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1 INTRODUCTION TO TRAFFIC SIGNALS

This document relates to Traffic Signals Design and Associated Equipment and
presents detailed information and guidelines on the following topics:

e Collection of Intersection and Pedestrian Crossing Signals Design Data

e Geometric Elements at Signal Sites

e Signal Systems and Components

e Signal Face Layouts and Signal Display Sequences

¢ Signal Phasing Designs

e Placement of Signal Equipment

e Traffic Detection Methods and Detection Devices

o Traffic Signal Controllers

¢ Electrical Design of Traffic Signals and Detection Systems

e Coordination of Traffic Signal Areas

e Traffic Signal Installation and Maintenance

Information is also provided on Other Special Applications including:

e A Glossary of Traffic Signal Engineering Terms
e Traffic Signal Control of Emergency Vehicles

e Public Transport Signal Priority

¢ Bicycle Facilities at Signal sites

e Special Intersection Treatments

e Determination of Traffic Signal Timings

1.1 History

With the growth of cities the need for separation of traffic streams has become
more essential for safety and efficiency. The use of hand signal control by police
officers was supplanted by a gas operated signalling device in 1868 which was
installed opposite the Houses of Parliament in London. The use of gaslight had
its obvious disadvantages and an explosion put an untimely end to the
experiment. Signalling systems of various kinds were subsequently developed
and the now familiar three coloured light signals were installed in New York in
1918. Similar signals were installed in England in 1925. As the installation of
traffic signals progressed, refinements in equipment began to appear.

The manual operation of early signals was replaced by "automatic" operation
controlled by a simple electromechanical timer. The limitations of fixed time
operation were quickly recognized, however, and a system was devised for
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1.2

automatically altering the signal timing according to the volume and flow of traffic.
This form of operation has come to be known as "Vehicle actuated" (VA) or
"traffic actuated" operation.

Most modern Cities now employ a traffic control room with central computer
control of traffic signal sites. Detectors at these sites can feedback information on
traffic volumes thus enabling the central computer to vary timings for individual
sites and to ensure coordination between signal sites.

Signal Site Design Overview

The design of Traffic Signal Sites cannot be reasonably standardized, owing to
the wide variety of geometric layouts and other factors such as differing traffic
volumes, encountered from site to site. However, in order to achieve a level of
consistency for engineers and road users it is desirable to adopt design
procedures that will lead to the provision of consistent operating characteristics
and appearance of traffic signals.

Traffic signal site design may vary from that of a simple two-movement (Phases)
site to that of very complex site having many movements (Phases) for both
Vehicles and Pedestrians. Indeed a Phase may have several movements
running simultaneously that have no conflict or minor conflict, i.e. where Vehicles
filter through gaps in oncoming traffic, or filter slowly through certain Pedestrian
movements.

Signal Phase arrangements are determined by the requirements of safe
operation, the volume and direction of traffic and Pedestrian flows (or e.g. on the
frequency of Cyclists or Trains), and by the site geometry. Coordination from site
to site can also affect the arrangement of the sequences of signal Phases.

In order to ensure safe and efficient operation of the signals, supporting factors
such as roadway condition and the functionality of signs and pavement markings,
should be adequately maintained.

The design, installation, operation and maintenance of signal sites shall be
governed by the requirements, practices and regulations of individual
jurisdictions.

These chapters present general guidelines for the design of traffic signals and as
to the different equipment and facilities that exist on site; however, good
engineering practice is required in order to adapt effective designs on a case by
case basis for specific locations and areas.

Traffic signal installations are an essential tool of traffic demand management
and have become the traffic engineer's most popular control facility as they
generally provide increased safety, increased road capacity, and encompass
some very flexible Vehicle, Pedestrian and Cyclist control mechanisms.

Design procedures are set out in more detail in Chapters 2 & 3.
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1.3 Scope of Traffic Signal Manual

This Manual provides the essential information necessary in order to promote
consistent design of traffic signal installations. The functionality of Traffic Control
equipment and methods for installation, are also examined.

Traffic Signal Engineers should also familiarise themselves with the necessary
‘Kenyan Road Signs Manual’ and ‘Kenyan Road-Markings Manual’ during the
design process for signal sites.

The information in this manual can generally be applied to situations where the
speed limit is 80KPH or less. If Traffic Signals are required in locations where the
speed limit is above 80KPH, and where driver judgement and response are more
critical; then special design considerations are required for safety.

This manual is applicable to most Kenyan environments. Engineering judgement
should be exercised in order to confirm its relevance where local conditions occur
that may obstruct a driver's vision (sand, smoke, fog, pollution), affect a Vehicle's
performance (mud, ice, sand, steep grades), or affect the interaction between
Drivers, Vehicles, Pedestrians, Wild-Life and traffic signals.

1.4 Justification for Traffic Signal Sites

Traffic Signal Installations may be introduced for many reasons:

1. Amelioration of safety problems

2. Assistance with movement of traffic in and out of side roads

3. Augmentation of a larger traffic management scheme

4. Provision of enhanced facilities for Pedestrians, Cyclists, or Mobile
Impaired Road-Users (collectively known as NMT - Non Motorised
Traffic)

5. Controlling Buses, Trams / Trains, or Emergency Vehicles

Increasing road capacity

Reducing stops and delays

A decrease in delay for side roads and minor roads may result in an increase in
delays on the major route, once the signals have been installed. However, overall
delay on the major route can be lessened with coordinated signal linking
techniques. Following signal installation, there is also the possibility of a
consequential increase in traffic volumes (“rat-running”) on the tertiary network.

Therefore, the design engineer must be clear on the objectives of the scheme
and use the flexibility of the controller and signal displays in order to achieve
gains in safety and efficiency whilst minimizing disadvantages to the surrounding
network. Where alternative or additional criteria exist in local guidelines, they
should be applied.
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14.1

1.4.2

143

The warrants (given above) alone should not be used in order to justify an
installation. If a site satisfies warrants, this does not necessarily mean that
signals are the best solution, e.g. use of a roundabout may provide better traffic
performance, levels of service, and better benefit to cost ratios.

Vehicle and Pedestrian Counts for Justification

Traffic Counts are usually required at two stages in the process of providing
signal sites.

o Firstly in order to determine if the provision of signals is really justified

e Secondly during the detailed design process in order to establish the best
phasing and timing arrangements. These types of counts are usually
more detailed and are carried out over different peaks and classified
according to different vehicle sizes and their turning movements

It is generally accepted that a minimum Vehicle traffic flow volume of 500VPH, of
which 150VPH should be on the minor road, provides justification for the
provision of traffic signals. Even though these volumes are quite common in
urban areas, this does not imply that every junction near a particular site should
be justifiably signalled, as one installation in itself will bring benefits to side road
traffic upstream and downstream from the subject site.

Road Safety

Another justification for signal installation in many cases is that of the resolution
of a road safety problem. In this case it is important to consider the accident rate
and compare it to that of similar locations in that area. In London for example, the
average number of accidents per signalled junction is nearly five per annum.
Hence in general terms the effect of a newly proposed installation in a certain
town may vary depending on whether or not the accident rate at the proposed
site exceeds the average rate in that town or area.

Other Justifications

New signal installations may also be justified as part of a Wide-Area Traffic
Control (ATC) scheme for a whole town or city, as is usual in developing
countries, where major cities have not had signal installations before. New signal
installations are also considered where old or dilapidated signals need to be
upgraded and replaced. Modern signal heads usually consist of LED (Light
Emitting Diode) type aspects that provide clearer visibility to road-users. When
such replacements are called for, it is usual to renew the poles and cabling at the
same time. Indeed when such upgrading is called for, it very often leads to a total
reappraisal of the traffic engineering for the concerned junctions.

In that case the controller may be replaced and then connected to a centralised
computer. Finally, road signage and marking must be upgraded in a consistent
manner to that of the traffic signals layout and operation.
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15

151

15.2

The following paragraphs consider the above issues, describe the constraints
associated with new signals, and discuss the recent development of software
design packages available to the engineer. Guidance is given on the
appropriateness of the most popular methods of control.

When designing traffic signals for installation at an existent intersection, it is
important to note any shortcomings in the geometric layout and current signal
operations.

Warrants for Main Traffic Signal Sites

In general, installation of signals is usually firstly considered in respect of
Vehicles versus Vehicles. Thereafter, Pedestrian movements may be
incorporated into the design, especially where the Pedestrian versus Vehicles is
an important factor. Signals may be considered at an intersection if one of the
following warrants is met.

Traffic Count Data for Justification

Counts are taken over a 14-hour period on an average day, usually being on a
Tuesday or Thursday, during school terms, and the 4 highest 1 hour totals are
used.

When the data is collected, the following limits form part of the criteria for the
provision of signal site facilities:

(@) Traffic demand volumes: The major two-way road flow exceeds
500VPH, and the exit traffic from the minor road exceeds 150VPH

(b) Continuous traffic: The major road two-way flow exceeds 900VPH,
and exit traffic on the minor road exceeds 100VPH, where the major
road speeds and/or limited sight distance from the minor road causes
delays or hazards to the minor road Vehicles.

(c) Pedestrian safety: The major two-way road flow exceeds 500VPH (or
exceeds 1000VPH where there is a central Pedestrian refuge at least
1.2m wide), and the Pedestrian flow crossing the major road exceeds
150PPH.

Note: For high-speed major road conditions where the 85th percentile speed on
the major road exceeds 75KPH, the above major road traffic flow criteria are
reduced to 450VPH without refuge and 750VPH with refuge

Accident Criteria

Signals may be considered, if the intersection has been the site of an average of
three or more reported road crashes (per year for 3 years) involving casualties,
where the crashes could have been prevented by traffic signals, and the traffic
flows are at least 80 per cent of the volume warrants given in (a) and (b) above.
Before Traffic Signals are installed, other simpler devices should be trialled.
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1.6

1.7

1.7.1

If no single factor provides the warrant for Traffic Signals, then two or more of the
warrants given in (a), (b) and (c) above may be considered by the designer, if
they meet 80 per cent or more of the stated criteria.

Warrants for Pedestrian Movements at Main Signal Sites

Pedestrian movements at main signalled intersections may be required if:

e The Pedestrian flow across the major road exceeds 30PPH for the
highest 2 hours of 1 hour totals

e The Pedestrian flow across the minor road exceeds 60PPH for the
highest 2 hours of 1 hour totals

e One or more of the following conditions apply:
(i) There is a significant use by young children
(i) There is a significant use by the elderly or mobility impaired

(iii) There is a hazard to Pedestrians (e.g. road crossing greater than six
lanes or 25m), high speeds or high number of Vehicles.

Warrants for Mid-Block Pedestrian Crossing Signal Sites

The justification for Pedestrian signals depends on the probability of Pedestrians
finding gaps in Vehicle flows. That probability decreases with increased speed
and volume of Vehicles. Other factors include the number of traffic lanes as well
as the proportion of children, elderly or the mobility impaired.

The placement of a Mid-Block Pedestrian crossing should be distanced at over
130m from a main intersection.

Mid-Block Traffic Counts

A Pedestrian Signal Site may be considered if one of the following warrants is
true.

Counts are taken over a 14-hour period on an average day, usually being on a
Tuesday or Thursday, during school terms, and the 4 highest 1 hour totals and 8
highest 1 hour totals respectively are used in (a) and (b) below.

(@) The crossing Pedestrian flow exceeds 250PPH, and the two-way
vehicular flow exceeds 500VPH, (or exceeds 1000VPH where there is
a central Pedestrian refuge at least 1.2m wide)

(b) The crossing Pedestrian flow exceeds 175PPH, and the two-way
vehicular flow exceeds 500VPH, (or exceeds 1000VPH where there is
a central Pedestrian refuge at least 1.2m wide)
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1.7.2

1.7.3

1.8

Children (Mid-Block)

Where the proposed Mid-Block crossing is to be used predominantly by children
or by the mobility impaired, and the 2 highest 1 hour weekday total flow exceeds
50PPH, and the two-way vehicular flow exceeds 500VPH.

Accidents (Mid-Block)

Pedestrian signals may be considered at Mid-Block locations if one of the
following warrants is true.
If there are:
(i) Two or more Pedestrian casualties over a three-year period occurred
(i) Large seasonal variations in traffic volumes (e.g. a holiday resort) and
it can be shown to meet the general criteria during the busy season

Signal Site Design Process

Subsequent chapters of this manual examine Traffic Signal Site design. The list
below suggests an orderly combination of tasks as part of a rational and effective
design process:

(1) Collect existent site data — classified counts / accident statistics, etc.

(i) Determine the existent site geometric data — road widths, alignment,
poles, drains, ducts, overhead cables, advertising signs, etc

(iii) Determine signal Phase and Time-settings - determine capacities
and traffic performance characteristics for proposed Phase options
and proposed geometric layouts

(iv) Select signal hardware, determining location of signal displays and
signal faces and appropriate use of pavement markings and signs

(V) Determine detector locations and prepare controller program
(vi) Prepare the electrical cabling and terminations design

(vii)  Determine the need for local (or centralised) signal coordination,
and accordingly prepare coordination plans for local controllers and
central computer

(viii)  Prepare operational documentation necessary for the installation
commissioning and operation of the signals

Chapter 13 discusses general aspects of signal timing methods, describes
actuated signal controller timings and operation, and presents guidelines for
determining appropriate values of controller settings.
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1.9 Daily Operation
Signal installations should be checked periodically in order to ensure that the
signal operation accommodates any changes in traffic or in the environment that
may have occurred (e.g. increased or decreased demand volumes).
In general, feedback from road users may be sufficient in order to ensure that the
Phase sequence and signal timings are appropriate. Feedback from electrical
maintenance staff and other traffic professionals should be encouraged in order
to ensure that the signals continue to operate as efficiently as possible.
1.10 Maintenance
Maintenance of traffic signal equipment is essential for effective operation.
Integral components of an effective maintenance system are:
(a) Speedy and accurate fault reporting
(b) Fast response time to reported faults
(c) Preventative maintenance
(d) Lamp changing
Maintenance Management is examined in more detail in Chapter 11
1.11 Education and Enforcement
It is essential that road-users understand the meaning of signal displays. When
unfamiliar displays are first used in a locality, the need for public education
should be considered.
Regulations concerning traffic signal operations should be enforced in order to
ensure correct responses from the public, optimum performance of the traffic
signal devices, and in order to deter unsafe practices at traffic signal sites.
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2 DESIGN DATA FOR SIGNAL SITES

2.1 Introduction to Geometric Layouts

Design data is used in order to assess the required geometric layouts, the
placement of signal equipment, the signal controller programmes (Movements &
Phases) and the Time-Settings. This data should be recent and accurate, and
can be divided into five main categories:

(a) Physical layout — existent and planned

(b) Traffic counts — classified Vehicle turning movements

(c) Pedestrian & other road-user counts

(d) Accident statistics

(e) Traffic impacts of future developments

2.2 Physical Layout of Signal Sites

The following information should be shown on ‘survey’ drawings:

)
(b)
(€)
(d)
(e)
(f)

(¢))
(h)
(i)
)
(i)
)
(k)

0

Relevant property boundaries and building lines

Type and location of kerbs and channels

Layout and condition of pavements, medians, and traffic islands
Approach gradients

Parking restrictions, car-bays, bus bays, taxi zones, fire stations, etc

Location of all poles and aerial cables - (note whether high voltage,
low voltage or telecommunication lines)

Position, type and size of existent road signs, (directional, information,
regulatory, etc)

Existent road-markings
Existent advertising signs
Location and nature of Public Street Lighting

Position of any overhead obstructions (horizontal and vertical
clearances, to verandas, signs, power lines, shop awnings)

Location of trees and any other foliar growth

Type and location of surrounding development (residential, suburban
shopping, industrial, central business district, railway stations,
schooals, etc),

Access to properties, gates, driveways, etc

(m) Location of drains, manholes, pits, ducting

The Republic of Kenya — Ministry of Roads Draft Document — October 2010

9



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

(n) Location of telecommunication, sewer, gas, water and any other
underground services

(p) Work proposed by other authorities and constraints on the locations of:
I. Controller, power supply and communication links
II. Signal Poles and Mast-Arms or Gantries

[ll. Other signal sites, Pedestrian Crossings and Zebra
Crossings

IV. Cable ducts, junction pits (for ducting)

V. Any special traffic which uses the intersection, e.g. over-
dimensional Vehicles, special Pedestrian needs, and
strategic location within the road network

VI. Placement of detection devices

2.3 Traffic Count Data

Traffic demand volumes (classified count data) are essential for the design of
traffic signal installations and other civil work junction designs. The design
process needs to consider serving the transport needs of people and goods as
well as Vehicles.

Traffic counts for Signal designs and traffic impact analysis are usually taken on
‘average’ days (usually Tuesdays and Thursday at peak hours) when all known
factors e.g. schools, shopping centres, stadiums, etc, are deemed to be
operating as per usual.

Traffic signals should operate efficiently over a wide variety of traffic conditions. It
is usual to base counts on peak traffic conditions for the purposes of setting
controller parameters for Phase movements and Time-Settings, and for
designing detector layouts; however, efficient operations throughout the day can
be managed by proper understanding of traffic engineering, local conditions, and
traffic controller and detection capabilities.

2.3.1 Detailed Traffic Counting Guidelines

If recent traffic counts of all movements at the intersection being provided or
updated are not available, a detailed count should be instigated in order to
establish:

(&) AM and PM Peak Vehicle Volumes
(b) Turning Movement Vehicle Volumes
(c) Volume and Percentage of Heavy Goods Vehicles (HGVS)

(d) Pedestrian / Cyclists Volume and Directional Flows

Factors which could affect the relevancy of the count are:

(i) Traffic generators, e.g. existent or future shopping centres, industrial
and commercial peaks, stadiums, local car-parks, etc

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
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(i) Seasonal and/or recreational peaks
(i)  Traffic management proposals
(iv)  Modal Shifts — Public Transport Options (e.g. New BRT or LRT)

Classified Vehicle turning counts and possibly Pedestrian counts are taken at the
proposed signal site prior to installation. The count data is used in order to assist
the traffic engineer in the task of setting out the separate traffic movements that
will be dimensioned as part of the signal installation.

For example, high RT movement volumes may dictate that a controlled RT
Green Arrow movement is required. Also, the volume data will assist in the
setting of Green times for each approach at various times throughout the day.

Furthermore, if the count data indicates that a capacity problem exists that may
not be solely addressed by the signal installation; then civil-works measures may
be required in the form of more lanes, islands or channels.

At this point in the design process, various software packages are available to
the traffic engineer, in order to assist the optimum outcome.
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Figure 2.1 — Intersection Showing Classified Traffic Count Data
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Traffic Software Aids are referred to in detail in Section 12.5.1.

In Figure 2.1 above showing Classified Turning Movements for AM and PM
Peaks, the following should be noted:

¢ AM and PM Peak Classified data is shown in PCUs. The actual counts
may be made over a 2-Hour Peak (AM and PM) and the data recorded in
15 minute segments, i.e. 8 segments for each Peak. Thereatfter, the 4
busiest segments can be used to make the busiest hourly count

e Heavy Vehicles (Buses, Trucks, etc) are not shown separately, but
generally 1 HGV = 3 PCUs. The percentage of HGVs can be noted for
each approach, as some traffic programmes will ask for the percentage of
HGVs rather than the absolute count

e Pedestrian Counts are not shown

2.3.2 Analysis of Traffic Count Data
The traffic count data should be analysed in order to determine:
(@) Optimum Staging and Phase Sequences
(b) Optimum Controller Signal Timings — Especially Safety Timings
(c) Lane Configuration and Associated Signs and Markings
(d) Storage Requirements
(e) Pedestrian / Cyclist Needs
()  Signal Equipment Requirements
(g) Inter Linking of Junctions
A detailed capacity analysis in order to determine (a), (b), (c) and (d), above can
be carried out using individual software packages, such as, aaSIDRA, LINSIG, or
OSCADY.
Depending on the software programme settings, HGVs may need to be
converted to Passenger Car Units (PCUs) or optionally treated as a percentage
of total counts. Some software packages are not good at dimensioning all
movements at an intersection, or coping with All-Round Pedestrian Phases, and
a great deal of judgement and experience on the part of the Traffic Engineer is
often required in order to attain a sensible output from these programmes, and to
interpret the results in a meaningful manner.
2.3.3 Motor Vehicle Counts
Traffic volumes for the relevant peak periods are expressed in hourly flow rates.
These should also include information about traffic composition in terms of
turning movements and heavy Vehicles. This data is normally obtained from
manual counts of at least two-hour duration for each peak period. Classification
may be divided into light (1 PCU or passenger car unit), medium (2 PCUs) and
The Republic of Kenya — Ministry of Roads Draft Document — October 2010
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234

2.35

2.3.6

heavy Vehicles (2 or 3 PCUs), depending on the conversion factor employed by
the roads department.

Usually 15-minute summation intervals (segments) are used for the count data
so that the peak flow rates can be identified. Traffic counts may vary by day of
the week, or because of weather, school or public holidays or other abnormal
conditions.

The designer should consider the circumstances of the count and adjust or
recount if necessary before determination of the volumes for the design.

Pedestrians and Cyclist Counts

Counts should identify the Pedestrian volumes crossing each Vehicle approach
and the proportion of children, aged or other Pedestrians with special needs
should be included in these volumes. These are required in order to enable
specific features to be designed where necessary.

Cyclist volumes should also be counted both along and across each Vehicle
approach to identify the need for special features in the design.

Road Accident - Crash Data

Accident and Crash data should be obtained in order to identify hazard problems
with the existing geometry, or special problems to which traffic signals should
cater. Crash data for this purpose are best shown as collision diagrams and it is
usual to show data for at least three years.

Traffic Impact - Future Developments

During the design of traffic signal installations, future potential changes to traffic
demand patterns should be researched. For example, the building of a large
hotel or conference centre or new transport link may have impacts on civil works
and signals spare capacity.

In some cases, the actual provision of hotels, housing developments, shopping
malls, etc, may give reasons for the provision of traffic signals in the first
instance.

Projections need to be made for the design life of the signals and associated site.
The amount of traffic should be estimated for the intersection in future years. This
will determine the adequacy of the geometric layout and Phasing and future
needs for additional road lanes and additional traffic signal equipment. In addition
the queue storage capacity of RT Lanes and LT lanes needs to be considered
from the projected turning counts. The anticipated cycle time can be affected as
long Cycle Times tend to add to turning queues.

Through lanes across an intersection should be aligned in order to achieve a
clear definition of Vehicle paths. When it is desired to store Vehicles in separate
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turning lanes adjacent to through traffic lanes, it is important to ensure that
adequate storage length is provided.
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3.1

3.1.1

3.1.2

GEOMETRIC DESIGN

Lane Arrangements

The total available width of the road determines the number of lanes, and
therefore the capacity of each approach. In order to increase the capacity of a
signal site, lanes may need to be added depending on the demands of directional
flows.

Different approaches are likely to have different flow patterns that vary
throughout the day. Changes to the physical capacity of only one approach may
bring benefits to the capacity of other approaches in terms of available Green
time.

The use of a shared straight-ahead (SA) and RT lane adjacent to an exclusive
RT lane may bring advantages where RT traffic demand volumes are large;
however, this needs to be considered carefully in terms of signal Phasing.

Where 2 lanes turn simultaneously sufficient clearance distance between swept
paths must be provided. Where opposing RT movements do not have sufficient
physical clearance, (e.g. narrow junctions); then the RT should be separated in
the signal Phasing or one or more RT movements should be banned.

Right-Turn (RT) Lanes

Where straight-ahead (SA) and RT traffic share a lane, the following may occur:

(@) A stationary RT Vehicle may block straight-ahead traffic, or be
impacted from the rear in conditions of bad visibility

(b) Blocking a straight-ahead lane may cause increased delays and
queue lengths

Therefore, exclusive RT bays should be provided (if there are more than 90VPH
waiting to turning right) where practical, and of sufficient length (storage) to be
managed by the signal cycle. If the RT Vehicle volume is low, but disruptive; then
it may be desirable to ban the RT movement.

Left-Turn (LT) Lanes

Where LT traffic demand volumes are large, then exclusive LT traffic lanes may
be considered. In addition, ‘Slip’ lanes may be provided for LT movements.

LT Traffic may be controlled by signals or by a ‘GIVE WAY’ sign. The ‘GIVE
WAY’ sign may be used at slip lanes not controlled by traffic signals. Where
Pedestrians are crossing in front of slip lanes the design must cater to safety
requirements.

If the slip lane has more than one-lane, then a separate signal group movement
is required for the safety of both the Pedestrians and Vehicles.
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3.2 Guidelines for Geometric Designs at Signal Sites

When designing a Traffic Signal site, the following geometric guidelines should
be observed:

Signal equipment (usually the edge of the target board) should be
set back from the face of kerb by at least 0.5m in order to avoid
damage from passing Vehicles

The width of a median in order to accommodate Pedestrians should
be at least 1.5m

If an exclusive RT bay is provided, the residual width of median should satisfy
both points above.

For narrow junctions and opposing RT movements, wide medians
may reduce capacity because of increased clearance times

The tip of a median should be set back 0.6m from the associated
‘cross road’, depending on the placement of Pedestrian containment
lines

When a signalled Pedestrian crossing is provided, the median
should be terminated at the crossing unless a ‘Pedestrian’ Gap is
provided. In that case the median is usually constructed at least 2m
beyond the Gap

Median islands should be at least 10m in length and at least 1.2m
wide for single column lanterns (wider for two-column lanterns)

If a raised median cannot be constructed for physical or safety
reasons, then painted medians or islands may be used. In that case,
traffic signal equipment, e.g. poles, cannot be placed in the painted
areas

Corner kerb radii and traffic islands should be designed in order to
facilitate the movement of heavy Vehicles

The radius of a corner kerb should be kept to a minimum. The use
of larger corner kerb radii may allow higher Vehicle turning speeds
which can compromise Pedestrian safety

Desire lines for Pedestrian movements should be kept to a minimum
and therefore smaller turning radii are desirable. This also allows
better placement of poles and easier lantern aiming

3.3 Design Considerations for Special Junction Characteristics

Each intersection will have different characteristics that need to be considered by
the Traffic Engineer during the planning of signal sites. Fixed obstructions such
as poles, trees, awnings, underground services, drains, illuminated signs and
intersection approach geometry, may imply that alternative positions and/or
additional lanterns are required.
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The following guidelines are recommended.

a)

b)

d)

e)

If the warning or stopping function of primary lanterns is compromised
by severe left-hand curves; then an additional lantern should be
provided on the right-hand side of the road

If lanterns intended for one approach may cause confusion to
movements on any other approach; then they should be relocated or
omitted

Where two intersections (or stop-lines of the same intersection) are
close together it is often necessary to tilt the lantern (or only the
Green aspect), in order to reduce its visibility

Where a railway line is in close proximity to a signal installation, road
lanterns should not be visible to train drivers. Therefore, the screening
and aiming arrangements must ensure that the signals do not cause
confusion

Where a low bridge, crest of a hill, or sharp bend, obstructs visibility of
the lanterns; then advance warning signs may be used. The Advance
Warning Signs generally comprise dual Flashing Amber lights that are
driven by the Traffic Controller before and during the Red displays for
an approach
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Figure 3.1 - Typical Intersection Layout - No Traffic Signal Components
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Traffic Islands and Corner Kerb Radius

Traffic Islands and Corner Kerb Radii should be designed in order to
accommodate the movement of Heavy Goods Vehicles (HGVS).

The turning paths of HGVs and other Vehicles can be checked with various
software packages usually used by civil engineers. There are software templates
available in order to assist with the design of Traffic Islands and Corner Radii,

and the trajectory of Vehicles in any situation.

It should be remembered that Vehicles of 7.5m or longer (including any load or
projection) usually require up to two marked lanes to safely LT or RT. The two
marked lanes must be nearest to the far left of the road for LTs or nearest to the

dividing line or median for RTs.
Corner kerb radii should be kept to a minimum for the following reasons:

(&) Large radii can result in greater Vehicle speeds which can increase
the danger to those persons wishing to cross the road

(b) Large Radii mean that stop lines may have to be placed further back
into the junction and this inevitable increases intergreen times

See Figure 3.2 below showing some Geometric Layout Details
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Figure 3.2 — Intersection Geometric Layout
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3.5

3.5.1

3.5.2

3.5.3

Median Islands and Median Strips

Divided Roads

The following points should be noted with regard to the design of median islands
at signalled intersections:

(@) The minimum distance from lantern target board to the kerb line
should be 0.5m, in order to avoid damage to the signal equipment

(b) The minimum width of medians that must accommodate Pedestrians
is1.5m - 2m

(c) If an exclusive RT bay is provided, the residual width of the median
should satisfy (a) and (b)

(d) Medians that are ‘over-wide’ should be avoided as they tend to reduce
capacity where increased intergreen times are required

(e) The tips of median islands should be set back 0.6m behind the
adjacent road alignment unless a Pedestrian signal crossing is
provided

(H  When a Pedestrian signal crossing is provided, the median should be
terminated at the crossing unless the crossing is intended to run
unhindered through the median. In that case there should be a
minimum medium tip distance of 2m beyond the crossing

Undivided Roads with Small Median ‘Strips’ at the Junction

The practices listed in Section 3.5.1 for divided roads also apply to sites with
minor channels. The median strips should be at least 10m long in order to ensure
adequate visibility. If a signal pole is provided on the median strip; then the strip
should be at least 1.2m wide for single column lanterns and wider for two-column
lanterns. It should be noted that this practice leaves the signal poles and lanterns
particularly vulnerable to damage.

Painted Medians and Islands

If there is not sufficient carriageway width in order to construct a kerbed median
or island, or where it is desirable to permit Vehicles to cross the median
unhindered; then those devices may need to be painted.

Figure 3.1 above shows painted medians and painted five-lane intersection
treatments as used in urban areas. The figure also shows the RT bays and lane-
markings.

Traffic signal poles should not be placed on the painted areas. Traffic signal
poles should be placed on the raised footpaths or medians at the recommended
clearances.
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3.6

3.7

Parking

The successful operation of a signal site depends on the appropriate
management of ‘Parking’. If ‘Parking is not properly managed there will be:

(a) A reduction in the number of effective approach and departure lanes
(b) Ineffective detector operations
(c) Obstruction of signal displays and road markings
(d) Reduced visibility of Vehicles or Pedestrians
(e) Decreased capacity and increased delays and queue lengths
Parking prohibitions and restrictions may be necessary in order to ensure that the

signal site functions properly. Computer programs are available for the analysis
of parking prohibitions with regard to signal site performance.

Bus Zones

The effect of bus bays or bus zones placed in close proximity to signal sites may
have a detrimental effect in a similar manner to that of short-term parking. Bus
stops on the approach to intersections may cause detection difficulties; therefore
these factors need to be considered when designing signal sites in conjunction
with bus priority schemes.

Bus stops on the departure side of the intersection may cause Vehicles to queue
into the intersection when the bus is stationary. Therefore, a bus bay, or
additional lane capacity or dedicated bus lane, may be required.
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4 TRAFFIC SIGNAL CONTROL EQUIPMENT

4.1 Introduction to Signal Equipment

A Traffic Signal installation usually consists of an electronic unit (traffic controller)
that is connected by means of cables to signal displays within lanterns on poles
at various approaches to the site or junction. In addition there may be detection
devices connected to the traffic controller, so that signal timings may vary in
accordance with the volume of ‘detected’ Vehicles and Pedestrians.

Ideally, in wide area traffic control schemes (ATC schemes), it is usual for the
traffic controller to be connected to a central computer so that signal coordination
may be achieved in addition to other centralised functions. If a central control
system is not warranted or available, modern local controllers can be coordinated
to each other by means of a ‘clock’ in each unit at each intersection, and this
system is commonly referred to as ‘Cable-Less Linking’ (e.g. U.K.) or ‘Flexilink’
(e.g. Australia).

The signal lamps comprise of a three colour arrangement in a single housing
known as a signal head or lantern. Each lamp or display (Green, Amber, or Red)
is commonly known as a signal aspect and each ‘roundel’ is usually 200mm in
diameter. Red is usually the top-most aspect (lamp) so that by virtue of the
aspect position in the lantern, there is no ambiguity to road users with colour
blindness.

There may be many lanterns and aspects at a junction depending on the
complexity of the junction and each lantern or a number of lanterns may be
mounted on metal poles or mast-arms, or gantries. In addition to Vehicle
lanterns, there may also be Pedestrian lanterns and those for Cyclists,
Emergency Vehicles, Buses and Trams.

In addition to controllers, poles, and lanterns, there may also be detection
devices in order to record the presence of Vehicles, Pedestrians, Cyclists, or
Trams. Vehicles, bicycles and trams are usually detected by sub-surface
inductive loops and Pedestrians may be detected by their own action of the
pressing of a push-button usually situated on a unit attached to a pole (PBU —
Push-Button Unit).

Mast-arms with signals may be provided where there is a visibility problem, on
wide roads or hills, or where the average vehicular speeds are high. The signal
aspect roundels are usually 300mm in diameter.

However, Mast-arms may also be employed throughout a wide-area traffic
scheme in order to achieve consistency of design and uniformity of signal
displays to all road-users.

For example, if a wide area traffic control scheme (ATC scheme) has 20
junctions and 15 are to be fitted with Mast-arms, then it would be a sensible
design decision to provide Mast-arms at all 20 junctions.
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4.2

Mast-arm poles are cantilevered and stretch out over the approach lanes to an
intersection. If there are many lanes, then signal gantries may be employed in
order to span all lanes.

Signal System and Detection

As seen in Figure 4.1, showing the various elements of a complete signal
system; demands for traffic movements are supplied to the controller from
Vehicle detectors.

Demands from Pedestrian are relayed to the controller by PBUs. In a wide-area
traffic control system (ATC), the local traffic controller communicates with a
master control computer.

The signal system transforms Vehicle and Pedestrian demands, in a manner
determined by the controller program and time-settings, into a sequence of signal
displays. The controller sets limits for Phase transitions, conflicting displays, and
safety timings that cannot be overridden by the master computer. The controller
also reports activities at the junction to the central computer, such as failed
lamps, failed detectors, and other events, such as interference by Police manual
control or loss of power.
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4.3

Components

PART 5(c) — Traffic Signals

The major components of the signal system are listed in Table 4.1 below
together with the purpose of each component.

Table 4.1 — Traffic Signal System - Components and Purpose

The Republic of Kenya — Ministry of Roads

COMPONENT

PURPOSE

Signal lanterns

Provide signal displays

Signal visors

Restrict visibility (one approach) and sun phantom

Signal louvres

Restrict visibility (near traffic) and sun phantom

Target boards

Provide good visual background for lanterns

Traffic signal lamps

Light source for the lanterns

Traffic signal poles

Support signal lanterns mounted beside the
roadway

Lantern straps

Attach signal lantern to poles

Pole brackets

Attach signal lantern to poles

Signal mast-arms

Support signal lanterns mounted above the
roadway

Mast arms and poles

Support lanterns and other utilities

Multi-core traffic
signal cables

Carry power from controller to lanterns and
demands from PBUs to the controller

Ducts, pits, conduits

Provide for underground installation of cable and
access for maintenance

Terminal assemblies

Connect lanterns, PBUs, etc to the multi-core
cables

Traffic signal

Determines display sequence and timings and

controller provides switching of power to the signal lanterns,
communicates with central computer

Loop Vehicle Detects Vehicles

detectors

Loop feeder cable

Completes detector sensor circuits enabling the
controller to ‘sense’ Vehicles

Pedestrian push-
button unit (PBU)

Allows Pedestrians to register their presence

Traffic signs

Regulate, inform and guide traffic

Finial cap (on pole
top)

Prevents inadvertent contact with live terminals
and to protect the terminal assembly from the
weather

Arrow masks

Permit the display of special Arrow symbols that
control specific turn movements
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4.4

Signal Pole and Lanterns - EqQuipment Layout

The most important traffic pole is situated on the left of each Vehicle approach to
the stop-line and is referred to as the Primary Pole. This Primary pole together
with Primary lantern (signal head) is the basic element of any traffic signal
installation or scheme. The Primary pole should be placed 1m ahead of the stop
line and 1m from any Pedestrian crossing line.

Note: - In the case of Pelican Crossings; the latter distance is increased to 2m in
order to help minimize intimidation of Pedestrians by stopped Vehicles.

See Figures 4.2 (a), (b) & (c) below - Simple Junction Layout with movements.

A Secondary Pole and Signal aspect should be provided on each approach and
should, normally, be sited on the far-off diagonal side of the junction within an arc
of 30° to the centre of the stop line. It is common for the Primary pole of one
approach to also be the Secondary pole of the opposite approach; therefore
Primary and Secondary poles do not need to be ‘doubled up’ for every approach.

If PBUs are to be provided for Pedestrians, the units should be judiciously
installed so that the Pedestrian is facing at right-angles to the conflicting Vehicle
stream when approaching the crossing in order to press the PBU.

Poles carrying Pedestrian aspects are usually placed in diagonally opposing
positions and may also ‘double up’ as the Primary pole / Secondary poles around
the junction. On one way streets, primary poles are placed on both sides of the
approach, thus reinforcing the idea to road-users that they are on a one way
street. Secondary signals are also required.

In Figure 4.2 (a) there are four approaches to the junction — for example from the
North, East, South and West. In accordance with the figure, the signal aspects
are labelled V1 — from the South, V2 from the North, V3 from the West and V4
from the East. Primary poles are shown as being 1m behind the respective
Vehicle stop-lines. As can be seen from the figure, each pole has a dual function
being a Primary pole in respect of each stop-line, and a Secondary pole as
viewed diagonally opposite on the far-off side of the junction — e.g. the Primary
pole of approach lantern V1 is the secondary pole of approach lantern V2.

If Mast-arms are to be provided then the Mast-arm and its associated signal
aspects should be designed and placed from the perspective of the Primary
position. However, as Mast-arms usually require robust footings and foundations,
depending on their size, weight, and wind-loadings, it may not always be possible
to place them in ideal positions, owing to the presence of trees, drains, overhead
cables, etc.

Where traffic islands carry a single pole and 3-aspect signal head, the island
should be a minimum of 1.4m wide. Where the lantern (signal head) carries a
box sign or Green Arrow unit on the side, this minimum width is increased to
1.7m. Where the island forms part of a Pedestrian crossing it should be as wide
as possible in order to accommodate a Pedestrian pushing a pram.
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Where there is a ‘staggered’ Pedestrian facility, the island should be a minimum
of 3m wide. In the case of a reverse staggered facility, where Pedestrians walk
with their backs to the traffic, the minimum width should be 4m in order to
accommaodate the signal poles within the 'Pedestrian’ area.

The points above in relation to Phasing design are covered in more detail in

Section 6
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Figure 4.2 (a) — Simple Junction Signal Layout
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Figure 4.2(c) - Simple Traffic Movements — 4 Phase Arrangement

Signal Lantern Assembly

The Signal lantern is an assembly comprising one or more signal aspects,
together with the means of connecting them to the incoming cable from the
controller. In addition, the Lantern has facilities for mounting the complete
assembly to a pole. The Signal Aspect is a single optical system on a signal face
capable of being illuminated at a given time. In the past the lantern used single
screw in type lamps, followed by a period during which lantern lamps were of the
Quartz Halogen type.

Quartz Halogen lamps are very bright, but require less power consumption. The
disadvantages of QH lamps lie in the fact that a transformer is required for each
lamp in order to reduce the voltage from the controller. The transformers are
often troublesome and have to be replaced frequently.

Modern lanterns now use LED (Light-Emitting Diode) type assemblies with even
less power consumption. The assemblies are very reliable and provide good
visibility.

Vehicle Lanterns convey the control signals to road traffic. The Lanterns consists
of 200mm diameter Green, Amber, Red and White aspects (‘white’ for special
vehicles and trams), as well as 300mm aspects for overhead use, or at lower
level where approaches are particularly wide. Each aspect may have Arrow
Masks, or other qualifying symbols that may be rotated to any angle within the
aspect, depending on traffic flow direction and site geometrics.

Pedestrian Lanterns are provided for the control of Pedestrians. Red ‘Man’ and
Green ‘Man’ symbols are used in order to convey the meaning of ‘WALK’ or
‘DON'T WALK’. The ‘Man’ symbols or masks may be replaced with Bicycle
symbols.
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4.6 Lantern Visibility Factors
The following factors should be noted regarding visibility of Lanterns:

(@) The 200mm lantern is adequate as a warning or stopping signal
where the approach speed is 70 KPH or less. Above this speed the
300mm lanterns should be used. 300mm lanterns are also used on
Mast-arms.

(b) Starting and manoeuvring signals are normally only required to be
visible over a little more than the width of the intersection at most. As
this distance rarely exceeds 40m, the standard 200mm lantern is
usually adequate.

(c) On wide multi-lane carriageways, where 4m poles are required, with
or without complimentary Mast-arms, the 300mm signal lanterns
should be employed, not only for Vehicle approaches, but for
Pedestrian / Cyclists as well.

Generally the functions of warning, stopping, starting or manoeuvring are
satisfied by three lanterns on any approach. Where possible each lantern should
be used to fulfil more than one function, provided that it is fully effective in its
main function.
Where geometry or other special factors apply more than 3 (but never less than
2) lanterns may be provided.
Attention should be given to the aiming of the lanterns and the need for visors
and louvres.
Lantern displays for Pedestrians should also be determined.
4.6.1 Lantern Visibility Distances

The minimum visibility distances with no traffic present, required to the Primary
signal(s) are given in Table 4.2. These distances are based on Vehicle stopping
distances including an allowance for the driver’s reaction to the signal.
Minimum distances for driver’s visibility of signals are as set out in the Table
below.
Table 4.2 Visibility Distances
85 Percentile Approach Speed Visibility Distance

40 km/h 40m

60 km/h 80m

80 km/h 130m

100 km/h 190m

120 km/h 270m
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4.7

Poles and Mast-arms

Traffic Signal Poles are normally 4m in height above footway level. Where used
exclusively for Pedestrian lanterns, the height is usually 3.2m above footway
level. Special heights (or shapes of poles — such as those that are ‘bent’ or
‘cranked’ outwards at a certain height) may be prescribed where necessary in
order to avoid awnings, or tree branches, or foliage, or where a centre island is
already high above road level, etc.

A higher pole at 4.6m above the footway level may also be used where the
placement of a Mast-arm is not feasible.

Special type poles may be used where directional sign(s) and signal lanterns are
required on the same pole.

Short poles may be used for the mounting of PBUs, where the Pedestrian
lanterns for the particular Pedestrian movement are mounted on other poles, and
where the distance to walk to the ‘Pedestrian’ pole is inconvenient to the main
stream of Pedestrians, or where too many persons tend to crowd around one
pole, or where cyclists cannot conveniently access the PBU. When poles other
than those mentioned above are to be used, their type and/or dimensions should
be included in the Plan Notes.

Mast-arms should be installed subject to satisfactory clearance above road
pavement and from overhead power lines as follows:

() In any approach where stopping sight distance cannot be achieved
with a 4m pole, e.g. crests, curves, trees, other poles, awnings, etc.

(i) At or near the stop-line of the affected approach
(i)  On the departure side of the intersection if (ii) is not feasible
(iv) On any three lane approach if no median pole can be installed

(v) On any approach with more than four lanes in association with a
median pole

(vi) Using 300mm (overhead) lanterns unless confusing to adjacent
signalised intersection.

Long Outreach Mast-arms should normally be used to satisfy the above criteria.

Short Outreach Mast-arms should only be used if the long outreach type is not
warranted e.g. where restriction of sight by utility poles in a single or two-lane
approach is the only reason for installing a Mast-arm.

Where trees are growing in an approach in which a mast-arm is required, the
long outreach type should always be used.

The Republic of Kenya — Ministry of Roads Draft Document — October 2010

31



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

4.8 Associated Lantern Equipment
4.8.1 Visors
Visors are used to:
(@) Provide visibility of signals to certain traffic movements only, such that
Vehicle drivers on other approaches cannot see those signals
(b) Limit sun phantom effects (direct sunlight on a lantern face reduces its
clarity)
4.8.2 Louvres
Louvres are used to:
(@) Limit the possibility of a signal being seen by ‘far back’ traffic on the
same approach to different stop-lines
(b) Limit sun phantom effects when oriented horizontally
The use of Louvres should be restricted to locations, where traffic might
otherwise be confused by distant signals. The Louvre directs visibility of signal
light towards near approaching traffic.
4.8.3 Target Boards
Target boards form a border to lantern assemblies such that the visibility of
displays is enhanced, particularly when the sun is shining from the same
direction as the signal displays. Black target boards provide the best
backgrounds for this purpose.
The use of target boards should be considered where the sun shines directly
behind a signal face, or where high ambient or background lighting may
decrease conspicuousness of the displays.
Multi-column signal faces should be provided with a common target board.
Target boards should not be fitted to Pedestrian Lanterns.
4.8.4 Symbolic Masks
A symbolic mask can be used in order to create an Arrow symbol or letter (e.g. B
or T) that will control a particular type of movement or Vehicle, e.g. Bus ‘B’, or
Tram ‘T'.
See Section 5 - Figure 5.1
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4.8.5 Lantern Supports

4.9

4.10

411

Poles, brackets and straps are used to attach signal lanterns at to set the
required position, angle and height.

Lanterns may also be fixed to existing power-poles and street lighting columns in
order to reduce pole clutter.

Power Distribution to Signals Displays

The supply of power to the Traffic Lanterns at the signal site is made via the
traffic signal cables, which are laid underground in ducts. The ducts are
accessible by means of Junction Pits. Terminal assemblies provide for the
connection of the cables to the signal controller and to the Lanterns.

The voltage level form the controller, through the signal cable, is usually 230
Volts at a frequency of 50Hz. In recent times, with the advances in LED Lantern
technology, some Lanterns can now be powered at only 42 Volts, and this allows
safer voltages for technicians and road-users.

The Traffic Signal Controller

The traffic signal controller sets up the sequence and duration of signal displays
as well as monitoring their operation.

The main components of the traffic controller are:

(@) Power switching for the Signal Lanterns

(b) Power switching for Intersection Signs

(c) Failsafe systems in order to prevent conflicting signal displays
(d) Signal dimming at Night-Time

(e) Vehicle Detection Systems

()  Provision for inputs from Pedestrian PBUs or any other device

() A logic unit to control the sequence and timing of movements or
Phases, including minimum greens and safe clearance periods
between conflicting movements (intergreens)

(h) Facilities for traffic personnel to monitor and alter signal operations
() Facilities to allow data communications between the controller and a
master control computer

Traffic Detection

The most common form of Vehicle detection in most traffic control systems is the
inductive loop Vehicle detector. The inductive Loop consists of several turns of
insulated wire that is placed in a slot cut in the roadway. The slot cut is typically
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412

4.12.1

6mm deep and once the wire is placed, the slot is sealed with a bituminous
compound or epoxy resin.

The wire forms part of a tuned circuit and is connected via a feed cable to a
detector sensor unit mounted in the controller cabinet or on a signal pole.
Presence or movement of a Vehicle (as a large mass of metal) over a loop
reduces the loop inductance and causes a detector output or logical ‘1’ to be
registered in the controller memory as a Vehicle demand. The demand is usually
processed in two ways:

1. The local controller is made aware that a Vehicle is waiting for a Green
signal for that approach, or on commencing the Green signal will extend
the Green signal if other Vehicles enter the detection zone

2. The local controller counts every logical ‘1’ signal and its duration and
passes the information to a master computer that can then make
decisions regarding Green times for that site and other local sites

Alternative forms of detection such as microwave, infrared or video may be used
where appropriate.

Pedestrian demands are usually recorded by means of a PBU. The PBU is
operated once by a Pedestrian and the demand or logical ‘1’ is stored in the
controller logic until such time as the Green ‘Man’ appears.

Other Pedestrian sensors such as overhead infrared or microwave sensors, and
pressure pads in the footpath, may also be used.

When Inductive Loops are used for the detection of bicycles and light
motorcycles, care must be taken with the loop design, owing to the fact that
bicycles and motorcycles are not large in mass, and therefore may not
sufficiently disturb the loop magnetic field. Difficulties may be overcome, by
adding more loop turns or by altering the shape of the detection area.

Special detector systems may also be required for Emergency or Priority
Vehicles.

Other Signal Control Equipment

Audio Tactile Facilities

If required, audible signals can be provided on Pedestrian movements in order to
indicate that the Green ‘Man’ period has commenced for the benefit of the
visually impaired. The Traffic Engineer should make sure that there is no danger
of the unit being heard at adjacent signalled Pedestrian crossings. Similarly,
tactile (active vibration sensor during the Green ‘Man’) can be provided for deaf
persons. Audio and vibration units are usually provided by signal suppliers as a
single unit and are triggered by the Green ‘Man’ display.

Where it is impracticable to install audible signals it may be desirable to provide
tactile only signals (a knurled knob or pad mounted beneath the push button box
which vibrates when the steady Green ‘Man’ is shown)
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412.2

412.3

Disabled Facilities - Ramps

Sloping ramps are essential where there is a need for wheelchair users to cross
the carriageway. Tactile surfaces behind the kerb are of benefit to the visually
impaired.

The conflicting needs of blind Pedestrians and wheel-chair users are most
marked where footway routes cross carriageways because the kerb, which is
useful for blind persons, becomes a barrier for wheelchair users. Sloping ramps
associated with a form of textured surface are therefore essential where there is
a need for wheelchair users to cross.

In addition the immediate approaches to these Pedestrian crossings, as well as
the ramped section, should be indicated by contrasting coloured textured
surfaces. The design, texture and recommendations for the production and use
of textured pavement are detailed in most Disability Unit Publications.

Audible signals or bleepers in the form of a pulsed tone (usually 1 tone per
second) are normally emitted during the waiting period for Pedestrians, who are
expecting the Green ‘Man’ or "invitation to cross" period.

When the Green ‘Man’ commences the signal changes to a distinctly rapid
continuous tone, and when the Clearance period commences then tone usually
changes to a pulsed or intermittent rapid signal.

These audible signals are intended primarily for the benefit of visually
handicapped Pedestrians although they can also be helpful to others. They
should not be fitted in certain locations, such as at staggered crossings, where
there is a risk that the signal at one crossing may be heard at the adjacent
crossing.

Local residential communities occasionally object to audible signals because
they find them disturbing. An explanation of their need and a reduction in
intensity of sound will usually satisfy. The reduction in sound intensity can be
controlled by an ambient noise sensor.

Pedestrian Guardrails

Guard rails should be provided if it is required to restrict the crossing of
Pedestrians to certain approaches or locations or to prevent crossing at
dangerous places. Also, consideration should be given to the provision of guard
railing 50m either side of a crossing both segregating the Pedestrians from and
to encourage the use of the crossing facilities provided.

Care shall be taken in order to ensure that guard railing does not impair visibility
particularly where children may be crossing or waiting in the central reservoir

The installation of guard railing should not reduce footway widths so as to
seriously restrict Pedestrian movement.
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4.12.4

4125

4.12.6

The effectiveness of guard railing will be lessened if gaps have to be left for
access for Vehicles and the loading/unloading of goods. Where possible,
crossings should be sited so as to avoid the necessity for such gaps.

In determining the length over which high skid resistance surfacing will be
provided, both approach speeds and accident records should be taken into
account.

Dropped kerbs associated with crossings should be white coloured and laid flush
with the adjacent carriageway channels. In siting crossings, care must be taken
in order to ensure that there is sufficient carriageway longitudinal gradient in
order to prevent the collection of detritus and accumulation of surface water on
the crossing or on the length of dropped kerbs which form the crossing.

Zebra Crossings

Zebra crossings are Pedestrian crossings marked by Pedestrian lines and
alternate black and white stripes and Flashing beacons, on which Pedestrians
have priority over Vehicles.

They are not normally considered suitable for roads not subject to 50 KPH speed
limits or where there is more than one lane in each direction.

Public Street Lighting

Consideration should be given to the provision of adequate lighting, in order to
ensure that the crossing can readily be seen against the background of other
lights and signs.

This can be achieved by the provision of good road lighting.

Where possible road lighting at Pedestrian crossing sites should be installed to
the level recommended in BS 5409 Part 2 (Ref 12). The guidelines give details of
lighting column positions and spacing in relation to crossings.

Supplementary lighting units appear to be especially susceptible to vandalism
and should be regularly checked to see that they are aligned and prevent glare to
drivers which could hide or "veil" Pedestrians standing behind it thus defeating
the objective of its installation.

Bus Priority at Traffic Signals

Selective Vehicle Detection (SVD) is a means of electronically 'recognizing' and
giving priority to certain Vehicles at traffic signals and hence reducing delay to
those Vehicles at such installations.

Bus priority is a technique whereby buses are detected on an approach to an
intersection. The Green signal is either held, or recalled as expeditiously as
possible, in order to enable the bus to pass through with the minimum of delay.
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Some other non-priority Vehicles gain during this process, some lose, but care is
taken to quickly restore the balance so that ideally across the longer term, there
is no adverse delay to non-priority traffic. The possibly deleterious effect of very
high bus flows is minimised by inhibiting priority to certain buses.

It is important to note that the technique overcomes signal delay; it is not an
appropriate means, nor does it attempt to overcome congestion delay.

Relatively small but important savings in both journey time and variability of
journey times are made which aggregate across a year to worthwhile benefits.
The savings are available at all times and do not rely on police enforcement.

The location of the bus detector has to be a compromise between a position
sufficiently upstream to allow time for the signals to change and a position near
enough to the stop line to ensure consistent travel time. This may require
consideration to be given to the placement of bus-stop areas which, however,
need to be near the junction.

Buses in the system are fitted with transponders. When a demand is inserted for
a Priority Phase, VA demands for other non-running Phases can be allowed,
enforced or excluded, whilst Phase changes are being made to serve the Priority
demand as defined by the programming signal engineer. It is however, best
practice to allow such VA demands for all Phases during the initial configuration
of the Controller Programme. Any decision to enforce or delete a Phase is taken
once the controller is working on the street. Deleting can lead to Phase skipping
and should be done with extreme caution.

The transponders are mounted underneath the buses and the bus-lane (or
shared traffic lane) is fitted with subsurface inductive loops. The transponders
required a connection to the buses’ electrical system in order to obtain power.
Detector reliability and sensitivity is important.

Alternatively, the ‘Bus-Loop’ is a conventional inductive detector but with a loop
approximating to the size of a bus. All classes of Vehicles are seen by the
detector but most are below a threshold value set for buses.

The size of the loop makes it more vulnerable to damage than the conventional
size loop detector and siting is complicated on multi-lane approaches. The
technique is clearly not specific to particular bus operators, but it is cheap, it
avoids Vehicle-mounted equipment, and is most appropriate to isolated bus
operated barriers etc.

The bus priority system may employ Controller Dual Ring programming so that
bus Phases may be serviced more than once during a complete cycle. Dual Ring
operation is explained below.
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412.7

4.12.8

Dual Ring Operation

The introduction of the microprocessor controller has given the engineer greater
flexibility in designing systems more in tune with the network requirements.

One such system is the ‘Dual Ring’ system.

This system utilizes the Parallel Phase streaming philosophy which allows
various non-conflicting movements to occur on the junction at the same time. The
controller is designed to give a more direct response to traffic demand and in fact
may operate in a non-cyclic fashion.

The operation of the controller defined in this specification is Group orientated. In
Group orientated control, timings and demands are associated with the Groups
and the control philosophy is designed to give right of way to Groups in an
optimum manner. If required, such a Group orientated controller can be made to
operate in the traditional Phase based manner by suitable selection of Group
timings and by use of appropriate site data.

MOVA

MOVA exploits the power of microprocessor technology in order to provide self
optimization control of signal timings at individual sites. The strategy uses 2
detectors per lane, normally at 40m and 100m from the stop line. Initially each
lane receives sufficient Green in order to discharge Vehicles queued back to the
40m detector. Next, the gaps are examined to detect a reduction of saturation
flow and finally optimization occurs in order to balance the merits of extending
the Green against the disadvantages to Vehicles on opposing Phases held on
Red.

MOVA has a fixed Minimum Green Phase time, normally of 7 seconds.

Thereafter, MOVA has a Variable Minimum Green time, in order to ensure that
Vehicles waiting between the ‘X’ or ‘near’ loop and the stop-line at the start of
Green can escape during the Green.

After these Minimum Green periods, MOVA then looks for the end of ‘end of
saturation flow’, or the *first appreciable Gap’ at the end of the platoon, in order to
clear the moving platoon across the stop-line.

MOVA then reviews other demands (such as for instance for Pedestrian
movements) and vehicular arrivals and delays on the other approaches, so as to
optimise competing demands, and in order to decide as to whether or not to
continue or terminate the current Green.

If one or more approach lanes are saturated (have not cleared in the last few
cycles), decision making switches to the capacity maximisation algorithm, which
is highly effective at resolving queuing where this occurs only on some lanes,
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and to best share out the available Green time in these circumstances, according
to user specified parameters.

Other parameters and facilities can be called upon in order to make best use of
flared approaches, invoke bus priority, or favour main road queues when
junctions are overloaded.

Remote Monitoring (Dial-Up)

Between the higher rate of economic return on coordinated areas of ATC and
that of isolated sites covered by Vehicle actuation, there is an unquantifiable area
where the benefits of coordination are overshadowed by the rental costs of
dedicated Local Telecom lines (tied lines), or even cellular communications.

The development of the Out-Station Monitoring Unit (OMU) or Dial-in Dial-out
(DIDO), for the remote monitoring system and microprocessor controllers, allows
a variation of ATC using the Public Switched Telephone Network (PSTN) for
groups of signals where the real time second by second control is less critical.
Advantages lie in the reduction of line rentals, but the disadvantages, at least at
present, stem from the lack of ease in communicating with each individual site.

At present traffic signals that are not connected to Urban Traffic Control systems
are inspected manually in order to check for correct operation and to detect
faults, but this may require significant manpower resources which are not always
available.

In addition, some faults are not readily apparent to road users but do have
significant effect upon traffic movement and delay. Furthermore, owing to other
workload priorities, some installations are not inspected until serious faults occur.

Therefore, it can be seen that although staff resources are expended in checking
signals, significant defects may go unnoticed for a considerable period of time.

As a result, systems have been developed for the remote monitoring of signals
which have the capability of checking that the signal lamps are working, that the
controller timings are correct, that Vehicle detection systems are operating
correctly and that the controller is operating as originally specified.

If faults are indicated, their presence will be rapidly detected and allow the more
effective use of staff resources which makes the installation of a remote
monitoring system attractive.
The Remote Monitoring System comprises three parts:-

()  Operator Terminal

(i) Instation (computer)

(iif)  Outstation Monitoring Unit (OMU).

The operator terminal and instation unit may be installed in the Traffic
Management Centre, whilst the OMU's are installed at the controllers to be
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monitored. The communication between the instation and the OMU is via the
Public Switched Telephone Network (PSTN) and when a fault is detected the
OMU generates a fault report and "dials up" the instation.

In addition to the above, the outstation will then "dial up" the maintenance
contractors offices thus saving the significant period of time spent telephoning
individual faults through to the contractor. Furthermore, return information
between the contractors and County offices can be sent in the same manner,
again saving staff time spent answering the telephone whilst engaged on other
duties.

The benefits of rapid location of faults, reduced delay to road users and the more
effective use of staff resources outweigh the initial capital cost and subsequent
running costs.
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5 SIGNAL FACE LAYOUTS AND DISPLAY SEQUENCES
5.1 Introduction to Signal Displays
This section provides guidance on the design of signal face layouts and on the
acceptable sequence of signal displays under different conditions.
Traffic signals control Vehicles by displaying Green, Amber or Red signals. There
are some variations, e.g. Flashing Amber arrows, or Flashing Pelican Full Amber
signals. Similarly, Pedestrian signals are provided in order to control Pedestrians
crossing the road by displaying Red ‘Man’ or Green ‘Man’ signals.
Again, there are some variations on Pedestrian Signals, e.g. Amber ‘Man’ during
clearance periods. Traffic signals are also employed in order to control special
Vehicles such as fire tenders, ambulances, trams, buses, and trains (at rail level
crossings).
It is important that the design of traffic signals should follow a consistent
standard, so that road-users are not confronted with a display, or a sequence of
displays, that may be confusing. Design uniformity and proven techniques are
essential in order to avoid hesitancy and misinterpretation, which in turn leads to
accidents, and unnecessary delays.
Basic design criteria aim to:
(a) Give alogical and clear presentation
(b) Ensure uniformity of design
(c) Promote displays that are simple and easy to understand
(d) Prevent unsafe or conflicting displays
(e) Prevent unsafe sequence of displays
Definitions
The Signal Aspect is a single optical system, usually round on a signal face,
and capable of being illuminated Green, Amber, Red, or White.
The Signal Display consists of the aspects that are illuminated.
The Signal Face refers to a set of signal aspects in a common Lantern
assembly, generally in one or two columns, together with a target board in order
to improve signal visibility.
The Signal Lantern refers to an assembly of one or more aspects, together with
the means of mounting them and connecting them to signal cables
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5.2

5.3

54

54.1

Signal Aspects

Signal aspects, generally arranged in one or two lantern columns, make up the
Signal Faces. Vehicle aspects are usually Green, Amber or Red, but may be
White for Public Transport Vehicles.

Pedestrian aspects are usually Green or Red, but may also have an Amber ‘Man’
aspect.

Bicycle aspects are usually two-aspect lanterns of Green or Red, and for three-
aspect lanterns, are usually Green, Amber or Red.

Special Vehicle aspects for trams, buses or emergency Vehicles are usually
White, Amber or Red.

Size of Aspects

The following guidelines are important in understanding signal control
requirements.

(@) 200mm diameter general-purpose aspects are suitable for most urban
applications except on very wide streets

(b) All aspects in the one signal face should ideally be of the same size;
however larger Red signals are used throughout Europe

(c) For Pedestrian aspects, 200mm nominal diameter aspects are usually
used; however larger may be required for very wide crossings.

(d) 300mm diameter aspects should be limited to Mast-arms or gantries,
but may need to be installed:

(i) Where circular displays must provide a greater advance warning
than the normal 150m from the signal stop line, or where the
85th percentile approach speed exceeds 70 km/h

(i) Where an Arrow signal display must provide greater advance
warning than the normal 80m from the signal stop line, or where
the 85th percentile speed of turning traffic exceeds 40 km/h

Types of Aspects

Signal Aspects that are recommended for use in Kenya are illustrated in Figure
5.1.

Full Roundel (Circular) Aspects

Full Roundel or Circular aspects are the easiest to comprehend and have the
greatest visual range. At any traffic signal site, Full Roundel (circular) aspects
control all traffic approaching or waiting at the stop line on the approach that is
assigned to those aspects, provided that those aspects are the only aspects in
that signal face. The signal face may be fitted with a circular Green Arrow display
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that permits LT and RT traffic to Filter through a Pedestrian movement or through
oncoming traffic, unless prohibited by other controls.

Circular Arrow U-Turn
Pedestrian DON'T WALK Pedestrian WALK
(Red Only) (Green Only)
Buses Trams Emergency Bicycle
Vehicle

Figure 5.1 — Recommended Signal Aspects

5.4.2 Arrow Aspects

Arrow aspects are used in order to control particular movements at traffic signal
sites including U-turn movements as seen in Figure 5.1.

Arrow aspect orientations to be used are shown in Figure 5.2.
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s
. /

Left Turn 90° Left Turn Straight Through Right Turn Right Turn 90°

Figure 5.2 - Sighal Aspects Orientation

5.4.3 Pedestrian Aspects
The Don't Walk aspect is a Red ‘Man’ standing human figure, and the Walk
aspect is a Green ‘Man’ walking human figure as seen in Figure 5.1.

5.4.4 Bicycle Aspects
Where regulations permit, bicycle aspects may used in a similar manner to that
of Pedestrian aspects. The intent is to control cyclists crossing the road, or to
control on-road cyclists at an intersection. The symbol for a bicycle aspect is
shown in Figure 5.1.
Two aspects, a Red ‘bicycle’ and Green ‘bicycle’ are used for road crossings.
Three aspects, Green, Amber and Red, may be used at signal sites with
exclusive bicycle lane approaches.

5.4.5 Special Vehicle Aspects
Special Vehicle aspects are shown in Figure 5.1. Special Vehicle aspects may be
used in order to allow priority to buses, trams and emergency Vehicles at traffic
signals.
The white T or B, and in some jurisdictions, E aspect is used to indicate that
trams, buses or emergency Vehicles may proceed.
White arrows are also used occasionally to indicate that drivers of special
Vehicles may proceed in the direction of the Arrow.

5.4.6 Combination of Aspects (Full Roundel and Arrow)
Pedestrian aspects must not be mounted or combined with Vehicle aspects in
the same signal face. Circular (full roundel) aspects may be combined as
detailed in following diagrams. Full Roundel or Arrow aspects may also be
combined with special Vehicle aspects.
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5.5

55.1

Basic Signal Face Layouts

Signal Aspects are arranged in columns with the Red aspect upper-most, the
Amber aspect in the centre and the Green aspect at the bottom. The basic three-
aspect signal face consists of Green, Amber and Red circular aspects in a single
column as shown in Figure 5.3. This arrangement is universally accepted and
provides unambiguous interpretation to persons with colour-blindness.

This is the normal minimum permissible signal face layout and should be used as
a first preference. In special traffic situations, two-aspect signal faces may be
used. Single-aspect signals are not permissible except for overhead lane control
signals.

L@

Figure 5.3 - Basic Three-Aspect Signal Face Layout

Directional ‘Arrow’ displays (e.g. Green ‘Arrows’) reinforce the provision of right
of way for certain Vehicle movements or reinforce the prohibition of certain
movements. Arrow movements are usually associated with full roundels.

The visual range of Arrows is often reduced owing to the fact that the Arrow
Mask covers a substantial area of the roundel. Therefore, Arrow aspects should
not be used for straight ahead ‘stopping signals’ (Ambers or Reds).

Where all traffic on an approach must LT or RT, and where there is no direct
conflict with a Pedestrian or vehicular movement, Full Green roundels may be
replaced by Green Arrows in order to reinforce the idea to drivers that only one
direction of travel is possible.

Downward pointing Arrow aspects should not be used on conventional signal
poles or Mast-arms for signal control. Their use should be confined to overhead
gantries related to lane discipline.

Multi-Column Signal Face Layouts

Multi-column signal faces may contain four, five, or six aspects. It is usual to
have an Arrow aspect column (3 Arrows) adjacent to the basic three-aspect
column. A six-aspect face layout is shown in Figure 5.4. This arrangement is
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used in order to control left-turn or right-turn movements independently of the
main through movement.

Multi-column vehicle signal faces should be arranged as follows:
(@ A column shall contain only aspects of the same shape and

orientation

(b) LT Arrow aspects are located to the left of the circular aspects, and
RT Arrow aspects are located to the right

(c) Columns containing only an Amber aspect are not permitted
(d) Columns containing only Red and Green aspects are not permitted

(e) Aspects of the same colour must be located on the same horizontal
level

(f)  No column shall contains more than three aspects, except in the case
of an approved 4-aspect column

(g) Each column shall have only one aspect of each colour, except for the
approved 4-aspect column

The use of three columns in a display is not allowed as this causes confusion to
drivers.

The recommended arrangement is no more than 2 lantern columns, facing in any
one direction, mounted on any pole or mounted at two distinct levels on a mast

9 00
<O |02
<« 0>

Figure 5.4 - Six-Aspect Multi-Column Signal Face Layouts

5.5.2 Four-Aspect Single-Column Signal Face Layouts

A single column of four aspects may be used consisting of Red and Amber full
roundel aspects and two Green aspects (full roundel and Arrow, or with two
arrows).

See Figure 5.5. This is not allowed for overhead mounted signals on either Mast-
arms or gantries. Four-aspect lantern columns should not be used in multicolumn
displays and should be avoided altogether if possible.
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5.6

5.6.1

5.6.2
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Figure 5.5 Four-Aspect Single-Column Signal Face Layouts

Signal Face Layouts with RT Arrow Aspects

Six-Aspect Sighal Face Layouts with RT Arrow Aspects

A six-aspect signal face layout with Green, Amber and Red Arrow aspects can
be used in order to independently control RT movements. See Figure 5.4.

A Green RT Arrow allows exclusive right of way to any traffic stream and
therefore should only be displayed when no conflicting traffic movements
(Vehicle or Pedestrian) are permitted.

The Amber RT Arrow always follows the Green Arrow display in a 3 aspect Arrow
arrangement. A single RT Green Arrow may be followed by a full roundel Green,
in which case the Arrow may be cancelled ‘OFF’ or not.

The Red RT Arrow should be displayed following the Amber Arrow display when
the RT movement or a conflicting movement (Vehicle or Pedestrian) must be
protected.

Four-Aspect Signal Face Layouts with LT & RT Arrow Aspects

Single RT Green Arrow Aspect

A 3-aspect lantern column with a single RT Green Arrow aspect may be used
when the RT Green Arrow display is terminated simultaneously with the Green
Full Roundel display. See Figure 5.6.

Single LT Green Arrow Aspect

A 3-aspect lantern column with a single LT Green Arrow aspect may be used
when the LT Green Arrow display is terminated simultaneously with the Green
Full Roundel display, or the single Green Arrow is cancelled ‘OFF by the
commencement of the Green Full Roundel. See Figure 5.7.
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5.7

Face Layouts with Left-Turn Arrow Aspects

5.7.1 Six-Aspect Signal Face Layouts with LT Arrow Aspects

A six-aspect signal face layout with Green, Amber and Red Arrow aspects may
be used in order to independently control left-turn movements. See Figure 5.4.

The Green LT Arrow should only be displayed when there are no conflicting
traffic movements (either Vehicle or Pedestrian).

The Red LT Arrow should be displayed following the Amber Arrow display when
a conflicting movement (either Vehicle or Pedestrian) must be protected.

When the Green Full Roundel is illuminated, the column of LT aspects is usually
‘OFF’, either if there is no demand for the Pedestrian Parallel Green ‘Man’
movement, or when the LT movement may filter through a Parallel Green ‘Man’
or other traffic movement.

Otherwise the Red Arrow will light either for short protection, protection for
‘Green Man’ or protection of the full duration of the Pedestrian movement plus
clearances.

O
O =
) O

C0®
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Figure 5.6 - Four-Aspect Sighal Face Layouts
Single RT Green Arrow Aspect

- 5
O 1O
K= =0

Figure 5.7 - Four-Aspect Sighal Face Layout
Single LT Green Arrow Aspect
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5.8 Allowable Lantern Aspect Face Combinations

For ‘allowed’ 3 to 6 aspect signal face layouts, refer to Figure 5.8.

Three-aspect signal face layouts

e @ @ O @
O O O 2 fe
g © =2 2 «©

Four-aspect signal face layouts
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Six-aspect signal face layouts
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Figure 5.8 - Allowable Signal Face Layouts

59 Sequence of Vehicle Signal Displays

5.9.1 Basic Sequence

The normal sequence of Vehicle displays in a Vehicle lantern is Green to Amber
to Red and back to Green again. See Figure 5.9.

The exceptions are:

(a) Mid-block Pelican crossings where the sequence of Vehicle displays in the
Vehicle lantern is Green to Amber to Red to Flashing Amber, and back
again to Green.

(b) Lantern column arrangements in which RT or LT, 3 - Arrow arrangements are
allowed to have an ‘OFF’ display.
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Figure 5.9 - Basic Display Sequence
Three Aspect Signals

5.9.2 Sequences with Arrow Aspects

In sequences with Arrow aspects, e.g. dual column lantern displays, the
requirements of the basic sequence of displays may be as follows:

(a) If filter movements are allowed; then a column of Arrow aspects may
the Off.

(b) Other permitted sequences for arrows on six-aspect signal faces are:
I.  Green to Amber to Red to Off to Red to Green

II.  Green to Amber to Red to Flashing Amber to Amber to Red
to Green

lll.  Green to Amber to Red to Flashing Amber to Off to Red to
Green

V. Green to Amber to Red to Off to Green

(c) All Green displays, either Full Roundel or Arrow shall always be
followed by an Amber display applicable to that movement, except for
a LT Green Arrow, which may be cancelled ‘OFF’ on commencement
of a Green Full Roundel

(d) A Red display must be preceded by an Amber display.

Fully-controlled RT display sequences for six-aspect arrangements are shown in
Figure 5.9.

On dual column Vehicle display as shown in Figure 5.9, it is not desirable for a
Red or Green display on one column to change during an Amber display on the
adjacent column, as this might cause a temporary loss of perception to
approaching drivers.

However, on Diamond Overlap Phasing (D.O.) designs the condition described
above may occur owing to the independent operation of the turning movements.
Occasionally, the Green Full Roundel may commence at any time during the
Amber Arrow of the RT movement.
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Right-turn arrow displays change simultaneously with circular displays: right-
turn and through movement initiated and terminated at the same time
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Right-turn arrow displays change at different times: terminating the right-turn
movement and initiating the through movement.
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Right-turn arrow and circular displays change at different times: terminating the
through movement and initiating the right-turn movement.
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Figure 5.9 - Fully-Controlled RT Display Sequences

Six-Aspect Arrangements
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5.9.3 RT Sequences

Commonly used RT display sequences in order to initiate a RT for a six-aspect
arrangement is shown in Figure 5.10.

Commonly used RT display sequences in order to terminate a RT for a six-
aspect arrangement is shown in Figure 5.11.

e [0
OO—|00
od 08

03] [oT
OO—(00
od 0o

Simultaneous with green circular display

@ O
OO—|00
00 09

_) Displays where provided

During red circular display

| o | @
OO—08|—00
08 0d 0O

o o] o3
OO—08—00

O 100 OO
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OO —08—00
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Displays where provided

Figure5.10 - Display Sequences
te an Arrow-Controlled RT Movement

Figure 5.11-
Display Sequences
Terminate an Arrow-Controlled RT Movement
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5.9.4 LT Sequences

Commonly used LT display sequences in order to initiate a LT for a six-aspect
arrangement is shown in Figure 5.12.

Commonly used LT display sequences in order to terminate a LT for a six-
aspect arrangement is shown in Figure 5.13.

@ [@ [<@ [O
o0 — 00| 10O —[00
od d 1d eo

During green circular display
O O — O O —) Displays where provided

Figure 5.12 - Display Sequences
Initiate an Arrow-Controlled LT Movement
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Figure 5.13 - Display Sequences
Terminate an Arrow-Controlled LT Movement
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5.10 Pedestrian Signals
The basic sequence for Pedestrian displays is that of Steady Red ‘Man’ to
Green ‘Man’ to Flashing Red ‘Man’ to Steady Red ‘Man’.
Sequences and operations may vary from one jurisdiction to the next.
Pedestrian signal face layouts usually consist of a Red ‘Man’ Pedestrian aspect
mounted above a Green ‘Man’ Pedestrian aspect. See Figure 5.1.
Pedestrian aspects must always be mounted separately from the Vehicle
Lanterns.

5.11 Bicycle Signals
The usual sequence for bicycle displays with a two-aspect arrangement is
Steady Red ‘Bicycle’ to Green ‘Bicycle’ to Flashing Red ‘Bicycle’ to Steady
Red ‘Bicycle’.
The sequence for bicycle displays with a 3-aspect arrangement is Steady Red
‘Bicycle’ to Green ‘Bicycle’ to Amber ‘Bicycle’ to Steady Red ‘Bicycle’.
In some cases, a bicycle signal face layout may consist of a Red ‘Bicycle’ aspect
mounted above a Green ‘Bicycle’ aspect. See Figure 5.1. These two-aspect
bicycle lanterns must never be incorporated with Vehicle aspects in a common
signal face.
Three-aspect bicycle signals (Green, Amber and Red bicycle aspects) can also
be used to separately control bicycle movements, but should never be placed
with vehicle aspects facing the same direction.

5.12 Special Vehicle Signals
The usual sequence for special Vehicle displays is Red to White to Amber, and
back to Red again. Where white special Vehicle lanterns are displayed as single
aspect units, the sequence is Off to White to Off.
A single White aspect does not fully control a special Vehicle movement, i.e. its
absence does not compel a special Vehicle to stop.
It is usual to use White Special Vehicle aspects (B for Buses, T for Trams, or E
for Emergency Vehicles) that provide control of special Vehicle movements. In
addition, a Special Vehicle signal face layout consists of a single column of Red
and Amber aspects may be employed. See Figure 5.1.
In some cases, special-purpose aspects can be mounted and placed separately
from Vehicle and Pedestrian displays.
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5.13 Summary of Rules for Signal Display Sequences

The following is a summary of rules concerning the signal display sequences and
are applicable to all locations regardless of the number of Phases:

(i)

(ii)

Green Arrows must only be used in order to indicate to motorists
wishing to turn that they may do so without conflict with other signal
controlled Vehicles or Pedestrians. (Where the previous Phase included
a conflicting turn, the Green Arrow display (GA) is delayed for the Late
Start period)

Where a Full Green Roundel is the next aspect to be displayed to an
approach in association with a Pedestrian Green ‘Man’ signal; then the
left turn must be stopped with a LT Amber Arrow, followed by the LTRA
as shown in Figure 5.14.

(iif) The LTRA is held for a predetermined period from the commencement

of the Pedestrian Green ‘Man’ period. If this period is less than the Walk
+ Clearance periods, then the Arrow lantern is blacked out ‘OFF’ and
left turning traffic may proceed with care on the Full Green signal. If
there is sufficient Vehicle Green time following the end of the Clearance
and there are no other conflicting movements, the Green Arrow may be
re-introduced in association with the Full Green.

(i) If a Full Green is the next aspect to be displayed to the approach

already displaying a LTGA and the Parallel Pedestrian Green ‘Man’ is
not demanded; then the LTGA is permitted to overlap through the
intergreen. Where there is a conflicting RT filter movement the LTGA is
blacked out ‘OFF’ as soon as the Full Green is displayed. See Figure
5.15.

(iv) If there is no conflicting RT movement; then the Green Arrow is

displayed in association with the Full Green. Where a Full Green is the
next aspect to be displayed to an approach and there is no controlled
Pedestrian crossing; then the LTGA may be allowed through the
intergreen as llustrated above. No LTRA is required under this
condition, and a five aspect display is sufficient. The LTAA is only
displayed when a Vehicular Green is not next. See Figure 5.16.

(v) Where LT Arrows are provided, their display during the Walk and

Clearance periods is as described above irrespective of Phase
sequence. RTGAs may either be used adjacent to a Full Green signal
(i.e., associated with a through overlap movement — See Figure 5.6 or
in conjunction with a full Red signal when the through traffic is held. See
Figure 5.8.
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During red circular display Simultaneous with circular display
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5.14

5.14.1

5.14.2

Figure 5.14
Signal Start-up and Failure Displays

Signal Display on Failure

When a major fault occurs at an intersection owing to equipment malfunction or
maintenance activities, the recommended ‘fallback’ display is that of Flashing
Amber on all approaches at a rate of 1 Hertz with equal 'On' and 'Off' times.

Various traffic studies have concluded that Flashing Amber displays are safer
than blacked out displays. Studies show that the public regard blacked-out
signals as being unacceptably hazardous, and that under fault conditions the
signals should revert to Flashing Amber.

It follows, therefore, that Flashing Amber should not be used as a regular, routine
mode of operating intersection signals, for example under light traffic conditions,
or late at night.

Surveys of accident data has confirmed that even under light traffic conditions it
is advantageous to retain normal operation of signals in order to promote road
safety and maintain efficiency of movement.

Signal Displays on Start-Up

When initiating operation of a signal-controlled intersection the following
sequence of displays is recommended:

(@) Display Flashing Amber on all approaches for a minimum of ten
seconds,

(b) Display Steady Red on all approaches for three seconds minimum,
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(c) Display Green aspects to the first (usually pre-selected) movements
in order to proceed

(d) Introduce at least one full cycle of all Phases and movements

(e) Proceed with normal operation

Alternatively, the following sequence has also proved acceptable:
() At Power on - Display no signals to the selected Main Road
Movement

(g) Display Steady Red on all side road approaches for 10 seconds
minimum, no signals on Main Road

(h) Display Green aspects to the Main Road movements in order to
proceed

() Introduce at least one full cycle of all Phases and movements

()  Proceed with normal operation

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
o7



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

6

6.1

6.2

DETERMINATION OF SIGNAL PHASING (OR STAGING)

Introduction and Scope

The Signal Phase (or ‘Stage’) is the time during which one or more movements
receive right of way. A Phase may have one or many movements starting ‘Green’
simultaneously at the start of the Phase. The ‘end’ of the Phase may be identified
with one or more movements finishing in order to make way for ‘new’ movements
starting up.

Separately controlled traffic movements at a signal site are arranged in terms of
Phases which combine compatible movements into sequential and concurrent
(overlapping) traffic streams in order to form a complete sequence of Phases.
One complete sequence of Phases is called a cycle and is typically identified by
the letters A-B-C-D-A, etc.

There are two methods of operational timing arrangements in signal controllers:

(@) Phase (or Stage) control whereby all the movements allowed in a
particular Phase are subject to the signal timing parameters of that
Phase, e.g. intergreen time, minimum Green time, etc. Phase control
attempts to minimise the number of Phases in order to decrease time
lost on moving from one Phase to another.

(b) Signal Group control whereby the signal timing parameters are
specified for individual movements. Group control attempts to allow
more flexibility as to when compatible movements can start and end
regardless of the number of Phases. Therefore, at sites with many
movements, the movements operate with respect to each other rather
than being tied to Phase transitions.

Modern Traffic Controllers are capable of employing features of both Phase and
Group control methods simultaneously.

Fundamental Rules of Signal Control

The main objectives of the Signal Phase design are:

(@) Safety: To reduce road accidents by managing and minimising
conflicts among traffic and Pedestrian movements with particular
consideration to the accident history of the site

(b) Efficiency: To maximise site capacity and to minimise travel delay,
queue length or number of stops, or a combination of these
performance measures

The above objectives often conflict, and appropriate compromises need to be
found. In minimising delay, queue length and number of stops, the average
values of these measures for all movements at the intersection as well as the
individual movement values should be considered.
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6.3

Consistency of signal equipment and operation throughout a network and an
understanding of driver behaviour are essential for effective design.

Determination of Phase (Stage) Sequences

In order to describe the operation of traffic signals, several terms have been
developed as detailed in the ‘Glossary’ — Appendix A. Unfortunately the use of
these terms has not been globally standardised and the same word may even be
used to describe quite different concepts in different countries.

For the purposes of this manual a single Vehicle or Pedestrian movement shall
be considered as a signal group or movement. A combination of movements that
may safely run concurrently shall be called a Phase (or Stage).

Each possible trajectory of traffic flow is called a movement. At a typical
crossroads intersection, each arm or approach of the intersection can
accommodate three movements:

0] Vehicles travelling straight through (SA — straight ahead)
(i) Vehicles turning left (LT - turning movement)

(i) Vehicles turning right (RT - turning movement)

In the simple junction layout shown in Figure 6.1(a), there are 12 movements in
total (3 on each approach). During Vehicle Counting, it is usual to count all
movements — LT, RT, and SA for each approach, not necessarily for each lane,
depending on the nature of the scheme. The final total count on each approach
for LT, RT and SA, should help in determining lane requirements.

Although it would be possible to allocate a given amount of time to each
movement and control it separately it is more usual to group sets of compatible
movements into signal groups, e.g. the Straight Ahead and LT and RT
movements could be designated as one signal group movement ‘V1' (known at
the controller output [and on the plan] as ‘signal group V1. Movements coming
from the opposite direction might be ‘V2' (or signal group ‘V2'). If there are no
major conflicts between V1 and V2 (for example), they can be run simultaneously
as ‘A’ Phase.

A Phase (or Stage) is a combination of compatible signal groups.
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Figure 6.1(a) — Simple Junction Signal Layout

A Pedestrian movement that is allowed to run simultaneously during any part of a
traffic Phase (Stage) is also allocated a signal group output and might be labelled
‘P1.

In some situations, where there are several Pedestrian groups P1, P2 etc, they
may be run concurrently with signal groups V1, V2 etc, if safety allows, or they
may be run in one separate Phase (Stage) called an ‘All-Round-Pedestrian’
Phase. In this case, all vehicular movements are ‘stopped’.

In current practice, only one Phase (Stage) can be running at any one time.
Phases are labelled A, B, C ... G and are usually serviced in alphabetical order
with Phases that are not required being skipped.

A Phase may consist of a set of non-conflicting movements. Where a Phase
contains minor conflicting movements, (for example - a Vehicle wishing to turn
right across an oncoming traffic stream); then those movements which are
obliged to yield right of way (in this case the RT Vehicle) are said to be filter
movements, i.e. the Vehicles filter right through gaps in the oncoming vehicular
stream.

The selection of a Phase design for a particular intersection will depend on the
relative flows of Vehicles and Pedestrians on each of the movements. However,
the following general guidelines shall apply to any Phase design:

(1) The number of Phases should be kept to a minimum in order to
maximise the use of time

(2) As many movements as possible should be allowed to run in every
Phase

(3) A Phase should preferably consist of non-conflicting movements
If we consider the crossroads intersection shown in Figure 6.1(a); it can be seen
that a basic two Phase design Figure 6.1(b) satisfies points (1) and (2) above
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very well, but there are 8 conflicts. By contrast, the four Phase design of Figure
6.1(c) below, has no conflicts but it is very inefficient.

In Figure 6.1(a), a simple crossroads intersection is shown with 4 approaches
from North, East, South and West. A separate signal group is allocated to each
approach and labelled V1 (South), V2 (North), V3 (West), and V4 (East).

In the example of Figure 6.1 (b), at first sight, V1 may safely run with V2.
Similarly, V3 may safely run with V4. Therefore V1 and V2 may be considered as
‘A’ Phase and V3 and V4 considered as ‘B’ Phase. This is a very simple
arrangement for a simple crossroad intersection. There are no Pedestrian
movements to be considered at this point.

A Phase =V1 +V2

B Phase =V3 +V4
However, if site conditions were to indicate that V1 and V2 could not be safely or
efficiently run simultaneously, then V1 could be allocated to its own Phase and
similarly for V2. For example, if the volume of RT Vehicles in V1 might not be

able to discharge sufficiently during A Phase; then the Phase sequence in that
case might be:

Phase A =V1
Phase B = V2
Phase C =V3 +V4

Please refer to Figure 6.1(b) and 6.1 (c)

Phase ‘A’ Phase ‘B’

V3
V1

V2
v4

Figure 6.1(b) — Simple Traffic Movements — 2 Phase Arrangement
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Similarly, if V3 and V4 were experiencing similar discharge problems the Phase
sequence would be:

Phase A =V1
Phase B = V2
Phase C =V3
Phase D = V4

Please refer to Figure 6.1(c)

Selection of an appropriate Phase design, including the use of arrows, overlaps
and Pedestrian movements, are further discussed in the sections following.

Phase ‘A’ Phase ‘B’ Phase ‘C’ Phase ‘D’
V2 V3

V4

V1

Figure 6.1(c) — Simple Traffic Movements — 4 Stage Arrangement

6.4 Signal Groups

The actual means of controlling Vehicles and Pedestrians is by means of the
signal lanterns with one, two or three signal colours. All signal lanterns which
have a particular colour sequence are called a signal group. A Vehicle signal
group may have the colours Green, Amber, Red, or may be ‘OFF (no display)
and the associated lantern may consist of Full Roundels or Arrows.

A given signal group (e.g. V1) may control a single movement such as a Right-
Turn (RT) movement, or a combined Straight Ahead and Left-Turn movement
(SA +LT).

Normally, the operation of signal groups is tied to Phases so that certain signal
groups are Green in certain Phases. In the simplest two Phase case, ‘A’ Phase
will have one signal group, and ‘B’ Phase will also have one signal group. In
more complex control, signal groups may be associated very loosely with Phases
or in some cases, signal groups may even operate independently of Phases (e.g.
a Pedestrian crossing perhaps 50 metres away from the main junction), provided
those Phases can run safely at that time period.

Phase related signal groups are identified by the Phase in which they are Green,
e.g. if V1 (signal group of Green, Amber and Red — [GAR]) can run in ‘A’ Phase
and ‘B’ Phase, then V1 = A/B. Where a signal group is Green in more than one

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
62



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

6.5

Phase and it is also Green while the controller is moving from one Phase to
another; then the signal group is said to overlap the Phases and it is called an
Overlap signal group. Overlap signal groups are identified by separating the
Phase letters by an oblique stroke, e.g., V1 = C/D.

Apart from Overlap signal groups there are other types of signal groups (usually
arrows) whose operation is conditional on a number of factors. These signal
groups are identified by the Phases(s) in which they are Green and their
operation is explicitly defined on design drawings.

When determining the optimum Phase sequence (Vehicle and Pedestrian
movement sequence) the two factors of safety and efficiency must be kept in
mind. The same factors apply when arranging the sequence (order) in which the
Phases occur. If there is an accident history, the type of accident may help in
determining the Phase arrangements.

Movements which are permitted to run simultaneously should preferably run
without interruption i.e. an Overlap may avoid waste of time for a movement and
reduce the risk of rear end collisions.

However, if other more dangerous conflicts could arise, it is better to stop the
offending movement and re-start it following a suitable delay. Traffic safety
should be given priority over efficiency.

A Parallel Pedestrian movement is that which runs with a Vehicle movement.
However, there is one unsafe sequence that may occur with Parallel Pedestrian
movements. If a demand for the Parallel Pedestrian movement is received late
after the Vehicle Green has commenced; then it may be dangerous to introduce
the Pedestrian Green ‘Man’ at a late time in the same Phase, because moving
LT or RT traffic, has already gained momentum.

For this reason the late reintroduction feature for Pedestrian movements may be
ruled out by the traffic engineer unless there are no conflicts. A call for that
particular Pedestrian movement will be serviced on the next cycle.

Two Phase (or Stage) Sequences

The ‘Intergreen’ period is the period of Vehicle Amber + All-Red occurring at the
end of a Phase and it ends with the commencement of Green on another Phase.
It usually, but not necessarily, denotes the end of a Phase and is commonly set
at 5secs = 3secs Amber + 2secs All-Red.

The ‘Late Start’ period is a short period at the beginning of a Phase, where one
signal group Green starts, but an associated signal group (also due to start
Green) can be delayed. It is commonly set at 2secs.

For example, if LT traffic from the North is allowed to commence simultaneously
with Filtering RT Traffic from the South, then one of the movements may be held
on Red Arrow for a few seconds until right of way is established. In this case, if
both movements have a Green Arrow Control, then the Green Arrow should not
appear, as neither movement has exclusive right of way in this Phase.
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Please See Figure 6.2

Another well known and dangerous conflict may occur at an intersection, if,
during a particular Phase transition (in this case the end of ‘A’ Phase), one
approach is stopped earlier than the opposite approach. (e.g. V1 stopped, while
overlap V2 continues).

A Vehicle (approaching V1 from the North) in the first approach turning right on
seeing an Amber signal, assumes that Vehicles on the opposing approach (v2)
also see an Amber, when in fact the opposing Vehicles do not.

In that case RT Vehicles from the North are likely to collide with through Vehicles
from the south (opposite direction). In this instance, if the RT from the North
cannot be banned, both approaches must be terminated simultaneously.
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¥ EAST
SIDE STREET V2 »

WEST V3

o—P>\/5
ol 1]
SOUTH
Phase ‘A’ Phase ‘B’ Phase ‘C’
V1
V2 %’ va
V3 EZ ) /I\

Q - % V5
!Bl IA' ICI
C—A TRANSITION 'C' STAGE ’ 'A' STAGE

V3= Rep | RED RED)
B—=A TRANSITION AMBER ALL RED LATE START
v3 | [GREEN AMBER
'‘B' STAGE 'A' STAGE

Figure 6.2 — Right Turn ‘B’ Phase Arrows
Application of Late Start Control
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Another Application of the Late Start Interval is shown in Figure 6.3 below, where
V3 is started a number of seconds after V2 in order to allow vehicles being
stopped by V1 to clear the slip lane entrance after the intergreen period.

| L !
\E’
—>\
V2
\ V3
V1 [ GREEN AMBER | RED |
V3 [RED | | RED | [ RED | |RED | GREEN
STAGE

PERIOD AMBER ALL RED LATE START MINIMUM GREEN

Figure 6.3 — Operation of a Late Start Interval for LT movement
The Republic of Kenya — Ministry of Roads Draft Document — October 2010

66



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

6.6 Three Phase Sequence

Where a RT movement is found to be necessary in one direction only (e.g. V3),
the most efficient sequence is for the turning Phase V3 to follow the opposing
through Phase V1. This is the normal sequence (trailing turn) which motorists
expect to find at any intersection whether signalled or not.

It also lends itself to the application of a more efficient form of detector logic,
whereby detectors in the overlap approach V2 extend the through Phase (‘A")
until a demand is received for the turning movement Phase (‘B’). When the RT
Phase ‘B’ is introduced, the through movement V2 is extended by both through
and RT Vehicles in that approach.

However, in the case of a crossroads junction the trailing sequence cannot be
used if it is not possible to ban the opposite RT movement. An unsafe conflict
arises without this prohibition.

As we discussed previously, consider a Vehicle from the North approach wishing
to RT during ‘A’ Phase (that is if that turn is not banned). Because V2 does not
terminate on a move from ‘A’ Phase to ‘B’ Phase, the risk of a collision is high.

Please refer to Figure 6.2

In heavy traffic it may not be possible for drivers to RT in gaps (Filter). As
discussed, at the end of ‘A’ Phase, an Amber signal is displayed to the V1 driver
who could mistakenly assume that the opposing traffic is also seeing an Amber
signal and is about to stop. If that RT is attempted during the Phase change
(Intergreen), an accident could occur with a through Vehicle proceeding from the
opposite approach on a Full Green overlap signal

By using the reverse sequence (A-C-B) both approaches of ‘A’ Phase are
terminated together, and a Filter RT turn from the North approach is permissible.
In this case, it is difficult to arrange the detector logic satisfactorily for the through
(overlap) detectors V2 and this tends towards inefficiency at an isolated
intersection.

Therefore, as a general rule, reverse sequence (leading turn) should only be
used at locations where the opposing RT (in this case from the North) cannot be
banned or where it is necessary for co-ordination purposes.

In both trailing and leading turn sequences, it is necessary to provide RT Red
Arrows (RTRA) as follows:

(i)  Trailing Turn Sequence - RTRA displayed following ‘B’ Phase for the
‘Late Start’ period of ‘A’ Phase, if ‘C’ Phase is skipped.

(i) Leading Turn Sequence - RTRA displayed following ‘B’ Phase for
‘Late Start’ period of ‘A’ Phase.

When both opposing RT movements are signalled, this is referred to as a
‘Diamond Turn’ or ‘Single Diamond Overlap (S.D.O.)’
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In this case, where it is necessary to signal both opposing RTs, the following
three Phase Diamond Turn operation may be used; ‘B’ Phase is introduced if
either (or both) RT detectors (D1+ D2) is actuated.

Please refer to Figure 6.4
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D1, D2 Actuated

V5
D1, D2 Not Actuated
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Figure 6.4 — Alternative Overlap Operation
(Single Diamond Overlap — S.D.O)
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6.7

6.8

6.9

In the first Phase diagram of Figure 6.4(b), i.e. ignoring V3 and V4, the 2 Phase
arrangement is inefficient in that no overlaps are programmed, and the duration
of the ‘A’ Phase turning movements is subject to the volumes of the heavier turn,
either V1 or V2.

If we now include V3 and V4 as additional groups, and add a new Phase ‘C’ with
various options; then Diamond Phasing allows the unoccupied (un-demanded)
RT signal as shown in 6.4(c) to terminate independently of the opposing RT
movement, thus allowing its opposing main road Phase to run sooner.

For example, in Phase ‘C3’, if V3 is not demanded by detector D1, then V3 may
not appear, in which case, V2 can run instead, and so on.

Note that with this arrangement, only one of the Phase Options (‘C1’ or ‘C2’ or
‘C3’) might be programmed to appear in any one cycle. The programme may be
altered to select 2 of the Phase options in any one cycle or as required.

Multi-Phase Signal Sites

It has been indicated that the number of Phases should be kept to a minimum for
the most efficient site operation. However, this is not necessarily so where
separate RT bays are available (for example in Section 6.6 above), and where
the traffic volumes warrant more than two Phases. Where it is required to control
a Diamond Turn in one street, the ‘S.D.O." sequence, whereby RT movements
operate independently, has been found to be the most efficient.

In the case of Diamond Turns on both intersecting streets, the ‘Double Diamond
Overlap’ sequence (D.D.O.) is recommended. For notes on ‘Repeat’ Phasing see
further Sections in this Chapter.

Evaluation of Phase Design

The relative effectiveness of alternative Phase designs can be evaluated using
computer software packages that offer analytical or simulation techniques for
estimating operational performance measures.

Section 12.5 describes some of the Traffic ‘Tools’ available for Phase design.

Chapter 11 (maintenance) describes how the chosen Phase arrangement can be
checked in operation on the site.

Road Crash Risk Factors

Safety evaluation is a prime consideration in selecting a Phase design. The
following factors are expected to contribute to significant increases in risk of road
crashes involving turning movements that Filter through opposing Vehicle and
Pedestrian movements, if:

(@) The sight distance from the turning Vehicle to conflicting Vehicles or
Pedestrians is inadequate

The Republic of Kenya — Ministry of Roads Draft Document — October 2010

69



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

6.10

(b) There is more than one lane of turning traffic
(c) Parallel Pedestrian movements are exposed to:
i. High volumes of turning traffic
ii. High turning traffic speeds resulting from the turn geometry

(d) The 85th percentile speed of the opposing traffic is greater than 70
km/h and the RT traffic has to turn across three or more lanes of
oncoming traffic

(e) There is a Lagging RT (for example from the South) with opposing
Filter turn (from the North - this conflict must be avoided as discussed
in Sections 6.5 and 6.6).

Phasing Design

Figures 6.1 and 6.2 present definitions of basic elements of Phase design that
are applicable to four-way or three-way intersections (crossroads intersections or
T-junctions) and that can be adapted to intersections with more than four
approaches. Each Phase element is discussed in detail in Sections 6.1 to 6.7.

The choice of Phase system depends on the following factors:

(a) Layout: the number of lanes available for each movement on the
approach and departure of each intersecting road

(b) Alignment: the horizontal and vertical alignment in regard to the
angle roads intersect and sight distance available to allow safe
filtering of RT movements

(c) Traffic flows: the amount of traffic including the proportion of Heavy
Vehicles in each through or turning movement

(d) Signal coordination: progression considerations for an intersection
within a coordinated signal system

(e) Pedestrians: the Pedestrian movements that need to be controlled
and how they will be catered for in the Phase system

(f)  Special Vehicles: whether or not buses, trams, bicycles need to be
separately controlled, and how they will be catered for in the Phase
system.

The design of a Phase system cannot be separated from the design of lane
arrangements. The allocation of lanes to various movements from each approach
road must therefore be considered carefully in designing Phase systems.

Phase design should also consider safety implications of intersection signal
operation during low demand periods when normal Phase sequencing may not
occur due to Phase skipping

Certain timing constraints are imposed on signal operation for reasons of safety
and maximum tolerable delay. Signal controller settings that are subject to
constraints for safety reasons include those of the minimum Green time,
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minimum Pedestrian walk time, minimum Red Arrow display time, Pedestrian
clearance time, and intergreen time.
The subject of Signal Timings is discussed in detail in Chapter 13.

Movement symbols used in Figures 6.1 to 6.5, and the Phase diagrams given in
this guide do not have any lane use implications, i.e. through (SA), RT and LT
movements are shown separately irrespective of being in shared or exclusive
lanes. Any movements stopped by Red displays are not shown in the full Phase
sequence diagrams. Turning movements that give way to opposing Vehicle or
Pedestrian movements are shown in broken lines.

The Phase options shown in Figure 6.5 are named by the type of RT movement
operating in the Phase sequence since, generally (for those countries that drive
on the left), RT movements determine the Phase requirements. Phase
requirements for LT and Pedestrian movements (again for countries that drive on
the left), are discussed in following Sections.

The basic Phase elements in Figure 6.5 show movements on one road only, say
East-West road. LT and Pedestrian movements are not shown for reason of
clarity. The leading, lagging and repeat RT Phase options are shown in terms of
the RT movement from the West approach, but they are equally applicable to a
RT movement from the East approach. Similarly, the split-approach and the lead-
lag Phase options can be in reverse order, i.e. East approach first.

The Phase elements shown in Figure 6.5 can be used to build a total Phase
arrangement for the whole intersection (a complete signal cycle). The simplest
signal Phase at an intersection involves two through Phases with Filter RTs and
Parallel Pedestrian movements.
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Figure 6.5 - Basic Elements of Signal Phasing
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By allocating right of way to each road alternately, the two-Phase system
eliminates all crossing conflicts between through traffic movements. However, it
leaves four turning conflicts between RT and SA Vehicles, four merge conflicts
between RT and LT Vehicles, and eight turning (RT & LT) Vehicle vs. Pedestrian
conflicts.

See Figure 6.6 and 6.7 below.

‘P’ denotes Pedestrian movements.

Phase ‘A’ Phase ‘B’

<+—> P1 P3 V3

P2 +—» " va pa

Figure 6.6 — Two Phase Control — Filter RTs and Parallel Pedestrians

Some of these turning conflicts can be avoided by using the Phase options given

in Figure 6.5, or introducing RT bans.

- e
: f

Figure 6.7 — Conflicts in Two Phase Control

-
=
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Figures 6.5 and 6.8, and 6.9, show two complete Phase arrangements for a
crossroads intersection consisting of leading (Figure 6.8) or lagging (Figure 6.9)
RT Phases on one road and a SA through Phase with filter RT on the other road.
Thus, the signal cycle consists of 3 Phases in these cases.
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With lagging RT Phase, a ‘RT trap’ situation can occur as discussed in Section
6.3.

This can also occur with other Phase arrangements where Phase skipping is
allowed. Various measures to avoid RT traps are discussed in Section 6.3.

With all Phase options shown in Figure 6.5, except the split-approach Phasing,
provision of an exclusive RT lane is recommended in order to:

(a) Reduce the exposure to the rear-end conflict between through and RT
Vehicles

(b) Avoid lane blockage by Vehicles waiting for gaps or stopped by a Red
display

(c) Isolate detection of RT Vehicles (to prevent through Vehicles
unnecessarily calling the turn Phase for leading RT Phases).

A RT bay is a practical solution for providing an exclusive RT lane. The length of
the RT bay should be determined during the evaluation process (Section 6.2). An
exclusive RT lane is essential for operation of Diamond Overlap Phasing, and is
recommended in the case of fully-controlled RTs.

Where a RT is banned part time using a switched electronic sign, the switching of
the sign should be coordinated with the signal displays in order to obtain a safe
transition.

If the RT movement is Arrow controlled, the sign should preferably switch on at
the same time as the Arrows change from an Amber display to a Red display or
Red Arrow drop-out.

The Phase alternatives shown in Figure 6.5 can be achieved through the
following types of RT control at traffic signals:

(&) Filter Only: No RT Arrows, i.e. three circular aspects (Green, Amber,
Red) only. Full Green alone indicates that RT traffic can ‘Filter
through gaps in the opposing Vehicle and Pedestrian traffic. Normally,
RT Vehicles give way to through and LT Vehicles from the opposing
direction. However, RT Vehicles (for example from North to West)
should have priority over LT Vehicles (South to West) emerging from
a slip lane.

(b) Full Control: Three-aspect (Green, Amber, Red) RT Arrows on a Six-
aspect signal face. The Green Arrow indicates that the Vehicle can
RT unopposed (with no opposing Vehicle or Pedestrian traffic), and
the Red Arrow indicates that the Vehicle is not permitted to turn. Filter
RTs are not permitted at any time during the cycle.

The Green Arrow indicates that the Vehicle can turn unopposed. A Full Green
Roundel without the Green Arrow permits the Vehicle to Filter.
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Figure 6.8 Three-Phase System
Leading RT Phase East-West Road
Through Phase With Filter RT On the North-South Road

(c) Red Arrow Drop Out: Three-aspect (Green, Amber, Red) RT Arrows
on a six aspect signal face V1 & V3, are provided but the Red Arrow
V3 extinguishes (drops out) and the adjacent Full Green display V1
permits Filter turns after a few seconds in the through Phase.

(d) Flashing Amber Arrow: As an alternative to blanking the Arrow
displays, a Flashing Amber Arrow may be displayed after the Red
Arrow where regulations permit. This display indicates that a RT may
be made but the driver must give way to other Vehicles and
Pedestrians that also have a signal to proceed.

The System may be programmed to operate in Full Aspect Control during certain
hours of the day, and Filter Only or Partial Control during other times of the day.

6.11 Through Phase with Filter RTs

This Phase arrangements shown in Figures 6.5 to 6.9, allows the SA and LT
movements and filter RTs from opposing approaches to operate in the same
Phase using 3-Aspect Full Roundels (Green, Amber, Red) signal faces (see
Figure 5.3 in Section 5).

A filter RT movement must give way to and find safe gaps in conflicting Vehicle
or Pedestrian traffic before proceeding. A Phase alternative that uses a Green
RT Arrow may be considered if:

(a) Evaluation of the Phases indicates that the intersection performance
may be improved by providing a separate RT Phase (Section 6.2)

(b) The filter RT is considered unsafe due to road crash risk factors
(Section 6.3).

If a suitable Phase alternative that can cater for the RT movements in an efficient
and safe manner cannot be found, consideration may be given to banning the
RTs.

If only one RT can be banned and the other RT cannot filter efficiently, a lagging

RT sequence may be an option (see Section 6.3).
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6.12

If neither RT can be banned, a leading RT sequence may be an option if one of
the RTs can Filter safely and efficiently and the other cannot Filter efficiently (see
Section 6.2).

If both RTs cannot Filter efficiently, then a Diamond Overlap sequence may be
an option (see Section 6.5).

If both RTs are required but the Diamond turn is not practical, a Split-Approach
seguence may be considered (see Section 6.4).

Phase ‘A’ Phase ‘B’ Phase ‘C’
44—’ P1 P1 V4
4’ WA A ': :'"--p P4
V24—
v"' V3
4+—PP2

Figure 6.9 - Three-Phase System
Lagging RT Phase on the East-West Road
Through Phase With Filter RTs on The North-South Road

Leading RT Phasing

A leading RT sequence is where a RT Phase precedes the Phase in which the
opposing through movement runs (see Figures 6.5 and 6.8). In Figure 6.5, the
leading RT movement from the West approach runs in ‘A’ Phase, and the
opposing through movement from the East approach runs in ‘B’ Phase.

A leading RT Phase is controlled by 3-Aspect RT Arrows (Green, Amber, Red) in
a 6-Aspect signal face.

This Phase is a suitable option where an Arrow controlled RT has a Filter RT
from the opposing direction (the RT movement from the East approach in Figure
6.5), which cannot be banned and is able to Filter safely and efficiently.

Where it is safe to do so, the Arrow-controlled RT can be allowed to Filter
through the opposing through movement during the following Phase (the RT
movement from the West approach in ‘B’ Phase in Figure 6.5). If Filtering causes
safety problems, then this RT must be stopped, using a Red Arrow display when
the opposing through movement is operating (full control).

Where the leading RT movement is allowed to Filter during the following Phase
in the case of 6-Aspect signal face, the Arrow-controlled turn must be terminated
and held on a Red Arrow display at the beginning of the Full Green display (at
the start of ‘B’ Phase in Figure 6.5). The Red Arrow is then extinguished for the
remainder of the Full Green display (Red Arrow Drop Out).
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6.13

This Phase system becomes inefficient for shared lanes (i.e. no RT bay) when a
through Vehicle calls the RT Phase and there are no RT Vehicles during that
Phase.

The provision of an exclusive RT bay (turn-bay or full-length lane) is
recommended.

Lagging RT Phasing

A lagging (trailing) RT sequence is where a RT Phase follows the Phase in which
the opposing through movement runs (see Figures 6.5 and 6.9). In Figure 6.5,
the lagging RT movement from the West approach runs in ‘B’ Phase, and the
opposing through movement from the East approach runs in ‘A’ Phase.

A lagging RT Phase is controlled by a 3-Aspect RT Arrow (Green, Amber, Red)
in a 6-Aspect signal face.

This Phase sequence can be used where a two-Phase system (Figure 6.6) has
safety or efficiency problems with Filter RT operation.

In the case of cross roads, the lagging RT Phase is a suitable option only where
the RT from the direction opposing the lagging RT (RT movement from the East
approach in Figure 6.5) can be banned or other measures can be taken to
ensure the safety of this movement. This is because the filtering RT Vehicles
would face an Amber Full Roundel display while the oncoming through traffic
(from the West approach in Figure 6.5) faces a Full Green display during the
Phase transition (from ‘A’ Phase to ‘B’ Phase in Figure 6.5). This situation also
applies to T-intersections with Filter U-turns.

In this case, a RT filtering Vehicle at the end of the first Phase from the direction
opposing the lagging RT movement (RTs from the East approach Filtering at the
end of ‘A’ Phase in Figure 6.5) will see the signal display changing to Amber. The
driver may think that the signals change to Amber for the opposing traffic (from
the West approach in Figure 6.5) at the same time, and therefore proceed and
run into an opposing through Vehicle for which the signal display would still be
Green (‘RT trap).

If the RT movement from the direction opposing the lagging RT cannot be
banned, this conflict situation must be avoided by:

(@) Using a leading RT sequence (Section 6.2) rather than a lagging RT
sequence, and ensuring that the transition from the through Phase to
the RT Phase is avoided when the intervening Phases are skipped
(not demanded), e.g. In Figure 6.5, transition from ‘B’ Phase to ‘A’
Phase when Phase ‘C’ is not demanded

(b) Forcing the overlapping through movement (from the West approach
in Figure 6.5) to stop and then start up again (though this is not an
efficient method)
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6.14

6.15

(c) Using another Phase such as Split-Approach Phase (Section 6.4), or
diamond overlap Phase (Sections 6.5), or lead-lag RT Phase
(Sections 6.6).

A similar conflict for Filtering RT Vehicles can occur in any Phase sequence
where one through movement receives Amber signal display before the opposite
through movement (early cut-off - ECO). For example, this may happen at paired
intersections where through movements are terminated at different times in order
to clear traffic from internal approaches.

Where it is safe to do so, the Arrow-controlled RT is generally allowed to Filter
through the opposing through movement during the preceding Phase (the RT
movement from the West approach in ‘A’ Phase in Figure 6.5). If Filtering causes
safety problems, this RT must be stopped, using a Red Arrow display, when the
opposing through movement is operating (full control).

Split-Approach Phasing

Split-approach Phasing allocates separate Phases to opposing approaches at
four-way intersections (see Figure 6.5). The SA through and turning movements
from each approach operate simultaneously and RT movements are unopposed
under this Phase.

Split-approach Phasing is controlled by 6-Aspect signal faces, i.e. three Full
Roundel aspects (Green, Amber, Red) and three Arrow aspects (Green, Amber,
Red) (see Figure 5.4 in Section 5).

Split-approach Phasing may also be appropriate where:

(a) Side streets at an intersection are slightly offset so RTs cannot make
a Diamond turn, or sight distance makes opposing filter RT
movements unsafe

(b) Turn proportions vary significantly during the day requiring flexible
shared lane arrangements

(c) A particularly heavy RT movement is opposed by a very light
movement, in which case the right-turn Vehicles may fail to give way
to opposing through Vehicles.

Other Phase options should be evaluated against Split-Approach Phasing before
adopting it since it may result in inefficient site operation. However, safety is a
prime consideration in the evaluation.

Diamond Overlap Phase

In the same way that a Vehicle movement can be conditional on whether a
Pedestrian movement is demanded or not, one Vehicle movement can be
conditional on a demand for another Vehicle movement. In this case, a Phase is
not a fixed set of Vehicle movements but may have alternative sets of

The Republic of Kenya — Ministry of Roads Draft Document — October 2010

78



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

movements depending on the status of demands from Vehicle detectors. An
example of a Phase with alternatives is shown in Figure 6.4.

In this example the choice of which alternative is to run depends on the demands
received from the detectors:

(i) Alternative Phase ‘Cl’ runs if both detectors D1 and D2 place a
demand.

(i)  Alternative Phase ‘C2’ runs if Detector D1 only places a demand
(i)  Alternative Phase ‘C3’ runs if Detector D2 only places a demand

If no one of the detectors D1 or D2 is operated, then the junction will cycle
between Phases A and B

Diamond Overlap Phases allow opposing RTs to operate either independently
with the Main Road or together with each other. If there is no demand for one of
the RTs, then that RT is allowed terminate early, in which case the opposing
Main Road movement can start early (see Figure 6.1).

RT arrows (Green, Amber, Red) are used to control Diamond Overlap
movements.

The RTs can operate as Filter Movements where safety permits. Filter Turns may
be started by Red Arrow ‘OFF’ after both RT movements have been stopped and
both Main Road movements have started.

The Diamond Overlap Phases shown in Figure 6.5 show leading RTs in both
directions, thus avoiding Phase transitions that cause lagging RT conflict where
motorists incorrectly perceive that the opposing signal is terminating, when in fact
it is not.

See (Section 6.3).

6.16 Lead-Lag RT Phase
A Lead-lag RT Phase combines the leading and lagging RT arrangements, i.e. a
RT Phase precedes the Phase in which both through movements run followed by
a RT Phase for the RT movement from the opposing approach (see Figure 6.5).
In this Phase arrangement,

(@) The leading RT must be fully controlled using dual 3-Aspect lanterns
with RT Arrows (Green, Amber, Red) in the right side dual lantern
face, and the lagging RT can be fully controlled or not by the same
arrangement

(b) A signal face with a 5-aspect signal can be used to effect the
arrangement and operation as in (a) above, but is not recommended.
In that case the RT Arrow aspects have only a Green and Amber
Arrow mask.
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6.17

6.18

Lead and Lag RT Movements are useful for signal coordination purposes since it
gives more flexibility to traffic streams arriving from different directions and is also
more predictable in operation than the Diamond Overlap Phases.

The lagging RT movement may be allowed to Filter through oncoming traffic
during the preceding through Phase by dropping ‘OFF’ the Red Arrow. If Filtering
causes safety problems, then the RT must be stopped by a Red Arrow display,
when the oncoming movement is Green.

The leading RT movement should not be allowed to Filter during the following
through Phase in order to avoid the lagging RT conflict discussed in Section 6.3.

Repeat RT Phase

The Repeat RT Phase system allows the RT Arrow to operate twice in the same
cycle (see Figure 6.5). Effectively, this provides a combined leading and lagging
RT Movements, unlike the lead-lag RT Phase (Section 6.6) that applies to the
RTs from opposing directions.

The Repeat RT Phase system may be:
(i)  Fully controlled using 3-Aspect RT Arrows in a dual lantern

(i) Partially controlled using dual lantern RT Arrows (with Red Arrow
‘OFF)

(i)  Partially controlled using a 5-Aspect signal face (not recommended)

The RT movement in a Repeat RT system be allowed to Filter during the main
road Phase (partial control), unless Filtering causes safety problems with
oncoming traffic. In this case the RT must be held by a Red Arrow display.

The RT movement from the opposing direction cannot be allowed to Filter during
the main road Phase in order to avoid the lagging RT conflict discussed in
Section 6.3.

The Repeat RT Phase system may be used where RT lanes are short. It is also
useful where there is insufficient storage room for Vehicles leaving the
intersection. In this case, the repeating Phase holds back traffic that might
otherwise cause congestion at another intersection.

The use of the Repeat RT system means that an additional intergreen period is
needed and this may reduce the efficiency of the intersection.

LT Movements

LT movements may run in one or more Phases. When an allowed LT movement
is only controlled by 3-aspect GAR Full Roundel signals, and if there is a Parallel
Pedestrian movement; then vehicular traffic may Filter through Pedestrian Gaps.
However, if this is considered unsafe, then Red LT Arrows (LTRA) may be used
to hold LT Vehicles.
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LT Arrows are used in the following conditions in order to avoid accidents:
(@) The volume of LT traffic is high
(b) The speed of LT traffic is high because of the turn geometry
(c) The visibility of Pedestrians to turning Vehicles is inadequate
An example of the use of LTRA is holding the LT movement during the

Pedestrian Walk and/or Clearance intervals. The RTLA may also be used to
provide priority for special Vehicle movements (e.g. train or tram level crossings).

Green LT Arrows (LTGA) may be used when there is no conflict with other
Vehicle or Pedestrian movements.

Complementary LT and RT by Arrow control is shown in Figure 6.10.

Figure 6.11 shows the use of complementary LT and RT Arrow control at a T-
Junction where dual lanterns are used.

| 1
B R
)

—>

=

Figure 6.10 - Complementary LT and RT Arrow-Control

-

|

In this example, there is no Pedestrians movement crossing the East side of the
intersection. LTGAs from the East in ‘A’ Phase and from the South in ‘B’ Phase
must not appear in those Phases as that would be a direct conflict situation with
P1 and P2 respectively.

A LTGA should never appear in the same Phase as a Filter RTGA to the
opposing RT movement. This is an important point to note for not displaying the
LTGA from the East side during ‘A’ Phase or ‘C’ Phase.

The commencement of LTGA is usually delayed by a few seconds at the start of
‘B’ Phase in order to minimise the chances of conflicts between LT Vehicles from
the East side and the Filter RT Vehicles from the West side clearing the
intersection during the intergreen period between ‘A’ and ‘B’ Phases.
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If un-signalled LT slip lanes are to be incorporated into the intersection design
then care is needed to allow for Pedestrians crossing the slip lane. If there are
more than one lane on the ‘slip’ then signals are required.

See Figure 3.1 in Section 3.2.3
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Figure 6.11 - Complementary LT and RT Arrow-Control at T-Junctions
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6.19

6.19.1

6.19.2

Pedestrian Movements

General

Pedestrian movements are controlled by the following Intervals:

() Green ‘Man’ or Walk period indicated by a steady Green ‘Man’ display
that advises Pedestrians that it is safe to commence their crossing

(i)  Flashing Red ‘Man’ or Clearance period consisting of a Flashing Red
‘Man’ display that advises Pedestrians already on the crossing that
they should complete their crossing diligently, but advises Pedestrians
that may be starting to cross that they should refrain from crossing

(i) Steady Red ‘Man’ or Don't Walk period consisting of a steady Red
‘Man’ display that prohibits crossing

Pedestrian aspects are shown in Figure 5.1 in Section 5.

Note: The Flashing rate for the Clearance periods should be once per second (1
Hz) with an on-off ratio of 60:40 respectively.

Pedestrian Movement Operation

Pedestrian Phases should consist of:
e Afigure of a standing RED ‘MAN’ on a black background
e A figure of a mobile GREEN ‘MAN’ on a black background.

The nominal diameter of the lenses or roundels should be 200mm.

The Pedestrian crossing signal sequence is commonly Red Man, Green Man,
Flashing Red Man, Steady Red Man. The duration of the Green Man signal,
which indicates that Pedestrians may start to cross the road, is generally not less
than 6 seconds, but depends on crossing width. The duration of the Flashing Red
‘Man’ should be based on the time to cross the full road width at a walking speed
of 1.2m per second. The All-Red times before and after the Pedestrian
movements should be at least 1 second but can be increased depending on the
road speed.

Where it is possible to permanently prohibit some Vehicle movements, a
combination of Vehicle and Pedestrian movements can be installed. By the use
of banned turns, Pedestrian movements can be provided across appropriate
arms of the junction. For wider carriageways it is possible to economize on cycle
time by the provision of a large island in place of the normal refuge. The two
parts of the carriageway are controlled by separate Pedestrian movements which
are offset (‘staggered’) at the opposite ends of the island and Pedestrian right of
way is demanded by button. The recommended minimum island size is 5m x
1.8m.
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If the junction is close to capacity, a Pedestrian movement should be considered
up to 50m from the mouth of the junction with the Pedestrian movement only
appearing at an appropriate point in the ‘main’ junction signal cycle.

Pedestrian movements may be grouped with Vehicle movements to form a
Phase (Stage). Alternatively, Pedestrian movements may be grouped into one
Phase (Stage) without any Vehicle movements. In this case there is said to be an
exclusive or ‘all-round’ Pedestrian Phase. Where Pedestrian movements are
grouped with Vehicle movements it is usual to arrange the grouping such that
Pedestrian movements run Parallel to Vehicle movements. Where turning
Vehicles can cross a Pedestrian movement provision for protecting the
Pedestrian may be required.

The PBUs (push-button units) associated with a Pedestrian movement demand
Phases in a similar manner to a "locked-call" Vehicle detector demand. They also
place a demand for the operation of the Pedestrian movement. The clearance of
both these demands occurs when the Pedestrian movement runs. Normally such
demands must be placed before the Phase runs and the Pedestrian movement
would commence from the start of the Phase. If a late demand for the Pedestrian
movement is received (i.e. during the Phase in which it runs), the Pedestrian
movement may be introduced subject to the following two conditions:

(@) There must be no demands for other Phases
(b) There must, be no conflicting Vehicle movements running (this
includes turning movements).

This operation is referred to as late introduction.

Within the controller, the active interval of the Pedestrian movement may be
divided into three periods called WALK (Green ‘Man’), CLEARANCE 1 and
CLEARANCE 2, (See Figure 6.12 below). When not active the Pedestrian
movement display is Steady Red ‘Man’.

STAGE MAY —
NOT TERMINATE
—™= STAGE MAY
TERMINATE
PEDESTRIAN DEMAND
NEXT STAGE
MAY START
CLEARANCE 1 CLEARANCE 2|
WALK

Figure 6.12 — Pedestrian Movement Operation
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This subdivision of intervals for Pedestrian Phases is common in American and
Australian type traffic controllers, whereas controllers from the UK may have a
different method of Pedestrian movement interval control.

Normally, any Phase in which the Pedestrian Movement is introduced cannot
terminate until the Clearance 2 period has commenced. The Clearance 2 period
therefore represents the greatest part of the Pedestrian clearance: (usually
Flashing DONT WALK) that can run concurrently with the Phase clearance.
(Note that the Clearance 2 period should not be longer than the Phase clearance
period (early cut-off Green + Amber + All-Red) unless the Pedestrian movement
is allowed to overlap into the next Phase.

Because of the relatively long time that Pedestrians take to cross (walking rate is
about 1.2 metre/second) the Pedestrian clearance can represent a significant
amount of ‘inefficient’ time and Pedestrian movements are, therefore usually
introduced only by demand.

When a Pedestrian movement has already run in a Phase, a further demand for
the movement can result in re-introduction subject to the same conditions as for
late introduction. Re-introduction can occur in the Clearance periods but once a
Phase has terminated (left the Rest period), reintroduction cannot occur and
demands will be stored.

For each Pedestrian movement, time-settings are provided for WALK,
CLEARANCE 1 and CLEARANCE 2. The minimum duration of the WALK period
is governed by the WALK time-setting for the movement and in isolated mode,
this period is usually also the actual WALK period. In this case the Pedestrian
movement is said to be timer terminated.

Pedestrian movements may be terminated by other conditions such as:

(@) The occurrence of the end of the Rest period. In this case, if the
controller has been resting on a Phase Vehicle Green; then the Green
‘Man’ is terminated either by a call from an opposing Vehicle or a call
from an opposing PBU. If the Vehicle Green is extended for any
reason; then the ‘Green Man’ attempts to extend in Parallel with the
Vehicle Green. This type of termination is called ‘WALK for Green’
(See Figure 6.13 below.

(b) The presence of an opposing Phase demand. In this case, the
Pedestrian movement is terminated after the ‘minimum’ Green ‘Man’
time. This type of termination is called demand terminated.

(c) The presence or release of a special signal from a linking plan
(d) On the arrival of a dedicated signal or Phase command from a master
computer called command termination

In addition, Pedestrian movements may overlap in a similar manner to Vehicle
signal groups. In many cases the Green ‘Man’ (WALK) or CLEARANCE or both
may overlap from one Phase to another.
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Figure 6.13 — ‘WALK for Green’ Operation
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6.19.3 Protected Pedestrian Movements and Conditional Movements

Because Pedestrian movements do not run every time the associated Phase
runs, and because they may run for only part of a Phase, it is more efficient in
general to allow Vehicle movements to run when Pedestrian movements are not
running. Depending on the severity of the conflict between a Pedestrian
movement and a Vehicle movement four control schemes are possible:

(i) Allow Vehicle movement to filter as necessary through Pedestrian
movements with the inherent rule “Vehicles give way to Pedestrians"

(i) Hold Vehicles on a Red Arrow for part of the Green ‘Man’ (WALK)
period so that the Pedestrians can establish their priority of
movement, and then allow Filtering. The LT or RT Red Arrow may be
timed by a special Red Arrow timer. If the Red Arrow is not controlled
by a timer, it may be allowed to terminate at the end of ‘Late Start’

(i) Hold Vehicles on a Red Arrow signal for the duration of the Green
‘Man’ (WALK) period, allow filtering during the clearance periods
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(iv) Hold Vehicles on a Red Arrow signal for the whole of the Green ‘Man’
WALK and clearance periods.

In cases (ii), (iii) and (iv) above the signal group which is Red is said to be a
conditional signal group because the colour of the signal group is conditional on
the running of the Pedestrian movement.

Figures 6.14 and 6.15 demonstrate the common uses of conditional signal
groups.

In Figure 6.14, the Vehicle movement conflicts dangerously with the Pedestrian
movement because of the angle of intersection between the two streets and the
Pedestrian movement is fully protected by holding V1 signal group Red for the
whole of the Green ‘Man’ (WALK) and CLEARANCE periods.

In Figure 6.14, two other protection alternatives are shown; Red Arrow for fixed
time and Red Arrow for the WALK period. For the remainder of the Pedestrian
movement, the signal group (arrows) are ‘OFF’ allowing Vehicles to turn with
care. After the Pedestrian Clearance has completed it is possible in some cases
to reintroduce the Green Arrow.

When the Vehicle Green signal is introduced late in the Phase it is necessary for
the Green signal to be held for a minimum period (for safety reasons). This
period is called a Special Group Movement Minimum Green. Until the special
movement period is completed it is not possible to leave the current Phase.
Time-settings are provided for special movement features where they are
required.
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Figure 6.14 — Fully Protected Pedestrian Movement
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Figure 6.15 — Partially and Fully Protected WALK
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6.19.4 Pedestrian Movements at Intersections

Pedestrian signals — as part of a major junction Vehicle and Pedestrian
installation - are traffic signals intended for the exclusive purpose of controlling
Pedestrian traffic. Their objective is to assist Pedestrians to cross safely with the
minimum delay to traffic.

Pedestrians are catered for by providing a special Phase for Pedestrians where
their movements are signalled. This Pedestrian Phase is best activated by
demand from push buttons (on PBUSs) but can be activated automatically if the
circumstances justify it (for example to prevent Phases getting out of step with
adjacent signals on linked signal systems)

The following points apply in particular to the design of Pedestrian Movements as
part of a larger junction signal design.

(@) Under normal operating conditions the introduction of a Green ‘Man’
Pedestrian display is subject to PBUs. However, where Pedestrian
movements are consistent and heavy, automatic introduction of the
Green ‘Man’ may be effected by controller schedule, or Master
Computer.

(b) Normally, the Green ‘Man’ is introduced with the Parallel Vehicle
movements. If the number of Pedestrian - Vehicle conflicts is high or
the speed of approaching Vehicles is considered dangerous; then
Red Arrow control may be required to protect Pedestrians.

(¢) Reintroduction of the Green ‘Man’ may be considered subject to
sufficient time remaining in the Phase in order to provide adequate
Walk and Clearance times.

(d) Slip Lanes: Pedestrian movements across a LT slip lane are
recommended to be signalised where Pedestrian volumes are high or
when Pedestrians require additional protection from Vehicle speeds,
lack of sight distance, Pedestrian disabilities, or where there are two
or more lanes.

(See Sections 3.3 and 5.4). Figure 7.6 in Section 7 shows a signalised
crossing on a two-lane slip lane.

(e) "Staggered" Crossing: Staggered Pedestrian signal crossings can be
considered where the central median is large enough in order to allow
adequate area for Pedestrians to ‘wait’. Staggered crossings are often
considered for very wide roads, where long Pedestrian Green ‘Man’
times and Clearance times would cause unacceptable Vehicle delays.

The Phased crossings should be offset to make it clear to all road
users that the crossings are separately controlled, and to reduce the
chance of Pedestrian confusion, whereby Pedestrians on one side of
the road might tend to have a view of the wrong aspects.

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
90



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

6.19.5

6.19.6

Mid-block Pedestrian Signal Crossings

The following points apply in particular to the design of Pedestrian Movements as
part of a stand-alone Pedestrian Site or Mid-Block Pedestrian Crossing.

At a Mid-block Pedestrian Signal Crossing, all Vehicles are held on Red during
the Pedestrian Green ‘Man’ and Clearance periods.

If the crossing is a Pelican site, Vehicles may proceed on the Vehicle Flashing
Amber signal, provided that there are no Pedestrians on the crossing. The
Flashing Amber commences with the beginning of the Pedestrian Clearance 2
interval. This helps to reduce Vehicle delays.

(See Sections 1.5.2, and 13.2).

In the case of staggered Pedestrian crossings, the median widths should provide
adequate standing area for Pedestrian volumes at that site, and the crossings
should be offset for the same reasons given in the previous section 6.2(e)

See Figures 7.9(b) and 7.9(c) showing Mid-block two-Phase signal crossings
with staggered arrangements.

Puffin crossings are used throughout the UK, whereby Pedestrian sensors may
be used in order to provide variable length Clearance intervals based on
Pedestrian volumes.

See Section 8.4.1.

Pelican Crossing Signals

Independent Pedestrian Crossing Signals, i.e. not part of a junction signal
installation, are often installed in busy suburban areas, or near schools or railway
stations, or mid-way between intersections.

Pelican crossings are those crossings which control both Vehicular and
Pedestrian traffic by signal lights. They may operate on the same signal group
principle and sequence as that of a major junction (RM — GM — FRM — RM), or
they may be programmed for ‘Pelican’ sequence, whereby the motorists’ Amber
signal flashes along with a Pedestrians’ Flashing Green ‘Man’.

They differ from conventional Pedestrian signal lights by incorporating two unique
signal movements, Flashing Green ‘Man’ signal to Pedestrians and a Flashing
Amber signal to drivers. Both movements are displayed simultaneously with the
Vehicle Flashing Amber signal slightly or fully overlapping the Pedestrian Red
Man.

The Flashing Green ‘Man’ signal commences immediately after the Non-Flashing
Green ‘Man’ signal. Pedestrians arriving at the crossing after the Green ‘Man’
signal starts to Flash, may not cross. For motorists, the Flashing Amber signal is
displayed after the Vehicle Red and it indicates that drivers may proceed if the
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6.19.7

crossing is clear. However, if there are Pedestrians on the crossing, drivers must
continue to give way to them.

The decision on whether a Pedestrian crossing installation is to be provided or
not, is normally based on the warrant analysis which includes safety and other
site related considerations. The decision on whether or not, to use a Pelican
rather than a Zebra crossing will be based on road width, Vehicle speed and
Pedestrian volumes and reference should be made to the justification process.

The crossing should be located where Pedestrians are most likely to use it and
where it does not confuse or cause conflict for vehicular movement. The
minimum recommended distance between Pedestrian crossings, or between a
Pedestrian crossing and a signal controlled junction is 100m. Adequate footway
capacity should be provided at each end of the crossing for assembly and
dispersal.

The crossing should be located away from conflict points at uncontrolled
junctions and care should be taken when siting is to be close to roundabouts.

An audible signal device may accompany the Green ‘Man’ Man period. The
audible signal device should be switched to a lower signal or ‘OFF’ at night.

Crossing Width

The minimum Pedestrian crossing width for both pelican and Pedestrian
crossings is 2.4m. An additional 0.5m may be provided for each 125 Pedestrians
per hour above 600 (average over the 4 hours of peak Pedestrian use) up to a
maximum of 5m.

The guiding principle regarding the provision of signals, (especially at Pedestrian
crosswalks), is that a driver must have a clear view of at least one signal head on
approaching the crossing and when stationary at stop line.

Pelican crossing timings are similar to the Pedestrian crossing timings. The
Green ‘Man’ time should be a minimum of 6 seconds and the Flashing Clearance
duration should not be less than the time to cross the full road width at a walking
speed of 1.2 metres per second.

Pelican crossings are generally not suitable if there are more than two lanes on
either approach or if there is a central median or island.
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7.1

7.2

LAYOUT OF TRAFFIC SIGNAL EQUIPMENT

Introduction to Pole Placement and Lantern Alignment

Layouts for Signal Aspects, Signal Faces, Lantern Columns, Displays, etc are
given in Section 5.

This section covers the placement and positioning of signal equipment at the
Signal Site, and in particular includes the orientation and placement of poles,
lanterns, and PBUs. For other details on PBUs as detection devices see Section
8.8.3.

Arrangement of Signal Lanterns (Faces)

The arrangement and classification of signal lanterns (faces) in relation to their
functions for a given approach are given below. See Figures 7.1 and 7.2.
The types of approaches are:

(@) A Crossroads with no Central Median (Undivided Approaches)

(b) A Crossroads with Central Median (Divided Approaches)

(c) A T-Junction with Central Median (Divided Approach)

(d) A Mid-Block Pedestrian Crossing (Undivided Approaches)

Central Medians allow the placing of additional poles and signal lanterns and
may also allow the possibility of placing split Pedestrian movements.

Primary Signal Poles

The Primary signal Lantern is mounted on the Primary signal pole, usually 1m
past the stop line on that approach.

Secondary Signal Poles

The Secondary signal Lantern is mounted on the Secondary signal pole on the
‘far’ side corner, usually diagonally opposite the Primary signal pole.

Important: For traffic coming from the opposite direction, the Primary Pole now
becomes the Secondary pole and the Secondary Pole is how the Primary Pole.
Therefore, the idea of Primary and Secondary is relative to the direction from
which the driver approaches the stop-line.

Tertiary Signal Face
The Tertiary signal Lantern is mounted on the Tertiary signal pole on the ‘far’ side

corner, but on the same side of the road (or left side in countries that drive on the
left).
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Dual Primary Signal Lanterns

The use of a dual Primary signal Lantern as shown in Figure 7.1(a) is not
recommended.

However, in the case of a one-way street as part of a signal site junction, signal
Primary poles should be placed on both sides of the street. This naturally
emphasises to drivers that they are approaching a stop-line that runs across the
full width of the approach.

Secondary signals should also be used at the junctions of one-way streets.

Dual Secondary Signal Lantern

The dual Secondary signal Lantern is mounted on the Secondary signal pole on
the ‘far’ side corner, usually diagonally opposite the Primary signal pole.
However, if there is a Median, then the Secondary pole should be located on the
Median and the dual Secondary pole on the ‘far’ side diagonal corner.

See Figure 7.1(b).

Overhead Signal Lanterns

Signal Lanterns mounted on Mast-Arms above the roadway are designated as
Overhead Primary, Overhead Secondary and Overhead Tertiary Signals.
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(@) Undivided road approach at a cross-road intersection
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(b) Divided road approach at a cross-road intersection
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Figure 7.1 - Signal Pole & Lantern Arrangements
Four-Way Intersections
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7.3 Signal Lantern Functions

A signal layout design should consider the display requirements for each
approach on a case by case basis. The following displays should be considered
for each approach and thereafter in the broader context of the design.

(@) Warning Display: Is a warning display required in order to alert the
approaching drivers to the presence of traffic signal control? This
might occur where the junction signals are obscured by a sharp bend
or hill crest.

(b) Stopping Display: This is the most important signal display and is
always required in order to inform approaching drivers (in sufficient
time) in advance of the stop-line that they are required to stop. The
Primary signal must have a high visibility.

(c) Starting Display: This is always required in order to inform drivers
stopped at the stop-line as to when they may proceed into the
Junction.

(d) Manoeuvring Display: This is required, particularly for large area
junctions, where there is the probability that drivers about to enter the
intersection, or within the intersection, are likely to get confused
regarding their priority.

The function of each signal display is detailed in Table 7.1.

A signal lantern display may not adequately provide its intended function if there
are two or more lanes of traffic between the approaching Vehicle and the signal
face, e.g. on a 6-lane undivided road with 3 lanes in each direction; then a single
Secondary signal would appear to be far removed from a Vehicle approaching on
an inside lane.
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(@) Terminating road at a T-intersection
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Figure 7.2 - Signal Lantern Arrangements for T-Intersections
& Mid-Block Signal Crossings
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Three-aspect Primary

—>
> Three-aspect Secondary

? Three-aspect LT arrow

Three-aspect RT arrow

—( Two-aspect pedestrian

o Pedestrian PBU
No 'Wait' Lamp
- Pedestrian PBU

With "Wait' Lamp
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Figure 7.3 - Symbols Used to Describe Signal Displays and PBUs

Table 7.1 - Signal Face Functions

Location of Signal Main Functions Performed
Face
Warning  Stopping Starting  Manoeuvring
Primary Yes Yes No No
Secondary ¥ T Yes Yes
Tertiary ¥ T Yes Yes
Dual Primary Yes Yes No No
Overhead Primary Yes Yes No No
Overhead Secondary ¥ T Yes ¥
Overhead Tertiary ¥ T Yes ¥
¥ These functions may also be provided

depending on site geometry,
topography and other conditions.
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7.4

7.4.1

a)

b)

d)

7.4.2

7.4.3

Signal Displays - Site Requirements

Recommended Minimum Number of Signal Displays

In most countries the number of signal faces for a given approach is two, i.e.
Primary and Secondary. Ideally, three should be provided, especially on wide
intersections, with many lanes and with high approach speeds. An approach with
a Primary, a Secondary and a Tertiary signal provides satisfactory cover in case
of individual lamp failure.

The minimum number of signal faces for each LT movement is two. For a LT,
Primary and Tertiary locations work well, because LT Vehicles are usually on the
inside lane approach. Where the LT Vehicles are turning into a slip median or
island, the tertiary signal face may be located on that median or island. See
Section 7.5.2.2.

In the case of a RT movement, two signal faces should also be provided.
i. They should be located as follows:

° In the dual Primary and Secondary locations where there is a
divided road with medians of sufficient width

o In the overhead Primary and Secondary locations, where medians
are absent or insufficient in width

° In the Primary and Secondary locations if points (i) and (ii) cannot
be satisfied

ii. If there are Secondary lower level signals and Secondary overhead
signals; then RT aspects should be placed on both so as to complement
the operation of the through signals.

iii. If there are two or more lanes making a RT simultaneously, a RT signal
face should be placed in the dual (far-right) Secondary location.
It should be remembered that too many poles and signal lanterns may cause
confusion and in some cases may add to the visual clutter at the intersection.

Dual Primary Signal Displays

Provision of a dual Primary signal face should be generally avoided, except in the
case of a one-way street.

Mast-Arm or Overhead Signal Warrants

Mast-arm Signal Faces are required in the following situations:

(i) If the stopping sight-distance to the pole-mounted signal face is
inadequate, e.g. sight obstructions because of trees, verandas, or,
where the junction is subject to large volumes of tall and Heavy
Vehicles
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() If the roadway is too wide for signal faces to be seen by approaching
Vehicles

(i)  Where benefits are to be realised by placing signal faces over certain
lanes

Overhead signals may need to be omitted where their use would cause
confusion at another intersection in close proximity.

7.4.4 Overhead Signal Displays Placement

Mast-arms should ideally be placed in the Primary position near the stop-line in
order to give the maximum distance sighting benefit to approaching Vehicles.
Mast-arms can be used on one-way streets, when a dual Primary pole and signal
face cannot be placed.

It is not recommended to place Mast-arms in Secondary or Tertiary positions
unless additional starting and/or manoeuvring functions are required, e.g. where
Secondary lower level median signal Lanterns are not available

Mast-arms may also be employed where additional RT Arrow aspects are
required in the case where dual Primary signal Lanterns cannot be placed.

Unless obstructions such as power lines are present, the Mast-arm outreach
selected should ideally locate the signal face above the second lane from the
kerb. Some Mast-Arms are capable of spanning 3 lanes or more, in which case a
signal face is placed above the 2" and 3" lane.

7.4.5 Pedestrian Signal Displays

The following requirements apply for signalled crossings at junctions and mid-
block Pedestrian crossing signals.

See Section 7.8 on Mid-Block signal crossings.

(a) A Pedestrian signal face must be placed on each side a Pedestrian
signal crossing. It should be aimed at the opposite side of the
crossing.

See Figures 7.2(b), 7.4(a), 7.6, 7.8, 7.9.

Note that some modern Pedestrian Crossings (employed on narrow
streets) do not have any Pedestrian Signal faces. The Green ‘Man’ in
that case is visible on the nearside PBU.

(b) For Pedestrian Crossings of more than 10m in width (not length), two
Pedestrian signal faces should be provided on each side of the
crossing

See Figure 7.4(b).

(c) If the crossing distance exceeds 25m in length, additional Pedestrian
signal faces should be installed on a median island.
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(d) Pedestrian signal faces on one movement should never be visible to
persons using any other Pedestrian movement, except in the case of
an All-Round Pedestrian movement that is physically wired to the

same group.

(a) Intersection signalis crossing (In this example, arrow legends point
horizontally on the push button)

<25m

N/

i
c B Ve

(b) Wide midblock signal crossing (In this example, arrow legends point

upwards on the push button)

<25m

>10m

Figure 7.4 - Pedestrian Signal Faces:
Pedestrian Arrow Orientations Shown In (a) and (b)
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7.5 Positioning of Poles, Lanterns and Signal Lantern Displays
The ability of a driver to see signal faces is dependent on a number of factors
such as signal colour, light intensity, aspect size, background luminance, as well
as the position of the pole and signal in the driver's visual field.
The Traffic Signal Engineer may use a visibility template before finalising signal
layout plans, in order to establish if lanterns are located sufficiently close to the
driver's line of sight
See Figure 7.5(a) and (b).
Traffic signal poles should be placed judiciously in order to avoid knock-downs.
In particular, Mast-arms tend to be large rigid structures and should be placed
where the probability of impact by Vehicles is low.
Also, the number of signal poles should be minimised in order to avoid visual
clutter and to reduce costs. It is usual to place Pedestrian and Vehicle signals on
a single pole.

7.6 Equipment Placement for Crossroads Intersections (Four-Way)
The recommended positions for signal poles and mast arms are detailed below.

e Standard signal poles and Mast-arms should be placed at 1m from
the kerb face (and stop-line), but not closer than 0.6m.

e Median poles should be located centrally on the median. If the median
is particularly wide, the additional poles may be required and should
be placed at no more than 2m from the relevant kerb face.

o Poles for Primary and dual Primary signal faces should also be placed
approximately 1m beyond the stop-line and never more than 3
metres. Poles should be placed not less than 1.2m from the tip of an
island or median.

e Secondary signal lanterns and faces are usually placed on the
opposing Primary pole of the opposite approach. In the case of a
crossroads, there is always an opposing pole position; however for a
T-Junction, the Secondary position of the side arm is usually placed in
line with the centre line of the approaching side road, or if the
approach road is divided, opposite the line of the median.

See Figure 7.2 (a).

o Poles for tertiary signal faces are preferably placed on the ‘left-far’
side of the junction, or at a minimum of 2m from the corner and 1m
from adjacent edges of LT slip-lane islands.
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(a) Visibility Templates
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at stopping
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(200 mm lanterns) (300 mm lanterns)

(b) Typical Application of Visibility Template for Stopping Sight Distance of 100 m

Lanterns not
visible

Lanterns
visible

Vehicle at
sight distance

Figure 7.5 - Signal Lantern Visibility Templates
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Figure 7.6 - Signal Lantern Placement
Channelled LT Control

7.7 Equipment Placement at T-Junction (Three-Way)

The placement of Poles and Mast-Arms for Primary signal faces is described in
Section 7.6 above.

e At T-Junctions, Poles (and Mast-Arms) for Secondary signal faces on
the T-stem should be placed to the right of the projection of the centre
line (or median), but closer to the line of sight of the approaching
motorist

e See Figures 7.2(a) and 7.8(a).

o The preferred location of the signalled crossing (for traffic that drives
on the left) is to the left of the stem as shown in Figure 7.8(b).

e If a common pole is to be used with a Pedestrian signal face, then the
placement of poles for Secondary and tertiary signal faces is shown in
Figure 7.8(c). The Pedestrian crossing is shown on the Right in this
case for illustrative purposes only. Pedestrian Crossings at T-
Junctions may be placed on the Right, but should be avoided if
possible.

o Poles for tertiary signal faces are located generally as described in
Section 7.6 above and in this section, except that some adjustment is
normally made in order to allow a common pole to be shared with the
Secondary signal face for the stem of the T-Junction.

e The Traffic Signal Engineer will make placement decisions dependent
on site conditions or immovable objects such as trees, drains,
driveways, etc.
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7.8

Equipment Placement at Mid-Block Signal Crossings

See Figures 7.2(b) and 7.9

Poles for Primary signal faces are placed as described in Section 7.6 above.

For undivided carriageways, the Secondary signal faces are mounted
with the opposing Primary signal face on a common pole. For divided
carriageways, Secondary signal faces are mounted with the
Pedestrian signal face on a common pole located on the projection of
the crosswalk line. See Figure 7.9 (b)

In the case of Tertiary signal faces for both divided and undivided
carriageways, these signal faces are mounted with the Pedestrian
signal face on a common pole located on the projection of the
departure crosswalk line.

If Mast-Arms are employed, then tertiary signal faces may not be
required.

The arrangement for signalled crossings on dual-carriageways is
shown in Figures 7.9(b) and 7.9 (c). If the median is narrow; then the
Secondary poles are located closer to the stop line in order to provide
more space for waiting Pedestrians.
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(&) Without Signalled Crossing
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(b) With Signalled Crossing on the Left
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Figure 7.8 — T-Intersection Signal
Location
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7.9 Lantern Mounting Heights

The mounting height of a Lantern is measured from footpath level to the top of
the Lantern body without target board fitted.

The following guidelines apply to the placement of upright lantern bodies.

(@)
(b)
()

(d)
(e)

The usual height should be 4m.
Primary Lantern heights may be reduced to 3.2m.

If there are obstructions such as awnings or trees, the mounting
height should be a minimum clearance to the lower end of the target
board of 2m.

For Pedestrian Lanterns the mounting height should be 3 m.

Mast-Arm Lanterns should be mounted with a minimum clearance of
5.4m between the road surface and the lower end of the target board.
Do not use excessive clearance as this will affect visibility and may
cause accidents with power lines.

7.10 Lantern Aiming

It is important that lantern bodies are best aimed at the traffic streams for which
they are intended. The following guidelines are recommended.

(@)

(b)

(c)

(d)
(e)

The visibility range in metres of each lantern is determined by its
mounting position, photometric performance and its orientation. The
visibility range in terms of metres from the lantern face is dependent
on the point selected for the aiming distance. The range covers a
distance from ‘before’ to ‘after’ the selected point.

See Table 7.2

In the case of stopping or warning functions the aiming distances are
set from the stop-line towards the centre of the approach lanes.

See Table 7.3.

Primary signal lanterns should be aimed at a point 3m from the stop-
line at the centre of the approach.

Manoeuvring signals should be aimed at the centre of the stop-line.

The visibility requirement of a lantern should never be less than 8m.
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Table 7.2 Visual Coverage of Lanterns
Aiming Distance Visual Coverage
Point Selected Ground Mounted Overhead
(metres from lantern) (metres from lantern) (metres from lantern)

40 10-70
60 25-95
80 40 — 120 50 -110
100 55 - 145 65 - 140
120 75-170
130 90-170
140 105 - 195
150 125 - 225

Table 7.3 Recommended Aiming Distances

Approach Speed Stopping Warning
(km/h) (metres from stop-line) (metres from
stop-line)

40 40 80
50 60 100
60 80 130
70 100 150
80 120 170

7.11 Visor Types

Visors are used to obscure the aspects of a lantern on one approach from the
view of drivers on other approaches and/or to shield the lantern optical system
from incident light that may produce the ‘sun-phantom’ effect

Closed visors are normally used on Secondary and tertiary lanterns. Long visors
are often subject to damage from passing Heavy Goods Vehicles or Buses.
Cutaway visors are used to provide additional visibility on the cutaway side and
standard cut off on the other side.

The visor characteristics may vary from country to country. The cut-off angle for
various types of visors may be specified by the authority and can be checked
with the lantern manufacturer. The recommended Table of Characteristics is
given below.
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Table 7.4 Cut-Off Angles for Visors
Lantern Visor Type Length Angle for Total Cut-Off
Aspect (mm) of Signal Indication
Size(mm)

200 Open Type A 200 No restriction

200 Closed Type B 200 90°

200 Closed Type B 300 67°

200 Cutaway Type C | 300 Open side see 7.6(b)
32° on Closed side

300 Open Type A 300 No restriction

300 Closed Type B 300 90°

300 Closed Type B 400 74°

300 Cutaway Type C | 400 Open side see 7.6(b)
37° on Closed side

7.12 Louvre Types and Placement

Visors are employed in order to restrict lateral vision. However, for direct or
straight ahead traffic, Louvres are used in order to provide the necessary visual
restriction. The use of Louvres should be avoided if possible as they tend to
reduce the efficiency of the optical system.

)
(b)

(€)

Louvres should not be used on aspects with symbols

Horizontal louvres should be used in order to minimise the sun-
phantom effect and to restrict signal visibility along multi — stop-line
approaches

Vertical louvres should be used in order to:

0] Provide more directional visibility where cut-off visors are
inadequate (typically at skewed intersections)

(i) Restrict the visibility to a certain lane or lanes of an
approach

(iii) Shield the aspects from the view of train drivers or other
road-users who should not be able to see certain aspects
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8

8.1

8.2

TRAFFIC DETECTION

Introduction to Detection of Vehicles and Pedestrians/Cyclists

An important component of traffic-responsive signal control systems is the
detection of Vehicle and Pedestrian traffic demands in order to determine the
signal displays required, their initiation and duration. For this purpose, detectors
are used in order to register the presence and/or passage of Vehicles and
Pedestrians.

Detectors can be grouped broadly as Vehicle detectors, push-button (Pedestrian)
detectors and special detectors.

Many types of detector exist including inductive loop, push button,
microwave/radar, infrared, sonic, video image processing, magnetic and
pressure. The most common detectors are the inductive loop detectors for
Vehicles and the push-button (PBU) detectors for Pedestrians.

Vehicle Detection Systems

The purpose of the Vehicle detector is to detect the presence of a Vehicle and
convey an electronic signal to the traffic signal controller, or centralised ATC
computer. Vehicle detectors have two major modes of operation, passage mode
and presence mode. A passage detector registers moving Vehicles only and
produces an output of fixed duration regardless of the speed or size of Vehicle. A
presence detector produces an output whenever there is one or more Vehicles
within the detection area.

Many physical principles (radar, acoustic and light for example) have been used
in Vehicle detectors; however the principle, which has proved to be the most
widely used in recent decades is that of the inductive loop detector. The principle
embodied in the loop detector is the same as that used in many metal detectors,
i.e. when metallic objects enter an electromagnetic field, the field is disturbed.

The inductive loop detector system consists of two parts; a “loop” consisting of
three or four turns of wire embedded in the road surface and a “sensor” unit
(incorporated into the roadside traffic controller) which contains the electronic
circuits.

The sensor unit energizes the loop with a high frequency signal (20KHz to
60KHz) which sets up the field in the vicinity of the loop. When a Vehicle enters
this field, the changed field pattern changes the apparent electrical
characteristics of the loop which in turn causes a change in the signal energizing
the loop. This change is detected by the sensor unit electronics in order to
produce a ‘0’ as long as no Vehicle is detected, and a ‘1’ for as long as a Vehicle
is detected.

Recently, the increased placement of Mast-arms at junctions now provides the
supporting means of camera placement for video detection systems, and
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therefore the use of Mast-arms during the design process must also be
considered in this respect. Video detection systems and other counting devices
can be beneficially employed on Mast-arms in order to detect the presence and
flow of Vehicles in various lanes running underneath the Mast-arms. The lane
vehicular flow, or volume and occupancy, is detected, and this data is sufficient in
order to determine Phase or Movement timings.

The Video Detection System outlined above has the advantage over inductive
loop detectors insofar as the road surface does not have to be cut into.

Loop detectors are usually installed by cutting the loop pattern into the road
surface, winding a thin insulated copper cable into the saw-cut channel (3 or 4
turns), and then backfilling and sealing with an epoxy resin. The looped cable
ends are connected to the local traffic controller unit and the resultant circuit
forms part of a tuned circuit within the controller equipment. Each time a Vehicle
traverses the loop,

()  A'l’ signal is registered into the counting programme as a unit count

(i)  The duration of the signal ‘1’ signal (or its duration of absence ‘0’) is
constantly measured and interpreted as the occupancy (or non-
occupancy), of the loop or detection ‘zone’

(i) The duration of the ‘0O’ signal may be interpreted as the ‘Headway’
between successive Vehicles in that particular lane and that data may
be used in order to determine congestion levels

(iv) If the traffic controller is working autonomously (isolated operation)
and detects a ‘0’ signal (known as the ‘Gap’ and usually set at 3.0
seconds depending on the average vehicle speeds) simultaneously
from any loop on the same approach, it will terminate the movement
for that approach by displaying Amber and then Red (other conditions
apply and shall be introduced in later paragraphs)

Vehicle detection, (in whatever form — inductive, video, etc) is normally provided
on each approach (with the exception of some ATC schemes) and the detection
outputs of ‘0’ and ‘1’ is usually interpreted by the traffic controller or local
centralised computer in the same manner.

The normal arrangement provides at least one detector in each lane of each
approach. If more than one detector is required for each lane, then the spacing
may be varied according to Vehicle speeds and approach gradients.

In the UK, it is common to use the inductive loop system ‘D’ arrangement,
whereby one inductive detection loop (below surface) may be installed across
more than one lane, and whereby there may be a number of approach detectors,
some detectors calling a Phase (traffic movement) and some detectors used
exclusively for extending a Phase.

The advantages with this system are:

e Better Phase extension response when traffic gaps appear further
back from the intersection
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When loop damage occurs, some loops may be omitted without too
much adverse effect on overall efficiency

The disadvantages with this system are:

Too many loops required and therefore it is likely that there will be too
much damage to the road pavement integrity

More loops mean a greater chance of overall system failure — for
example if one loop is damaged, then that approach may have a
permanent demand, thus unbalancing the efficiency of all approaches
and, therefore dramatically reducing the overall working efficiency of
the junction

Where loops straddle more than one lane, the traffic controller cannot
identify as to which particular lanes are occupied with traffic on a
given approach

Loops further back from the intersection are more likely to be parked
on, or partially parked on, affecting up to 3 or 4 lanes. Even though
the loop can retune itself to ignore the parked Vehicle, this takes
several minutes, and meanwhile the efficiency of the junction
detection system as a whole is upset

In Australia, it is standard practice to provide one loop detector in each lane at a
point close to the stop-line. Typical installation details for such a detector loop
near the stop-line of a two-lane approach are given in Appendix A.1.

Please refer to Appendix Drawing A.1

The advantages with this system are:

A more simplified installation procedure with less damage to the road
pavement

Loops can be used equally well for isolated operation and ATC
systems

The controller can always collect data from each lane
Less chance of a loop being parked on

If any lane is occupied, only that lane is temporarily affected, and then
that individual lane loop can ‘tune’ out temporarily, thus leaving the
intersection operating at maximum efficiency (notwithstanding the
parked Vehicle near the stoop-line)

The disadvantages with this system are:

Reduced extension response when traffic gaps appear further back
from the intersection

When loop damage occurs, there are no backup options available if
loops in adjacent lanes cannot contribute enough data, and therefore
the loop needs repair as soon as possible
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Detection system layouts should always be related to the traffic flow, speed and
volume of the junction or scheme. For instance, it is pointless providing a 3 loop
system with the outer detector 40m from the stop line when there are only (say) 3
Vehicles per cycle or the max Green time is only 8 seconds.

In multi-loop systems, it is normal for all the loops to call and extend their
respective Phases. This can be varied so that only one of the loops calls the
Phase, which is useful where there are two sets of detection loops on one
approach and Vehicles in one stream could, inadvertently, call the wrong Phase.

8.3 Characteristics of Inductive Loop Detectors
The important characteristics of the loop detector are as follows:
(@) It gives one actuation per Vehicle (usually)
(b) Detection may be passage or presence
(c) Detection Area approximately equals loop area
(d) Detection occurs over normal traffic speed range
(e) Installation is relatively simple, cheap and fast
(f)  Sensor Unit can be automatically self adjusting
The above “characteristics” could perhaps be called the "desirable”
characteristics of the inductive loop detector. This type of detector also has some
important limitations. These are:
(@ It is affected by environmental factors (temperature, rain,
electromagnetic noise, etc)
(b) Its sensitivity is limited and the more sensitive it is to Vehicles, the
more sensitive it is also to environmental factors.
(c) As sensitivity is increased unwanted detection of Vehicles not in the
loop area is a problem
(d) Presence time is limited (to about 20 minutes)
(e) Loop Wire is vulnerable to damage (loop wire needs to be close to
surface for optimum sensitivity)
(f) Distance between loop and sensor unit (controller) is limited to
approximately 300 metres
(g) Some types of sensor unit channels "interact” or ‘crosstalk’ with each
other.
Note: At the time of planning and designing a detection system, perhaps in a
developing city, or where the road surfaces are likely to be breaking up, it is
worth considering other forms of detection. The principle of the 4.5m long
subsurface inductive loop has served well for several decades and is still the first
choice of many traffic engineers. The 4.5m loop length is linked well with the size
and length of common Vehicles on the road, and therefore the associated
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algorithms used for volume and occupancy counts (used mostly by centralised
computer systems) is still a valid engineering consideration.

Therefore, if detection devices on Mast-arms, or other means, are being
considered, then the ‘virtual loop’ (digitised video image of a loop), should be
scaled to reflect the 4.5 metre length of physical loop detectors, and calibrated
according to the needs of the local or ATC system.

Detection Systems are required to detect Vehicles, Pedestrians (and Bicyclists),
and Special Vehicles, i.e. Buses, Trams, Emergency Vehicles and Trains.

Detection methods used for these types of traffic are discussed in the following
sections.

See Figure 8.1 below showing Inductive Loop Detection and Outputs.
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Figure 8.1 - Presence Vehicle Loop Detector System
Relevant Measurements to Traffic Parameters
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8.4

8.5

Traffic Detection During the Signal Cycle

During a Signal Cycle Traffic can be detected at any time during the signal cycle.
In this respect, there are two considerations:

(a) Initial detection: Arriving traffic (Vehicle or Pedestrian) faced by a
Red signal registers an initial demand (via a detection system) that
the traffic requires a Green signal.

(b) Subsequent detection: Vehicle traffic approaching on a Green signal
registers (via the same detection system) that it requires the Green
signal to continue even though the initial detection may have been
made by another traffic movement in the same Phase.

The type and location of detection systems used determines the parameters of
the initial and subsequent detections, and as a consequence the design and
operation of traffic responsive signal control are determined.

Vehicle Actuation — Detector Demands

In a Vehicle Actuated (VA) controller, Vehicle detectors may be used to cause
the introduction of Phases and/or determine the duration of Phases. The
installation and operation of Vehicle detector equipment is described in Section
8.1 to 8.4 above. The paragraphs below refer mostly to detector output
processing.

When the traffic signal controller receives an actuation from a Vehicle which is
unable to execute a desired movement, a demand or call is placed for a Phase
which contains the movement. There are three basic types of demand:

(i) Locking
(i)  Non —locking
(iif) Presence timed

These are illustrated in Figure 8.2. A locking demand is one where a demand is
dependent only on a Vehicle having once registered an actuation since the signal
facing the Vehicle was last Green. This type of demand is mandatory for passage
detectors, but it is also used wherever the Vehicle causing the demand cannot
escape. (This ensures that even if the detector actuation ceases the demand is
locked and the Vehicle will ultimately be serviced.)

A non-locking demand requires the detector actuation to be maintained until the
Phase is serviced or the demand is lost. This is used where a Vehicle may legally
escape either by left turn on Red or by filtering.

A presence timed demand is a non-locking demand with the additional condition
that the Vehicle actuation must be present for a nominated time (typically 2-3
seconds) before a demand is placed. This type of demand is used where a lane,
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8.6

is shared by Vehicles making movements which belong to more than one Phase.
The purpose of the time delay is to ensure that moving Vehicles do not register a
demand unless their speed is below a desired value.

Under normal circumstances, the controller is programmed to accept demands
only from detectors on approaches facing Amber or Red signals and clears all
demands for a Phase when that Phase is running.

Vehicle Detection Modes

The sensor units for Vehicle loop detectors have a switch to allow the detector to
be operated in one of two modes.

1. Presence mode: In this mode, the sensor unit produces a continuous
output whenever a Vehicle is in detection zone. The duration of the
output ‘1’ (occupancy time) depends on the length and speed of the
Vehicle. Both moving and stationary Vehicles can be detected in the
presence mode.

2. Passage mode: In this mode, the sensor unit produces a brief pulse
‘L’ when a Vehicle enters the detection zone, thus detecting only
moving Vehicles regardless of their length or speed.

Passage detection does not provide further pulses if stationary (or very slow
moving) traffic occupies the detection zone.

Figure 8.1 above shows basic traffic parameters relevant to measurements by a
Vehicle loop detector system in presence detection mode. These include spacing
(distance), Headway (time), occupancy time, space (or Gap) time and distance,
and Vehicle length. Other fundamental traffic parameters such as speed, flow
rate and density, can be further calculated by the controller and ATC traffic
System. The definition of spacing and Headway parameters with reference to the
front ends of the leading and following Vehicles is adopted in Figure 8.1.

Passage detection can only allow a measure of Headway time. The only
additional information it can provide is the flow rate. Presence detection can
provide more vehicle flow information, enabling more characteristics of the
Vehicle stream to be calculated. For example, besides indicating continuing
presence of a Vehicle, it allows determination of occupancy and space times,
which in turn allows the calculation of the degrees of saturation.

Therefore, presence detection is the preferred type of detection for traffic
management.
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8.7

8.7.1

8.7.2

Inductive Loop Vehicle Detection

Detector Types

For intersection control, detectors must only detect traffic in the areas for which
they are intended. Detection zones (for example within lanes) must be clearly
defined so that interference from adjacent lanes does not occur. For these
reasons detectors that emit a broad beam of energy (e.g. microwave or Infra-Red
detectors) are not effective in multi-lane approaches.

The most widely accepted type of detector is that of the inductive loop detector.

Inductive loop detector systems vary from one system to another insofar as
placement and size of the road loop is concerned.

Other Detection Devices and Methods

Other Devices and Methods of Detection are listed below and where used,
generally produce the same output signal to the traffic controller:

(@) Microwave Vehicle Detection (MVD): This operates by the
disturbance or reflectance of a beam of microwave energy by a
moving Vehicle. The microwave beam is usually emitted from a
device on the Primary traffic signal pole towards an approaching
Vehicle. The microwave device is generally fixed on top of the signal
head or below the Green aspect. The disadvantage with MVD is that
‘stopped’ Vehicles, and slow Vehicle speeds cannot be detected.

(b) Infra Red Vehicle Detection: Vehicle detection can also be carried
out by illumination of the carriageway with infra Red light from a
source unit placed on top of the signal head. Vehicles travelling
through the detection zone are focused by an optical system into a
detector. The use of infra Red Vehicle detection is currently limited
to call only applications and has similar disadvantages to that of
MVD.

(c) Video Detection Imaging: Vehicle detection can also be carried out
by a camera device mounted above the carriageway, usually on a
Mast-Arm. The stationary or moving Vehicle image is captured and
processed as it passes over a ‘virtual' loop within a computer
programme. The virtual loop exists as a graphical image that may
be viewed and positioned on an internal monitor within the roadside
traffic controller, or remotely viewed and positioned as required by
an operator at a traffic control centre. Video Detection System
technology has advanced rapidly in recent years and has found
increased use where road surfaces are not of good quality.
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8.7.3 Demands for a Phase

When a detector is activated by a Vehicle movement the traffic controller
registers a "call" for a Phase. This is usually made for Vehicles arriving at a Red
signal and that are waiting on a Green signal. The demand is stored until the
Green signal commences.

The location of detectors for stored demands (or ‘locking calls’) is chosen on the
basis that only Vehicles serviced by the demanded Phase of a particular ‘loop’
are detected.

Presence or passage detection mode can be used for a particular ‘loop’.

The demand can be a non-locking call, in which case the call is not stored, but
cancelled when the Vehicle leaves the ‘loop’ area.

Non-locking calls are used for approaches or lanes where Vehicles may ‘legally’
escape (i.e. leave the detection area) before the called Phase occurs.

Vehicles may leave a detection area under the following conditions:
. A RT movement is no longer needed when RT Vehicles Filter away

before the RTGA commences

II. Ata 3-Phase T-junction where LT Vehicles Filter Left (‘escape’) in ‘B’
Phase and there are no Vehicles waiting to RT in ‘C’ Phase

Non-locking calls can only be made by presence (usually timed) mode detection.

See Figure 8.2 (a) and (b) below showing the Inductive Loop output and
Controller Interpretation.
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DETECTOR ACTUATION
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REGISTERED
CONTROLLER
NO DEMAND ‘0 CANCELL CALL

Figure 8.2 — Detector and Demand Operation

Note: At T-Junctions ‘call/cancel’ or ‘timed’ detectors can be frequently employed
in order to omit RT Phases. If all RT traffic can Filter through gaps or clears off
the junction by the end of the Intergreen period, then Phase ‘B’ can be skipped. A
Call/Cancel Detector allows a demand for a particular Phase (usually ‘B’ Phase)
to be delayed by a preset time before ‘locking’ and then subsequently ‘unlocked’
once the Vehicle has cleared the ‘RT waiting’ position.

The position of the call/cancel detector is variable, but is normally situated before
the stop-line for the RT Bay. Any RT Vehicle that has gone beyond the stop-line
can usually safely proceed during the following intergreen interval when the
oncoming traffic stream stops. If the junction is wide, care should be taken with
the length of the Intergreen interval.
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8.7.4

8.7.5

8.7.6

Green Extension

When the Green signal commences detector demands for that Green are no
longer stored while the Green is running, but rather the detector actuations are
then used to extend the Green time, usually at the rate of 3secs per Vehicle
leaving the detection zone. If the Vehicle stream is busy or continuous; then The
Green will not extend indefinitely, if other Vehicles on other approaches have
placed a locked call.

The mechanism of detectors and timers is more fully explained in Chapter 13.

Detector Functions in an ATC System

In a wide area or centralised traffic control system that is controlled by a master
computer, detectors can be assigned to operate in two modes:

l. Tactical: Detectors call and extend Green signals for the local
controller only

Il. Strategic: Detectors count Vehicles and measure the gaps between
Vehicles order to enable the central computer to calculate the
optimum duration of cycle length, Phase splits and signal offsets for
system coordination control.

Inductive Loop Shape and Size

The detection zone is defined by two factors which are determined by the Loop
shape and size:

() Longitudinal Response: The length of a loop is critical. If too short
the magnetic field may not be effective; if too long, then individual
passenger car units cannot be detected, nor the distance between
Vehicles. The length depends upon traffic composition, and normally
varies between 1 metre (smaller Vehicles) and 12 metres (HGVs and
Buses). The average and most effective loop length is 4.5m, which is
associated with the length of an average passenger car unit (PCU)

(i)  Transverse Response: The width of a loop is usually determined by
the width of the lane (or lanes) that the loop is destined to cover. The
width may also depend upon the dimension of the target Vehicles to
be detected.

Various loop shapes are shown in Figure 8.3, namely
(a) Rectangular
(b) Symmetripole
(c¢) Quadrupole
(d) Slanted

(e) Double Diamond.
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The various applications of the rectangular loop are shown in Figure 8.2 (a),
including its use in a single lane and across several lanes. The slightly rotated
loop (angle of 20 degrees) has proven to be effective in detecting cyclists.

The most common loop shape in use in Australia is the Symmetripole (Australian
SCATS System). The Quadrupole has much the same characteristics as the
Symmetripole, but the detection zone is a little bit less sophisticated or
concentrated than the Symmetripole. The Quadrupole loop is easier and cheaper
to install and is less likely to damage the road surface.

The slanted multi-lane loop shown in Figure 8.2 (d) is used extensively
throughout the UK for Isolated Junction control.

As stated, the loop size and the expected Vehicle dimensions are the
determining factors for a particular system location. However, as Vehicles vary in
size; then a compromise is necessary in loop size. In order to adequately detect
small Vehicles, a loop size of ten square metres is considered a practical
maximum. Also, a loop in one lane should be free from interference by loops in
another adjacent lane. The sensitivity of detection within and between lanes is
determined by the placement, shape and size of the loop.

The efficiency of the detection system is usually maximized by placing one loop
per lane, regardless of the type of detection system employed.
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a) Rectangular

(b) Symmetripole (c) Quadrupole

(d) Slanted (e) Double diamond

s Direction to
travel

Figure 8.3 - Typical Loop Shapes

8.7.7 Placement of Detectors

For any particular detection system, the location or placement of the detector
loop shall affect the function that the loop is able to perform. The main types of
Vehicle loop detector used for traffic signal control include:

(a) Stop-line detectors

(b) Advance detectors

(c) Queue detectors

(d) Emergency Vehicle detectors

8.7.8 Stop-Line Loop Detection

A detection system that employs stop-line presence detection on a lane-by-lane
basis is the most common method used in the Australian SCATS system.
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(&) The setback distance for stop-line detectors is generally 1.5m but
ranges from 0.3m to 2.5m

(b) The detector loop length used for stop-line detection is generally 4m
or 4.5m

Stop-line loops require greater sensitivity as slow moving or stopped Vehicles
must be detected. For stop-line detection the loop is placed carefully in relation to
the stop-line in order to ensure that the first Vehicle at the stop-line is adequately
covering the detection zone. See detailed loop detector drawing —Appendix A.

The placement and layout of 4.5m loops, and the recommended loop
configuration is shown in Figure 8.4.

The recommended loop ‘widths’, which are dependent on placement from kerbs
and medians, is given in Table 8.1.
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(a) Lay out of 4.5m Loops
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(b)  Configuration of loop
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Figure 8.4 - Stop-Line Loop
Configuration and Layout
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Table 8.1 Lateral Dimensions of Symmetripole

Loops Spacing from Each Outer Wire of Loop to Lane Edge*
When Adjoining
Lane Width(m) General(m) Median Strip(m) Kerb Side
(m)
25-3.0 0.74 0.55 0.83
3.0-35 0.73 0.54 0.82
3.5-4.0 0.72 0.53 0.81
4.0-45 0.71 0.52 0.80
45-5.0 0.70 0.51 0.79
5.0-55 0.69 0.50 0.78

*d1 and d2in Figure 8.4.

8.7.9 Advance or ‘Passage’ Detection

In the UK, advance (or passage) detectors are used for isolated operation of
signal intersections. The detectors are usually placed at 3 locations on a
particular approach, for example, at the stop-line, at 25 metres back, and at 50m
back. The loop at the stop line calls and extends the Green Signal, but the loops
at 25m and 50m respectively, perform only and extension function of the Green
signal.

In Australia, advance (or passage) detectors are used for isolated operation of
signal intersections, and also for the purpose of detecting moving Vehicles on
safety grounds, i.e. used at sites where approach speeds are high and where
there are large proportions of heavy Vehicles. The loops are placed in
accordance with the required stopping distance based on the 85th percentile
approach speed.

Advance detector loops are used to supplement stop-line detectors and can be
set in presence or passage mode.

Advance detector loops may also be used without stop line detectors as shown in
Figure 8.4.
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8.7.10

7

Distance from stop line

Figure 8.5 - Advance Loop

It is usual for advance detector loops to be placed at a distance from the stop-line
that corresponds to the extension Green timers in the signal controller. Under
free-flow conditions, the ‘far-back extension’ advance loops can terminate the
Green in the time interval after the Vehicle has passed the loop in such a way
that Amber appears on the signal face, just as the Vehicle passes the Primary
signal face. The time can be calculated by knowing the road speed through the
junction and in most urban conditions is approximately 3secs.

In the case of stop-line detectors only, the extension time might be set much
lower.

The following considerations also apply to advance detector loops:

l. If advanced detectors are placed too far back from the junction, they
cannot accurately detect the actions of the Vehicles at the stop-line.
‘Far-back’ Vehicle detections assume that the Vehicles will stay in the
lane in which they were detected before reaching the stop-line

Il. If Vehicles enter or leave the junction in the area between the
advance detector and the stop-line, they may never be accounted for

Queue Detection

‘Timed’ Presence detectors may be used to detect queues of any length
depending on the placement of the presence loop. If the timer is set for 5
seconds, and when the loop is occupied for 5secs or longer; then a demand is
registered. If the Vehicle passes the loop within the 5secs period, then no
demand is registered.

Applications of queue detection include:

(@) If a RT queue develops in a RT Bay and is too long in order to
adequately Filter (see Figure 8.6)
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(b) If a RT queue develops in the centre of the junction owing to lack of
gaps in the oncoming traffic, then a timed presence detector at the
stop-line may call a RT Green Arrow

(c) Queues across a railway level crossing

J

D

Figure 8.6 - Queue Loop for Detectors
Demanding a RT Phase

8.7.11 Operational Characteristics of Loop Detectors

8.8

8.8.1

The recommended loop layout and configuration for stop-line detectors is shown
in Figure 8.3.

As stated, the ‘width’ or spacing between the outer loop conductors and the lane
boundary or kerbs should be chosen in order to minimise:

(@) Unwanted detection of Vehicles in the adjacent lane (over-counting)

(b) Missed Vehicles such as small Vehicles or two-wheelers which do not
travel through the detection zone (undercounting).

The optimum loop width is achieved when over-counting errors are equal to
undercounting errors.

Pedestrian Traffic Demands

Pedestrian Detection

In order for a Pedestrian to cross the road by means of the Green ‘Man’ signal,
then the most common method is by Pedestrians Push-Button Unit (PBU)
demand. The Pedestrian must press the appropriate Pedestrian PBU, which
usually stores a demand in the Controller Logic. The Controller in turn will
activate a lighted panel or lamp indicating to the Pedestrian that the signal
system is aware of the need to cross. The illuminated panel or ‘wait’ lamp
switches ‘OFF’ as soon as the Green ‘Man’ commences.

If a substantial number of visually-impaired or elderly Pedestrians use a
particular crossing, then the signal PBU may be fitted with an Audio-Tactile
sensor.
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The presence of Pedestrians on the crossing may be detected by additional
detector units in the footpath or overhead (usually infrared or microwave) in
which case the crossing time or clearances may be instantly modified, e.g. Puffin
Crossings.

8.8.2 Automatic Introduction of Pedestrian Movements

In addition to PBU detection, controllers may be programmed so that Pedestrian
movements run in each cycle. This method is usually employed in urban areas
where Pedestrian volumes are high and where the cycle length is long enough in
order to accommodate all Phases with Pedestrian movements.

Automatic introduction may be set in the local controller programme or by
centralised control.

8.8.3 PBU — Pedestrian Push-Button Placement

Pedestrian and Cyclists PBUs are mounted on traffic signal poles, Mast- Arms, or
special short poles if required. Each Pedestrian crossing normally has a PBU on
each side of the road. If the road or crossing is divided (staggered), then there
will be separate PBUs on the median. A special ‘short’ PBU pole should be
installed if no traffic signal pole can be located in a suitable position. The PBU
should be located not more than 1m outside the projection of the signalised
crossing nor more than 2m back from the kerb line at the signalised crossing.

See Figure 8.7 below.
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1 Arrow legends point upwards on these PBUs
2 Arrow legends point horizontally on these PBUs

Figure 8.7 — PBUs Location and Orientation
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8.8.4

PBUs for a particular crossing should be placed so that there is no confusion as
to which crossing is demanded by a particular PBU.

Height Above Footway: The push button should be mounted at a height of
approximately 1.1m £ 0.1m from the ground.

Orientation: Where provided, the PBUs in any system should be mounted in a
consistent manner and should be orientated as follows:

(i) Perpendicular to the signalised crossing and facing away from the
crossing, or Parallel to the crossing and facing towards Pedestrians
about to use the crossing.

(i) In narrow medians, one push button may suffice and should be
mounted Parallel to the signalised crossing.

Directional Arrow Legends: An Arrow legend may be provided in a PBU in
order to give guidance to people with visual disabilities and to benefit Pedestrian
and Cyclists in general, where there may be confusion as to which Pedestrian
movement is demanded.

The Arrow points towards the associated crosswalk lines as shown in Figure 8.6.

(i) Where the face of the PBU panel is at right angles to the crosswalk
lines, the Arrow legend should point upwards

(i) Where the face of the PBUs button is Parallel to the crosswalk lines,
the Arrow legend should be horizontal

(i) Where one PBU is mounted in a narrow median, the Arrow legend
should have a horizontal double-headed Arrow and the face of the
PBU should be Parallel to the crosswalk lines.

Audio-Tactile Units: These should never be placed closer than 2m from one
another as the audible tone origin may confuse impaired Pedestrians. For this
reason, two PBUs with Audio-Tactile facilities must never be mounted on one
pole.

Bicycle Detection

Cyclists often share lanes with other Vehicles, in which case it is not possible to
ensure detection of bicycles, owing to their narrow width. In this case, PBUs may
be placed at selected points in the system in order to assist bicyclists to lodge a
demand.

Where separate bicycle lanes are provided, special bicycle sensitive loops may
be required, in which case the loops also need to span the whole width of the
bicycle lane.

Bicycles may be controlled by 2-aspect Red and Green signals with ‘bicycle’
masks, or by 3-aspect Red, Amber, and Green bicycle masks.
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At major junctions, a stop-line for bicycles should be placed beyond the normal
Vehicle stop line so that LT motor Vehicle and HGVs in particular are aware of
the presence of Cyclists waiting for a Green signal.

8.9 Special Traffic Detection

Emergency Vehicles and other Modes of Transport may have to be controlled at
a crossing or junction. Emergency Vehicles such as Fire Tenders or Ambulances
need ‘immediate’ priority, whereas Transport Modes such as Trams and Buses
might only get priority in certain circumstances. Trams and Buses will only get
priority at certain times in the signal cycle. Railway traffic is treated differently
insofar as trains will get absolute priority; however all other traffic must be
stopped and thereafter released in a safe manner. Special detection methods are
used in each case.

8.9.1 Emergency Vehicle Detection

Emergency Vehicles such as Fire Tenders usually have a priority PBU within the
Fire-station. When activated the nearest traffic signal junction will hold all other
traffic for a preset time until the emergency Vehicle has passed. In some systems
the activation of the ‘Fire’ PBU will also alert central control operators, who may
chose to give the emergency Vehicle priority along a certain main route, for
example holding main route signals on Green.

If the signal system is not centrally controlled; then the emergency Vehicle can
be selectively detected by fitting a special transmitter called a ‘transponder’ to the
Vehicle. This means that only certain loops will detect the emergency Vehicle.

Transponders may be also used in centrally controlled systems. The appropriate
authority then provides the necessary advance warning of the approach of the
Vehicle and special arrangements are made to ensure their prompt passage.

Even when a traffic signal controller responds to an ‘emergency’ the Phase
terminations are still subject to safety timings. The conditions above are equally
applicable to Ambulances.

8.9.2 Buses

Transponders are often used with Public Bus Transportation, whereby the bus is
identified by a roadway sensor. If the bus shares lanes with other traffic; then a
transponder is fitted to the bus. The transponder can identify the particular bus
and relay information regarding schedule, in addition to other bus information. In
some applications, a bus may only be identified if the transponder is activated by
the driver.
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8.9.3 Trams

The techniques for tram control are as follows:

(a) Loops: Trams may be detected by inductive loops placed between
the rails. There are usually many approach loops at junctions
controlled by signals which are subject to passage, presence, and
timed actuations. Some interface methods can be quite complex,
depending on factors such as junction complexity, priority for different
directions, proximity of stations, etc.

(b) Transponder/Transmitter Systems: If Trams need to be uniquely
identified owing to shared road space with ‘normal’ Vehicles; then
inductive loops may not be able to differentiate trams sufficiently. In
this case, it is usual to fit a Transponder or Transmitter system as
described in previous Sections 8.9.1 and 8.9.2.

8.9.4 Tram Operation at Signal Sites

Operations may be categorised as passive and active priority measures. Passive
priority measures imply that the signals are not aware of the tram presence and
therefore the signals are programmed to include reduced cycle time, Green time
allocation and basic Phase design with bias to favour bus and tram movements.
This might also include repetition of bus and tram movement Phases in the signal
cycle and signal coordination with special consideration for tram movements.
Active public transport priority techniques at traffic signals include:

(a) Phase extension - Holding the Green display until the Tram passes

(b) Hurry Call — start the Green display when a Tram arrives on Red

(c) Provision of special Tram Phases at complex intersections

(d) Phase Skipping - a non-Tram Phase is omitted from the sequence

Tram detection by single frequency transponder allows loops to selectively detect
trams in a mixed traffic stream.

8.9.5 Railway Traffic

Railway level crossings are frequently close to traffic signal junctions and
therefore must be coordinated as follows:
In the event of an approaching train:

a) Any traffic queued across the railway tracks must be cleared
immediately

b)  Vehicles about to enter the level-crossing must be stopped
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c) If the intersection signals have not attained a ‘safe’ condition, and the
level-crossing hasn’t cleared in order to allow barriers or train signals
to be set; then the traffic signals are switched to Flashing Amber

The precise method of operation may vary from one country to the next and even
from one rail authority to the next. Advance electronic impulse signals are
activated by the approaching train and several electronic impulse signals are
provided by the barrier positions for use by the traffic controller. There are also
electronic signals that indicate that all conductors in the system are operating
correctly and have no ‘breaks’.

8.9.6 Railway Linking Requirements

If the linking of Traffic Signals with the railway level crossing is required, then the
railway authority should provide the necessary trackside equipment interfaces, so
that the special queue-clearing sequence to be initiated before the Flashing Red
Train signals commence operation.

After the queue-clearing Phase has terminated, no Phases or turning movements
can be introduced for traffic needing to cross at the level crossing tracks until the
train has passed. Thereafter, the railway track switches should indicate as to
when the train has passed the controlled area. When the level crossing opens,
priority should be given to the ‘held’ traffic, before the traffic signal control reverts
to normal operation.
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9 TRAFFIC SIGNAL CONTROLLERS

9.1 Introduction to Traffic Signal Control

The Traffic Signal Controller is ‘housed’ in a metal casing with an access door.
This equipment is usually placed on a concrete pedestal, but may also be
mounted on a pole.

The casing contains a ‘logic’ rack that switches power to the signal lanterns and
controls the duration and sequence of signal displays. It controls detection
equipment and may also communicate with a central master computer.

Operation of a Traffic Signal Controller depends on many factors including, time-
of-day, detectors, communications, and the coordination control systems used.

Types of coordinated signal operation are discussed in detail in Chapter 12.
Centralised Computer control works in a similar manner to that of ‘fully-actuated’
control except that maximum Green times are determined by the central
computer on a cycle-by-cycle basis according to incoming detector data, usually
relayed by the traffic controller or outstation unit.

See Figure 9.1 below.
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signal lanterns
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Figure 9.1 - Typical Interfacing Requirements for Traffic Signal Controllers
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The various control facilities available in the signal controller determine the
nature, duration and sequence of signal displays. As the number of control
facilities required increases, the controller logic becomes more complex.

The controller hardware required is determined by the number of separate traffic
movements, detectors and the number of PBUs, which are also related to the
intersection geometry, the Phase design, and as to whether or not the controller
may be connected to centralised control.

Spare capacity may be required for future expansion of the intersection
parameters.

9.2 Local Controller Operational Modes

A Traffic Signal Controller operates in three basic modes, ‘Isolated’, Linked’ or
under ‘Central Computer’ control. It may have many other modes available, such
as control of Emergency Vehicles or Manual Intervention. There are other ‘in-
between’ modes such as ‘Master - Isolated’, whereby a controller may be
operating autonomously, but being monitored by the Central Master Computer,
or ‘Link-lsolated’ whereby the controller is allowed to respond to Vehicle
detections, but is performing tasks associated with plan schedules in the
controller memory.

Available Modes include the following:
¢ Fixed Time Mode (preset timings and not influenced by detection)
e |solated Mode (or Vehicle Actuated - VA)
e Link — Isolated Mode (‘in-between’ Mode)
e Full Link Mode (Cable-Less Link or Flexilink)
¢ Hurry Call Mode (Emergency Vehicle or Railway)
¢ Computer Control Mode (Master Computer)

e Manual Control Mode (Police — Phase, All-Red, Flashing or OFF
selection)

¢ Maintenance Mode

e Fallback Mode (Flashing Amber in the event of a fault or as
programmed)

Modern local controllers such as those used in SCOOT or SCATS wide-area
control receive inputs from Vehicle detectors. The controller varies the length of
each Phase and Cycle Length time in response to changes in traffic demand.
Phases may be omitted from the sequence if no demand exists.

These modes (listed above) can be invoked remotely from the central computer,
manually by means of a key, or automatically as programmed by the regional
computer or by the ‘Time—of-Day’ clock within the controller.
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9.21

9.2.2

Computer Control Mode (if specified), is usually the highest level of control and
may even override Police Manual Control, if so programmed. However,
emergency mode usually overrides all other modes. The mode priority for a
particular region is specified by the Authority.

Note that in the event of Power Failure, some controllers have a back up battery
UPS system, and this may operate in various ways as programmed, for example,
signals may be OFF, but the logic rack remains ON and monitored for Power
restoration.

Alternatively, signal displays may continue as normal in ‘Isolated’ mode, or
‘Computer Control’ mode, until such time as the battery fails.

Some of the modes are detailed below. Emergency Vehicle and Hurry Call mode
has been detailed in Section 8.9 on Special Traffic detection.

Fixed-Time Control

Fixed-time control is considered to be the lowest level of control in which the
timings of each Phase are preset in a fixed sequence and duration. This method
of control is usually avoided owing to its inefficiency and lack of flexibility.

However, this method of control is useful in providing very basic coordination
between intersections. If each cycle is predictable in duration, then it becomes
easy to arrange the beginning of a Phase at one site to be predicted in relation to
the beginning of a Phase at an adjacent site.

However, there are more sophisticated methods of signal coordination available
and these are discussed under ‘strategies’ and the ‘selection of appropriate
control’ in Chapter 12.

Vehicle Actuated (VA) Control (Isolated Mode)

In ‘Isolated Mode’ mode, the Phase sequence and the Maximum duration of
each Phase is as specified in the local controller time-settings. The local
controller may terminate any Phase under the control of the local Vehicle
actuation timers (Gap, Headway and Waste) or skip an un-demanded Phase
unless prohibited by the local controller personality.

In Vehicle-Actuated (VA) control, the Vehicle displays are dependent on the
volumes and directions of Vehicles and the Pedestrian displays are dependent
on the presence of Pedestrians. This causes variable sequences and variable
durations of signal displays depending on traffic demands. This type of control is
often referred to as being "fully actuated"

Although ‘fully-actuated’ control is efficient, it does imply that any one junction
controlled in this manner will be frequently ‘out of step’ and lacking coordination
with another junction in close proximity, owing to the random nature of detector
actuations. Therefore, in order to achieve coordination and to monitor controller
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operations, the use of master computers or centralised control described in
Section 9.5.2 and in Chapter 12 has found increased use world-wide.

9.2.3 Vehicle Semi-Actuated Control

In ‘Semi-Actuated Control’ detectors are placed on the minor movements only,
(e.g. side road traffic). If the main road is determined as being ‘busy’ for most of
the day, then the main road Phase may not need any detectors; therefore the
Green period on the main road will extend indefinitely until an activation from an
arriving Vehicle on the side road.

Mid-block Pedestrian crossings signals operate in this manner. The main road
Green rests until a PBU activation by the arrival of a Pedestrian.

Each time the main road commences Green, the Green time will run for a preset
period depending on the time-of-day. Side road Vehicles or PBU demands will
only be serviced after the preset period expires in each cycle.

9.2.4 Local Link Control

In Local Link Mode, often referred to as ‘Cable-Less Linking or Flexilink’ the
Phase sequence, the maximum duration of each Phase and the duration of the
Green ‘Man’ signal displays are determined by the current linking plan, which is
controlled by an internal clock.

In Local Linking the important factor is that all controllers in the local link network
should have their internal clocks synchronised with one another. This ensures
that the coordinated Phases are always in step with each other. Another
important condition of local linking is that all cycle times (CT) in the network are
exactly equal for whatever plan is running.

The local controller may terminate any Phase under the control of the local
Vehicle actuation timers (Gap, Headway and Waste) or skip an un-demanded
Phase unless prohibited by instructions within the plan.

9.2.5 Central Computer Control

In Central Computer Control Mode the Phase sequence, the maximum duration
of each Phase and the duration of Green ‘Man’ (Walk) displays are determined
by the regional computer. The local controller may terminate any Phase under
the control of the local Vehicle actuation timers (Gap, Headway and Waste) or
skip an un-demanded Phase unless prohibited by instructions from the regional
computer. The regional computer controls the Phase transition points in the local
controller subject to the local controller safety interval times being satisfied (e.qg.
minimum Green, Pedestrian clearance etc). On completion of the transition to a
new Phase, the local controller times the Minimum Green, and Minimum ‘Green
‘Man’ intervals, and then waits for a Phase termination command from the central
computer.
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9.2.6

9.2.7

9.3

On receipt of the command to move to the next Phase, the local controller then
independently times the necessary clearance intervals (e.g. Amber, All-Red) for
the Phase termination.

Communication errors or faulty operation of the traffic control computer cannot
cause the local controller to produce dangerous signal displays such as short
Greens, short Pedestrian Clearances, short Ambers or short Reds.

The termination of Pedestrian Green ‘Man’ signals is also under the control of the
regional computer so as to allow the Green ‘Man’ timing to be varied in order to
match prevailing traffic conditions. The duration of the Green ‘Man’ signal cannot
however, be set to less than that of the controller Minimum Green ‘Man’ time.
The Minimum Safety Times are locked into the controller ‘memory’.

The signal cycle is divided into Phases called A, B, C, etc and these can be
introduced in any defined sequence (e.g. A-B-C-A). Any Phase can be skipped if
no Vehicle is waiting for a Green on that Phase (e.g. if no Vehicle is waiting for
‘B’ Phase; then the sequence would be A-C-A). In ‘Isolated’ and ‘Cable-Less
Linking or Flexilink’ modes, the sequence is as defined in the local controller
personality. In Computer Control mode, the sequence is determined by the
regional computer.

Fallback Mode

In ‘Fallback Mode’ the signal displays Flashing Amber to all approaches. Other
Flashing displays can be provided e.g. Flashing Red to minor roads and Flashing
Amber to main roads. Optionally, the signal displays can be completely ‘OFF'.
This mode is usually triggered by a fault condition such as happens if a
component goes faulty, or a pole is knocked down by a traffic incident.

Maintenance Mode

In ‘Maintenance Mode’ the signal displays continue operating as normal, but may
be released from Computer Control mode by the actions of a technician. The
technician can release the controller into any other mode for the purposes of
examining faulty operation, or in order to carry out maintenance and timing
checks. On leaving the site, the technician will disable ‘maintenance’ mode and
the controller then attempts to assume its dedicated operational mode.

Controller Programming

The task of configuring a controller to the specific requirements of a particular
site is known as adaptive traffic engineering. Each controller has a unique
programme called a "personality” which configures the controller to the specific
operational design of the site.

The personality specifies which movements (signal groups) can run in each
Phase, the Phase sequence, the Phase timings, and detector functions.
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Where there are Diamond Overlap Phases, or unusual operations, such as a
railway or tram interlinks, the personality logic can be quite complicated.

9.4 Preventing Conflicting (Hazardous) Displays

The Primary function of traffic signals is that of Safety. Traffic signals are meant
to indicate to the road-user as to when it is safe to proceed. In this regard, the
traffic controller is guarded against any occurrence of ‘hazardous’ signal displays.

There are a number of steps in the controller programming that reduce the risk of
‘wrong’ programming, and once the controller is installed on the street, there are
further mechanisms that will switch ‘OFF’ the signals or commence Flashing
Amber in the event of an unsafe or conflicting display.

Conflicting displays arise from failures in the mechanisms that switch power to
the signal lanterns or by damage to the signal lanterns and cabling such that
unwanted voltages are sent to aspects at the wrong time. These hazards are
very much minimised by conflict monitoring equipment within the controller.

Conflict monitoring is mandatory in all modern traffic controllers. The circuits to
the signal group lamp colours are monitored as closely as possible in association
with the controller output terminals. The state of each circuit is compared with a
table of conflicting signal groups that is specified in terms of unsafe displays.

The general principle is that if a signal group is showing Green when it should
not, then the programme and voltage monitoring devices at the output terminals
are immediately triggered and the controller immediately switches all signals
‘OFF’ or to ‘Flashing Amber’.

See Figure 9.2. The table indicates acceptable (safe) and unacceptable (unsafe)
lantern displays.
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Note: 1. Any signal display with more than one lamp lighting is considered unsafe.
2. Red/ Amber is considered unsafe if any other display is showing more than
one lamp lighting or if any other display is ‘OFF’

Figure 9.2 - Safety of Signal Displays
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9.5 Controller Timing Intervals and Movements Strategies

The following sections discuss the main timing intervals for the traffic controller.

For Vehicle Phases the main intervals are:
e |Late Start
e Minimum Green

e Maximum or Extension Green

e Rest
e Amber
e All-Red

Other Timing Intervals such as Variable Initial Green (VIG) and Early Cut-Off
Green and Early Cut-Off Amber are discussed in Chapter 13.
For the Pedestrian movements the main intervals are:

e Green ‘Man’

e Clearance 1

e Clearance 2

Other Timing Intervals such as Pedestrian Delay are discussed in Chapter 13.

9.5.1 Vehicle Phase Intervals

Each Phase is divided into the following ‘main’ consecutive timed intervals:

Late Start Green -  The time from the start of the Phase for which the
introduction of Green on any defined Phase may be
delayed

Minimum Green - The time during which the Phase cannot be terminated

Rest - The time during which the Phase awaits termination

Maximum Green -  The limited time during which Green may be extended by

detector actuations

Amber - The time during which an Amber signal is displayed to any
terminating Phase

All-Red - The time during which Red is shown to any terminating
Phase before Green is introduced on the next Phase.
The Amber and All-Red intervals are collectively known
as the intergreen period
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The durations of the timed intervals for each Phase are stored in the local
controller and are usually (depending on controller type) adjustable within the
following ranges:

) Late Start Green - 0 to 20 seconds in 1 sec steps
) Minimum Green - 0 to 20 seconds in 1 sec steps
o Maximum Green - 0 to 250 seconds in 1 sec steps
o Amber - 0 to 6 seconds in 0.1 sec steps

o All Red - 0to 10 seconds in 0.1 sec steps

See Figure 9.3 for Vehicle Intervals

"TERMINATION"
POINT
~———— "RUNNING" L "CLEARANCE"
VARIABLE EARLY
LATE MINIMUM INITIAL REST CUT OFF
START GREEN  GREEN GREEN AMBER ALL RED
LATE
START
SGNAL
GROUP
V1
ECO
SGNAL
GROUP
V2
RED MINIMUM VARIABLE ECO RED
GREEN  INITIAL REST Amber
GREEN

Figure 9.3 — Vehicle Timing Intervals

9.5.2 Pedestrian Phase Intervals

In Parallel with the above timed intervals associated with Vehicle signal displays,
one or more independent Pedestrian Movements may be displayed subject to a
PBU demand being registered. The Pedestrian movement display is controlled
by the following consecutive timed intervals.

Pedestrian Green ‘Man’ (Walk) Interval -
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The time during which a Green ‘Man’ signal is displayed under isolated
mode or the minimum Green ‘Man’ time under ‘linking’ or Computer
Control mode.

Pedestrian Clearance 1 Interval -

The portion of the Flashing Pedestrian Clearance interval which must be
timed before any concurrently terminating Vehicle Phase can step to
Amber.

Pedestrian Clearance 2 Interval -

The portion of the Flashing Clearance interval which is timed concurrently
with the Vehicle Amber and All-Red intervals of the Phase.

The duration of the timed intervals for each Pedestrian feature are stored in the
local controller and adjustable within the following ranges:

o Pedestrian Green ‘Man’ - 0 to 40 seconds in 1 sec steps

) Pedestrian Clearance 1 - 0to 40 seconds in 1 sec steps

. Pedestrian Clearance 2 - 0 to 40 seconds in 1 sec steps

Pedestrian movements and intervals have been detailed in section 6.19.2 and in Figure
6.12. The Pedestrian movement in conjunction with protective LT Arrows V5 are shown
here below in Figure 9.4. In this case, the ‘hold’ Red Arrow V5 can be switched ‘OFF’
during the WALK or at the end of ‘WALK’ depending on site conditions at various times
of the day.

The LTRA may also be programmed to remain ‘ON’ for C1, or C2 or both intervals.
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Figure 9.4 — Pedestrian WALK and Red Arrow Protection
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9.5.3 Vehicle Actuation Timers

During the Rest interval of a Phase (i.e. when there are no demands anywhere
on the junction), the controller allows for the early termination of any Phase
before the "Maximum Green" is reached by the expiry action of Vehicle actuation
timers. The "Maximum Green" time is the interval defined above for ‘Isolated’
mode or as determined by the Local Linking plan or ATC plan in operation. It is
normal for Eight sets of Vehicle actuation timers to be associated with each
Phase. When all approaches associated with a Phase have expired; then the
Phase terminates. The Vehicle actuation timers operate as follows:

Gap change: If the time between successive actuations of detectors on
an approach having Green exceeds a preset interval the
approach expires — usually 3.0secs.

Waste time change: A Waste time counter accumulates the time between
detector actuations after first subtracting a preset
Headway time from each space. When the Waste time
counter reaches a preset value the approach expires.

Maximum change: In the case of a controller operating in ‘Isolated’ mode
each Phase has a Maximum Green time set. If the Phase
has not terminated by Gap and/or Waste then the Phase
will terminate on reaching the Maximum Green time. In
the case of a controller in ATC mode, the Maximum
Green timer is suspended and the Phase is terminated by
a command from the regional computer or, in the case of
‘Local Linking’ mode, the point of terminating the Phase is
determined by the current plan.

The Vehicle actuation timers are stored in the local controller and are usually
adjustable within the following limits:

Gap Time - 0to 10 seconds in 0.2 second steps
Headway Time -0to 5secondsin 0.1 second steps
Waste Time - 0 to 50 seconds in 1 second steps
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Figure 9.5 — Headway and Waste Time Operation
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9.5.4 Control of Movements

Within the framework of Phases and their component intervals there is
considerable flexibility for the control of Vehicle and Pedestrian movements
(signal groups). Provision is made for Vehicle and Pedestrian Greens to overlap
through two or more Phases. Vehicle and Pedestrian Group Greens can be
introduced and terminated at any point in any Phase, either by reference to the
transition from one Phase interval to the next (e.g. the end of the Late Start
interval) or conditionally in consequence of the termination of another (usually
conflicting) Phase.

Approach timers can be associated with movements (Groups) rather than
Phases in order to enable the early termination (by Gap or Waste) of a
movement for which there is no further demand. This is followed by the
introduction of an alternative movement for which a demand exists. Such control
can be independent of Phase boundaries. The structure of the controller
personality is such that the introduction and termination of Signal Group Greens
can be dependent on almost any conceivable string of conditions. The limitation
on group appearance is imposed by whether or not Groups conflict.

9.5.5 Detector Logic

All detectors at an intersection are normally defined as having a tactical function
(as opposed to strategic for ATC) even though this function may be inoperative
at times by virtue of ATC Control or Linking plan in operation. (The tactical
function will be required in ‘Isolated’ mode). In the simplest case, a detector is
defined to place a demand for a Phase and, when the Phase is introduced, the
detector actuation will operate the Gap, Headway and Waste timers which in turn
determine the duration of the Phase. It is possible, however, to define within the
personality, an extensive range of conditional functions referred to as "detector
logic".

An example of detector logic is as follows:
e A controller has 3 Phases A-B-C
e Detector 1 is assigned to ‘call and extend’ overlap group AB
e |If the controller is in ‘A’ Phase
o If the controller has no demand for ‘A’ Phase from other detectors
e If the controller has a demand for ‘B’ and ‘C’ Phases
e Thenignore ‘A’ Phase and go to ‘B’ Phase
Of course, in this case, we are considering only One Detector and only 3 Phases

A-B-C. Most junctions will have up to 16 detectors and perhaps 4 Phases;
therefore the logic can get quite complicated.

Rather than considering every combination of Detector, every Phase and every
Overlap, there are software configuration packages for traffic controllers that can
automatically take care of detector operations, amongst other features.
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9.5.6

9.5.7

Conditional Demands

Demands for a Phase may be "locking" or "non-locking". A locking demand is
one where the demand, once placed, remains even if the detector does not
sustain an output (i.e. the Vehicle leaves the detection zone).

A non-locking demand is cancelled if the detector output indicates the Vehicle
has left the detection zone. This logic is typically used for the introduction of a
Phase which services a filtering right turn movement or a movement which may
turn left during Red.

A demand for a Phase may be conditional on the Phases demanded by other
detectors. Thus, a detector on an approach (lane) that receives Green in two or
more Phases may be assigned to place a demand for a Phase in the absence of
a demand for another Phase. If, however, another Phase which also services the
approach is demanded by another detector(s), the original demand is not
effective. This function avoids the introduction of two (or more) Phases when one
would suffice.

Refer to previous Section 9.5.5 - ‘Detector Logic’

Conditional Extension

The detectors on an approach having a Green signal should normally "extend"
the Phase (i.e. Vehicles detected on the approach during Green should operate
the Gap, Headway and Waste timers) if termination of that Phase would result in
the approach movement being terminated. If, however, the approach continues
to receive a Green signal in the next Phase; then the detector(s) on that
approach may be assigned to cease extending the Phase.

The Phase may be terminated (subject to the operation of the Vehicle actuation
timers on other approaches) as soon as all movements which will lose Green
cease to extend the Phase. This logic is typically used on an approach which
receives Green in two consecutive Phases. The approach does not extend the
Phase if the next Phase in the sequence also presents a Green signal to that
movement.

The structure of the personality is such that the tactical operation of any detector
may be dependent on almost any string of logical conditions. The combination of
Phase control functions and detector logical functions means that the local
controller can operate in any combination of Phase or Group control. The Phase
boundaries are, in practice, only relevant to the co-ordinated operation of the
local controller, in that ATC or Local Linking modes of operation control the
Phase terminations. Within the constraints of the Phase duration, the local
controller is in generally free to exercise its tactical functions.
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9.5.8 Conditions for Phase Termination

A Phase may terminate under a number of conditions such as Gap Expiry,
reaching Maximum Green, or command from a central computer. Conditions for
Phase Termination are outlined in Figure 9.6 below.
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Figure 9.6 — Conditions for Phase Termination
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10

10.1

10.2

ELECTRICAL DESIGN

Introduction to Electrical Design

Each signal site shall have an electrical design so that power, lamp circuits,
detection and CCTV, etc, may be connected and documented for signal
components including controllers, lanterns, detectors, PBUs and other devices.
Cabling diagrams may provide information on one or more of the following:

(a) Controller connection to the main power supply and UPS
(b) Circuits for cabling to each pole and lamps

(c) Extra Low Voltage (ELV) 50 Hz circuits for Pedestrian PBUs and
demand indicators. These voltages may be low AC or DC voltages,
e.g. 24VDC for button demands and up to 50VAC for ‘wait’ lamps

(d) Circuits for ‘external’ Vehicle detectors outputs are usually 24VDC

(e) Data links associated with coordinated signal systems where cable
connections between controllers in a network are directly connected —
these are usually 24-48VDC

() Leased ‘telephone’ cables or fibre optic links from the
telecommunication authorities may be used for the connection of
controllers to a central computer. The cables may also carry high-
speed data links for CCTV and other site functions

(g) Loop detectors. The loop detector embedded in the road lane is
usually connected directly to the auto-tune circuit within most modern
controllers. The loop is in actual fact the inductive component of a
tuned circuit, the capacitive component of which is contained within
the controller detector circuits

The electrical circuits and connections, together with Phasing arrangements are
often shown on the electrical and traffic design drawings. Details of duct routes,
duct sizes, draw-pits, pole footings, detector duct and draw-pits, etc, are usually
shown on the civil works drawing for the site.

Cable connection charts are required in order to identify each core of each cable,
its function, connection details and cable routing. Such a chart is an essential
document for installation and subsequent maintenance. These drawings are
usually prepared by the signal contractor during the functional design process
and updated to ‘as-built’ after installation and commissioning.

Cable Connection Design

The cable connection design determines the function, and routing of cables. The
circuits connecting lanterns, PBUs and ‘wait’ lamps to the controller are
optimised in order to reduce or eliminate long cable runs and to determine the
most economic solution.

The number of cores in the multi-core cable is usually 20 or 30 cores per run and
this should provide sufficient circuits for each colour of each signal group, PBU,
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and ‘wait’ lamp. The wait lamp may be an LED type display in modern signal
systems.

The individual cores are connected from the controller terminals to the individual
poles or to a termination block within the Mast-arm. The cables are usually
connected ‘through’ each pole and then on to the next pole, rather than having
an individual multi-core cable to each pole.

The cable connection chart documents the cable connection design showing the
precise cores used for the terminations at each pole and Mast-arm. Details of the
connection of individual cable cores to the appropriate terminals in the controller
and on each terminal block at each pole are shown as well as the through
connections. A typical example is illustrated in Figure D14.

Cable 9 Cable 8 Cable 7 Cable 6 Cable 5

10 @ ® @ ® 5

Det
A eeoér

c%/e
Det Feeder cable Cable 1 ,—~ Cable 2 ,— Cable 3 - Cable 4
B Controller N 2/ 3/ @

cp‘*' Post number

R

Det <@
C/A

An optional cable can be added between Posts 4 and 5. This cable is available to restore
the service quickly in the event of a breakage elsewhere in the loop

Figure 10.1 — Typical Cable Layout Diagram

10.3 Cable Colours and Numbers

Cables are usually manufactured to the requirements of standards in a particular
country or can be based on British, Australian or US standards. For reasons of
aesthetics and operational benefits, cables are installed underground. Therefore,
traffic signal cables need to be rugged and waterproof.

Multi-core traffic signal cables may have core insulation colours based on the
four-colour system as follows:

(a) Earth core: Green/Yellow striped

(b) Neutral core: Black or Blue

(c) ELV return: Grey

(d) Live feed for Signal Displays only - numbered cores: White

(e) Live feed for external equipment: Brown
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Installation techniques will depend on local practice and policies. The ‘common
ring bus’ is used in some local areas, but the ‘radial’ routing system is the most
widely used.

Cable length between controller and signals should be kept to a minimum.
The number of circuits required shall determine the number of cores required in

each cable. Provision must be made for:

()  One active cable core for each colour of each signal group, Vehicle
and Pedestrian

(i)  One cable core for each PBU and ‘wait’ lamp
(i) A number of spare cores — usually about 20% of any one cable run

The idea of having spare cores is important on any cable run, as single cores
often get damaged, or break down. Having spare cores available allows easy
repair without the need to install a new cable. Also, where there is the possibility
of expansion of the site by the addition of further signal groups, then spare cores
have their obvious advantages.

10.4 Cable Installation
All cable systems are installed to the requirements of the local electricity authority
and the local traffic authority. This provides safety for both electrical workers and
the general public. The following points should be noted:
(@) Cables should be buried to an adequate depth
(b) All signal hardware and equipment must be sufficiently ‘earthed’
(c) All cabling must have adequate separation, isolation and insulation
(d) Proper termination of cables should be made at controllers, pole tops
and junction boxes within mast-arms
Main supplies to the controller are usually made via a 32AMP fuse-unit located
on the nearest pole or in a supply pillar close by.
10.5 Vehicle Loop Detector Cables
For Vehicle loop detector sensors, screened feeder cable should be used
between controller and detector road-side access pit
The detector loop cable within the road lane surface is especially dedicated for
that purpose and may be recommended by the signal contractor.
A slot-cut is made in the road lane surface to a depth of 6cm by a diamond tip
concrete or asphalt cutting blade. The cutting is usually made by a special slot
cutting machine and once the slots are cut, the slot channels are cleaned out
with compressed air. The loop cable is then wound 2 or 3 times into the slot,
which is then backfilled with epoxy resin. The slot cut is completed from the lane
loop area to the access pit.
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The loop ‘tails’ at the access pit are then jointed to the feeder cable and

continued to the controller loop sensor terminals.

The sensor to loop distance should be minimised since long feeder cable runs
may have adverse effects on detector loop operation.

See Drawing in Appendix B - showing detector loop installation details.

Controller []

LP1
(Loop Pit)

LP3

LP2

Figure 10.2 - Typical Detector Location Layout

10.6 Data Link Cables

Data link cables are either leased from telecommunication authorities or
manufactured and installed to their requirements. The desired data transfer rate
determines the cable types that are required. Cable connections of this type may

be high-speed ADSL, fibre optic, or copper type.
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11 INSTALLATION CHECKS AND MAINTENANCE

Prior to commissioning, it is necessary to check the installation in order to ensure
that it is in accordance with the design and that all equipment is correctly
installed and operating.

11.1 Commissioning Check List

The following checks should be carried out:

(a)

(b)

(©)

(d)
(€)

Ensure that all insulation checks have been carried out in accordance
with local authority and local electricity company guidelines and
regulations before switching on the controller and detectors

Ensure that the controller has been fully tested in the workshop in
accordance with its designated traffic signal operations for the
intended site. This includes a thorough check of all Phases, Demand
Functions and Display Conflict operations

See Section 9.4

Energise the controller (but with lamps circuits OFF) and check the
operation in response to demands from Vehicles, Buses, Trams and
PBUs

Check special detectors such as for Fire Stations and Trains

With the logic rack power ON, but not the signal displays, check that
Vehicle detectors are operating correctly in presence or passage
mode, and ensure that the loop detection zone is limited to its own
lane

(H Momentarily energise each lamp circuit in order to ensure that the
intersection has been wired correctly. Modern traffic controllers now
provide a lamp check routine which can be observed by the technician
at the signal aspects, but cannot be seen by road-users

(g) Check that the signal faces for each approach are in accordance with
the design plan

(h) Check signal faces for correct aiming and coverage by visual
inspection from each approach lane
See Section 7.5

(i) Check signal aspects in order to ensure that there is no ‘sun-phantom’
effect. Longer visors or louvres may be required
See Sections 7.6 and 7.7

() At Switch-ON, check that the Flashing Amber mode and/or Start-Up
sequence operate correctly

(k) With lamps ON, check the operation of the signal groups by cycling
the controller through all of its Phases

()  Check Pedestrian PBU assemblies in order to verify that ‘wait
indicators operate correctly. Check the orientation of the crosswalk
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directional arrows on the PBU panels. Check that the Audio Tactile
operation (including sound levels), functions with the correct Green
‘Man’ (Walk) displays

(m) If applicable, check that the site communicates to the central
computer

(n) If any site changes are immediately required, check that all
information is documented

(o) Check that the lane configuration and pavement markings are in
accordance with the design plan

(p) Check that all site signs are correct

11.2 Monitoring and Evaluation of Operation

After the signals have been switched ON and operating for a few days, ideally
one week, some fine-tuning of signal timings may be required. Thereafter,
monitoring and evaluation of the operation shall determine if the design is
successful.

Typical problems encountered involve unforeseen variations in traffic flow owing
to the presence of the new signal site, and effects on flows at adjacent sites. In
addition, parking habits may affect the lane flows at the new signal site.

When a ‘new’ or altered signal site is commissioned, the pattern of road use at
the site may go through several weeks of change until it settles down, particularly
if detection or other programming is malfunctioning. Thus, the monitoring and
evaluation process needs careful consideration and repetition.

Site designs are usually based on extreme demand conditions such as peak hour
flows; however, monitoring and evaluation should also consider conditions at
other times including public or school holidays or during unusual traffic flow
periods such as those generated by shopping centres, stadiums, etc.

If deficiencies in operation are evident it may be possible to implement changes
in order to improve performance, e.g. fine-tuning of signal timings, changes to
Phase sequences, banning turn movements, extension of kerbside controls -
especially for parking or lane blocking.

In some cases, deficiencies might only be corrected by a redesign of Phasing. In
extreme cases more lane capacity may need to be provided by construction.

11.3 Monitoring Check List

During the monitoring and evaluating on the operation of a site, the following
points should be noted:
(a) Do the signs and road markings match the Phasing design?

(b) Are the kerbside controls (e.g. parking) adequate for the smooth flow
of traffic?
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(c) Do current traffic flows match the provided counts?
(d) Is traffic avoiding the ‘new’ site and creating problems elsewhere?
(e) Is the site equipment (controller and detection) operating as intended?

(f)  Are signal Phases and Timings adequate in order to ensure that:

(1) The Amber times provided between Phases in order to
clear traffic from the controlled area are satisfactory?

(i) Traffic is not held on a Red signal when adequate gaps
exist in the oncoming movements?

(iii) Delays to Vehicles and Pedestrians on each approach
are at satisfactory levels?

(iv) There is no over-queuing or over flowing traffic bays?

(V) There is no blocking of the site by any movements?

(vi) There is good progression as planned under coordination

or central computer control?

(g) Are Vehicle detectors operating as intended in both the passage and
presence mode? Is waiting traffic standing in the position anticipated
in the design?

(h) Are any Vehicles being missed by detectors, or activating detectors
for which they are not intended?

Maintenance

Traffic signal installations require regular maintenance in order to ensure
satisfactory operation in terms of capacity and safety. If a signal site is under
central computer control then problems with operations can be known
immediately. For example, signals OFF, or signal timings not conforming, or
detectors that are failing to operate.

Even with central control monitoring, many site faults may go unnoticed, such as
dusty aspects, damaged poles, and even missing PBUs. As traffic flow changes
at a site, some signal timings may need to be updated. Even for signal sites
under computer control, this task is frequently neglected and only examined
when a major problem becomes evident.

For signal sites that are not on central control; then regular checks should be
made in respect of signal timings and operation, and thereafter in order to
ascertain as to whether or not there is any equipment damage at the site.

Therefore regular documented site visits are mandatory in every properly
functioning traffic signal system as even one faulty detector can have
catastrophic effects on traffic flows.
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11.5 Maintenance Management

Good signal maintenance management should aim to minimise cost while
maximising the functional operation of the site. Maintenance site visits are
usually scheduled every 3 months, whether or not the site is centrally monitored.

In some cases, the level of maintenance required depends on the type of site
signal equipment. In recent times, lamp burn outs caused severe problems at
sites and so lamps needed to be replaced as a matter of routine. In more modern
sites, controllers may switch to Flashing Amber or switch themselves OFF, if
critical lamps fail, therefore the maintenance programme may be adapted to suit
that type of system.

In centrally controlled sites, lamp failures are reported immediately and therefore
lamp replacements can be made as required. Similarly with detectors that cease
to function properly.

Good maintenance planning must consider the availability of spare parts. Stocks
of expendable items such as lamps or LED aspects will differ from those such as
circuit boards. Items which are unique to a particular signal system or which have
long delivery times should be stocked in sufficient quantity. A 10% spares holding
is generally acceptable.

11.6 Maintenance Records

In order to adequately schedule a maintenance programme, it is necessary to
estimate the Mean Time Between Failure (MTBF) and Mean Time To Repair
(MTTR) for various signal components.

Accurate records will ensure that this information is sufficiently detailed and such
information may also be useful in identifying troublesome components.

Within the Traffic Authority, accurate maintenance records also provide a basis
for the review of specifications of equipment tendered for purchase. A good
maintenance record should include the following data:
(a) Fault advice:
(i) Date and time
(i) Source
(iiif) Location

(iv) Apparent nature

(b) Service report:
() Date and time of arrival and departure

(ii) Location
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11.7

11.8

11.9

(i) Travel involved

(iv) Personnel identification

(v) Action taken to clear fault

(vi) Details of further work required

(vii)Materials used

(c) Shop service records:
(i) Date and time

(ii) Items returned for service, service actually started, service
completed

(i) Description and serial numbers of units
(iv) Repair-hours involved
(v) Materials used in repair

Urgent Maintenance

In any traffic signal system, random breakdowns of different natures will occur
and must be repaired. Notification of failures can be expected from Police, other
agencies or from the public. Fault report telephone numbers are often placed on
roadside signal equipment. Response times are set by the local traffic authority
for the maintenance contractor. This time is usually limited to around 5 hrs
depending on the severity of the fault, e.g. all signals OFF.

Accident Damage

A High Priority Response should be given to reports of accident damage. Even
minor damage may cause significant operational problems, e.g. where lantern
damage disorientates the direction of a signal display such as to cause a conflict
situation. The controller or central computer is able to detect missing lamps or
lamps that are lighting when they should not; however, lanterns that are
misaligned cannot be detected except by CCTV or site visit.

Damaged equipment should be evaluated promptly in order to ensure that it is
electrically safe. It may be necessary to temporarily switch the signals to Flashing
Amber, or ‘OFF’. Repairs should be executed without delay.

Cleaning and Painting

Signal hardware should be kept routinely cleaned and painted. Cleaning of
lanterns is important in maintaining light output, particularly in dry dusty
environments.
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12 TRAFFIC CONTROL STRATEGIES AND TOOLS

12.1 Overview of Signal Systems

In recent decades the rapid improvement in microprocessor technology has
greatly widened the traffic engineer's options for signal control.

Monitoring of traffic controllers and site equipment, together with signal
coordination on a large scale became feasible in the mid-sixties and Area Traffic
Control (ATC) systems were introduced in the late seventies. These systems
generally cover the dense urban networks and more recently, research which
utilises the flexibility of local microprocessor controllers has pointed the way to
improve facilities at isolated installations, e.g. MOVA or Microprocessor
Optimised Vehicle Actuation.

This manual provides a brief summary of the techniques which are both tried and
tested.

12.2 Signal Coordination Methodology

Before Coordination is examined, it is important to summarise the various
commonly used modes of operation of the traffic controller and detection. The
control mode of traffic signals may be by one of the following methods:

() Fixed-Time Signals: Fixed-time signals are those signals whereby the
Green periods and hence the cycle times are predetermined and of
fixed duration, and are not influenced by either Pedestrians or traffic
volumes. The controllers may be simple and relatively inexpensive,
but the time-settings need to be frequently and carefully monitored,
not because the timings change, but rather the traffic does.

(i)  Variable Fixed-Time Signals: Variable fixed time signals are fixed-time
signals whereby time-settings or movements at certain periods of the
day may be pre-programmed in order to cover different traffic
conditions for different times of the day or days of the week.

(i) Vehicle Actuated Signals (VA): Vehicle Actuated signals are signals
that respond to traffic demands by using Vehicle detectors. In the
absence of demands the signals will generally revert to ‘rest’ by
displaying Green on the designated main road, sometimes referred to
as the Pivot Phase.

Vehicle detection at modern isolated sites is usually achieved by
Inductive Loop Vehicle Detection: This consists of equipment that
detects the passage or presence of a Vehicle by means of a change
in the mutual inductance of conductors placed in or on the road
surface. The conductor usually comprises a loop of wire of one or
more turns, laid into the carriageway, and usually in the vicinity of the
STOP-line.
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(iv) Linked or Coordinated System: When two or more
junctions are in close proximity on a main traffic route, some form of
linking or coordination is desirable in order to reduce delays and to
ensure that the maximum amount of traffic passes without enforced
halts on Red signals caused by the demands of cross street traffic.

12.3 Local Signal Linking Systems

There are numerous options available for signal coordination. These options fall
into three basic categories in terms of hardware architecture:

() Local Linking by Cable

(i) Local Linking by Synchronous Clock (Cable-Less)
(i)  Linking by Radio

(iv) Wide Area Traffic Control systems — ATC

These are discussed in Section 12.7
Cable System

Cable linked systems can be used where junctions are very close together.
Information is passed between two or more controllers by buried cable in order to
arrange that the commencement of a selected Phase (or Pivot Phase ) at one
intersection (termed the master intersection), shall control the beginning or end of
any selected Phase at other intersections (sometimes known as ‘slave’
intersections).

Cable-Less System

On a ‘Cable-Less’ linked system, co-ordination of two or more junction controllers
can be achieved by the use of synchronised clocks. The clocks in modern traffic
controllers are usually ‘digital’ microprocessor based units, either ‘tied’ to the
local electricity mains frequency, or driven from a crystal source. In addition,
clocks may be synchronised from a radio signal or central control computer.

Phase timings and cycle times are stored in the memory and can be selected
according to the time of day in order to cater for variations in overall traffic
patterns. The difference in time between the start of the Pivot Phase at one
signal site, and that of another signal site, is used to create the offset, or to
provide the reference linking between any 2 sites. Where there is no cable
connection between sites, and where there is no central master computer, that
time difference is held in memory, and therefore the reference clock must not be
allowed to drift.

Radio System

Radio linked systems between adjacent junctions are not common, mostly owing
to ‘radio’ unreliability. The radio interface equipment is subject to interference
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from weather and other radio signhals, and requires more maintenance and
expertise. Bandwidth permits may also be required.

12.4 Types of ATC Systems (Area-Wide Traffic Control)

Traffic signal sites in an Area Wide Traffic Control system (ATC) can be linked by
the traffic controller that is responding to instructions from a central computer.
Signals are controlled by the computer using traffic plans generated by historical
data. Plans are normally selected according to the time of day and the day of the
week. Area-Wide Traffic Control (ATC) can be further enhanced by the use of an
adaptive urban traffic control system that responds in a programmed fashion to
variations in Pedestrian and Vehicle Volumes.

The first ATC network control system in the United Kingdom was introduced by
the Department of Transport in the late sixties and was extended to other cities
throughout the country in the seventies. In London, more than 3000 signals are
coordinated and controlled by central computers and the benefits, which are well
documented, amount to several hundred millions of pounds per annum as a
result of the reduction in delay to traffic. ATC development in Australia came
about in the early-seventies with the arrival of the microprocessor.

In the late seventies the TRL (UK) developed a new strategy known as SCOOT
(Split Cycle Offset Optimisation Technique) which on a second by second basis
operated a coordinated traffic control system without recourse to settings
calculated on historical data. The system utilised sub-surface inductive loops to
detect traffic conditions and the resulting data was transmitted to the central
computer where the optimisation process calculated the most appropriate
settings of the cycle times, Green splits and offsets. The objectives of the
SCOOT system are as follows:

) To reduce Vehicle delay, stops and congestion to below levels
achieved by the best fixed time system.

i)  To remove the need for updating fixed time plans. Continual review is
required of these and it has been estimated that a 3% degradation in
efficiency occurs each year and that one Man year is required to
produce new plans at about 30 installations.

iii)  To provide information for traffic management purposes. Real time
data on traffic flows and congestion levels are valuable for incident
management and for longer term planning and monitoring of road
improvement schemes.

A similar type system has been developed in most major European Countries,
but most notably in Australia and the UK respectively. The SCATS system
(Sydney Coordinated Traffic Adaptive System) is similar in lots of respects to that
of SCOOT (Split Cycle Offset Optimisation Technique), except in the placement
of detection devices and in the algorithms used. The roadside controllers and
central computer system have a different architecture to those of the UK.

Note: Although adaptive ATC systems may not continually require the update of
fixed time plan data, it is not possible to install any control system and expect it to
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operate without continual review. Whilst the level of resources required appears
to be less than that for a fixed time system, monitoring and maintenance of loops,
maintenance of the database for the addition, deletion and modification of
installations, and adjustments to accommodate changing driving behaviour, all
require staff input.

Local controllers

Fibre optic/Copper/ADSL
Network

[}___,...Comminication Interface

T

I

Control Central Central Remote
Room Management Services Workstations Workstations
Functions

Figure 12.1 — PC Based ATC System Components

12.5 Traffic System Design Tools

It is important to draw the distinction between programmes for individual junction
signals design, and those programmes that cater to providing data for the linking
of individual junctions in a network.

There has been an increase in the number of design packages available to
engineers over the past few years. These fall into 2 general categories:

° Detailed junction design (individual sites or nodes)
o Coordination design programs (mostly for ATC networks)

Using parameters, such as unit traffic volumes, saturation flow, occupancy, and
link speeds, it is possible to calculate a set of coordinated signal timings for a
network that will minimise delay for those particular traffic conditions.

Three features within the engineers control are:

0] Green split, which is the proportion of Green time allocated to an
approach (Phase or simultaneous movements)

(i) The cycle time (CT), which is the total time required to give the Green
period to all approaches and Pedestrian movements

(i) Offset, which is the time from the start of the Green (or other similar
reference point of a particular Phase) at one signal site to the start of
a selected Green (or other similar reference point of a particular
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Phase) at another signal site (The reference points may change
throughout the day depending on traffic volumes and traffic tidal flows)

This section describes a general outline for those associated with signal design,
but it is worth stressing that the use of any computer program should always be
considered as an AID to the design of an individual junction or road network.

Additional factors such as turning radii and lane widths, visibility, signing,
environmental considerations and plain common sense must be taken into
account in order to achieve good design.

The detailed analysis of the performance of a traffic signalled junction is only
aided by the use of a computer program. Care, experience and observation are
required in their use and interpretation of the output results.

For individual junction design there are programs commonly used such as,
PICADY (for priority junctions), ARCADY (for roundabouts) and OSCADY (for
traffic signals). All share a common style of operation, and input and output
formats. They are not signal coordination network design programmes.

The programs can be used to compare the performance of differing control
strategies at a particular junction in isolation, in terms of capacities, queue
lengths, and delays and will assist the engineer in the choice of strategy.

The physical layout of a junction affects the speed of Vehicles; the time lost being
referred to as geometric delay and the programs permit the relative performance
of differing control methods to be examined.

All programs use empirical formulae to estimate traffic capacity from the
geometric data taken from a layout drawing. The mean queue lengths and delays
are calculated by theoretical formulae.

To model the growth and decay of congestion, traffic flows are required to be
input in a series of time intervals, or segments. When segment data is not
available, the program can synthesize a pattern of flows, from a total hourly input,
using a time-profile.

12.5.1 OSCADY

OSCADY (Optimized Signal Capacity And DelaY) is a popular signal design
package that is used in order to consider junctions in isolation. It requires the
three principal inputs of:

()  Geometric characteristics
(i)  Traffic count data
(ii)  Signal dimensioning data
These allow the program to prepare a report giving a list of the input data, and

the predicted operation showing saturation and suggested timings for the
proposed signal layouts. To the Traffic Engineer, if the output results are
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12.5.2

12.5.3

12.5.4

unsatisfactory, then further geometric adjustments (for example more lane
capacity) or revised Phase arrangements may then be considered.

In general, tables are printed showing the input and output approach data for
each Phase, the suggested timings for the specified Phase sequence in
accordance with specified cycle times. The output data shows the expected
degrees of saturation and capacity for given cycle times and delay in seconds (or
fractions of) per PCU, as well as the average queues during Red and Green. The
programme has some flexibility so that by varying the input data the programme
may be used to estimate e.g. cycle times, rather than say fixing the cycle time
manually.

LINSIG

The LINSIG programme operates in much the same manner as the
aforementioned traffic programme aids regarding inputted data.

Although LINSIG started life as a design and modelling tool for individual traffic
signal junctions it has been extended and improved many times to now cater to
small networks of signals as well as retaining the ability to model single junctions.
LINSIG will typically model networks of up to 5-8 junctions in detail.

There are two additional sub-routines within LINSIG which assist in the design of
traffic signals. First is SID, Signal Inter-Phase Design, which finds the most
effective inter-Phase period and secondly SAM a graphical Phase/Movements
design, intended to provide a method of designing signals using a Phase based
method.

aaSIDRA

The Traffic programme ‘aaSIDRA’ (Signalled & un-signalled Intersection Design
and Research Aid) is an analytical tool for evaluation of alternative intersection
designs in terms of capacity, level of service and a wide range of performance
measures including delay, queue length and stops for Vehicles and Pedestrians,
as well as fuel consumption, pollutant emissions and operating cost

TRANSYT

Although TRANSYT can be used to treat an individual intersection, TRANSYT is
essentially a TRaffic Analysis and Network StudY Tool, whereby a number of
junctions in a network can be considered as interacting with each other. The
various junctions can be considered as radial nodes or as diverse nodes,
whereby junction data is input for each node, and link data inputted between
each node.

Although different techniques have been used over the years to optimise the
timings of signals in various countries, TRANSYT is the one programme that is
very widely accepted as a world standard. It is continually being updated and
improved by the Transport Research Laboratory (TRL UK).
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TRANSYT models the behaviour of traffic in a signal controlled network having
numerous nodes, systematically testing sets of fixed-time signal timings to find
the set which minimises Vehicle delay. Priority junctions within the network and
any bottle neck on the road network can be modelled.

The outputs from TRANSYT, Green splits, Cycle Times, etc., may be used to set
local coordinated linking plans for ‘cable-less’ linking systems or ‘Flexilink’ linking
systems, or to set up data for fixed time ATC systems, whereby controllers are
governed by a central computer. In addition, an adaptive ATC system may draw
its backup or core data from TRANSYT.

There are various Dynamic Micro-simulation Traffic Modelling packages available
internationally to the traffic engineer, such as VISSIM, or Paramics, and some
can interface directly with different ATC design Philosophies, whereby data
inputs and outputs can be imported directly between programmes.

12.6 Time Distance Diagrams

Arterial routes which are not co-ordinated cause drivers to experience frequent
stops and delays as each of the signalised intersections is operated under
isolated control. By broadening the control to combine several such intersections
into a linked system, it becomes possible to provide ‘Progression’.

Progression is a time relationship between adjacent traffic signals which allows
Vehicle platoons to be given appropriate Phases as they pass through the
sequence of intersections.

A ‘Platoon’ is a group of Vehicles travelling together as a recognisable unit with
an approximate uniform speed. The development of platoons is a natural
consequence of traffic signal operation since queues develop during Red-time
and are released when the appropriate Phase commences Green. At isolated
signal sites platoons begin to disperse as their distance from the control point
increases, and so, widely spaced signalled intersections are characterised by
virtually random arrival of Vehicles. In densely packed signal systems the platoon
can be maintained by organising the Green-time at each of the consecutive
intersections to coincide with the expected platoon arrival and to continue until
this platoon has cleared the signal.

The method used in order to establish the appropriate time relationship between
associated signals is to specify OFFSETS. At each intersection an offset is
nominated relative to a reference point which is common to the system, and this
enables a net difference in the phasing of adjacent sites to be matched against
the travel time required between them. Offsets can be fixed or variable
depending on the type of link equipment and the strategy employed in the plan
design. They are expressed either in seconds of real time or percentage of
CYCLE LENGTH. In order to maintain this inter-relation between signals, the
cycle length must remain uniform for all sites in the system.

An Offset can determine either the beginning or end of a particular Phase or
Group depending on which point is the more important to the system operation.
Where Green-times on the through-Phase or Group of different intersections
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vary, it is not often possible to co-ordinate both the starting and finishing offsets
and a choice between the merits of each must be made.

The widest time interval which can be drawn on a TIME DISTANCE DIAGRAM
as two Parallel lines, with a slope corresponding to the design PROGRESSION
SPEED, through the Green-times of all the signals in the sequence is called the
BANDWIDTH. The bandwidth cannot exceed the narrowest through Phase
Green interval in the system, and depending on the spacing of sites and travel
times between them, an even shorter THROUGH BAND may be the best
possible solution.

The through band may pass through the beginning, middle or end of the Green-
time of the individual intersections in the system, and this influences the traffic
behaviour with regard to stops and delays. In practice the optimum solution may
not be the widest bandwidth that is geometrically possible.

The characteristic of co-ordinated starting offsets is to provide MINIMUM STOPS
experienced by the motorist. Once moving, the lead Vehicles are presented with
Green signals before they can reach each site and so progression is quite
smooth. Consider however, the Vehicles toward the rear of the platoon. At those
intersections where less green-time is available to the through-Phase, the
platoon may not have cleared the site before the Phase is terminated and the
trailing end will be caught. These Vehicles must then wait until the next cycle and
S0 experience an additional delay.

By co-ordination of finishing offsets, MINIMUM DELAY can be achieved since
few Vehicles travelling on the arterial route will be caught within the system. The
disadvantage of this technique is that the lead Vehicles in the platoon may
encounter Red signals at those sites where Green-time is limited. The delay
before the Through-Phase can be introduced is short, but the fluency of the
progression is disrupted.

A compromise between these two types of offset may often be possible but as a
general rule it is preferable to optimize finishing offsets during peak hours and
starting offsets under lighter traffic conditions.

In peak periods the selection of appropriate finishing offsets reduces delay and
ensures that blocks between signals are allowed to clear prior to side-street
traffic turning into the artery. When heavy volumes of Vehicles do turn into blocks
during the minor Phases, queues will form unless signals downstream have
sufficient Green-time to accommodate this movement as well as arterial
progression. If blocks are wholly or partially filled prior to the arterial flow
recommencing, starting offsets will need to be adjusted to allow some movement
to begin downstream of each intersection, thus preventing released platoons
from butting up against stationary queues ahead. This, however, contradicts the
original aim of maintaining correct finishing offsets.

In constructing Time-Distance Diagrams for such congestion, it is evident that the
through band becomes narrower as the plan is developed, working backwards
from the last site downstream. Retain finishing offsets derived from design travel
times, whilst starting downstream sites early enough in order to release queues
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prior to the progressive movement, and yet remain within the Green-time
available at the downstream site, causes the band to be quite narrow or even
disappear as upstream sites are being considered.

In off-peak conditions, when traffic volumes are lighter and more evenly
distributed directionally, it is preferable to ensure that frequent stopping is
prevented and so the co-ordination of starting offsets is advantageous, especially
since cycle lengths may tend to be lower thereby keeping delays to reasonable
levels. Notice should be taken however, when designing off-peak plans, of the
loss of capacity which is made available during peak periods through parking
restrictions and clearways, transit lanes and tidal flow provisions.

The degree to which desired offset strategies can be implemented depends on
the characteristics of opposing flow. In one-way systems this clearly imposes no
restraint, but most systems lie on two-way arterials. On two-way routes which are
tidal a variety of plans must be designed to cater for the differing heavy
movements. In each case however, a compromise must be reached so that
progression is adequate for the lighter direction also. The extent to which this
compromise affects the major direction through- band is weighted on the traffic
volumes and delays of each approach, taking into account that minor direction
capacity may not be improved by parking restrictions. The methods of developing
the minor direction bandwidth will include the shifting of Green-time at under-
saturated sites to provide better progression both ways, and appropriate use of
turning Phases where the flow in one direction overlaps.

There will usually be a few stops for the non-priority movement, as these will be
unavoidable, but with some careful thought the delays will be minimized without
decreasing the efficiency of the peak flow plan.

When flows are approximately equal in both directions it is appropriate to
consider occasional stops on both approaches for their mutual benefit.

Regardless of which strategy is used in deciding appropriate offsets, Time-
Distance Diagrams provide a graphical tool in which Vehicle movements can
more easily be visualized and plans appropriately arranged. There is no exact
solution. Every system will have its own special characteristics. After a plan has
been implemented, further fine turning on site will be necessary to remove
adverse details that were not expected. Even after the system is operating
successfully, periodic review to ensure that conditions have not altered as a
result of the system design should be made, and Time-Distance Diagrams will be
a valuable aid in this process.

12.6.1 Site Data Collection for Coordination Plans

There are two types of data to be collected from site.

(a) Geometric Data:
() Intersection Spacing (stop-line to stop-line)

(i) Site Layout (widths, lanes, approaches, prohibited movements,
parking regulations)
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(b)

Traffic Flow Data:

(i) Traffic Volumes for all movements at each intersection in the
system

(i) Free Speed of Vehicles (measured or estimated).

12.6.2 Site Data Analyses for Coordination Plans

Modern analyses tools are capable of producing time distance diagrams
automatically from inputted data. The time-distance diagram can be graphically
presented on screen. However, the following steps below should be understood
by the Traffic Engineer, and utilised if necessary, depending on which tools
become available.

The following steps are recommended in the processing of the site data:

(@)

(b)

(€)

(d)

(e)

(f)

()]

(h)

(i)

)

Select the time interval during which the plan will operate and prepare
data at each intersection in order to establish the required Phase
times and system cycle length

Determine the capacity for each approach from lane characteristics -
number of lanes available, width, gradient, utilization of shared lanes
and the environmental conditions

Select the highest hour of demand during the time period for which the
plan is designed

Adjust Traffic Volumes for left turns, opposed right turns and heavy
Vehicle composition into equivalent PCUs

Specify minimum Green-times and Phase clearances. Pedestrian
walk clearances must be allowed for in the minimum Green

After selecting the approaches in each Phase and the Phase
sequence, run TRANSYT or similar programme for each intersection.
At some sites staging may be optional. Normally, choose the
sequence which results in least delay. Occasionally alternate
sequences may have better characteristics for co-ordination despite a
higher rate of delay

Compare the cycle lengths derived by the programme and determine
which is the highest. This will usually be adopted as the cycle length
for the system on this plan

Each of the other intersections in the group must have the Phase
splits rescaled to the system cycle length

This is done by re-entering the data in the programmes, this time
specifying the fixed cycle length and the favoured Phase which will
receive the bulk of the additional Green-time

Thus, given the calculated Phase durations, it is possible to determine
the Green-time on the arterial approaches. Overlap turns will allow
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one direction to continue whilst halting the other, so this Green
interval may differ for the two directions on two-way arterials

(k) Average queue lengths on all approaches at each intersection should
be shown in the programme results. This provides an estimate of
platoon lengths travelling along the arterial, and hence indicates the
bandwidth which is required to give progression. Queues which form
on side-streets and turn into the arterial during minor Phases, are also
measured. Where these are excessive, through Phases may need to
be introduced earlier to clear the blocks prior to the progressive
movement.

12.6.3 Construction of One Directional Diagrams

These have applications on one-way streets, and on two-way arterial routes with
a marked difference in the traffic volumes from both directions.

(&) A Time-Distance Diagram is generally arranged with the time-axis up
the page (or screen) and the distance-axis across the bottom edge.
Both should be accurately scaled.

(b) The time-axis can be graduated in seconds or as fractions of cycle
length. In either case it should be of sufficient length to illustrate
several cycles.

(c) Every signal site is marked across the distance scale and a vertical line
is drawn above each along which the Phases will be indicated

(d) The staging for each signal is represented by vertical bars denoting
Red-time. This comprises all minor Phases during which arterial
approaches may not run. Green-time may be indicated by a Green
line or bar in graphic representations or by open spaces on a page. In
the case of overlap turning Phases each direction in two-way flow
may have differing Green intervals at the one intersection

(e) Normally one site will be recognized as the key intersection in the signal
system for reasons of geometry or congestion. Plot the Phase splits
previously evaluated for this signal in the manner described in (d).
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Figure 12.2 - Time Distance Diagram —Base Graph
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one cycle

Green

Figure 12.3 — Time distance Diagram — Sighal Phases

(f) The Progression Speed of platoons travelling through the signal system
must now be considered. If measured values of free speed are
available then they may be utilized. Generally however use of
estimated figures must be made. A commonly chosen value is 44
KPH (27 MPH)

(g) Progression is represented on the Time-Distance Diagram by a
diagonal line between intersections. The slope of this line is
determined by the design progression speed. The application of these
diagonals is to indicate platoon movement through successive signals

(h) The next step, then, is to establish the offset relationship between the
reference site already drawn and every remaining site. There are two
optional methods that can be employed, either the linking of the starts
of green-times or that of their terminations. In general the co-
ordination of starting offsets minimizes the number of stops
experienced by motorists whilst the linking of finishing offsets tends to
minimize the total rate of delay by ensuring that platoons successfully
clear the system without being caught mid-way. The technique
applied is to draw a progression speed line through either the start or
finish (respectively) of the Green interval of the reference site and
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arrange the corresponding Phase of the Green-time for the remaining
signals on that line

See Figure 12.4 — Time Distance Diagram — Progression Line

() In order to determine the width of the Through Band, draw a line
Parallel to the progressive speed line and just touching the Red
interval closest to it. In one-directional coordination the Bandwidth will
equal the shortest Green-time in the system.
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1 || || ||

See Figure 12.5 — Time Distance Diagrams —Through Band

(i) For one-way streets this represents the basic graphical solution to the
offset needs of the system. For two-way arterials however the
progression in the minor flow direction should be reviewed. It is often
possible to shift the offset of under-saturated intersections which
require only short minor Phase durations such that the minor direction
bandwidth is improved without adversely affecting the major direction.
Alternate Phase sequences may also aid in this regard.
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12.6.4 Construction of Two Directional Diagrams

This is relevant for two-way arterial routes with equal demand on both
approaches.

Steps (a) to (g) in the One-Directional case apply here also, as does much of
step (h).

The difference is that for manual checking more trial and error must go into the
construction of progression lines, compromises must be made between the
implementation of start-line offsets and finishing offsets, and there may be
unavoidable stops in one or both directions.

12.6.5 Compensation for Queue Formation

The following steps need to be followed for queue formation.

Please refer to Figure 12.6

|-

E Reduction in offset

Queue length

——————— = Direction of flow

See Figure 12.6 — Time Distance Diagrams —Queue Formation

Queues may develop at stop-lines of signals along the route, where PCUs join
the through route from side streets or minor roads:

(a) An estimate of the queue length is obtained from TRANSYT or other
programme or measurement on site. Make a note of the number of
storage lanes available.
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(b) A horizontal line is drawn back from the initial point on the Green-time
at the intersection where the queue is waiting. Its length is
approximately 6m per Vehicle.

(c) Instead of linking the starts of the through Phases, the progression
line is drawn to the end of the queue.

The offset of the downstream site is reduced and the through Phase commences
earlier in order to allow the queue to clear.

Note: Since the calculations in TRANSYT or similar programme are derived for
average rates of arrival on each approach, the resultant ‘Maximum Queue
Lengths’ are also average figures. Subsequently, the practice is to double these
values in order to obtain an absolute maximum for design purposes.

12.6.6 Offset Strategies

Signal Coordination along a route can be achieved in Four basic ways. These

are:
l. Using starting offsets, i.e. The beginning of Green periods at all
signals are the reference points
Il Using finishing offsets, i.e. The end of Green periods at all
intersections are the reference points
Il Simultaneous offsets, i.e. All Green periods start at the same time for
a given link
V. Maximum bandwidth, i.e. Maximise the amount of Green time

available to a ‘platoon’ on a given link

Figure 12.7(a) shows a time - distance diagram where the intersection sites are
equidistant. In addition the cycle Times are equal, and therefore and Green times
on the arterial approaches of all intersections are equal. In this ideal scenario
good progression is achieved in both directions. In reality, intersection sites will
not be equidistant, and signal sites may have three or more Phases, so that it
becomes difficult to achieve coordination in both directions on the same route,
and even more so, on a network.

Figures 12.7(b) and 12.7(c) illustrate situations where ‘starting offsets’ and
‘finishing offsets’ strategies are employed for one-way progressions, respectively.
The accumulated value of offset equals the average travel time through the link
based on the intended or measured progression speed.

The aim of a starting offset strategy is to ensure that the bulk of cars get through
the link without stopping — i.e. minimum stops. The majority of Vehicles at the
beginning of the queue should meet with Green signals as they reach each
intersection site in turn. However, Vehicles towards the rear of the platoon will
get ‘caught’ on a Red signal. Consequently those Vehicles will form residual
queues into the next Cycle and may impede the progression of the ‘favoured’
platoon in the next cycle.
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With the finishing Offset system, the disadvantage is that lead Vehicles may
encounter queues or Red signals at those intersections where Green time is
more limited. Although the delay on ‘encountered’ Reds may be short, the
intended smoothness of the progression for the ‘favoured platoon’ is disrupted. At
some intersections, the disruption to the leading Vehicles may cause all following
Vehicles to accumulate at the back of the platoon and perhaps to extend back
over passed intersections.

In order to minimise the negative effects of both Starting and finishing offsets, the
mid-points of Green periods may be selected as the coordination points.
However, as a general rule, coordination of starting offsets has been found to
yield the best results.

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
177



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

Figure 13.1 Basic strategic for determining offsets for coordinated signals
(a) Idealised coordination
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Figure 12.7 - Determining Offsets for Coordinated Signals

The simultaneous starting Green offset strategy is useful at closely spaced signal
sites, as this system has been shown to be effective in keeping queues from
forming in both directions.
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The bandwidth line is the ‘widest’ possible set of Parallel lines drawn through the
Green time of all signal sites in the link as represented on the Time-Distance
Diagram, and shows the Green time common to all signals in the link.

See Figures 12.7 (a), (b) and (c).

The slope corresponds to the design progression speed. The bandwidth gives an
indication of the ability of the signals to pass a platoon of Vehicles through the
system without stopping.

Differing traffic flow volumes and directions usually mean differing Cycle Times;
therefore, it will be necessary to construct different signal coordination plans
(Time Distance Diagrams) for AM peak, PM peak and OFF-peak scenarios, or
other special peaks as necessary.

Each plan will consist of the system Cycle Time, the Green Splits and the
intended Offsets.

It is important to remember that during the Red signals on the link, Vehicles will
be turning into the link from the side roads. These ‘entering’ Vehicles form
gueues at the Red Signals and are likely to interfere with the progression of the
‘favoured’ platoons.

The calculation of signal coordination plans for road networks with many signal
sites is not an easy task, especially where many link routes intersect, and two-
way progressions are desired. For this reason, various computer programmes
have been developed in order to determine optimum signal plans.

12.7 Traffic Signal Coordination

12.7.1 Introduction to Coordination

Coordination of traffic signals is necessary where the spacing of signals is such
that ‘Isolated’ operation causes frequent stopping and unnecessary delays to
platoons of Vehicles. Signal coordination also helps to prevent queues forming at
intersections, especially where such queues might extend back and affect the
capacity intersection. This can be particularly severe where there is limited queue
storage space between intersections.

Signal coordination is essentially achieved by:
(a) Operating all signals in the system on the same system cycle time

(b) Maintaining an offset relationship between starting or finishing times
of Green displays at adjacent signals according to the progression
speed of Vehicle platoons

The objective of signal coordination plans (the system cycle time, durations of
Green displays, and offsets) is to optimise a selected performance measure, e.g.
minimise stops, or minimise delay or a combination of both. The performance
measure can be applied for the whole system, or for selected link routes.
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Signal coordination is an important tool in the achievement of other traffic
management and environmental objectives, such as reducing fuel consumption
and pollutant emissions, or relieving traffic pressure on neighbourhoods or
selected minor streets. Coordination may be utilised to discourage the use of
certain routes by removing obvious linking offsets and also reducing Green times
along selected routes.

The benefits of signal Coordination include:
(@) Reduction in the number of stops
(b) Reduction in travel time and delay
(c) Improved capacity between adjacent signal sites
(d) Reduction of noise levels, air pollution and energy (fuel) consumption

(e) Benefits from the increased capacity of the road network which helps
to avoid expensive road widening projects

12.7.2 The Case for Coordination

A signal site may be allowed to operate in ‘Isolated’ mode, where that site
operates quite efficiently on its own, and where no obvious advantage can be
gained by linking it with adjacent sites.

The presence of an adjacent signal site or mid-block signal crossing alters the
manner in which traffic arrives from one site to the next. Traffic signal sites cause
bunching of Vehicles into ‘platoon’ flows. This factor enables improved traffic flow
to be achieved if the Green signal on an approach is arranged to coincide with
the arrival of the platoon.

The closer the traffic control signals are spaced, the more like a ‘platoon’ (less
random) the arrival patterns become. Where Vehicles arrive bunched or in
‘platoons’; then the greater the opportunities are for getting the benefits of
coordination.

Where successive intersections are spaced less than one kilometre apart it is
generally accepted that benefits will result from coordination. At spaces of less
than 500m apart; then the reductions in stops and delays is usually better than
20 per cent.

12.7.3 Local Linking by Cable

These systems usually have a small number of closely spaced signals, where
each controller in the link is interconnected by a cable. In this system, one
controller will be designated as the ‘Master’ and will contain a number of timing
plans for various ‘peaks’.

Similarly, Mid-Block Pedestrian signal sites can be linked to a local main
intersection in such a way that a selected Phase at the main intersection will
allow a Phase change at the Mid-Block crossing.
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Local Linking systems using cables are not commonly used in modern traffic
signal networks. Most modern Traffic signal networks now employ ATC systems
and this is made possible by the general provision of high speed communication
networks.

12.7.4 Local Linking by Synchronous Clock (Cable-Less)

The Cable-Less linking system (UK) or Flexilink System (Australia) can be
applied to a large system of signals, whether or not a central computer system
(ATC) is available. Coordination of signals is achieved by using an accurate clock
in each signal controller with all clocks maintained at exactly the same time by
‘tying’ each clock to the mains supply frequency (usually 50Hz).

Each controller usually has up to 10 Plans and these Plans are commenced by a
weekly schedule. These timing plans include the Plan Cycle Time and the Green
Phase splits to be used.

For example, in Plan One, the start of ‘A Phase’ at one site is synchronised to the
start of ‘A’ Phase at another. The difference in time between the two remote
Phases is known as the Offset for that Plan. Synchronous linking uses a fixed
cycle time for each Plan, but may also allow local Vehicle detectors to control
minor or ‘side-road’ Phases.

Cable-Less linking systems in certain ‘areas’ may experience difficulty with clock
synchronism, if there are problems with main power regularity.

However, signal controller clocks can be maintained using a Remote Monitoring
System or ‘Dial-in Dial-out’ intervention system. The Remote Monitoring System
or ‘Dial-in Dial-out’ system can also be used to update linking plan or schedules,
in addition to checking other site operations.

In most modern ATC systems, the Local Synchronous linking facility is not used
for day-to-day operations, but rather as a ‘fall-back’ mode of operation, should
the central computer fail or if communication links fail.

12.7.5 Wide Area Traffic Control Systems

Wide Area Traffic Control systems, usually known as ATC or Urban Traffic
Control systems UTC, involve one or more central computers controlling
relatively large numbers of signals.

These systems usually reside in the local traffic control centre and signal
operations are constantly monitored by operators throughout the day.

When extraordinary traffic conditions develop, operators may intervene.
Operators also monitor traffic incidents and signal equipment malfunctions.

All signal sites in an ATC are connected to the traffic control computers, usually
by leased data or telephone lines. The modern trend is now towards the use of
high speed dedicated cable systems.
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12.8 Coordination Requirements Affecting the Design of Signal Sites

When considering the design of a number of traffic signal sites where each site is
intended to be coordinated; then the following factors will have major effects on
that design.

(@)

(b)

(€)

(d)

(€)

(f)

()]

The Traffic Signal Controller must have the capability to run
synchronous clock Cable-Less or Flexilink facilities, both
independently and on ATC.

Detector Placement and Function must be planned relatively to
ATC requirements and in the context of the intended Local Linking
system. Detector placement and function options include, stop-line
detectors, advance detectors, queue detectors, and detectors need to
be assigned to tactical and strategic functions (See Chapter 8).

Cycle and Phase Times may need to be considered especially
for the initial commissioning of the system. Thereafter times are
adjusted during evaluation.

The Phase design of signals needs to be considered in the
context of the road or network structure. For example, it may be
necessary to vary the Phase Sequence with regard to directional
flows.

Some conditional Pedestrian movements may impair
progression or capacity. Therefore, the design may have to omit
certain movements or find other options in order to satisfy the
requirements.

The needs of public transport should be incorporated into the
overall design Special Movements and Special Detection systems
may be required. The ATC may need to be programmed to actively
responding to the presence of a public transport Vehicle.

For Trams and Buses the placement of bus or tram stops at
certain critical points may have major impacts on signal site safety
and efficiency.
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13 TRAFFIC SIGNAL TIMINGS

13.1 Introduction to Timings

Each Vehicle and Pedestrian movement at the Junction needs to be given the
appropriate Green time for safety and efficient traffic operation. Equity must be
shared in terms of the levels of service for different movements (main road vs.
side road, and Vehicles vs. Pedestrians), and priority must be given to public
transport Vehicles, where designated.

As the Primary function of Traffic Signal Control is Safety; then this places
constraints on certain timing intervals, both for Pedestrians and Vehicles. Safety
requirements dictate that Vehicle Green times, Red Arrow display times,
Pedestrian Green ‘Man’ and Clearance times, and Intergreen times, will all be
subject to minimum values. In addition, Maximum Tolerable Delay needs to be
considered, owing to its implications for safe operation of signals.

See Table 13.1 below for a summary of controller settings, purposes and
recommended values.

13.2 Signal Timing Methods

13.2.1 Green Times and Cycle Time (CT)

Green times and Cycle Length Times (CT) for VA control have traditionally been
derived from Fixed Time (FT) settings, and thereafter applied to VA cycle times.

The "optimum" or "practical” cycle time is calculated and then the applied Green
times are in actual fact the Maximum Green times for the various Phases. The
calculations are usually based on allowing equal degrees of saturation or
specified practical degrees of saturation, i.e. maximum acceptable (target)
demand flow to capacity ratios.

There are various programmes available in order to calculate signal timings.
See section 12.5 relating to Junction design packages.

Programmes may estimate Green times directly using junction geometrics, traffic
count data, actuated controller parameters, and desired signal Phasing, and then
calculate the resulting CT. Alternatively, count data can be inputted based on a
pre-selected cycle time and the programme will then show the expected degrees
of saturation and calculate expected signal Green Maximum times. If levels of
saturation are unacceptable, then other parameters may have to be varied, such
as selected signal Phasing or Cycle Times. Geometric design is also a factor as
more capacity may be required in order to achieve a satisfactory result.

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
183



DESIGN MANUAL for ROADS and BRIDGES

PART 5(c) — Traffic Signals

Table 13.1 - Summary of Signal Controller Time-Settings

Setting

Purpose

Range

Maximum Cycle Time

Limits the total CT and reduces
delays, and gueue lengths

100 -120 secs for 2- Phase
150 - 180 secs for 2+ Phases.

Late Start

Allows some signal groups to be
delayed at Phase start.

0 - 6 seconds.

Basic Minimum Green

Ensures that the Green signal is
displayed for a safe minimum time.

4 - 10 seconds.

Increment
(for advance detectors)

Extends the Basic Minimum Green
Time so as to clear vehicles stored
between detector and the stop line.

0.5 - 2.0 seconds.

Maximum Variable
Initial Green - VIG

Limits the VIG period determined
by increments — advance detectors

Depends on the distance of
advance detectors from stop line

Maximum Extension
Green
(or Maximum Green)

Controls the maximum extension
green time available to each Phase
or signal group.

Choose for optimum traffic
performance under different
conditions; (see Table 13.2).

Gap

Sets the time between successive
detector actuations before the
movement terminates ("gaps out").

1.0 - 4.0 seconds.

Early Cut-Off Green

Allow the termination of some
signal groups earlier than others.

0 - 10 seconds.

To provide sufficient warning of the

Amber Time o See Section 13.6.9
termination of the Phase.
Provide a safe clearance for .

All-Red Time vehicles that cross the stop line fgez Section 13.6.10 and Table
towards the end of the Amber. o
Set the period for which a detector

Presence must be occupied before a demand | O - 5 seconds.

is recorded.

Headway (Space)

Set the desirable space time
between successive detector
actuations for efficient traffic flow.

0.3 - 1.5 seconds.

Waste

Set the value of the sum of the
excess of the actual space time
over the space time setting at which
the phase is terminated.

4 - 12 seconds.

Minimum Red Arrow
Time

To allow appropriate red arrow
display time considering driver
reaction/perception characteristics.

2 - 5 seconds.

Pedestrian Walk Time

Set the duration of the green Walk
display.

See Section 13.8.1 and Table
13.2.

Pedestrian Clearance
Time

Set the duration of the Flashing
Don't Walk display.

See Section 13.8.2 and Table
13.2.

Pedestrian Delay

Provide a delay between the push
button actuation and the placement
of the pedestrian demand.

0 - 10 seconds.
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13.2.2

13.2.3

Maximum Tolerable Delay

If a Red signal display appears to be ‘too long’ for Drivers and Pedestrians,
owing to the inherent bounds of human patience; then Drivers and Pedestrians
may be inclined to disobey those Red signal displays.

This means that there is an upper limit to the Maximum Green settings.

The waiting time for Vehicles facing a Red display depends on:
(a) Traffic flows on all approaches
(b) Maximum Green time settings

(c) The requirements of signal coordination elsewhere in the network

Driver impatience is related to the level of traffic activity at the intersection with
drivers on side roads being more tolerant than drivers on a busy arterial road.

Observations suggest that the maximum waiting time is approximately 20
seconds if there is little activity on the intersection compared to 120 seconds
under heavy traffic conditions.

Increased Green time for a movement automatically implies that Red times for
competing movements will also increase, and this inevitably means increased
cycle length times. Maximum Green times should be set so as to avoid very long
CT.

The recommended maximum cycle time for a two-Phase intersection is
approximately 2 minutes, except where this is unavoidable in coordinated
networks. The recommended maximum CT for complex junctions with high traffic
demands is 2.5 minutes to 3 minutes.

Time Transfer and Stealing

At Vehicle-actuated signals, the Green times, and hence the CT, are determined
in accordance with the Vehicle demands registered by detectors.

The Phase sequence may be fixed or variable. A Phase can be ‘skipped’ when
there is no demand for it. If a Phase is ‘skipped’, its maximum Time may be
‘transferred’ to another Phase depending on how the signal site is programmed.

Even if a Phase runs for a short period owing to lack of detector actuations, the
unused Maximum Green Time can be transferred to another Phase.

In addition, if the controller decides that a ‘future’ or upcoming Phase has no
demands, then the maximum time allocated for that Phase can be ‘stolen’ and
used in the current running Phase, if necessary and subject to a number of
conditions which are beyond the scope of this manual.
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Maximum Time Transfer and Maximum Time Stealing are shown graphically in
Figures 13.1 and 13.2 below.

Phase ‘A’

MINIMUM
GREEN REST AMBER

DURATION OF REST

UNUSED TIME

A

Y

MUXIMUM SETTING FOR A STAGE

Phase 'B' [\j

|
MINIMUM |
GREEN REST AMBER
|
MUXIMUM SETTING FOR B STAGE b
DURATION OF REST
Figure 13.1 — Transfer of Unused Maximum Time
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13.3

Vehicle Phase Intervals

The Green signal is displayed during the ‘running’ part of the Phase and that is
usually from the start of Minimum Green to Amber. If a signal group elsewhere
within the same Phase starts Green a few seconds later than the observed
group, then the running part of the Phase is from Late Start to Amber. If a signal
group elsewhere within the same Phase terminates to Amber a few seconds
early, then the running part of the observed group is from Late Start to Early Cut-
off Amber, or ECO Amber.

The Vehicle Phase or Signal Group intervals are shown in Figure 13.3. This does
not include the Early Cut-Off interval (ECO), which is discussed in Section 13.5.

Start of Phase Change End of
Phase Point Phase

»la
P

Running Intervals ~ Clearance Intervals
(Green) (Intergreen)

Minimum Green Demand for
hd » another phase
registered Red Time

.
Lt

Basic Variable
Late [ninimum initial Rk Extension Amber All-Red

y start Green green \4 Green \

-

* For advance detection only

13.3.1

13.3.2

Figure 13.3 — Phase (or Signal Group) Vehicle Intervals

Inter-Green

The clearance part of the Phase for Vehicles occurs when the Amber and All-
Red signals are displayed. The ‘Clearance’ period commences at the Phase
change point and ends at the beginning of the Green display for the next Phase.
As stated, the Green time is the duration of the running intervals, and the
intergreen time is the duration of Amber Time and All-Red Time.

Late Start & ECO

Different signal indications can be displayed to different movements in the Late
Start and ECO Green intervals. The Late Start interval delays the Green signal to
some movements in the Phase. The intervals are set by the Late Start and ECO
Green time-settings in the controller programme.
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13.3.3

13.3.4

13.3.5

Minimum Green

The are two types of Minimum Green intervals used:
1. Basic Minimum Green interval for Phase or Group
2. VIG - Variable Initial Green interval (See Section 13.6.4).

With stop-line detectors, a Basic Minimum Green Setting determines the
Minimum Green time allocated to a movement (Section 13.6.3).

VIG — Vehicle Initial Green

However, at some intersections advance passage detectors may be used with no
stop-line detectors. The advance detector may be specified as being an
incremental detector meaning that every actuation is counted during certain
intervals of the controlling signal group, usually when the group is not displaying
Green.

The Variable Initial Green interval provides a variable time according to the
number of Vehicles queued between the stop-line back towards the position of
the advance detectors on the approach, typically 60M. The Phase Minimum
Green time should allow at least one Vehicle to proceed on the next occurrence
of the Phase. If any other Vehicles pass the advance detector during Amber or
Red, then they will need additional Green time.

If the advance detector counts e.g. five or six Vehicles during Amber or Red, so
that the end of the queue is not resting over the advance detector, then
according to the increment counter a proportionate amount of Green time, e.g. 1
sec per increment (-1 increment), is added to the Min Green time, up to a preset
Maximum.

The additional time interval is called Vehicle Initial Green (VIG), and the
Maximum time for that interval is called Max VIG.

A separate Increment timesetting is provided for each Phase.

The Maximum Initial Green time is set to a value that allows a queue of Vehicles
extending from the stop-line back towards the advance incremental detector to
gain right of way before the Variable Initial Green Maximum interval expires.

A separate Maximum Initial Green (MVIG) time-setting is provided for each
Phase.

Rest and Extension Green

The controller cannot enter the Extension Green interval until a demand for
another Phase is registered. The Rest interval is an un-timed interval after the
Minimum Green time expires, during which the controller rests until a demand for
another Phase is registered. (See Figure 13.3.) The Rest interval is skipped if a
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demand is registered for other Phases before the end of the Minimum Green
time.

The Extension Green interval (or Maximum Green) is of variable length, and
under isolated operation, its duration is determined by extension or ‘Gap’ settings
(See Section 13.6.6), Headway and Waste Settings (Section 13.7.2), and
Maximum Extension Green Setting (Section 13.6.5).

In the case of Parallel Vehicle and Pedestrian movements at intersections, the
Pedestrian Green ‘Man’ (Walk) and Clearance 1 intervals can hold the extension
Green interval.

The Gap, Headway and Waste Settings are used as "space" (non-occupancy)
time values as measured by presence detection (See Chapter 8). For example,
where the Gap Setting is 3.0 seconds and the detector occupancy time at a given
speed is 0.7 seconds, and the "Headway" equivalent of this setting is 3.7
seconds.

13.3.6 Gap Timer

The Gap timing logic operates from the start of the Green period in order to
enable a Green termination at the end of the Minimum Green period or the Rest
interval. It operates for the whole of the running part of the Phase including the
Rest interval. The Gap timer is loaded with the Gap Setting when a detector
actuation occurs. With presence detection, the Gap timer starts decrementing
(from the initial value of the Gap Setting) when detector actuation ceases.

If the Gap timer reaches zero before the next detector actuation, the timer is said
to have timed out (or "gapped out"). When this occurs during the Extension
Green interval, the Green period is terminated (subject to Parallel Pedestrian
movement timing constraints). This point during the Phase is called the Phase
change time. This type of Extension Green termination will be called a Gap
change. The Phase change process starts with the Amber signal display unless
there is an Early Cut-Off Green interval in which case the Early Cut-Off Amber
interval starts (Section 13.6.7).

Headway and Waste Timers are additional extension settings. The Headway-
Waste control method aims to terminate the Extension Green interval before Gap
change if the Headways are too small for a Gap change but too large for efficient
traffic operation. The efficiency is measured by difference of measured space
times from the Headway Setting. The difference is called a Waste increment.

A Waste timer operates throughout the running part of the Phase, but its
operation is ignored until the start of the Extension Green interval (i.e. until the
end of the Minimum Green period or until a demand for another Phase is
received, whichever comes later). At the start of the Extension Green interval,
and at each detector actuation after that, the Headway timer is loaded with the
Headway Setting. When the detector actuation ceases (i.e. at the end of the
occupancy time), the Headway timer starts decrementing. If the Headway timer
reaches zero before another actuation occurs, the timer is said to have timed out.
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The Headway timer may time out many times during a Phase. The value of the
Waste timer at the start of the Extension Green interval equals the Waste setting.
Whenever the Headway timer is timed out, the Waste timer starts decrementing
until a new detector actuation occurs. The amount of decrement equals the
Waste increment.

When the Waste timer reaches its set value, the Waste timer is said to have
timed out. When this occurs before a Gap change, the Phase will be terminated.
This is referred to as a Waste change.

In addition to a Gap change or Waste change, the Phase can be terminated by a
Minimum change, or a Maximum change.

The Minimum change occurs when the Phase ends at the end of the Minimum
Green period, if a demand for another Phase has been received and the Gap
timer has timed out before the end of the Minimum Green period.

The Maximum change occurs when a Gap change or Waste change has not
occurred during the Extension Green interval and the total Green Extension time
equals the Maximum Extension Green setting.

In summary, subject to demands for another Phase, the Green period can be
terminated by one of four methods:

() A Minimum change
(i) A Gap change

(i) A Waste change
(iv) A Maximum change

13.4 Pedestrian Intervals

At a signal site, Pedestrian movements can run concurrently with Parallel Vehicle
movements, or run in an exclusive Pedestrian Phase. At Mid-Block signal site
crossings, Vehicle and Pedestrian movements run in Alternate Phases (see
Section 6.5.3).

Normally, Pedestrian movements are introduced by PBU detection. For Parallel
crossings at intersections, Pedestrian demand needs to be received before the
relevant Phase starts. Pedestrian movements can also be introduced
automatically in areas where heavy Pedestrian demands exist.

The Pedestrian movement (Phase) intervals, as well as their relationship with
Parallel Vehicle movement intervals (applicable in the case of Parallel Vehicle
and Pedestrian movements at signal sites, are shown in Figure 13.4. Pedestrian
and Vehicle Phase intervals at a Mid-Block Pelican crossing are shown in Figure
13.5 (see Section 13.8.1 and 13.8.2).

Pedestrian displays are Green ‘Man’ (Walk), Flashing Red ‘Man’ (Don't Walk)
and Steady Red ‘Man’ (Don't Walk).

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
191



DESIGN MANUAL for ROADS and BRIDGES

PART 5(c) — Traffic Signals

The Flashing Red ‘Man’ display corresponds to Clearance Intervals 1 and 2. The
Clearance 2 interval overlaps with part of the Vehicle clearance interval.

The Pedestrian Delay interval shown in Figure 13.4 provides a delay between the

PBU actuation and the placement of the Pedestrian demand (Section 13.8.1).
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13.5

For Parallel crossings at signal sites, and subject to demand for another Phase, a
Phase will start terminating at the end of the:

() Pedestrian Clearance 1 interval if the Vehicle running intervals expire
before, or concurrently with it

(i) The Vehicle running intervals if the Pedestrian Clearance 1 interval
expires before them

For Mid-Block signalised crossings and exclusive Pedestrian Phases at
intersections, the Pedestrian Phase will start terminating at the end of the
Clearance 1 interval regardless of a demand for another Phase.

The Minimum Phase Green time for a Pedestrian movement is determined as the
sum of Minimum Green ‘Man’ (Walk) Time and Clearance 1 interval time. This
will govern the Minimum Phase time when Parallel Pedestrian and Vebhicle
movements operate concurrently and the Phase Minimum Green time for a
Pedestrian movement equals or exceeds the duration of vehicular running
intervals for the Phase.

Methods to determine Pedestrian Green ‘Man’ (Walk) Time and Clearance Time
settings are described in Section 13.8.

Actuated Controller Settings

The selection of appropriate values of controller settings in order to make
detector actuated signals operate efficiently is not a matter of guess-work.
Different time settings for Phase intervals may be required for different times of
the day. In addition, the location, number and other characteristics of detectors
affect the choice of actuated signal settings.

For the purpose of determining the values of actuated controller settings, it is
necessary to identify the proportion of flow in the critical lanes, or those lanes
that place the highest demand on Green time in a given Phase (all movements)
or critical signal group.

In terms of capacity analysis, this is the lane with the largest degree of saturation
(demand flow rate/capacity ratio). Where capacities of all lanes are equal and all
lanes are utilised equally, this is the lane with the highest demand flow rate.

The methods recommended for determining actuated signal controller settings
are described in Sections 13.6.

Typical signal controller settings used with ‘normal’ VA loops are given in Table
13.2. below.
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Table 13.2 - Typical Signal Controller Settings Used with Stop-Line

Detectors
Through Arrow- Pedestrian
Controlled Controlled RT Settings
(and LT) Movements
Movements
Late Start 2-5 0-6
Minimum Green 5-10 5-6
Max Extension Green 10 -85 5-25
Gap 25-40 2.0-3.0
Headway 0.3-15 0.6-1.2
Waste 4-11 2-8
Early Cut-Off Green 0-8 0
Amber Time 3.0-5.0 3.0-6.0
All-Red Time 1.0-3.0 1.0-3.0
Presence Time 0-3 0-5
Walk Time 5-16
Clearance Time 6 -20

13.6  Vehicle Settings

Vehicle Actuated controller time-settings for Vehicle Intervals are described in the
following sections, and are presented in the order that they appear in Table 13.2

See also Table 13.1.

13.6.1 Late Start Setting

The purpose of the Late Start Setting is to allow the introduction of some signal
groups to be delayed at the start of a Phase for a preset time.

Examples of the use of this setting are:

(@) To delay the start of LTs: 3 to 6 seconds depending on intersection
geometry.

(b) To delay the start of a filtering RT immediately following its control by
a RT Green Arrow display: 5 seconds.

13.6.2 Minimum Green Setting

The minimum duration of the Green signal (‘Minimum Green’) is determined by
considering the dynamic characteristics of the Vehicles in the traffic stream. A
starting delay is experienced when a signal changes from Red to Green. This
delay includes allowance for the alertness of drivers (perception and reaction
time), preparation of the Vehicle (selecting gear, releasing hand-brake) and
acceleration to the desired or possible speed.
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The Minimum Green time is also determined by safety considerations as drivers
expect the signal to remain Green for a "reasonable" time. If the Green at the
commencement of a Phase (or Group) is unexpectedly short; then that leads to
frustration and rear-end collisions.

The Minimum Green time should be related to the slowest Vehicle likely to use
the intersection. For example trucks are much slower (to get moving) than Motor
Cycles and normal Vehicles and in the interests of safety, a Minimum Green time
should be set with due consideration to traffic composition, and gradient.

Minimum Green time comprises the Basic Minimum Green Setting (See Figure
13.3) plus a variable time determined by the Max VIG.

The Basic Minimum Green Setting is that time allocated on the basis of a stop-
line detector. When using only advance detectors, the minimum Green time is
increased to the Maximum Variable Initial Green time in order to cater for
Vehicles that may be trapped between the advance detector position and the
stop-line. For stop-line detectors, the Maximum Variable Initial Green setting is
usually set to Zero.

13.6.3 Basic Minimum Green Setting

With stop-line detectors, the Minimum Green time is equal to the Basic Minimum
Green Setting.

A Minimum Green time is needed in order to ensure that the Green signal (Full
Roundel or Arrow) is displayed for a safe minimum time, i.e. usually not less than
5 seconds. This 5 second time provides enough Green signal, so that a
stationary Vehicle at the stop line can begin moving and enter the intersection.

Other factors that may need consideration when setting the Minimum Green time
at a particular site are:

e Heavy Vehicles
e Steep Incline
e Pedestrian

e Clearing of Opposing Turning Traffic

Typical Minimum Green Timings used in practice with stop-line detectors are
shown in Table 13.2.

13.6.4 Increment and Maximum Variable Initial Green (VIG)

The Increment Counter and Maximum Variable Initial Green Settings are only
applicable when advance detectors are used without stop-line detectors.

Each Vehicle arriving against a Red signal adds a small amount of time (equal to
the Increment Setting) to the minimum Green time. Therefore the basic Minimum
Green time plus the VIG time should allow sufficient ‘overall’ Green time in order
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to enable those Vehicles stored between the advance detector and the stop-line
to ‘escape’ the junction in the event that no Vehicles are arriving from behind
onto the advance detector.

Typical Increment Settings are in the range 0.5 to 2.0 seconds.

The Maximum Variable Initial Green Setting limits the additional minimum Green
time (Variable Initial Green time) determined by increments. The value of this
setting depends on the distance of advance detectors from stop line.
For example,

e Advance detector distance = 60m

e Average Spacing per Vehicle = 6m

e Start time for first Vehicle, s = 2 seconds

e Headway Time, h = 2 seconds
This implies a stop-line queue of 10 Vehicles (=60m/6v)

Therefore the calculation is = 2s + [10v x 2h] = 22 seconds. If the Basic Minimum
Green Setting is 5 seconds, then the required Maximum Variable Initial Green
setting is 22 - 5 = 17 seconds.

13.6.5 Maximum Extension Green Setting (Max Green)

The Maximum Extension Green Setting is used to control the ‘Max Green’ time of
each Phase (or Group) when the controller operates in Isolated Mode.

This setting determines the duration of the Extension Green interval.
See Figure 13.3.

Max Green time is usually the programmed ‘Max Green’ Time and includes the
Minimum Green time (Section 13.6.3). In some areas the Maximum Green
Setting does not include the Minimum Green Time.

As seen in Table 13.2, typical Max Green Settings used in practice are 10 to 85
seconds for main road Phases, and 5 to 25 seconds for Arrow-controlled right-
turn Phases. Side Road or Minor Road Phases are usually set between 12 and
40 seconds.

The Max Green time should be determined with the objectives of ensuring that
competing traffic streams receive a proportionate amount of Green time in
accordance with the importance (level of service) of the associated approaches.

The optimum values of Max Green times may be calculated by appropriate
software packages (e.g. OSCADY). Traffic volume counts and number of lanes
are inputted for an assumed CT, and the output will show suggested Max Green
times for different Phases. As indicated previously, these packages have
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limitations, especially for turning movements and pedestrian movements and
should be used with experience and care.

13.6.6 Gap Setting

The Gap Setting is determined as a space time value measured when the
detector is not occupied. The Gap Time Setting is used to set the maximum
allowable time between successive detector actuations before the movement
terminates due to large gaps between Vehicles.

For example, if the Gap Setting is 3.0 seconds, then that means that if a time of
3.0 seconds elapses between the departure of a vehicle from the detection zone
and the arrival of the next vehicle into the detection zone; then the controller
moves to the next Phase, by displaying Amber.

If the Gap Setting is too short — e.g. 1.5 seconds, the Phase may terminate
before a stream of Vehicles has passed, and if it is too long e.g. 5.0 seconds, the
Phase will extend unduly to its Max Green Time.

On uphill you may need longer Gap times. On downhill short gap times should
suffice.

Microprocessor-based controllers provide up to 8 Gap timers per Phase so that
different approach characteristics such as inclines and turning radii, can be
catered for.

Table 13.2 indicates that typical Gap Settings in the range 2.5 to 4.0 seconds for
SA and LT movements, and 2.0 to 3.0 seconds for Arrow-controlled RT
movements.

The "Headway Setting" and "Waste Setting" that are used in association with the
Gap Setting are discussed in Section 13.7.2.

13.6.7 Early Cut-Off Green and Early Cut-Off Amber Settings (ECO)

The ECO Green interval allows the termination of some signal groups earlier
than others. This arrangement is shown in Figure 13.7. For example, at a ‘long’
intersection or signal site where there are 2 side roads, and therefore 2 stop-lines
along the main road at each side road location; then the distance between the
stop-lines needs to be cleared out before the controller moves to service the
side-roads.

The area between the 2 stop-lines is sometimes referred to as the ‘reservoir
section’. The ECO Green Setting depends on intersection geometry and the
length of the reservoir section, but normally would not be less than 3 seconds.

The ECO Amber interval is automatically provided with an Amber display for any
signal groups that are terminated at the beginning of the ECO Green interval.
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The ECO Green interval follows the Phase change point, and is considered to be
part of the Clearance or Intergreen time.
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Figure 13.6 - ECO Green and ECO Amber Operation

The Republic of Kenya — Ministry of Roads Draft Document — October 2010
198



DESIGN MANUAL for ROADS and BRIDGES PART 5(c) — Traffic Signals

A\
v -+ 4i2| *—

E—(T_—)—]'!-—

WEST MIDDLE SECTION EAST
Vi ‘
l ® V2 —e
Note: FROM WEST - EAST
V1 Terminates early therefore

allowing V2 to clear traffic from
middle section

For East - West
V3 and V4 may be similarly employed

Vi # GREEN AMBER

EARLY
CUT OFF AMBER
V2$ GREEN GREEN
EARLY
CUT OFF GREEN AMBER ALL RED
PHASE END OF PHASE
TERMINATION

POINT

Figure 13.7 — Typical Use of Early Cut-Off Periods

13.6.8 Vehicle Clearance (Inter-Green) Settings

The Inter-Green period or Vehicle Clearance Interval is made up of the Amber
interval that warns drivers that the Phase is terminating, and the All-Red interval
that enables Vehicles within the intersection to clear the controlled area.

Amber Times and All-Red Times are recommended in Sections 13.6.9 and
13.6.10.
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13.6.9 Amber Time

The Amber interval provides warning of the termination of the Phase, and it
should be timed so that approaching vehicles can stop in sufficient time. It is
frequently set at 3.0 seconds for most urban environments. A driver must stop for
an Amber display unless so close to the stop-line that the stopping action would
prove dangerous.

Amber Times used in practice are in the range 3.0 to 6.0 seconds and are shown
in Table C.2.

The Amber signal is used to allow for the fact that a traffic stream cannot be
stopped abruptly at the end of the Green interval. Since accident risks are
highest during the transition from the Green of one movement (Phase) to the
Green of another movement; then the timing of the Amber is quite important.

As the first inclination of the driver is to attempt to cross the intersection during
the Amber period, then the Traffic Engineer should adjust the All-Red times in
order to provide sufficient Inter-Green time.

The Amber Time is dictated by the acceptable deceleration needs of the majority
of the population, usually indicated by the actions of 85 per cent of the driver and
vehicle population. This criterion ensures that drivers travelling at or below the
speed limit will not act abruptly or inappropriately on seeing an Amber change,
nor be caught in the middle of the Junction or "dilemma zone".

Thus, the Amber time should be equal to the sum of the driver's reaction time
and the time to reach the stop-line at the design speed, VD.

Table 13.3 — Amber Time Values (deceleration 3.0m / Second?

vD =50 km/h vD =60 km/h vD =70 km/h vD =80 km/h
Reaction | 1.0s 1.5s 10s 1.5s 1.0s 1.5s 1.0s 1.5s
Time Tr =
Grade
-0.08 4.5 5.0 5.0 55 55 6.0 6.0 6.5
-0.05 4.0 4.5 4.5 5.0 5.0 5.5 55 6.0
-0.02 3.5 4.0 4.0 4.5 4.5 5.0 5.0 5.5
0.00 3.5 4.0 4.0 4.5 4.5 5.0 5.0 5.5
0.02 3.0 3.5 3.5 4.0 4.0 4.5 4.5 5.0
0.05 3.0 3.5 3.5 4.0 4.0 4.5 4.5 5.0
0.08 3.0 3.5 3.5 4.0 3.5 4.0 4.0 4.5

13.6.10 All-Red Time

The purpose of the all-Red interval is to provide a safe clearance for Vehicles
that cross the stop line towards the end of the Amber interval. This time period
allows the Vehicle to clear before other Vehicle and Pedestrian Phases (or
Groups) commence.
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Typical All-Red Times used in practice are in the range 1.0 to 3.0 seconds and
are shown in Table 13.2.
The timing of an all-Red interval should take account of:

e The Speed of Vehicles Crossing The Stop-Line (End Of Amber)

e The Distance to the Furthest Point of Conflict (Vehicle or Pedestrian)

e The Average Length of Clearing Vehicles

o Time for Starting Traffic to Reach the Furthest Point of Conflict

The All-Red Time values calculated as a function of speed for various clearance
distances are shown in Figure 13.8.

While there may be isolated instances when longer All- Red Times are justified to
meet unusual traffic situations, additional All-Red Time must not be provided to
clear any Vehicles waiting to make a right-hand turn. Excessive All-Red Times
are likely to give rise to "running the Red" behaviour, particularly if Amber times
are too short.

Special All-Red setting for a Phase is used for Phase transitions that require
significantly longer or shorter all-Red values (e.g. due to Phase skipping)
compared with the All-Red setting for normal Phase transition.
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Figure 13.8 - All-Red Time as a Function of Speed (Vd) and Clearance
Distance (Lc)
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13.7

13.7.1

13.7.2

Other Vehicle Settings

(Timed) Presence Time-Setting

The ‘Timed’ Presence Time-Setting is used to set the length of time for which a
detector must be occupied before a demand is recorded, or to prevent a demand
being recorded unnecessarily, or to cancel a demand (if a vehicle has moved on
from a selected detection zone).

Typical values of the Presence Setting used in practice are in the range 0.0 to
5.0 seconds.

Examples of the use of this setting are:

(a) Shared lane detector for lagging RT Phase: 2 to 5 seconds
(b) LT detector on overlapped movement: 3 seconds

(c) Queue detectors

Headway and Waste Time Settings

Strictly speaking, the term "Headway" means the time between passage of the
front ends of two successive Vehicles at an observation point, e.g. at the leading
edge of the detector. The headway timer in the traffic controller in fact measures
the distance from the end of one Vehicle to the start of another.

If an efficient flow of vehicles is observed to be running at a headway of 2.0 secs,
then the headway timer in the controller is set to that amount. If the vehicles are
running inefficiently e.g. with a headway of 2.5 seconds, then the headway timer
will continually expire with a surplus value of 0.5 secs in that case.

When the ‘surplus’ amounts to a predefined value (this is the waste value), then
the Phase (or Group) will terminate, even if the Phase has not reached its
Maximum Green value.

The purpose of "Headway" (Space Time) Setting is to set the desirable space
time between successive detector actuations for efficient traffic flow. It is used in
association with the Waste Setting.

Typical "Headway" Settings used in practice are 0.3 to 1.5 seconds for through
movements and 0.6 to 1.2 seconds for Arrow-controlled RT movements, and are
shown in Table 13.2.

The Waste Setting is used to set the value of the sum of surplus time at which
the Phase is terminated

Where employed, the Waste Setting may be determined as 10-20 per cent of
Maximum Green time ( = Min Green + Max Green) subject to a minimum value of
4 seconds and a maximum value of about 12 seconds.
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Typical Waste Settings used are 4.0 to 11.0 seconds for through movements and
2 to 8 seconds for RT Arrow movements.

13.8 Pedestrian Movement Settings

Pedestrian movement timings are described in the following sections.
See Figures 13.4 and 13.5.

13.8.1 Pedestrian Green ‘Man’ (Walk) Time

The purpose of the ‘Walk’ Time Setting is to give Pedestrians sufficient time to
begin their crossing. This setting determines the duration of the Green ‘Man’
(Walk) display. Its value depends on the amount and type of Pedestrians using
the crossing. Table 13.2 indicates that typical Pedestrian Walk Times used in
practice are in the range 5 to 16 seconds.

Pedestrian Green ‘Man’ (Walk) Times can be determined as follows:

€)) Use a minimum value of 5 seconds

(b) Add 2 seconds for each additional row of Pedestrians
waiting

© Allow more time for:

(v) Schools,

(vi) Railway stations,

(vii)  Elderly, Children, and Mobility Impaired
(viii)  Crossing of wide roads in one movement

When crossing a wide road with a median in one movement, the Green ‘Man’
(Walk) Time and Clearance Time may be calculated at not less than 1.2 seconds
per 1m width.

Where Pedestrian demands are high (such as may occur in business districts
and shopping areas), signal timings for the intersection may be biased to favour
Pedestrians. The Pedestrian Green ‘Man’ (Walk) Time can be increased in line
with the Green display for the Parallel Vehicle movements.

13.8.2 Pedestrian Clearance Time

The purpose of the Pedestrian Clearance Time is to allow Pedestrians, who have
stepped off the kerb at the commencement of the Pedestrian clearance interval,
to complete their crossing with safety. It comprises Clearance 1 and Clearance 2
Intervals as seen in Figures 13.4 and 13.5.

The Pedestrian Clearance interval is implemented using Flashing Red ‘Man’
(Don't Walk) display.
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13.8.3

13.9

As seen in Table 13.2, typical Pedestrian Clearance Times used in practice are
in the range 6 to 20 seconds. The Pedestrian Clearance Time + the Green ‘Man’
Time should not be less than 1.2 seconds per metre of crossing width.

If a median exists, its width is included in the clearance distance when crossing
both carriageways in one movement, i.e. the Pedestrian clearance distance
includes both carriageway widths as well as the median width.

Where a median is wide enough to store Pedestrians, a split-movement signal
crossing can be used (see Section 6.5). In this case, the crossings are treated
separately, and the width of appropriate carriageway is used as the clearance
distance for each crossing.

Where an exclusive ‘All-Round Pedestrian Phase is provided at an intersection,
the shortest distance between diagonally opposite corner kerb radii for the
longest crossing is used as the clearance distance.

Pedestrian Delay Setting

The Pedestrian Delay Setting is used to provide a delay between the PBU
actuation and the placement of the Pedestrian demand (see Figure 13.4). This
helps to form rows of Pedestrian and thus avoid unnecessary introduction of
Pedestrian movements.

Typical Pedestrian Delay Settings are in the range 5.0 to 10.0 seconds.

Bicycle Settings

Two-aspect bicycle signal faces used at Mid-Block signal crossings or main
signal sites with Pedestrian Crossings may be connected to the same signal
Group Output in the controller that drives the two-aspect Pedestrian Lanterns. In
this case, the Pedestrian Green ‘Man’ and ‘Clearance’ times apply to the bicycles
as well.

Three-aspect bicycle signal faces (Green, Amber and Red) can also be used at
main signal sites. In this case:

(@) For bicycle movements Parallel with a main road and crossing narrow
minor roads, the bicycle signal faces may be connected to the
adjacent Vehicle signal group, and introduced with the Green display
for Vehicles and terminated with the Vehicle movement.

(b) For bicycle movements across a main road, and for those in Parallel
with a main road and crossing wide minor roads, the bicycle signal
aspects are driven by a separate signal group with Green, Amber and
Red times that reflect a bicycle speed of 20 km/h.

The following measures can be adopted in order to allow for slower speeds of
cyclists compared with Vehicle speeds:
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(@) Adjusting the Amber Time for the bicycle movement to warn cyclists to
stop before other traffic in the same Phase, i.e. increase the
intergreen time only for the cyclists (effectively providing an early cut-
off). Since this reduces the bicycle Green time, it should be ensured
that the combined Green plus intergreen time is sufficient for a cyclist
accelerating from Rest at the stop line to clear the controlled area.

(b) Allowing the cyclists to move off before the Vehicle traffic (late start).
This is appropriate where the bicycle lane does not continue through
the intersection and bicycles have to merge with other traffic.
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APPENDIX A - GLOSSARY

Acceleration Lane - A paved auxiliary lane, including tapered areas, allowing
vehicles to accelerate when entering the through-traffic lane of the roadway.

Active Warning Device - A device which changes state to display a warning of a
hazard.

Actuated Control - see Traffic-Actuated Control

Actuation - The electrical action produced by a vehicle (on a vehicle detector) or
pedestrian (on a push button switch) to enable the controller to recognise its
presence.

Adaptive Engineering - see Controller Programming

Advance Warning Signals - An active warning device consisting of a warning
sign with Alternating Flashing Amber displays to warn approaching drivers of
their imminent arrival at traffic signal installation.

Algorithm - see Controller Algorithm

All-Red Interval - A period of time for the clearance of conflicting movements
within the controlled area, during which only Red aspects are illuminated for

conflicting movements.

Approach - That section of road, consisting of one or more lanes, used by
vehicles approaching an intersection or mid-block site.

Approach Speed - see Speed
Area Traffic Control System - see Wide Area Control System

Arrow Aspect - A masked vehicle aspect that displays an arrow shape when
illuminated.

Arrow-Controlled Turn - A left-turn or right-turn movement at a signalized
intersection that is made with a Green arrow display, and therefore is unopposed.

Also see Unopposed Turn, Full Control, Partial Control.

Arrow Mask - A mask placed over a vehicle aspect so that an arrow shape will
be displayed when the aspect is illuminated. Also see Symbolic Mask.

Arterial Demand - A feature of traffic signal controllers whereby a permanent
demand is placed for a particular Phase or signal group. Also see Recall Feature.

Arterial Road - A road that predominantly carries through traffic from one region
to another, forming principal avenues of travel for traffic movements.
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Aspect - A single optical system (circular, arrow, or symbolic) on a signal face
capable of being illuminated at a given time. Red, Amber, Green and white
aspects are used for vehicle movements. Also see Pedestrian Aspects, Bicycle
Aspect, Special Vehicle Aspects, Lantern.

Availability

A measure of the probability in signal maintenance that the equipment will be
available for use, determined as MTBF/(MTBF + MTTR) where MTBF = Mean
Time Between Failures and MTTR = Mean Time in order to Repair.

Background Intensity
The luminous intensity of the signal background.

Bandwidth
The amount of Green time common to all signals along the route in a coordinated
system (Green Band).

This can be determined as the time between the first and the last vehicle,
travelling at the design speed, which can pass through a coordinated system of
signals receiving a Green signal on arrival at each stop line.

Bicycle Aspect
A masked aspect that displays a bicycle symbol when the aspect is illuminated.
Also see Bicycle Signal Face.

Bicycle Signal Face

A signal face for the control of bicycle movements that consists of two bicycle
aspects (Red, Green) or three bicycle aspects (Red, Amber, Green). Also see
Bicycle Aspect.

Cable-Less Linking

A mode of signal coordination in which linking is achieved by reference to an
accurate clock in each signal controller. The clocks are initially set to exactly the
same time and maintained in synchronism by reference to the mains supply
frequency. The clock initiates the operation of a certain plan at a certain time of
day and day of week, according to a predetermined schedule.

Cable Linking - see Local Interlinking

Capacity

The maximum sustainable flow rate at which vehicles or persons reasonably can
be expected to traverse a point or uniform segment of a lane or roadway during a
specified time period under given roadway, geometric, traffic, environmental, and
control conditions; usually expressed as vehicles per hour, passenger cars per
hour, or persons per hour.

Channelling

A system of controlling traffic by the introduction of a traffic island or median, or
markings on a carriageway to direct traffic into predetermined paths, usually at
an intersection or junction.
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Clearance Time

Time given to allow a terminating movement of vehicles or pedestrians to vacate
the controlled area, before the beginning of the next movement of traffic. Also
see Pedestrian Clearance Period.

Column (of Aspects)
A combination of signal aspects arranged in a, vertical assembly.

Conflicting Movements
The vehicle or pedestrian traffic streams at an intersection, whose paths cross or
merge when moving simultaneously.

Controlled Area
That portion of a carriageway or intersection, the entry into which is controlled by
traffic signals.

Controller
The equipment (including the housing) that switches power to signal lanterns and
controls the duration and sequence of signal displays.

Controller Algorithm
Programmed logic sequence internal to the controller, which transforms operator
input and traffic demands into traffic control signal sequences.

Controller Personality

A unique program that configures the controller to the specific operational design
of the intersection or mid-block device it is controlling, including specifications of
which signal groups run in each Phase, the sequence of phases, detector
functions, detector alarm conditions and default time settings.

Controller Programming
The task of configuring a controller to the specific requirements of a particular
site. Also called Adaptive Engineering.

Controller Settings

User-defined control parameters within a traffic controller that determine signal
timings (together with current traffic demands in the case of traffic-actuated
controller).

Coordination

The operation of a traffic signal system where the control of individual
installations is interrelated by means of a Wide Area Control System, Local
Interlinking or Cable-Less Linking.

Cowl - see Visor
Critical Intersection

The intersection in a coordinated signal system that operates with the highest
overall degree of saturation during a given period.
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Critical Lane
The lane in a lane group or approach that has the highest degree of saturation
and places the highest demand on Green time.

Critical Movements
The set of movements that determine the capacity and timing requirements of a
signalised intersection.

Crosswalk Lines
Continuous or broken lines marked transversely across the road to define the
limits of a signalised crossing.

Also see Marked Foot Crossing, Signalised Crossing.

Cycle
A complete sequence of signal phases.

Cycle Length (Cycle Time)

Time required for one complete sequence of signal displays (sum of Phase
Green and intergreen times). For a given movement, cycle time is the sum of the
durations of Red, Amber and Green signal displays, or sum of Effective Green
and Red Times.

Degree of Saturation
The ratio of arrival (demand) flow rate to capacity during a given flow period.

Delay
The additional travel time experienced by a vehicle or pedestrian with reference
to a base travel time (e.g. the free flow travel time).

Demand
The registration of the presence of vehicle or pedestrian traffic waiting for the
right of way.

Demand Flow (Demand Volume)

The number of vehicles or pedestrians arriving during a given period as
measured at the back of queue (as distinct from departure flows measured in
front of the queue). Also see Flow Rate, Traffic Count, Traffic Volume.

Density
The number of vehicles per unit distance along the road as measured at an
instant in time.

Design Life
The number of years into the future while the intersection operates satisfactorily
considering increases in traffic demand volumes.

Detector

A device by which vehicle or pedestrian traffic registers its presence. The most
common detectors are the inductive loop detectors for vehicles and the
pushbutton detectors for pedestrians. Other detector types include
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microwave/radar, infrared, sonic, video image processing, magnetic and
pressure detectors.

Detector Loop

One or more loops of wire embedded in the road surface and connected to the
controller, energised by a low voltage current. The inductance of the circuit
changes when a vehicle passes over the loop, which is detected by a unit in the
controller.

Diamond Overlap Phasing

Phasing that allows right turns from opposing directions to operate either
simultaneously, or independently with the through movement on the same
approach, depending on demand for the right turns and conflicting through
movements.

Display
A signal aspect that is illuminated.

Display Sequence
The order in which traffic signal displays occur.

Also see Phase Sequence.

Divided Road
A road with a median that separates the opposing directions of travel.

Dividing Line

A road marking formed by a line, or two parallel lines, whether broken or
continuous, designed to indicate the parts of the road to be used by vehicles
travelling in opposite directions.

Dividing Strip
An area or structure that divides a road lengthways, but does not include a
nature strip, bicycle path, footpath or shared path.

Downstream
In the direction of the movement of traffic.

Dual Primary Signal Face

The signal face mounted on a post either on the median at or near the right of the
stop line, or if there is no median or median is too narrow, to the right and near
the projection of the stop line. Also see Primary Signal Face.

Dual Secondary Signal Face
The signal face mounted on a post on the downstream side to the right of that
approach, in addition to the secondary signal face located on the median.

Early Cut-Off (ECO)
The Phase interval used at the end of a Phase for allowing the termination of
some signal groups earlier than others.
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Effective Green and Red Times

The movement Green and Red times for capacity and performance analysis
purposes, which are determined by adjusting the displayed Green and Red times
for Start Loss and End Gain effects. Also see Green Time, Red Time.

Eighty-fifth Percentile Speed - see Speed

End Gain

Duration of the interval between the end of displayed Green period and the end
of effective Green period for a movement. This is used in signal timing and
performance analysis to allow for additional departures after the end of Green
period. Early Cut-Off time can be treated as an end gain for the movement that is
terminated at the end of the Early Cut-Off interval. Also see Start Loss.

Exclusive Pedestrian Phase

The Phase at an intersection during which all pedestrian displays are Green and
all vehicle displays are Red, allowing all pedestrian movements to operate
simultaneously while all vehicle movements are stopped. Also see Scramble-
Crossing Phase.

Exclusive Lane

A lane (or length of lane) allocated for use only by a particular movement or a
type of vehicle, e.g. left-turn lane, through lane, right-turn lane, bus lane. Also
see Shared Lane.

Extension Period

The interval of variable length during the Green period that begins after a
demand for another Phase is registered following the minimum Green interval,
and extends according to vehicle detector actuations subject to a maximum
Green extension setting in the controller.

Face - see Signal Face

Filter Turn

A turning movement that must give way to and find safe gaps in conflicting
(opposing) vehicle or pedestrian traffic before proceeding, e.g. filter right-turn,
slip-lane left turn, left turn on Red. Also called Opposed Turn.

Finishing-Offset Coordination

Coordination of the end times of Green periods using a signal offset that equals
the average uninterrupted travel time in the travel direction so as to minimize
delay along the route. Also see Offset.

Fixed-Time Control
A signal control method that allows for only a fixed sequence and fixed duration
of displays.

Fixed-Time Plan Selection
A signal coordination method that uses predetermined signal timing plans
introduced according to a weekly schedule or timetable.
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Flexilink

The cable-less linking mode of operation in the SCATS control system, used to
maintain a level of signal coordination in the event of failure of the regional
computer or parts of the communication system.

Flow Rate

Number of vehicles or pedestrians per unit time passing (arriving or departing) a
given reference point. Also see Demand Flow (Demand Volume), Traffic Count,
Traffic Volume.

Flow Ratio
The ratio of arrival (demand) flow rate to saturation flow rate during a given flow
period.

Full Control

Control of a turning movement using three-aspect (Red, Amber, Green) turn
arrows on a six-aspect signal face, where the Green arrow indicates that the
vehicle can turn unopposed (with no opposing vehicle or pedestrian traffic) and
the Red arrow indicates that the vehicle is not permitted to turn (filter turns not
permitted).

Fully-Actuated Control - see Traffic-Actuated Control

Fully-Adaptive Control

A signal coordination method that generates appropriate signal timing plans on-
line in a continuously variable fashion using extensive data provided by vehicle
detectors.

Gap Setting

A controller setting equivalent to a predetermined space time measured between
successive vehicles at the given (approach) speed, detection zone length and
vehicle length values. Also see Space Time.

Give-Way Line

A broken line (double continuous lines in New Zealand, known as limit line)
marked across all or part of a road, behind which vehicles should slow down and
give way to opposing traffic. Also see Stop Line.

Green Band - see Bandwidth

Green Time
Duration of the Green display for a Phase or a movement. Also see Effective
Green and Red Times.

Guide Sign
A sign which is erected to inform and advise road users of directions, distances,
destinations, routes and location of services for road users, and points of interest.

Headway

The time between passage of the front ends of two successive vehicles
(corresponds to Spacing). Not to be confused with the Headway Setting in a
signal controller.
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Headway Setting

A controller setting equivalent to a predetermined space time measured between
successive vehicles at the given (saturation, or queue discharge) speed,
detection zone length and vehicle length values. Also see Space Time.

Intensity - see Luminous Intensity

Intersection
A place at which two or more roads meet or cross.

Intergreen Time

Duration of the clearance part of the Phase corresponding to the period between
the Phase change point (the end of running intervals) and the beginning of the
Green display for the next Phase (end of Phase). Normally, it comprises Amber
Time and All-Red Time. The Early Cut-off Green interval that follows the Phase
change point is also considered to be part of the Intergreen Time.

Irradiation
Blurring of the edges of a bright object viewed adjacent to a dark background.

Junction - see Intersection

Lagging Right Turn

An arrow-controlled right-turn movement that is started and terminated in the
Phase that immediately follows the Phase in which the opposing through
movement runs.

Lane
A portion of the carriageway allocated for the use of a single line of vehicles.

Lane-Control Signal
A signal face mounted above a lane in an overhead lane control scheme, which
is used to control the direction of vehicle flow in the lane during a particular time.

Lane Group
A set of lanes allocated to a particular movement in exclusive lanes, or to several
movements with common shared lanes.

Lantern

A signal assembly of optical components (one or more aspects), together with
the means of connecting them to power supply and facilities for mounting the
complete assembly. Also see Aspect.

Late Start
The Phase interval used at the start of a Phase for delaying the start of some
movements.

Leading Right Turn

An arrow-controlled right-turn movement that is started and terminated in the
Phase that immediately precedes the Phase in which the opposing through
movement turns
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Lead-Lag Right Turn Phasing

A Phase sequence that commences with a fully-controlled leading right turn from
one approach, followed by a through Phase, and terminates with a lagging right
turn from the opposing approach.

Level of Service

An index of the operational performance of traffic on a given traffic lane,
carriageway, road or intersection, based on service measures such as speed,
travel time, delay and degree of saturation during a given flow period.

Limit Line - see Give-Way Line, Stop Line
Linking - see Coordination

Local Interlinking

A signal coordination system comprising a small number of closely-spaced
signals, interconnected by a cable, usually with one of the signal controllers
assuming the role of master. Also see Master Controller.

Louvres

An assembly of mechanical baffles mounted within the visor to reduce sun
phantom (horizontal louvres) or to restrict the angular coverage of a signal
(vertical louvres).

Luminance
Luminance at a point of a surface and in a given direction is the luminous
intensity per unit projected area of a light emitting or reflecting surface.

Luminous Intensity

Luminous intensity in a given direction is the luminous flux emitted by a light
source in an infinitesimal cone containing the given direction divided by the solid
angle of that cone.

Marked Foot Crossing

A transverse strip of carriageway marked for the use of pedestrians crossing the
road (mid block or at an intersection) controlled by vehicular and pedestrian
signals. The term Signalised Crossing used in this document includes Marked
Foot Crossing.

Masterlink
The fully-adaptive mode of operation of the SCATS control system.

Median
A dividing strip that separates vehicles travelling in opposite directions.

Master Controller
A traffic signal controller controlling a system of secondary controllers.
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Movement
A stream of vehicles that enters from the same approach and departs from the
same exit (i.e. with the same origin and destination).

MTBF
Mean time between failures (a signal maintenance term).

MTTR
Mean time to repair (a signal maintenance term).

Negotiation Speed - see Speed

Ninety-Fifth Percentile Queue Length
Queue length expected to be exceeded in 5 per cent of signal cycles only, used
for designing adequate queue storage length.

Occupancy Time

The time that starts when the front of a vehicle enters the detection zone and
finishes when the back of the vehicle exits the detection zone. Thus, it is the
duration of the period when the detection zone is occupied by a vehicle.

Off-Peak Period
The periods that have low demand volumes of traffic during the day. Also see
Peak Period.

Offset
The difference between the start or end times of Green periods at adjacent
(upstream and downstream) signals.

Opposed Turn - see Filter Turn

Opposing Movement
1. A movement that conflicts with, and has priority over, another (opposed)
movement.

2. A movement which approaches from the opposite direction as another on the
same road regardless of destination.

Outreach (of Mast-Arm)
The horizontal distance from the centre line of the vertical member to the centre
line of the overhead lantern assembly.

Overhang (of Mast-Arm)
The horizontal distance from the kerb alignment to the centre line of the
overhead lantern assembly.

Overhead Signal Face
The signal face mounted above the roadway.
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Overlap Movement
A movement that runs in consecutive phases without stopping during the
associated intergreen period(s). Also see Overlapping Signal Group.

Overlapping Signal Group
A signal group that displays Green in consecutive phases and during the
associated Phase transition(s). Also see Overlap Movement.

Painted Island

An area of a road, surrounded by a line or lines (whether broken or continuous),
on which there are stripes marked on the road surface in white or another colour
contrasting with the colour of the road.

Parallel Pedestrian Movement
A signalised pedestrian movement that runs at the same time as the parallel
vehicle movement(s) that are controlled by circular Green displays.

Partial Control

Control of a turning movement by a Green arrow display in one Phase (as an
unopposed movement) and by a Green circle display in another Phase (as a
filter, or opposed movement).

Passage Detector
A detector which produces a short output (pulse) of relatively constant duration,
independent of the mass or type of a moving vehicle within the detection zone.

Peak Period
The period that has the highest demand volume of traffic during the day (peak
hour, peak half hour, etc). Also see Off-Peak Period.

Pedestrian-Actuated Control - see Traffic-Actuated Control

Pedestrian Aspects

Signal aspects for pedestrians, consisting of the Walk aspect (a Green walking
human figure) and the Don’'t Walk aspect (Red standing human figure). Also see
Pedestrian Signal Face.

Pedestrian Clearance Period
The Flashing Don't Walk period that immediately follows the termination of
pedestrian Walk display to enable pedestrians, who have just stepped off the
kerb at the commencement of this period, to complete their crossing to the
nearest kerb or refuge. Pedestrian Clearance Time is the duration of the
Pedestrian Clearance Period.

Pedestrian Crossing

A transverse strip of carriageway marked for the use of pedestrians crossing the
road (mid block or at intersections) at a place with a pedestrian crossing sign,
and with or without alternating flashing twin Amber lights. Also called Zebra
Crossing where indicated by parallel white stripes on the road surface.
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Pedestrian Green Time
The duration of the Green Walk display.

Pedestrian Indicator
An indicator mounted on the pedestrian push-button assembly that is illuminated
to acknowledge when a demand has been recorded.

Pedestrian Push-Button Assembly

Device to enable pedestrians to register a demand for right of way. It includes the
pedestrian indicator. Push button devices are also used for bicycles and
emergency vehicles.

Pedestrian Refuge
A place, usually in a carriageway, set aside for exclusive use of pedestrians.

Pedestrian Signal Face
A two-aspect signal face for the control of pedestrian movements that consists of
Green Walk and Red Don't Walk aspects. Also see Pedestrian Aspects.

Perception and Reaction Time
The time between the commencement of a stimulus, e.g. change in signal
condition, and the taking of appropriate action, e.g. application of vehicle brakes.

Phase

That part of a signal cycle during which one or more movements receive right of
way subject to resolution of any vehicle or pedestrian conflicts by priority rules. A
Phase is identified by at least one movement gaining right of way at the start of it
and at least one movement losing right of way at the end of it.

Phase Sequence
The order of phases in a signal cycle. Also see Display Sequence, Signal
Phasing.

Phase Split
Duration of each Phase (Green Time and Intergreen Time) within a signal cycle.
It is normally expressed as a percentage of cycle length.

Phasing - see Signal Phasing

Plan - see Timing Plan

Platoon

A group of vehicles or pedestrians travelling together because of signal control,

geometric conditions or other factors.

Pole / Post
Vertical tubular support for traffic signal lanterns and associated signs.

Presence Detector
A detector that produces a continuous output while a moving or stationary vehicle
is present within the detection zone.
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Primary Signal Face
The signal face mounted on a post at or near the left of the stop line of the
approach. Also see Dual Primary Signal Face, Secondary Signal Face, and
Tertiary Signal Face.

Priority Rule
A traffic regulation which assigns priority to one stream of traffic. Also see
Conflicting Movements, Filter Turn, Opposing Movement.

Priority Traffic

That traffic which is allocated priority service at an intersection by the operation
of signals. It may include emergency vehicles or public transport vehicles. Not to
be confused with the term Priority Road (Major Road) for un-signalised
intersections (a road on which traffic has right of way over all entering or crossing
traffic).

Progression

Progression is a time-relationship, between adjacent traffic signals, which allows
vehicle platoons to be given a Green signal as they pass through the sequence
of intersections.

Queue

A line of vehicles or pedestrians waiting to proceed through an intersection.
Slowly moving vehicles or pedestrians joining the back of the queue are usually
considered part of the queue. The internal queue dynamics can involve starts
and stops. A faster-moving line of vehicles is often referred to as a moving queue
or a platoon.

Reaction Time - see Perception and Reaction Time

Recall Feature

A feature of traffic signal controllers whereby a demand is placed for a particular
Phase when no other demands are present and all approach timers have
expired. Also see Arterial Demand.

Red Arrow Drop Out

A form of partial control that uses three-aspect (Red, Amber, Green) right-turn
arrows on a six-aspect signal face and extinguishes the Red arrow for the
adjacent Green circle display to permit filter turns after a few seconds in the
through Phase.

Red Time
Duration of the Red signal display for a Phase or a movement. Also see Effective
Green and Red Times.

Repeat Right Turn Phasing
Phasing that introduces the arrow-controlled right turn twice in the same cycle.

Reversible Lanes - see Tidal Flow Scheme
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Right-Turn Trap

A situation where a driver executing a filter right-turn manoeuvre at the start of
Amber interval thinks that the signals change to Amber for the opposing traffic at
the same time, and therefore proceeds and runs into an opposing through
vehicle for which the signal display would still be Green. Also known as "lagging
right turn problem" or "Amber trap". Also see Lagging Right Turn.

Road Marking

A word, figure, symbol, mark, line, raised marker or stud, or something else, on
the surface of a road to direct or warn traffic, but does not include a Painted
Island.

SCATS
A well-known fully-adaptive wide area control system developed in Australia and
used in many cities around the world (Sydney Coordinated Adaptive Traffic
System).

SCATS DS
Degree of saturation in the SCATS adaptive control method.

SCATS Master Isolated Control
The SCATS adaptive control method for a single (isolated) signalised
intersection.

Scramble-Crossing Phase (All-Round Pedestrian Movement)

An Exclusive Pedestrian Phase at an intersection where pedestrians are allowed
to cross in any direction including diagonally within the limits of the crosswalk
lines. Also see Exclusive Pedestrian Phase.

Secondary Signal Face

The signal face mounted on a post on the downstream side to the right of the
approach. Also see Primary Signal Face, Tertiary Signal Face.

Semi-Actuated Control - see Traffic-Actuated Control

Sequence - see Display Sequence

Shared Lane

A lane allocated for use by two or more movements, e.g. shared through and
right-turn lane. Also see Exclusive Lane.

Sight Distance

The distance over which a road user needs to have unobstructed sight to
respond to a visual cue, or to safely avoid a conflict.

Sign - see Traffic Sign

Signal - see Traffic Signal

Signal Aspect - see Aspect
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Signal Controller - see Controller
Signal Coordination - see Coordination
Signal Cycle - see Cycle

Signal Display - see Display

Signal Face
A set of signal aspects in a common assembly, generally in one or two columns
placed together with a target board to improve signal visibility, facing traffic from
one direction.

Signal Group
A signal group is a set of lanterns with common electrical switching such that the
aspects illuminated in each lantern are always identical.

Signal Group Overlap - see Overlapping Signal Group

Signal Intensity
The luminous intensity of the signal aspects. Also see Luminance and Luminous
Intensity.

Signal Lantern - see Lantern
Signal Linking - see Coordination
Signal Offset - see Offset

Signal Phase - see Phase

Signal Phasing

Sequential arrangement of separately controlled groups of vehicle and
pedestrian movements within a signal cycle to allow all vehicle and pedestrian
movements to proceed.

Signal Range (Visual Range)
The distance over which the signal is intended to be clearly visible to
approaching traffic.

Signal Sequence - see Display Sequence

Signal Timing

The process of determining durations of successive intervals of Green, Amber
and Red displays, actuated signal control settings, as well as offsets for
coordinated signals.

Signalled Crossing

An area of the road used by pedestrians when crossing the road with the
guidance of pedestrian signals at a mid-block or intersection location, and can be
used by cyclists if bicycle signals are provided.
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Simultaneous-Offset Coordination

Signal coordination where Green periods in the travel direction start at the same
time (zero offset). This is useful when the back of queue at the downstream
intersection interrupts progression at closely spaced intersections. Also see
Offset.

Slip Lane
A left-turn lane separated from an adjacent lane by a triangular island.

Space Length (Gap Distance)

The following distance between two successive vehicles as measured between
the rear end of one vehicle and the front end of the next vehicle in the same
traffic lane (spacing less vehicle length).

Space Occupancy Ratio
The proportion of a road section (distance) occupied by vehicles at an instant in
time.

Space Time

The time between the detection of two consecutive vehicles when the presence
detection zone is not occupied. It is equivalent to gap time less the time taken to
travel the effective detection zone length.

Spacing
The distance between the front ends of two successive vehicles in the same
traffic lane.

Special Vehicle Aspects

Signal aspects for special vehicles (bus, tram, emergency vehicle) consisting of
Red, Amber and white B, T and E symbols. Also see Special Vehicle Signal
Face.

Special Vehicle Signal Face
A single-column signal face for the control of special vehicle (bus, tram,
emergency vehicle) movements. Also see Special Vehicle Aspects.

Speed

Distance travelled per unit time. In a time — distance diagram, the slope of the
trace of a vehicle is its speed. Approach Speed is the uninterrupted (mid-block)
cruise speed of vehicles before being affected by traffic signals. This can be
represented by the speed limit. Negotiation Speed is the safe speed of a vehicle
moving through the controlled area of the intersection. For turning vehicles, this
can be determined as a function of the negotiation radius. Eighty-fifth Percentile
Speed is the speed at or below which 85 per cent of the traffic travels.

Split-Approach Phasing
The signal phasing arrangement that allocates separate phases to opposing
approaches, allowing the through and all turning movements from each approach
to operate simultaneously.
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Staged Signalled Crossing

A system by which a long signalised crossing is divided or “staged” into several
time-separated sections, each being a separate group controlled by individual
signals.

Start Loss

Duration of the interval between the start of displayed Green period and the start
of effective Green period for a movement. This is used in signal timing and
performance analysis to allow for queue discharge time losses at the start of
Green period due to vehicles accelerating to saturation speed, or due to giving
way to opposing vehicle or pedestrian movements. Late Start time can be treated
as a start loss for the movement that starts after the Late Start interval. Also see
End Gain.

Starting Display - see Starting Signal

Starting-Offset Coordination

Coordination of the start times of Green periods using a signal offset that equals
the average uninterrupted travel time in the travel direction so as to minimize
stops along the route. Also see Offset.

Starting Signal
A signal which is located so that the drivers who have stopped at the stop line
can see the signal display.

Stop Line
A single continuous line (double continuous lines in New Zealand, known as limit
line) marked across all or part of a road, behind which vehicles should stand
when required to stop by traffic light signals or regulatory signs. Also see Give-
Way Line.

Stopping Display - see Stopping Signal

Stopping Signal
A signal which is used to enable the approaching driver to make a decision either
to stop safely in front of the stop line or proceed into the intersection.

Stopping Sight Distance
The sight distance which is necessary to enable a driver to stop safely in
response to a Red signal.

Sun Phantom
The internal reflection of light from external sources (especially the sun) onto the
lens of a signal lantern which makes it appear to be internally illuminated.

Symbolic Mask

A mask used to create a symbol (e.g. arrow, pedestrian or bicycle) or letter (e.g.
B or T) to dedicate the aspect to a particular vehicle movement (e.g. turning
traffic) or a special vehicle movement (e.g. bus, tram). Also see Arrow Mask.
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Synchronous Linking - see Cable-less Linking

T-Intersection
An intersection where two roads meet (whether or not at right angles) and one of
the roads ends.

Target Board
The panel attached to a signal face to improve its visibility by reducing
background luminance.

Tertiary Signal Face
The signal face mounted on a post on the downstream side to the left of the
approach. Also see Primary Signal Face, Secondary Signal Face.

Through Phasing

Phasing that allows through and left-turn movements and filter right turns from
opposing approaches to operate in the same Phase using the three-aspect
circular (Red, Amber, Green) signal faces.

Tidal Flow Scheme

A traffic management method for increasing capacity under conditions of high
traffic demand and marked directional split by means of reversible lanes or
carriageways.

Time - Distance Diagram

A graphical representation of the movement of a vehicle or traffic stream in terms
of its time and distance coordinates, e.g. used to show signal coordination along
a route or for showing vehicles queuing at traffic signals.

Time Occupancy Ratio
The proportion of time in a given period when the passage or occupancy detector
at a point along the road is occupied by vehicles.

Timing Plan
A plan that defines the cycle time, Green splits and offsets for each intersection
in a coordinated signal system.

Traffic
Movement of vehicles and pedestrians (people and goods) along a route.

Traffic-Actuated Control

A control method that allows a variable sequence and variable duration of signal
displays depending on vehicle and pedestrian traffic demands. All vehicle
movements (phases) are actuated in Fully-Actuated Control in contrast with
Semi-Actuated Control where only minor vehicle movements (e.g. side road
traffic) are actuated.

Traffic Composition
The proportions (usually expressed as a percentage) of the different vehicle
classes and turning vehicles within the total traffic flow.
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Traffic Control Device

Any traffic sign, road marking, traffic signal, or other device, placed or erected
under public authority for the purpose of regulating, directing, warning or guiding
traffic.

Traffic Count

The process of determining the number of vehicles or pedestrians passing a
given point or points during a specified period of time. Also see Demand Flow
(Demand Volume), Flow Rate, Traffic Volume.

Traffic Demand - see Demand
Traffic Flow - see Traffic Volume

Traffic Island
A structure on a road to direct traffic, but does not include a Road Marking or
Painted Island.

Traffic-Responsive Plan Selection

A signal coordination method that introduces predetermined plans by means of
algorithms that respond to changing traffic conditions using data collected from
detectors.

Traffic Sign

A board, plate, screen, or another device, whether or not illuminated, displaying
words, figures, symbols or anything else to regulate, direct or warn road users,
and includes a children crossing flag, a hand-held stop sign, a parking control
sign and a variable illuminated message sign, but does not include traffic signals.

Traffic Signal

A signal that controls vehicle and pedestrian traffic at an intersection or on a road
by means of Red, Amber, Green or white light displays, and includes circular and
arrow signals, pedestrian signals, bicycle crossing signals, B (bus) and T (tram)
signals, overhead lane control signals, and twin Red or Amber signals.

Traffic Volume

The number of vehicles or pedestrians passing a given point on a lane or
carriageway during a specified period of time. Also see Demand Flow (Demand
Volume), Flow Rate, Traffic Count.

Trailing Right Turn - see Lagging Right Turn

Transponder

A device fitted to a bus, tram or emergency vehicle that allows the signal
controller to selectively identify the presence of that vehicle in a stream of mixed
traffic.

Undivided Road
A road without a median. Also see Divided Road.
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Unopposed Turn
A left-turn or right-turn movement at a signalized intersection that is made with no
opposing or conflicting vehicular or pedestrian flow allowed.

Upstream
In the direction opposite to the movement of traffic.

Urban Traffic Control System - see Wide Area Control System
Vehicle-Actuated Control - see Traffic-Actuated Control

Vehicle Passage Time
The time between the passage of the front and back ends of a vehicle from a
given point along the road.

Visor

An attachment to the face of a signal aspect to minimise the sun-phantom effect
and/or to reduce the possibility of a signal being seen by traffic for which it is not
intended. Also called Cowl.

Volume of Traffic - see Traffic Volume

Walk Time
Duration of the Walk display (steady Green person) for pedestrians.

Wide Area Control System

A signal coordination system comprising one or more centrally or regionally
located computers controlling relatively large numbers of signals, with all signals
connected to the traffic control computers, usually by leased data lines or, in
some cases, by dedicated cable systems.

Zebra Crossing - see Pedestrian Crossing
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