times for each cycle may vary from cycle to cycle In de-
pendence on driver behaviour.

[0183] Asdescribedabove, inembodiments of the sys-
tem a or the controller 14 is operable to determine vehicle
types (for example, using detectors and/or ANPR camera
systems). Vehicle type Information can be particularly
useful for traffic control systems such as that of Figure
16, which are controlling relatively long control regions
with alternating traffic flow directions, In one variant of
Figure 16, the controller 14 is operable to determine the
types of vehicle approaching the control region, and to
extend a green time if one or more slow-moving vehicle
types are identified, to allow the vehicles of slow-moving
type to clear the control region before moving to the next
stage of the signal cycle and switching traffic flow direc-
tion.

[0184] Information can be provided to drivers or pas-
sengers of vehicles passing through the control region,
for example using the electronic signs 13a, 13b. The in-
formation can be information relating to the roadworks
orcontrolregion (forexample, the length of the roadworks
or control region, average and/or estimated time to get
through the control region, maximum speed limit through
the control region). The information provided can also be
varied in dependence on outputs from the detectors with-
in the control region (which may also be used in varying
signal times as already described).

[0185] In one embodiment the controller 14 monitors
the speed of vehicles passing through the control region
and displays a message to them via the electronic signs
if they are determined by the controller to be travelling
above or below a threshold maximum or minimum speed.
The speed can be determined by monitoring output from
the detectors. It is particularly straightforward to monitor
speeds In the case of a single lane control region as there
is no possibility of vehicles overtaking one another, and
the order of outputs from successive detectors 52a, 52b,
52c can be correlated directly with individual vehicles.
Individual vehicles can also be Identified and their mon-
itored using ANPR camera systems, It provided within
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the control region, using techniques as described herein.
[0186] Inanother embodiment, the controller 14 deter-
mines the vehicle type of vehicles passing through the
control region and controls the electronic signs to display
messages that depend on or rotate to vehicle type. For
example, if there are two or more lanes for use in one
direction by vehicles In the control region, the electronic
signs can be controlled to instruct certain vehicle types
(for example cars and motorcycles) to use one lane and
other vehicle types (for example lorries) to use another
lane. The controller can also actively monitor passing
vehicles and provide further messages based on vehicle
type. For example, If the controller identifies that a car is
travelling in a lorry-only lane it can control one of the
electronic signs to display the message 'Change lanes.
This is a lorry-only lane". In another example where a
priority lane for buses, emergency vehicles and other au-
thorises vehicles is provided, the controller can deter-
mine whether a vehicle using the lane is a non-authorised
vehicle based on automatically determined vehicle type,
and instruct It to change lanes using the electronic signs.
[0187] Inanother embodiment, an additional proximity
detector or detectors (not shown In Figure 16) is provided
that is associated with plant, power lines or other sensi-
tive equipment, and is operable to determine the prox-
imity to the proximity detector of vehicles passing through
the control region. The proximity detector or detectors is,
for example, an ultrasonic detector similar to those de-
scribed above and configured to determine the proximity
of vehicles from time-of-flight measurements. The prox-
imity detector or detectors are In wired or wireless com-
munication with the controller 14. If the controller 14 de-
termines from outputs from the proximity detector or de-
tectors that a vehicle is within a threshold minimum dis-
tance to the proximity detector it controls one of the elec-
tronic displays 13a, 13b to display an appropriate mes-
sage instructing a driver to move their vehicle (for exam-
ple "move left, too close to edge of lane"). In such an
embodiment each electronic display 13a. 13b and each
proximity is usually a suitable distance before the plant,
power lines or other sensitive equipment in one of the
directions of travel, to ensure that drivers can be Instruct-
ed to move before they reach the plant, power lines or
other sensitive equipment.

[0188] Aswellas the possible presence of low bridges,
stationary plant, power lines or other sensitive equipment
within or near the control region, traffic flow through the
control region can be affected by the movement of plant
within the control region. For example, In Figure 16 a
temporary entrance 190 to the control region is provided
to allow access to plant (for example, lorries or other ve-
hicles, diggers or road-laying equipment) to or from, or
within, the roadworks. It can be seen In Figure 16 that a
further vehicle detector 52d is provided at the temporary
entrance 190. The further vehicle detector 52d is in wired
or wireless communication with the controller 14, and is
operable to detect the presence of plant that requires
access to the control region. If the controller 14 deter-
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mines from output from the further vehicle detector 52d
that plant is present on the temporary entrance 190 it
temporarily switches both signal units 3a. 3d to red, after
completion of the current green phase, to allow access
of the plant to the control region. A further signal unit (not
shown) may be provided at the temporary entrance and
the controller 14 can be configured to temporarily switch
the further signal unit from red to green to indicate to the
plant that access is allowed.

[0189] The further vehicle detector 52d can be re-
placed by a push-button or remotely operated or other
user Input device, in communication with the controller
14. The user input device can be operated by an operator
(for example the driver of the plant or a colleague) to
indicate that the plant requires access to the control re-
gion.

[0190] The further vehicle detector 52d and the further
signal unit (if provided) are usually portable, as the parked
or working location of the plant, and any temporary en-
trance 190, may well change position over time as the
roadworks progress.

[0191] In a variant of the embodiment of Figure 16 fur-
ther traffic light signal units 3c, 3d (not shown In Figure
16) are provided at an Intermediate position within the
control region for controlling vehicles travelling along the
control region, When switched on the intermediate traffic
light signal unit 3c can be operated (under control of the
controller 14) to stop vehicles within the control region,
In one mode of operation, such an Intermediate traffic
light signal unit 3c is provided adjacent to the temporary
entrance 190 and is operated only when plant wishes to
gain access to the control region. By using such an in-
termediate signal unit 3c, delays associated with plant
accessing the control region can be reduced as It is not
necessary to clear the control region of vehicles to allow
the plant access. That can be particularly important when
the control region is long.

[0192] Inone embodiment, lllustrated in Figure 17, the
control region is not delimited by stop lines and traffic
light signal units. Instead there is free flow of traffic In
both directions and the control region is any portion of
the road which is controlled or monitored, which may be
adjacent or near the roadworks 180 as shown in Figure
17, and may be a region in which a traffic restriction Is in
place (for example, cones and/or reduced lane size or
number). As described above the intermediate traffic light
control units 3c, 3d can be operated by the controller 14
to display a red signal to stop traffic on both carriageways
to allow plant access to the control region upon input via
the user input device or upon detection of the plant by
the further detector 52d.

[0193] In the embodiment of Figure 17, the controller
14 also monitors traffic flows using the detectors 52a-62c
and/or displays or otherwise provides information to ve-
hicle occupants in one or more of the ways already de-
scribed, for example via the electronic signs 13a, 13b. In
a variant of the embodiment of Figure 17, no further de-
tector 52d or Intermediate traffic light control units 3c, 3d
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are provided and the controller 14 operates to monitor
traffic data from the detectors 52a-52c and to provide
information to occupants of vehicles In dependence upon
outputs from the detectors 52a-52c¢, for example via the
electronic signs 13a, 13b.

[0194] In variants of the embodiments described here-
in, the detectors 52 and the system controller 14 are used
with or without the signal units 3 and signs 13 for data
collection and logging. Data may be stored In the system
controller 14 and downloaded on disc, tape or chip or
may be transmitted directly to a remote point. The remote
point may comprise for example a remote traffic light
monitoring centre, a satellite navigation service provider,
a Highways Agency traffic centre 150, a Local Authority
traffic centre 152 and/or any other traffic management
agency as described In relation to Figure 13.

[0195] Inone mode of operation, the detectors and the
controller are used for automatic gathering of traffic flow
data In advance of installation of temporary traffic lights,
In order to set parameters (for example, signal timing
parameters) for the temporary traffic lights.

[0196] Inanother mode of operation, the detectors and
the controller are used for automatic gathering of traffic
flow data at the site of an existing, permanent traffic light
system in advance of Installation of a temporary traffic
light system at the same site. The temporary traffic light
system can be controlled to use one or more different
signal unit control algorithms or timings than the perma-
nent traffic light system (which are switched off during
operation of the temporary traffic light system). A com-
parison of the effect of the algorithms and/or timings used
by the permanent and temporary traffic light systems can
be performed based on the gathered traffic flow data.
[0197] Particular detectors, controllers, traffic control
devices (for example traffic light signal units) and appa-
ratus for providing information to users (for example,
electronic signs or wireless communication devices)
have been described In relation to the embodiments of
Figures 1 to 17. However, embodiments are not limited
to those particular detectors, controllers, traffic control
devices and apparatus for providing Information to users
that have been described, and any suitable detectors,
controllers, traffic control devices and apparatus for pro-
viding information to users are provided in alternative em-
bodiments.

[0198] Embodiments relate to either temporary or per-
manent traffic control or monitoring systems, and may or
may not include traffic control devices such as traffic light
signal units. The systems may be Installed on any desired
section of road or roads, and are not limited, for example,
to use on road junctions. The systems may be used to
provide control or monitoring of any type of road layout
or parts of such road layout, including feeder lanes, bus
or other priority lanes, and left- or right- turn lanes.
[0199] It will be understood that the present invention
has been described above purely by way of example,
and modifications of detail can be made within the scope
of the Invention.
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[0200] Each feature disclosed In the description, and
(where appropriate) the claims and drawings may be pro-
vided independently or in any appropriate combination.

Clauses
[0201]

Clause 1. A traffic control system comprising at least
one fraffic control device for outputting signals to
control flow of traffic for a control region, a control
means for controlling the signals output by the at
least one traffic control device, and at least one de-
tector for providing at least one output signal repre-
sentative of traffic within the control region, wherein
the control means is configured to control the signals
output by the at least one traffic control device in
dependence on the at least one detector output sig-
nal.

Clause 2. A system according to clause 1, wherein
the control of flow of traffic for a control region com-
prises controlling access of vehicles to the control
region.

Clause 3. A system according to clause 2, wherein
the control region is located between at least two
approaches to the control region, and the control
means is configured to control the signals output by
the at least one traffic control device to alternate ac-
cess to the control region from the at least two ap-
proaches.

Clause 4. A system according to any preceding
clause 3, comprising a plurality of traffic control de-
vices, each traffic control device being arranged to
control flow of traffic into the control region from a
respective different approach to the control region,
wherein the controller is configured to control each
of the traffic control devices in dependence on the
at least one detector output signal representative of
traffic within the control region.

Clause 5. A system according to any preceding
clause 4, wherein the traffic control device comprises
atleast one traffic light signal unit, and the controlling
of signals output by the traffic control device com-
prises controlling the timing of signals output by the
at least one signal unit, for example, red time, green
time, and/or signal cycle time for the or each of the
signal units.

Clause 8. A system according to clause 5, wherein
the control means is configured to vary the timings
ofthe signals if the value of the detector output signal
or traffic-related parameter derived from the detector
output signal is greater than (or less than) a prede-
termined threshold value,
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Clause 7. A system according to clause 6, wherein
the varying of the timings of the signals comprises
extending a red time and/or a green time,

Clause 8. A system according to any preceding
clause 7, wherein the at least one detector output
signal or traffic related parameter is representative
of the presence or absence of a vehicle In the control
region, and the control means is configured to extend
a red time and/or a green time in response to a ve-
hicle being present In the control region.

Clause 9. A system according to any preceding
clause 8, wherein the system comprises further de-
tectors outside the control region, and the control
means is configured to control the signals output by
the at least one control device in dependence upon
at least one output from the further detectors outside
the control region, as well as in dependence on the
output from the at least one detector within the con-
trol region.

Clause 10. A system according to any preceding
clause 9, wherein the control means is configured to
determine a traffic-related parameter from the at
least one detector output signal, and to control the
signals output by the at least one traffic control device
in dependence on the determined traffic-related pa-
rameter.

Clause 11. A system according to any preceding
clause 10, wherein the at least one detector output
signal and/or the traffic-related parameter comprises
or is representative of at least one of the presence
or absence of a vehicle, vehicle speed, estimated
time until exit from the control region, estimated time
until clearence of vehicles from the control region,
traffic flow rate, or at least one environmental param-
eter.

Clause 12. A system according to any preceding
clause 11, wherein the traffic-related parameter
comprises or is representative of vehicle type, and
the system comprises means for determining the ve-
hicle type from the output from the at least one de-
tector in the control region.

Clause 13. A system according to clause 12, wherein
the at least one detector comprises Imaging means
for obtaining image data representative of an Image
ofthe or each vehicle, and the means for determining
the type of the or each vehicle is configured to de-
termine the vehicle type from the image data.

Clause 14. A system according to clause 12 or 13,
wherein the at least one detector comprises at least
one weight and/or pressure sensor for measuring
the weight and/or pressure exerted by the or each
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vehicle, and the means for determining the type of
the or each vehicle is configured to determine the
vehicle type from the measured weight and/or pres-
sure.

Clause 15. A system according to any of clauses 12
to 14, wherein the at least one traffic control device
comprises at least one signal unit, and the control
means Is configured to control timings of the at least
one signal unit In dependence on the determined at
least one vehicle type.

Clause 16. A system according to any of clauses 12
to 15, wherein the control means is configured to
extend or shorten a green or red time in dependence
on whether a particular vehicle type, for example a
bicycle, lorry or other slow moving vehicle, has been
detected within or on approach to the control region.

Clause 17. A system according to any preceding
clause 16, wherein the traffic control device or at
least one of traffic control devices is provided in the
control region, and for example is arranged to control
access to or from the control region from at least one
Intermediate entry or exit within the control region

18. A system according to any preceding wherein
the at least one traffic control device comprises
means for providing information to a road user, as
well as or instead of at least one signal unit.

Clause 19. A system according to clause 18, wherein
the means for providing information comprises a
road user interface, for example at least one display
device or at least one speaker for broadcasting
speech or other sounds to a user.

Clause 20. A system according to clause 18 or 19,
wherein the means for providing Information is lo-
cated within the control region.

Clause 21. A system according to any of clauses 18
to 20, wherein the information comprises a suggest-
ed or compulsory speed limit within the control re-
gion, a lane to be used within the control region, an
instruction to change lane, an instruction to change
speed, a warning concerning hazards within the con-
trol region, the length of the control region, or ex-
pected time until exit of the control region.

Clause 22. A system according to any preceding
clause 21, wherein the at least one detector com-
prises at least one proximity detector for detecting
the proximity of a vehicle within the control region,
and the control means is configured to determine
whether the vehicle is within a threshold proximity of
a predetermined location, for example within a
threshold proximity of the location of a hazard,
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Clause 23. A system according to clause 22, wherein
the hazard comprises at least one of power lines,
plant or a location for the operation or parking of
plant.

Clause 24. A system according to clause 22 or 23
as dependent on any of Claims 18 to 21, wherein
the control means is configured to control the means
for providing information to output a message if a
vehicle is within the threshold proximity,

Clause 25. A system according to any of clause 18
to 21 or 24, wherein the Information providing means
comprises a wireless communication device for
transmitting at least one message to a user device
in a vehicle.

Clause 26. A system according to any preceding
clause 25, wherein the system is a temporary traffic
control system and further comprises means for
monitoring the state of at least one other traffic con-
trol system.

Clause 27. A system according to clause 26, wherein
the at least one other traffic control system compris-
es at least one further traffic light signal unit and the
means for monitoring the state of the at least one
other traffic control system comprises an optical
sensing device for sensing the light output from the
further traffic light signal unit or at least one of the
further traffic light signal units.

Clause 28. A system according to any preceding
clause 27, wherein each detector comprises one or
more of an acoustic sensor, proximity sensor, vibra-
tion sensor, visual recognition system, laser sensor,
microwave sensor, induction loop sensor, capacitive
sensor, pressure sensor, radar sensor, ultrasonic
sensor, Infra-red sensor, transponder, air quality
sensor, RFID sensor, mobile phone, piezo-eiectron-
ic sensor, magnetometer sensor, temperature sen-
sor, sonar sensor or radar sensor.

Clause 29. A method of controlling traffic for a control
region using at least one traffic control device for
controlling flow of traffic for the control region, com-
prising receiving at least one detection signal from
atleast one detector, the atleast one detection signal
being representative of traffic in the control region,
and controlling signals output by the at least one traf-
fic control device in dependence on the at least one
detection signal,

Clause 30. A controller for a traffic control system,
the traffic control system comprising at least one traf-
fic control device for outputting signals to control flow
of traffic for a control region, wherein the controller
is configured to receive from a detector at least one
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detection signal representative of traffic within the
control region, and to control the signals output by
the at least one traffic control device in dependence
on the at least one detection signal.

Clause 31. A computer program product comprising
computer readable instructions that are executable
to perform a method according to clause 28.

Clause 32. A ftraffic control system comprising at
least one traffic control device for controlling traffic
in a control region, means for determining the type
of the or each vehicle present in the control region,
and a control means, for example a controller, for
controlling operation of the at least one traffic control
device in dependence on vehicle type.

Clause 33. A traffic control system comprising a plu-
rality of vehicle detectors, means for distinguishing
individual vehicles, and means for associating output
data from each of the plurality of detectors with an
individual vehicle.

Clause 34. A traffic control system for controlling the
flow of traffic in a control region, the system compris-
ing a wireless communication device for transmitting
at least one message to a user device In a vehicle.

Clause 35. A traffic control system comprising at
least one traffic light signal unit a controller for con-
trolling the timing of operation of the at least one
traffic light signal unit, and means for monitoring the
state of at least one other traffic control system,
wherein the controller is configured to control the tim-
ing of operation of the at least one traffic light signal
unit in dependence on the determined state of the
at least one other traffic control system.

Clause 36. A traffic control system comprising at
least one traffic light signal unit, a controller for con-
trolling the timing of operation of the at least one
traffic light signal unit, and an optical sensing appa-
ratus for sensing the light output from at least one
further traffic light signal unit included in a further
traffic control system.

Claims

A traffic control system comprising:-

at least one traffic light signal unit;

a controller for controlling the timing of operation
of the at least one traffic light signal unit; and
means for monitoring the state of at least one
further traffic control system, wherein

the controller is configured to control the timing
of operation of the at least one traffic light signal
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unit in dependence on the determined state of
the at least one further traffic control system.

A system according to Claim 1, wherein the moni-
toring means comprises atleast one sensor for sens-
ing a physical parameter representative of the state
of the at least one other traffic control system.

A system according to Claim 1 or 2, wherein the fur-
ther traffic control system comprises at least one fur-
ther traffic light signal unit, and the monitoring means
comprises an optical sensing apparatus for sensing
light output from the at least one further traffic light
signal unit.

A system according to Claim 3, wherein the deter-
mined state of the at least one other traffic control
system comprises a state of at least one light of the
at least one further traffic light signal unit.

A system according to Claim 3 or 4, wherein the con-
troller is configured to synchronise the timing of op-
eration of the at least one traffic light signal unit with
the timing of operation of the at least one other traffic
control system.

A system according to Claim 5, wherein the controller
is configured to synchronise the timing based on es-
timated or measured travel times so as to provide a
green wave between the traffic control system and
the further traffic control system.

A system according to Claim 5 or 6, wherein the con-
troller is configured to control the at least one traffic
light signal unit to move to a next stage of a signal
cycle an offsettime after the atleast one further traffic
control system moves to a next stage of a signal
cycle.

A system according to any of Claims 3 to 7, further
comprising attachment means for attaching the op-
tical sensing apparatus to the further traffic control
system, for example at least one detachable clip or
clamp,

A system according to any preceding claim, wherein
the traffic control system comprises a temporary traf-
fic control system and the further traffic control sys-
tem comprises a permanent traffic control system.

A system according to any preceding claim, wherein
the traffic control system is arranged to control flow
of traffic for a first control region, for example a first
junction, and the further traffic control system is ar-
ranged to control flow of traffic for a second, different
control region, for example a second, different junc-
tion.
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A method of controlling operation of a traffic control
system that comprises at least one traffic light signal
unit, the method comprising:-

monitoring the state of at least one further traffic
control system; and

controlling the timing of operation of the at least
one traffic light signal unit of the traffic control
system in dependence on the determined state
of the at least one further traffic control system.

A method according to Claim 11, wherein the at least
one further traffic control system comprises at least
one further traffic light signal unit, and the method
comprises monitorig the state of the at least one fur-
ther traffic control system by sensing light output
from the at least one further traffic light signal unit.

A method according to Claim 11 or 12, comprising
synchronising the timing of operation of the at least
one traffic light signal unit with the timing of operation
of the at least one other traffic control system.

A method according to Claim 13, comprising moving
the at least one traffic light signal unit to a next stage
of a signal cycle an offset time after the at least one
further traffic control system moves to a next stage
of a signal cycle.

A method according to Claim 14, comprising varying
a time offset between the end of a signal of a traffic
light signal unit included in the at least one further
traffic control system and the start of a signal at one
of the traffic light signal units of the traffic control
system, monitoring the impact of different time off-
sets on traffic conditions, and selecting a time offset
to optimise traffic conditions.
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