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6.12.2 Yellow interval

6.12.3 All-red (clearance) interval
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The following formula will provide a yellow period
that would be adequate for an average driver driving
through a junction under dry weather conditions:
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deceleration rate, taken as 3,7 m/s
speed limit or advisory speed (km/h)
reaction time, taken as 0,75 seconds
gradient on approach to signal(%)
2
acceleration due to gravity (9,8 m/s )

The above formula will allow a driver travelling at the
speed limit, but who could not stop because he or
she requires a deceleration rate greater than
2
3,7 m/s , to continue travelling at the speed limit and
reach the stop line just as the yellow interval
terminates.
The use of very short yellow intervals could lead to
dangerous driving conditions. The interval calculated
by means of the above formula must therefore be
subject to the following minimum values:
Speed limit or
Advisory speed
60 km/h or less
70 km/h
80 km/h

Minimum yellow
(seconds)
3,0
3,5
4,0

The yellow interval calculated by means of the
above formula is NOT adequate for wet weather
conditions or for drivers requiring a longer reaction
time. To accommodate such drivers and weather
conditions, a longer all-red period is provided which
can effectively be used as an extension of the yellow
period.
Practical values for the yellow interval calculated by
means of the above formula, and taking the
minimum values into account, are given in Table 6.1.
The values given in the table will cover the range of
conditions that occur most often in practice. Where
different movements or approaches require different
yellow intervals due to different approach speeds
and gradients, the longest interval should be used.
The yellow intervals given in Table 6.1 for left and
right-turn movements have been calculated for a
speed of 35 km/h. Where the geometric design of a
junction allows for faster turning movements, a
higher approach speed may be selected.
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The following formula will provide an all-red interval
that would be adequate to accommodate wet
conditions or drivers requiring longer reaction times:

V / 3.6
W

 Yellow
A r  g  G / 100 V / 3.6
2

deceleration rate, taken as 3,0 m/s
speed limit or advisory speed (km/h)
reaction time, taken as 1,0 seconds
gradient on approach to signal (%)
2
acceleration due to gravity (9,8 m/s )
Clearance width (metre)

An all-red or clearance interval shorter than that
calculated by the above formula, may be provided at
the termination of a leading right-turn phase that is
followed by a phase allowing straight-through or leftturn movements from the opposite approach. The
possibility of conflicts during this interval is generally
low because drivers on the opposite approach are
generally more aware of the right-turning traffic,
allowing the use of a shorter interval. The duration
of the required interval can be determined by
subtracting one second from the above formula.
The use of very short all-red intervals could lead to
dangerous driving conditions. The interval calculated
by means of the above formula must therefore be
subject to the following minimum values:
(a) 1 Second between leading right-turn movement
and straight-through or left-turn movements
from the opposite approach.
(b) 2 Seconds for all other movements.
The clearance width W can be measured from the
stop line to the continuation of the furthest edge of
the crossing roadway at the exit side of the junction
as shown in Figure 6.3. This is a relative simple, but
safe method for calculating all-red periods and is
recommended for general use.
The method of measuring clearance width W shown
in Figure 6.3, could result in unnecessary long allred intervals under specific circumstances. A more
precise, but relatively complex method is to measure
the clearance width from the stop line to the furthest
side of conflicting movements that will receive green
during a following phase. In many cases, this width
would be shorter than the one to the exit side of the
junction. The use of these shorter widths would
therefore result in shorter all-red intervals. When
using the method, however, specific care must be
taken to ensure that a too short all-red period is not
inadvertently given at the end of the signal phase.
Practical values of the all-red interval for a range of
conditions that occur most often in practice are given
in Table 6.1. The values have been calculated by
means of the above formula (subject to minimum
values). Where different approaches and turning
movements require different all-red intervals, the
longest interval should be used.
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TABLE 6.1: RECOMMENDED YELLOW AND ALL-RED OR CLEARANCE INTERVALS (SECONDS)
Clearance and all-red intervals for clearance widths W of
Speed limit or
Approach
Yellow
advisory speed
gradient (*)
interval
0–15m
15–20m 20–25m 25–30m 30-35m 35–40m 40–50m
Leading right-12% to -8%
3,0
1.5
2.0
2.5
3.0
3.5
4.0
5.0
turn clear
–8% to –3%
3,0
1.0
1.5
2.0
2.5
3.0
3.5
4.5
before opposing
-3% to +3%
3,0
1.0
1.0
1.5
2.0
2.5
3.0
4.0
approach
+3% to +8%
3,0
1.0
1.0
1.0
1.5
2.0
2.5
3.5
(35 km/h) [1]
+8% to +12%
3,0
1.0
1.0
1.0
1.5
2.0
2.5
3.5
Other left-12% to -8%
3,0
2,5
3,0
3,5
4,0
4,5
5,0
6,0
and right-turn
–8% to –3%
3,0
2,0
2,5
3,0
3,5
4,0
4,5
5,5
movements
-3% to +3%
3,0
2,0
2,0
2,5
3,0
3,5
4,0
5,0
(35 km/h) [2]
+3% to +8%
3,0
2,0
2,0
2,0
2,5
3,0
3,5
4,5
+8% to +12%
3,0
2,0
2,0
2,0
2,5
3,0
3,5
4,5
50 km/h
-12% to -8%
3,5
2,5
3,0
3,0
3,5
4,0
4,5
5,0
–8% to –3%
3,0
2,5
2,5
3,0
3,5
4,0
4,0
5,0
-3% to +3%
3,0
2,0
2,0
2,5
3,0
3,0
3,5
4,5
+3% to +8%
3,0
2,0
2,0
2,0
2,5
2,5
3,0
4,0
+8% to +12%
3,0
2,0
2,0
2,0
2,0
2,5
3,0
3,5
60 km/h
-12% to -8%
4,0
2,5
3,0
3,0
3,5
4,0
4,0
4,5
–8% to –3%
3,5
2,5
2,5
3,0
3,0
3,5
4,0
4,5
-3% to +3%
3,0
2,0
2,5
2,5
3,0
3,5
3,5
4,0
+3% to +8%
3,0
2,0
2,0
2,0
2,5
2,5
3,0
3,5
+8% to +12%
3,0
2,0
2,0
2,0
2,0
2,5
2,5
3,5
70 km/h
-12% to -8%
4,5
2,5
3,0
3,0
3,5
3,5
4,0
4,5
–8% to –3%
4,0
2,5
2,5
3,0
3,0
3,5
3,5
4,0
-3% to +3%
3,5
2,0
2,0
2,5
2,5
3,0
3,0
4,0
+3% to +8%
3,5
2,0
2,0
2,0
2,0
2,5
2,5
3,0
+8% to +12%
3,5
2,0
2,0
2,0
2,0
2,0
2,0
2,5
80 km/h
-12% to -8%
5,0
3,0
3,0
3,5
3,5
4,0
4,0
4,5
–8% to –3%
4,5
2,5
2,5
2,5
3,0
3,0
3,5
4,0
-3% to +3%
4,0
2,0
2,0
2,5
2,5
3,0
3,0
3,5
+3% to +8%
4,0
2,0
2,0
2,0
2,0
2,0
2,5
2,5
+8% to +12%
4,0
2,0
2,0
2,0
2,0
2,0
2,0
2,5
The all-red interval may be increased by 0,5 seconds if an integer intergreen (yellow plus all-red) interval is required

TABLE 6.2: RECOMMENDED ADDITIONAL ALL-RED INTERVALS AT SLIPWAYS (SECONDS)
Additional all-red intervals for clearance widths W s of
Speed limit or
advisory speed
0-10m
10-15m
15–20m
20–25m
25–30m
30–35m
35–40m
Turns (35 km/h)
1.0
1.5
2.0
2.5
3.0
3.5
4.0
50 km/h
0.5
1.0
1.5
1.5
2.0
2.5
3.0
60 km/h
0.5
1.0
1.0
1.5
1.5
2.0
2.5
70 km/h
0.5
0.5
1.0
1.0
1.5
1.5
2.0
80 km/h
0.5
0.5
1.0
1.0
1.5
1.5
1.5

40–50m
5.0
3.5
3.0
2.5
2.0

NOTES
1
2

A shorter all-red or clearance interval is allowed for a leading right-turn movement followed by straight-through and
left-turn movements from the opposite approach.
A speed of 35 km/h is assumed for turning movements. A higher speed may be required depending on the geometric
layout of a junction.
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Longer all-red intervals than those given in Table 6.1
may be required under the following circumstances:
(a) When a slipway is provided (see discussion
below).
(b) When a protected left-turn phase is introduced
immediately following a main signal phase
during which right-turning movements were
permitted. Field observations are required to
establish the all-red interval that would allow
right-turning vehicles to clear the junction before
the onset of the left-turn phase.
When one of the signal faces S10L, S10R, S10B or
S10T are used, the provision of the clearance (or allred) interval would mean that no light signal would
be displayed on these faces during (or after) this
interval. A red signal would, however, be displayed
to other conflicting traffic movements.

6.13

6.13.1 General
1

2

6.12.4 All-red interval for approaches with
signalised slipways
1

2

3

The provision of a signalised slipway at a junction
could result in very long all-red intervals due to the
long clearance distances involved. As shown in
Figure 6.3, provision must be made for an additional
clearance width (W s) to clear the slipway.
Different all-red intervals may be used for the main
approach and the slipway. A normal all-red period
can be provided for the main approach, while a
longer all-red period is only provided on the slipway.
Where controllers do not make provision for different
all-red periods, a late start can be introduced on the
slipway to achieve the same effect. A late start of a
few seconds would allow conflicting vehicles to clear
the conflict area before green is given to the slipway.
The additional all-red interval is required for straightthrough vehicles from the right of the slipway, as
well as right-turning vehicles from the opposite
approach. The additional all-red period can be
calculated by means of the following formula:

Additional all - red 
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Ws
V / 3.6

The clearance distance W s is measured from the
continuation of the edge of the main carriageway
nearest to the slipway, up to the furthest edge of the
slipway as shown in Figure 6.3.
For straight-through vehicles from the right, the
speed limit or advisory speed should be used in the
formula. For right-turning vehicles from the opposite
side, a lower speed of about 35 km/h may be used.
Practical values of the additional all-red interval
calculated for a range of speeds and clearance
widths are given in Table 6.2.
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The optimisation of traffic signal timings is a complex
exercise that requires a high level of expertise. Many
methods have been developed for this purpose,
some of which are more complex and refined than
others. However, even with the most sophisticated
methods, it is difficult to accurately predict traffic
operations at junctions due to the variety of factors
influencing such operations.
The general principle applied in all the methods is to
use some model for the prediction of a level of
service or performance index. The level of service is
generally based on average vehicular delay, while
the performance index is calculated as weighted
sum of delay and number of stops. The purpose
then is to find a set of traffic signal timings (and
phasing) that would optimise the level of service or
performance index (by minimising delay and number
of stops).
A signal operating at a high level of service means
that the junction is able to handle the amount of
traffic adequately for most of the time, with
acceptable delays and stops. At the other end of the
scale, the lower levels of service are associated with
high traffic demand, near or above the capacity of
the signal, and excessive delays and stops.
Delay usually manifests itself as queues, which build
up and diminish as the delay increases and
decreases. Above a critical level of delay, long
queues quickly develop and conditions become
unstable, leading eventually to severe congestion
with further increasing delay. This happens when the
demand exceeds the capacity of the signal.
A desirable level of service occurs when delays and
stops are less than what might be regarded as
tolerable or acceptable. In addition to the operational
advantages of having an acceptable level of service,
there is an important safety implication. Each stop
has the potential of becoming an accident, while
each second of excessive delay adds to driver
frustration, which results in them taking risks, thus
increasing the probability of collisions.
Fixed time control signals require a compromise set
of signal settings which would provide an acceptable
level of service over the full period during which a
particular timing plan is in operation, and not only for
one particular 15-minute or 60-minute period. The
practice according to which a model is used to
optimise traffic signal timings for one particular hour,
perhaps allowing for some peaking within the hour,
has the danger that it may result in poor operations
during other times the plan is in operation. A
compromise plan should be developed which would
ensure that excessive delays are not experienced at
any time, and which would optimise operations over
the full time period.
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Figure 6.3: Measurement of clearance widths W

6.13.2 Cycle length

6.13.3 Safety minimum green

1

1

2

3

The cycle length of a traffic signal is the duration of a
full sequence of green, yellow and red signals during
which all approaches are served.
In general, shorter cycle lengths are desirable
because delay is reduced (except when traffic
volumes are high). Cycle lengths shorter than
30 seconds, however, would not meet minimum
green requirements, while cycle lengths longer than
120 seconds (and preferably not longer than
100 seconds) should not be provided since drivers
tend to assume that the signals are not operating
and start to move through on red. The optimum
cycle length will in most cases lie in the range 50 to
100 seconds.
In many cases, the optimum cycle length would be
based on network considerations. Co-ordination of
signals is often the main determinant of the cycle
length in a signal network.

MAY 2012
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The safety minimum green time is the shortest
interval that a normal driver would expect the green
light signal to run and it is required to avoid the
situation where a vehicle starts off and then is
almost immediately faced with a red light signal; the
vehicle is not travelling fast and the driver doesn't
know whether to go on or stop, and the one behind
is even less certain as to what the one in front is
going to do.
A safety minimum green is mandatory in all
electronic controllers, independent of any user-set
timing, and violation of this must set the red signal
aspects into flashing mode.
The minimum safe green interval for a main signal
phase shall not be less than 7 seconds, but
preferably not less than 11 seconds. A left- or rightturn phase shall not be less than 4 seconds, but
preferably not less than 7 seconds.
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6.13.4 Manual method for timing traffic signals
1

There are various manual methods available for
timing traffic signals. One of the best known of these
methods is one developed by Webster (1958). A
formula was developed by Webster for the optimum
cycle length that would (approximately) minimise
total delay at a junction:

Co 

1,5  L  5
1

Y

i

in which:
Co = Optimum cycle length (seconds).
L = Total lost time per cycle (seconds).
Yi = Volume/Saturation flow ratio per critical
movement in stage i.
2

3
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Webster also indicated that cycle lengths in the
range 0,75 Co to 1,50 Co do not significantly
increase delay. The equation, however, is very
sensitive to the accuracy of lost time and saturation
flow. It is also not possible to take minimum green
times required by pedestrians into account.
An alternative, relative simple, method for
establishing fixed time traffic signal timings is
described below. Although the method is relatively
simple, it can produce good signal settings, and
sometimes even excellent settings. The method is a
variation of the critical movement analysis method
described by Webster and Cobbe (1966), the
Highway Capacity Manual of the Transportation
Research Board (1997) and in various other
publications.
The method can be used to time relatively complex
multi-phase signals. Signal phases can span more
than one signal stage, and minimum green periods
can be specified. The method can also easily be
implemented as a computer spreadsheet program.
The versatility of the method can be improved by
such a spreadsheet implementation.
The manual method is based on the premise that
traffic operations are efficient at a signal when:
(a) no traffic movement exceeds a prescribed
maximum degree of saturation during ANY 15minute interval over the period a signal plan is in
operation; and
(b) the critical traffic movements at the junction
operate at the maximum degree of saturation
during the most heavily loaded 15-minute
interval.
The 15-minute intervals used in the analysis do not
have to correspond for the different turning
movements, and can occur at different times within a
peak period.
Webster and Cobbe recommends a degree of
saturation (Xm) of 0,90 in signalised networks, but for
remotely located or isolated junctions where traffic
arrivals tend to fluctuate more, a lower value of 0,85
may be more appropriate.

TRAFFIC SIGNALS
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The timing method consists of the following steps:
(a) Start with an estimate of the optimum cycle
length Co. In signalised networks, the common
cycle length must be selected.
(b) An estimate is made of the green intervals for
each signal stage. The green interval for ONE of
the stages can be calculated by subtracting the
sum of green and intergreen intervals from the
estimated cycle length.
(c) Adjust green intervals (and the cycle length
when the signal is isolated) until all five the
following conditions are met:
(i) Green intervals may not be shorter than
minimum safety values.
(ii) Adequate time is available to accommodate
all pedestrian or pedal cyclist phases.
(iii) Maximum degrees of saturation are not
exceeded on any turning movement (0,85
for random arrivals and 0,90 for uniform
arrivals). Note that different degrees of
saturation may be used on different
approaches to the same junction.
(iv) Degrees of saturation are equal (or
approximately equal) for all critical turning
movements (movements with the highest
degrees of saturation).
(v) Cycle length does not exceed a maximum
of 120 seconds (preferably 100 seconds).
(d) At isolated junctions, signal settings should be
selected which would minimise the cycle length
(and still meet the above conditions).
9 When the above method produces very long cycle
lengths (longer than 120 seconds), it means that the
signal will be operating at near-saturated or
oversaturated conditions. When this occurs, the
method can be used with a higher maximum degree
of saturation of up to 0,95. However, it must be
realised that the signal could then be operating at
very high levels of delay.
10 The signal will operate at or above capacity when
the maximum degree of saturation is calculated as
greater or equal to 1,0. Under such conditions, the
system will become unstable with very long queues
and excessive delays. Geometric or other
improvements will be required to accommodate the
traffic demand.
11 The degree of saturation can be calculated using the
following formula for each turning movement i:

Xi 

Qi
(G i  L i )  S i / 3600  I i

in which:
Xi = Calculated degree of saturation for turning
movement i.
Qi = Traffic demand on turning movement i, per
cycle and per lane of traffic.
Gi = Total green time allocated to turning
movement i (over one or more stages).
Li = Total starting lost time experienced by turning
movement i.
Si = Saturation flow for turning movement i
(vehicles per green hour per lane).
Ii = Total number of vehicles that can turn during
the intergreen period.
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12 The traffic demand Qi per signal cycle, per lane,
required in the above formula can be calculated by
means of the following formula:

Qi 

Pi  Ti  C o
900

in which:
Co = Cycle length (seconds)
Ti = 15-Minute traffic count (vehicles per 15minute interval) for turning movement i
Pi = Proportion of traffic in the heaviest loaded
lane.
13 The proportion of traffic Pi in the heaviest loaded
lane can be estimated as the inverse of the number
of lanes available for a turning movement when
there is equal utilisation of all lanes (Pi = 1/Ni with Ni
the number of lanes). The lane utilisation should,
however, be checked and a higher value of Pi used
when it is found that drivers tend to avoid some of
the available lanes (often due to double parking).
14 An example illustrating the method is given later in
this chapter. The following section describes the
parameters required by the method.

6.13.5 Typical capacity parameters
1

2

3

4

The parameters required for establishing traffic
signal timings are starting lost time, the number of
vehicles that turn during the intergreen period and
the saturation flow rate per lane.
The starting lost time Li is the time lost during the
start of a green phase due to reaction time. This
starting lost time is usually taken as 2 seconds.
The yellow effective green is the portion of the
yellow interval which is effectively used by traffic as
green time. This time is usually taken as 3 seconds.
The number of vehicles Ii that can turn during the
intergreen period (per cycle, per lane) is usually
calculated as follows:
(a) For left-turn and straight-through movements:

Ii 

5

Yellow effective green x Saturation flow Si
3600

(b) For right-turn movements, a value of Ii is usually
taken as 1 vehicle per cycle at very narrow
junctions, 2 vehicles per lane per cycle at
average sized junctions, and 3 vehicles per lane
per cycle at wide junctions.
Saturation flow Si is the rate at which traffic will enter
the junction during a green interval. It is important to
note that saturation flow parameter is required in
units of vehicles per hour rather than in passenger
car units (pcu’s) per hour.
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The estimation of saturation flow is a complex
undertaking since it depends on a variety of factors,
such as number of lanes, vehicle composition, the
length of the auxiliary lanes, sharing of lanes
between different streams, pedestrian volumes,
gradient, time of day, driver composition, etc. A
detailed method for the estimation of saturation flow
is given in Highway Capacity Manual of the
Transportation Research Board (1997).
At critical junctions, saturation flow should preferably
be measured rather than estimated. Traffic signal
settings are critically dependent on saturation flow,
and a small error in saturation flow will result in
errors in signal settings. A method for measuring
saturation flow is described in the Highway Capacity
Manual.
Typical values of saturation flow are given in the
table below for the different turning movements.
These values can be used when operating
conditions are “average”. It is, however, important to
note that the range of saturation flows is very wide.
The inappropriate choice of the saturation flow rate
could lead to the calculation of unsuitable signal
settings.
The estimation of the saturation flow for a permitted
right-turn movement in which traffic is permitted to
accept gaps is particularly complex. The saturation
flow depends on traffic flow and queue formation on
the opposite direction. When the opposite traffic flow
is high, it is often assumed that no vehicles will
accept gaps, and the saturation flow assumed to be
zero.

TYPICAL SATURATION FLOWS
Turning
“Typical”
movement
saturation flow
(veh/hour/lane)
Left-turn without
1800
pedestrians
Straight-through
1800
Right-turn
Exclusive phase
1600
Permitted
Varies

Range of
saturation
flows
1000 - 2000
1000 - 2500
1000 - 2000
0 - 2000

10 The saturation flows given in the above table only
apply to junctions where separate lanes are
provided for each turning movement. Where the
saturation flows for the left-turn and straight-through
movements do not differ significantly (as indicated in
the table), the two movements can be combined and
analysed as if one turning movement. The saturation
flow for the left-turn movement, however, will be
significantly lower than that for the straight-through
movement at locations where heavy pedestrian
volumes occur. The left-turn and straight-through
movements cannot be combined at such locations.
11 It is not possible to combine permitted right-turn and
straight-through movements due to the large
difference in saturation flows. The movements,
however, can be combined when an exclusive rightturn phase is provided.
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6.13.6 Example calculations
1

2

3
4
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The following is an example of the manual method
for establishing optimum traffic signal timings. The
example calculations are done for the T-junction
shown in Figure 6.4. This junction is located on an
arterial in the east-west direction that is part of a coordinated network. The southern leg to the junction
does not form part of the co-ordinated system, and
arrivals are random.
The junction is located on a flat terrain and the
gradients on the approaches to the junction are less
than 3%. The speed limit on all approaches is
60 km/h. The clearance width of the junction in the
east-west direction is 17 m, from the stop line on the
approach to the extension of the exit kerb line. In
this direction, a 3,0 s yellow and 2,5 s all-red
intervals are required. On the southern approach,
3,0 s yellow and 2,0 s all-red intervals are provided.
There are no pedestrians at the junction, and no
provision is made for pedestrian signals.
The saturation flow and other parameters used for
establishing the required traffic signal timings are
given in Table A in Figure 6.4. Parameters are given
for each turning movement, and are assumed equal
for all three approaches to the T-junction.
A timing plan for the junction must be produced for a
two-hour long weekday AM peak period. The system
operates at a common cycle length of 70 seconds.
The spacing of signals on the arterial is such that
relative good progression can be obtained at this
cycle length.
The east-west street is part of a co-ordinated system
and the maximum degree of saturation on the street
should not exceed a value of 0,90. The southern leg
is effectively isolated, and the maximum degree of
saturation should not exceed a value of 0,85.
Counts taken manually in 15-minute intervals over
the peak period are given in Table B in Figure 6.4.
The maximum volumes counted for each turning
movement are highlighted in the table. The
maximum volumes are used in the calculations to
ensure satisfactory operations in each of the 15minute intervals.
The right-turn movement from the west is relatively
heavy and cannot be accommodated as a permitted
movement. Assuming that no vehicles can accept
gaps due to the heavy opposing traffic, and that only
2 vehicles can turn right during the intergreen, a total
of 29 signal cycles will be required to allow
58 vehicles to turn right. With a 70 second cycle
length, there are less than 13 cycles available in the
15-minute counting period, which do not provide
adequate opportunity for right-turn on yellow. An
exclusive right-turn phase is therefore required.
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A T-junction with the geometric layout as used in the
example allows the use of left-turn phases from both
the east and the south. The signal can then be
phased as shown in the staging diagram given in
Figure 6.4. Three stages are provided:
(a) In Stage 1, green is given to all turning
movements on the main east/west road,
although for the purposes of this example, it is
assumed that the right-turn movement from the
west will not be able to find gaps in the opposing
traffic from the east.
(b) In Stage 2, a lagging green phase is provided
for the right-turn movement from the west, while
the left-turn movement is allowed from the
south.
(c) In Stage 3, green is given to the southern
approach, while the left-turn movement is
allowed from the east.
Calculations of degrees of saturation are shown in
Table D for only one set of traffic signal settings,
given in Table C in Figure 6.4.
Some
turning
movements
(straight-through
movement from west and left-turn movements from
south and east) receive green signals over more
than one signal stage. These green signals continue
through the intergreen periods and the intergreen
periods have been added to the duration of the
green periods.
Table D shows that the critical turning movements
are the straight-through and right-turn movements
from the west, and the right-turn movement from the
south.
For the set of signal settings given in Table C, the
right-turn movement from the south is operating at
the maximum degree of saturation of 85%, while the
right-turn movement from the west is operating at
nearly the maximum degree of saturation of 90%.
The third critical movement, namely the straightthrough movement from the west is operating at a
degree of saturation of 86% that is slightly lower
than the maximum degree of saturation of 90%. This
is because there is some spare green available in
the common cycle length of 70 seconds.
The spare green could have been distributed
amongst all three stages in such a way that the
degrees of saturation would have been equal for all
three critical turning movements. However, in the
example, it is deemed advantageous to allocate the
spare green to the co-ordinated arterial where
progression can be improved by providing additional
green.
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TABLE A: EXAMPLE TIMING PARAMETERS
Turning
Saturation Starting
Veh on
flow
lost time intergreen
movement
(veh/hour)
(sec)
Left-turn
1800
2
1,5
Straight-through
1800
2
1,5
Right-turn
1600
2
1,5

TABLE C: SIGNAL SETTINGS
Stage
Green period (sec)
1
23,5
2
10,0
3
20,5
Cycle length (sec)

TABLE B: EXAMPLE TRAFFIC COUNTS (Vehicles
per 15 minute interval)
Time Time
West
East
South
begin end
ST
RT
LT
ST
LT
RT
07:00 07:15 181
54
121
93
104
95
07:15 07:30 214
55
133
97
121
98
58
141
133 109
07:30 07:45 220
99
07:45 08:00 222
51
137 108 121 118
08:00 08:15 218
45
126 111 118 111
08:15 08:30 216
53
119 101 106 115
08:30 08:45 191
49
118
94
109 101
08:45 09:00 153
45
111
93
96
99

TABLE D: DEGREES OF SATURATION
Calculation
West
East
Item
ST
RT
LT
ST
Ti
222
58
141 111
Pi
1,0
1,0
1,0
1,0
Qi
17,27 4,51 10,97 8,63
Si
1800 1600 1800 1800
Gi
39,0 10,0 49,0 23,5
Li
2
2
2
2
Ii
1,5
1,5
1,5
1,5
Xi
0.86 0,89 0,44 0,70

Intergreen (sec)
5,5
5,5
5,0
70,0

South
LT
RT
133 118
1,0
1,0
10,34 9,18
1800 1800
35,5 20,5
2
2
1,5
1,5
0,56 0,85

Figure 6.4: Example signal timing of a signalised T-junction
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SIGNAL TIMING AND PHASING

6.14.3 Manual timing method for co-ordinated
signals

FIXED TIME SIGNAL COORDINATION

1

6.14.1 General
1

2

3

Signal co-ordination is necessary in systems where
upstream junctions influence operations at
downstream junctions. Proper co-ordination can
smooth traffic flow and reduce delay as well as
number of stops, which are important benefits of a
co-ordinated system.
Fixed time signals are particularly suitable for use in
co-ordinated systems because of the repetitive
nature of vehicle platoons occurring in such
systems. Traffic demand in such systems is also
less likely to fluctuate from cycle to cycle, with the
result that fixed time signal timing plans can perform
very well when they are properly determined and
maintained.
Traffic demand may change throughout the day and
different timing plans will be required to cope with
such changes.

2

3

6.14.2 Timing of co-ordinated systems
1

2

3

4

5

The optimisation of co-ordinated signals is an even
more complex exercise than that of single junctions.
Manual methods are available for this purpose, but
are not as accurate, particular when traffic volumes
are high. Computer methods are generally preferred.
The timing of co-ordinated signals is also based on
the optimisation of a performance index or level or
service, although greater weight should be given to
number of stops. Reducing the number of stops is
an important objective in establishing optimum
signal offsets.
In co-ordinated signal systems, a common cycle
must be used at all signals. The use of such a
common cycle length synchronises the signals and
assures that the relative timings of the signals will be
repeated regularly. This synchronisation can also be
achieved by the selection of cycle lengths with a
common multiple. Such multiple cycle lengths,
however, are not often used in signalised systems.
Traffic signals are co-ordinated by establishing a set
of signal offsets that determine relative time
relationships between adjacent signals. The offset is
the time at which a particular stage commences
(sometimes the time at which an interstage
commences) relative to a certain instant used as a
time reference base. The same reference stage is
normally selected for all signals in a system
(typically stage number 1).
It is often only possible to properly co-ordinate
signals on two-way roads in one direction. It is
normal practice to favour the direction with heavier
traffic flows. If both directions carry more or less
equal traffic volumes, it will be necessary to
compromise between the two directions.

TRAFFIC SIGNALS

The manual method for co-ordinating signals
requires the calculation of cycle lengths that would
satisfy the 0,90 maximum degree of saturation
criterion. Cycle lengths are calculated for each
signal in the system and usually the longest cycle
length is selected to be the common one for the
system (subject to maximum cycle length
restrictions). The result of this approach is that the
critical, heaviest loaded signal will be operating at
0,90 saturation, whilst all the others in the system
will be less than this. The cycle length may be
increased to improve signal co-ordination.
Signal offsets are established to allow vehicles to
travel through the system without stopping. The
offsets should therefore allow that a) the queue at a
signal first departs before b) vehicles from the
upstream junction arrive at the junction on green.
The dispersion of platoons as they travel through the
network should also be taken into account.
The calculation of the time required by the queue to
depart, as well as the dispersion of platoons, is a
complex exercise and cannot readily be undertaken
manually. This problem is particularly important
under heavy flow conditions.

6.14.4 Progression diagrams
1

2

3

4

A progression diagram (sometimes called a spacetime or distance-time diagram) is a graphical
representation of the spatial position of traffic signals
and their relative signal timings. The positions of
each signal along a single co-ordinated route are
plotted usually on the horizontal axis and the signal
timings, the red, yellow and green intervals for the
phases serving the route, are then plotted vertically.
An example is shown in Figure 6.5.
Once the common cycle time and the individual
splits have been determined, the relative offset of
each signal timing can be adjusted, by moving the
signal timings vertically up or down, so as to obtain
the best progression between the green windows of
each signal. The key to this is in plotting the
progression bands as pairs of lines sloping up and
down (for the two directions of travel). These bands
represent the flow of vehicles through the system.
The slopes of the lines inversely represent
progression speeds - the steeper the lines, the lower
the speeds.
The process is largely one of trial and error, and in
the final analysis, there is no quantified indicator of
effectiveness of the final result (except bandwidth).
Value judgements must be made by examination of
the final progression diagram, taking due account of
the traffic flows on each link.
In the example (Figure 6.5), there are 4 signals that
st
th
are positioned (from 1 to 4 Streets) at 400 m,
300 m and 300 m apart. The cycle time has been
established at 60 seconds and a progression speed
of 60 km/h has been selected. The diagram shows
that the bandwidth is relative narrow due the close
th
spacing of the signals. The progression from 4
st
Street to 1 Street is slightly better than in the other
direction.

SARTSM – VOL 3

MAY 2012

Figure 6.5: Example progression diagram

4

6.14.5 Platoon dispersion diagrams
1

2

3

Traffic signal co-ordination should preferably be
undertaken using traffic flow models that adequately
account for queue formation and platoon dispersion.
These models require complex calculations that can
only practically be done on a computer.
Various computer models are available for modelling
traffic flow in a network of signalised roads and
streets. Some of these models use “macroscopic
simulation” techniques to manipulate average flow
patterns as shown in Figure 6.6. Two important
patterns are shown in this figure, namely the IN and
OUT flow patterns.
The IN flow pattern indicates how average traffic
flow rate would have varied if green signals were
continuously displayed at the signal. The IN pattern
therefore provides an indication of traffic demand
throughout the signal cycle. The variation in the
pattern is representative of platoon dispersion as it
moves down a link. A typical platoon will consist of a
“head” representing the queue that departs from the
upstream junction, and a “tail” representing vehicles
that have arrived at the upstream junction after the
queue has departed.

MAY 2012
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The OUT flow pattern indicates average traffic
departures from the stop line. This pattern is
typically zero while the signal is red. During the early
part of green, it shows a peak corresponding to
saturation flow rate. For the remainder of the green
period, the out pattern follows the IN pattern
because outflow is then equal to inflow.
The output of a macroscopic simulation model is
shown in Figures 6.7a and 6.7b. The figures show
traffic flow patterns on a distance-time diagram
similar to the one in Figure 6.5. The positions of the
signals are shown on the horizontal axis, and the
signal timings on the vertical axis. Progression
speeds are shown as sloped lines in both directions
of travel (a progression speed of 60 km/h was used
in the model).
Two sets of flow patterns are shown in the figures
for each signal on the route, one for each of the two
directions of travel. The IN flow patterns are
indicated by solid lines, while the OUT flow patterns
are shown by broken lines.
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Figure 6.6: IN and OUT flow patterns at a traffic signal

TRAFFIC SIGNALS

SARTSM – VOL 3

MAY 2012

7

Ideally, a platoon should arrive at a signal after the
queue has departed from the signal. Any platoon of
vehicles arriving either during the red period or while
the queue is departing, will have to stop and
experience delay. Progression would then be poor.
8 The platoon dispersion diagram in Figure 6.7a
shows the traffic flow patterns for the same traffic
signal timings used in Figure 6.5. The flow patterns
st
th
indicate that platoons travelling from 1 Street to 4
Street continually have to stop at the next signal.
Few vehicles are able to travel in this direction
without stopping.
th
9 The progression in the other direction from 4 Street
st
to 1 Street is somewhat better, although platoons
nd
rd
arriving at the 2 and 3 Streets have to stop. At
these two streets, the progression is poor in this
direction. The only acceptable progression occurs at
st
1 Street where the platoon arrives after the queue
has departed.
10 An alternative solution is shown in Figure 6.7b that
allows for somewhat better progression in both
directions. Most platoons arrive after the queues
have departed, or departed partially. The
progression, although not perfect, is significantly
better than that shown in Figure 6.7a.
11 The above example illustrates the need for using
sophisticated traffic flow models in signal coordination problems. Such models, however, are not
always readily available, and use will have to be
made of the manual method of constructing
progression diagrams. It should, however, be
realised that such diagrams have certain limitations
and that fine-tuning in the field will probably be
required. However, such fine-tuning will anyhow also
be required even if the most sophisticated models
are used.

6.14.7 Co-ordinated signals and speeding
1

2

3

6.14.8 Obstructive (damaging) queue lengths
1

2

6.14.6 Progression speed
1

2

3

4

5

Progression speed is the average speed at which
vehicles would be travelling should there have been
perfect progression. Progression speed can be
estimated, but it should preferably be measured.
The measurement of progression speeds can be
undertaken by directly measuring speeds of vehicles
or by the floating vehicle method. In the floating
vehicle method, a driver in a test vehicle attempts to
drive at the average of the speeds selected by other
drivers. It is important that a calibrated speed
measuring device is available in the test vehicle.
The floating vehicle method has the advantage that
speed can be measured relatively easy over a
length of road. Direct measurement of speeds may
require observations at several points along a road.
Care should be taken to exclude the effect of the
downstream junction, as well as vehicles queued at
the junction, on progression speeds. The speed
measurements should therefore be taken some
distance away from this junction.
The progression speed can be different for different
periods of the day. During peak periods, the speed
would typically be lower than during off-peak
periods, depending on how heavily the road network
is loaded with traffic during the different periods.
Different speed measurements may be required for
the different time periods.
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The co-ordination of traffic signals can lead to
speeding on a road or street. It is therefore important
that signals should not be co-ordinated for a
progression speed higher than the speed limit on the
road.
Speeding may occur when green light signals are
displayed simultaneously continuously along a
street. Drivers confronted with a series of green light
signals on a road will be tempted to speed to avoid
being caught on red at a downstream junction.
Green that is terminated too soon at a junction may
also result in speeding. Drivers quickly learn the
signal timings along a road, and they may resort to
speeding in order to reach a junction while it is still
displaying a green light signal.

3

4

5

Obstructive or damaging queue lengths are those
that block upstream junctions and accesses or that
interfere with the progression of traffic. It is important
that attention should be given to such queues when
establishing timings for co-ordinated traffic signals.
One simple and direct way of reducing queue
lengths is to increase the amount of green given to a
particular approach. This can be done by shifting
green time from one approach to another, if spare
green is available on such an approach. A shift of as
little as two seconds can produce a dramatic change
in queue length on saturated approaches. Two
seconds of additional green time per cycle will
generally allow one more vehicle per lane to clear
the junction each cycle. If a queue has been building
for 20 cycles, an additional two seconds per green
can mean a reduction in queue length of
20 vehicles.
It may also be possible to reduce queue lengths by
using shorter cycle lengths. Longer cycle lengths
have longer red periods during which long queues
will build up. This option, however, will only be
successful if the network is not operating near to
capacity.
Another method of reducing queue lengths is by
providing protected right-turn phases when there is a
heavy right-turn movement. Providing such phases
may, however, reduce the amount of green time
available for other turning movements. It is important
that proper attention should be given to the optimal
timing of each phase.
It may also be possible to improve the capacity of a
junction through geometric improvements such as
additional lanes, increasing turn radii, etc. In some
cases, it may be possible to simply improve
delineation through a junction.
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Figure 6.7a: Example platoon dispersion diagram

Figure 6.7b: Example platoon dispersion diagram with improved offsets
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Where it is not possible to increase the capacity of a
junction, consideration can be given to implement
“metering” methods whereby the rate of vehicle
arrivals is reduced. This can be achieved by
reducing green times at upstream junctions. A
reduction in arrival rate of one vehicle per upstream
cycle could mean a reduction in queue length of
20 vehicles after 20 cycles.
The metering method is only effective when there is
an upstream location available in the system where
long queues can be accommodated. A possible
location for storing such long queues is at large
traffic generators such as parking areas. Signals can
be installed at such generators that will only release
as many vehicles that can effectively be handled by
the street network. The queues will then form inside
the generators rather than on the network where
they may block junctions and reduce the capacity of
the network.
Where it is not possible to reduce queue lengths by
increasing capacity or reducing traffic demand, use
can be made of “reverse progression” in which
queues are first allowed to depart from a junction
before traffic from the upstream junction is allowed
to enter.

6.15
1

2

3

6.14.9 Timing plan transition
1

2

3

4

5

The transition from one timing plan to another is not
a trivial problem. Different timing plans could have
different cycle lengths and phase sequences. Proper
transition is then required to minimise disruption to
traffic flow.
Care should be taken in timing plan transitions to
ensure that minimum greens, intergreens and
pedestrian clearance intervals are not violated or
that excessive queues do not build up.
The most basic transition method is the “extended
main-street green” in which a timing plan is kept in
force until main-street green is about to end. The
main-street green is then extended up to the time at
which the new timing plan calls for its termination.
This method has the disadvantage that it can result
in some main-street greens that are very long, but it
has the advantage that it is simple to implement.
An alternative method is to restrict the main-street
green extension to a maximum of say 10 seconds.
The transition is then achieved over more than one
cycle. This method has the advantage that the
length of the main-street green can be restricted, but
has the disadvantage that a long transition period
may be required. Such long transition periods could
lead to serious disruptions in traffic operations.
A more efficient transition can be achieved by
extending all green periods at a signal by using a
longer cycle but fixed green splits. Transition can be
achieved over a shorter period without extending
one particular green unnecessarily long. The
algorithm to implement this form of transition,
however, is complex and the method relatively
difficult to implement.
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FINE-TUNING TRAFFIC SIGNALS

Calculated signal settings will usually need to be fine
tuned after they have been in operation for a while.
Once the traffic patterns and behaviour have settled
down, observations should be made of the
effectiveness of the signal operation in dealing with
the volumes of traffic. Minor adjustments can then
be made to the timings in the light of these
observations. Major anomalies or inefficiencies may
require a more comprehensive updating of signal
timings, and possibly phasing, with further data
collection.
Various methods of fine-tuning have been proposed
and have been used. One of these is by undertaking
delay (or queue length) studies. The signal settings
can be adjusted and the delay study repeated. This,
however, is a time consuming process and is
therefore often not undertaken.
A simpler, but not as accurate, method is to observe
the “utilisation” of each critical green phase. This
utilisation is determined as the amount of green time
actually utilised by vehicles as a percentage of the
total available green. This utilisation should be about
equal for all critical green phases, and should not be
more than 85% for remotely located or isolated
junctions and 90% in signalised networks.
Signal offsets can be fine-tuned by observing
platoons arriving at signals. Good offsets are
obtained when a platoon arrives just as the queue at
a signal departs, in such a way that the platoon and
the queue combine and form a new platoon towards
the next traffic signal.
The requirements of pedestrians are paramount
when timing signals. It is often the case that the
pedestrian clearance interval determines the length
of the vehicular green period. In this case, there is
little that can be done to alleviate the problem by
adjusting signal timings, so other measures should
be investigated, e.g. providing pedestrian phases
only on demand using push buttons, construction of
central refuges, or grade separation.

6.16

SIGNAL TIMING CONFIGURATION
DIAGRAMS

6.16.1 General
1

2

Traffic signal timings and phasing must be
documented and approved by a responsible
registered professional engineer or registered
professional technologist (engineering) of the road
authority concerned. These timings must be shown
on diagrams that must be kept by the road authority
in control of the traffic signals.
An example of signal timing diagrams is given in
Figures 6.8a to 6.8d. The example applies to a fourlegged junction, in which right-turn phases are
provided in the north/south direction. The signal can
be operated in full-actuated, linked semi-actuated or
linked fixed time control modes. Detectors are
provided on all approaches.
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6.16.2 Signal group and staging diagrams
(Figure 6.8a)
1

2

3

4

Figure 6.8a contains signal group [SABS phase]
and staging diagrams. The geometric layout of the
junction is shown together with detector loops and
the detector unit numbers to which the loops are
connected. Signal group numbers have been
allocated to traffic signal faces controlling various
turning movements. Vehicular signal groups have
been numbered from A to G while pedestrian signal
groups have been numbered I to K.
Stage definitions are also shown in Figure 6.8a.
Provision has been made for all possible stages that
may be used at the junction in any signal plan.
Specific stages will be selected for use in each
signal plan (in subsequent tables).
The stages defined in the example provide for
flexibility in the provision of right-turn phases on the
northern and southern approaches. Stage 2 can be
provided when there is a demand for right-turn
phases on both approaches while Stages 3 and 4
can be provided when there is a demand on only
one of the approaches. Stage 5 can be provided
when the above flexibility in selecting right-turn
phases is not required and there is a demand on
either of the two approaches (such as with linked
semi-actuated control).
The stages must be numbered according to the
sequence in which they are to be displayed. The
controller
examines
stages
sequentially
according to stage numbers and will implement
the next stage that is allowed in a plan (if it is not
skipped).
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4

5

6.16.3 Signal group and stage data tables
(Figure 6.8b)
1

2

Figure 6.8b shows a number of tables required for
defining various types of signal group [SABS
phase] and stage data. The data given in these
tables are the same for all signal plans, and no
differentiation is made at this stage between
different signal plans. Five tables are shown in the
figure.
The first table defines data for each signal group.
This table contains the following data:
(a) Signal group [SABS phase] number (letters
have been used to number the signal groups).
(b) Type of phase served by signal group (main
phase, left-turn phase, right-turn phase,
pedestrian phase or pedal cyclist phase).
(c) A delay period by which the onset of the green
period is delayed. This facility can be used for
various purposes. An important use is on
slipways to provide additional all-red period to
allow crossing vehicles to clear the slipway
before the onset of green.
(d) For vehicular phases, the lengths of the
minimum safety green, yellow and all-red
intervals. The shortest all-red interval required
by each phase is entered (longer all-red periods
can be indirectly specified in the second table).
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(e) For pedestrian and pedal cyclist phases, the
lengths of the steady green, flashing red and
minimum steady red intervals are required.
(f) Some signal phases can continue over a
number of stages. The P/N code in the table
indicates whether green must start or end during
the previous or next intergreen intervals.
(g) Definition of signal groups [SABS phases] that
would be in conflict with each other. Whenever
the controller detects that right of way is given to
any of the conflicting signal groups it reverts to
flashing mode. Signal groups A and E, for
example, are conflicting since it would be unsafe
if they were displayed simultaneously. This is a
very important safety feature and requires
careful attention. Some controller configuration
programs can generate this table from other
supplied data, and the data is then not required.
The second table defines permitted stage to stage
movements as well as interstage times. When a
controller is in one particular stage, it will only move
to the next stage when such movement is permitted
in the table. When the controller is, for example, in
Stage 2, it can move to Stages 1 and 6 but not to
Stages 2, 3, 4 or 5.
The interstage time between two stages must be at
least as long as the longest yellow plus all-red time
defined in the signal group data table. When a
longer interstage time is entered, the all-red
period is extended.
The third table is used to define detector data. This
table can be ignored when no loop detectors are
provided. When detectors are provided, the following
data must be entered:
(a) Detector unit number, the index number of the
detector unit and not the loop. More than one
loop can be connected to a detector unit.
(b) Signal group number called and extended by
the detector (required by some controller
configuration programs).
(c) Extension time, the time the green period is
extended when a vehicle moves off a detector
loop. The green is continuously extended while
a vehicle is detected on a loop. The extension
time can be made zero, in which case a detector
only serves as a calling detector.
(d) Whether calls should be latched or not. When a
call is not latched, a call by a vehicle is dropped
as soon as it moves off a detector loop. Long
stop line calling detector loops (4 m long) are
used in the example, and it is therefore not
necessary to latch the calls. Extension loops do
not need to be latched.
(e) Call delay, the time by which a call is delayed.
The last table is used to program the method
according to which the controller selects stages. The
method used in the example requires Boolean
(logical) equations. Another method that is used in
some controllers requires the writing of a computer
program for this selection process. The Boolean
method is somewhat simpler, but may not be as
flexible as the programming method.
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The Boolean method logically combines different
detector calls to establish whether a stage should be
implemented. Stages are examined sequentially
(according to stage numbers), and the first stage
implemented which is both allowed and for which the
Boolean equation is TRUE. If the logic indicates a
FALSE value, the next allowable stage is examined
for possible implementation. Allowable stages are
those for which the stage movement is permitted.
8 The following Boolean operators can be used in the
logical equations:
(a) An OR operator according to which a stage will
be implemented when a call has been placed at
ANY of the indicated detector units.
(b) An AND operator according to which a stage will
be implemented when a call has been placed at
ALL the indicated detector units.
(c) A NOT operator according to which a stage will
be implemented when a call has NOT been
placed at ALL the indicate detector units. The
NOT and AND operators can be combined.
(d) Parenthesis may be used to give higher
precedence to specific portions of a logical
equation.
9 In the example, stages are selected as follows:
(a) Stage 1 will be selected when a demand has
been registered at detector units 7 or 8 or the
pedestrian detector unit P3.
(b) Stage 2 will be selected when a demand has
been registered at both detector units 2 AND 5.
The double right-turn green will only be provided
when there is a right-turn demand on both
approaches.
(c) Stage 3 will be selected when a demand has
been registered at detector unit 2 (since stage 2
is first tested, this stage would be selected when
NO demand has been register at detector 5).
(d) Stage 4 will be selected when a demand has
been registered at detector unit 5 (and there Is
NO demand registered at detector 2).
(e) Stage 5 will be selected when a demand has
been registered at either of the two detector
units 2 OR 5.
(f) Stage 6 will be selected when a demand has
been registered at detector units 1,3,4 OR 6, or
at the pedestrian detector units P1 or P2.
10 Note that the stage sequencing table does not allow
for any movement between Stages 2 to 5 (except
from Stage 3 to Stage 4). This means that only one
type of right-turn phase will be provided (except that
Stage 4 may follow Stage 3). Stage 6 will be
implemented after any of the right-turn phases, but
only if a demand has been registered for the stage.
11 In addition to specifying the stage selection method,
it is also necessary to specify the detectors that
extend a particular stage. These may be the same
detectors used to register demands, or they may
differ. In the example, only subsets of the detectors
are used to extend stages.
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6.16.4 Signal plan and timing tables
(Figure 6.8c)
1
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The traffic signal data provided so far do not
differentiate between traffic signal plans and are
therefore generic to all signal plans. This in fact
means that safety related provisions should have
been made for the needs of all the traffic signal
plans, even if no reference has been made to any of
the signal plans.
Two tables are used in Figure 6.8c for the definition
of signal plan and timing data. The first table is an
event table that shows the days of the week (and
holidays) and the times a signal plan is in operation.
The second table provides timing data for signal
stages.
Some controllers allow a signal plan to be used with
different offsets, and the offsets are therefore
defined as part of the event table. Note that the
offsets in the example have been defined as the
time at which Stage 1 starts relative to a base time.
A fallback plan number may also be specified. The
controller reverts to this plan number when a fault is
detected which is not serious enough to warrant
flashing operations. The morning peak plan is often
selected as the fallback plan.
Signal plans may be defined for different days of the
week and time of day. Plans may also be defined for
holidays. The following days may be defined:
(a) One of the seven days of the week, e.g.
Mondays, Tuesdays, Wednesdays, etc.
(b) Mondays to Thursdays as a group.
(c) Mondays to Fridays as a group.
(d) Mondays to Saturday as a group.
(e) Holidays and Sundays.
(f) Holidays.
(g) Every day except holidays
(h) Every day including holidays.
Some controllers allow signal plans to operate in
different modes of operation. In the example, the
signal can operate in one of three modes of
operation, namely fully-actuated, linked semiactuated and linked fixed time.
Different subsets of signal stages may be selected
for each traffic signal plan. The controller will only
display these selected stages, in the sequence
allowed by the permitted stage to stage movement
table. Each stage can be indicated as a permanent
always-run stage or one that can be skipped. A
permanent stage will always be displayed even if no
traffic demand has been registered. In linked semiVA mode, the time saved by skipping a stage can be
transferred to another specified stage number.
For each selected stage, minimum and maximum
green periods must be given. The minimum times
should not be shorter than the minimum safety times
or the minimum time required by pedestrians given
in the signal group data table.
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In the example, a fully-actuated implementation is
shown for Signal Plan 1. All five stages can be
called in this plan, depending on whether demands
have been registered for right-turn phases. All
phases may be skipped in this plan. While a stage is
being implemented, the controller continuously
scans detectors for traffic demands (subject to the
provision of minimum green). Once a demand is
registered, the controller will implement the stage
that satisfies this demand according to the stage
selection process. Other stages for which no
demand has been registered are skipped in this
process.
10 A linked semi-actuated implementation is shown for
Signal Plan 4. In this plan, only three of the available
stages are used. Stages 1 and 6 must always be
provided, while Stage 5 is provided only when there
is a right-turn demand on both of the northern and
southern approaches.
11 In Signal Plans 2 and 4, the signal is operated in
linked fixed time mode. The application is relatively
straightforward. Subsets of stages have been
selected and all have been marked permanent,
meaning that they must be implemented irrespective
of traffic demand. Each plan allows for the provision
of a right-turn phase, but this phase is always
provided, irrespective of traffic demand.
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Signal groups and staging
Signal groups [SANS phases]

Signal staging (showing signal groups)
Stage 1

Stage 2

Stage 3

Stage 4

Stage 5

Stage 6

Stage 7

Stage 8

Notes – Stage 1 should be selected as the first permanently available stage, preferably on the main road.
Stages given and numbered in the sequence they will be displayed.
DESIGNED BY


Consulting
Engineer

APPROVED BY

Signed
Name
Position
Registration
Date


Responsible
Authority

Signed
Name
Position
Registration
Date

N/S Street
&
E/W Street
Junction No:
NNNN

Figure 6.8a: Example signal timing diagram - Signal groups and staging
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Signal group and stage data
Signal group [SANS phase] data (defining safety minimum green, yellow and all-red intervals)
Signal
group

Phase
type

Green
delay

Min green/
Ped green

Yellow/
Flash man

Min
all-red

A
B
C
D
E
F
G
I
J
K

Main
RT
Main
RT
Main
LT
LT
Pedestrian
Pedestrian
Pedestrian

3,0
3,0
-

7,0
5,0
7,0
5,0
7,0
5,0
5,0
5,0
5,0
5,0

3,0
3,0
3,0
3,0
3,0
3,0
3,0
5,0
5,0
8,0

1,0
1,0
1,0
1,0
2,5
1,0
1,0
5,5
5,5
5,5

P
N

A

B

C

Signal group conflict monitoring
D E F G
I
J
K
X

X
X
X
X

X
X
X
X
X

X

X

X
X
X
X
X

X
X

X

X
X

X
X

X

X
X
X

X
X
X

X

X In conflict

Interstage times and stage to stage movements

1
2
3
4
5
6
7
8

Detector data

To stage
1

2

3

4

5

6

X
5,5
5,5
5,5
X
5,5

5,5
X
X
X
X
X

5,5
X
X
X
X
X

5,5
X
5,5
X
X
X

5,5
X
X
X
X
X

5,5
4,0
4,0
4,0
4,0
X

Stage selection (programming)

7

Detector
Unit No

8

1
2
3
4
5
6
7
8

When no demand
revert to stage

Stage

Select stage when demand detected by

Extended by

1
2
3
4
5
6
7
8

7 or 8 or P2
2 and 5
2
5
2 or 5
1 or 3 or 4 or 6 or P1 or P2

8
2 or 5
2
5
2 or 5
3 or 6

1

OR = Stage selected when demand detected at ANY of the detector units
AND = Stage selected when demand detected at ALL of the detector units
NOT = Stage selected when NO demand detected at ALL of the detector units
DESIGNED BY


Consulting
Engineer

Signal Extension Latch call
Call
group time (sec)
(Y/N)
delay (s)
A
B
A
C
D
C
E
E

0,0
3,0
3,0
0,0
3,0
3,0
0,0
3,0


Responsible
Authority

N
N
N
N
N
N
N
N

P1

I

N

P2

J

N

P3

K

N

Pedestrian push button call delay indicates the
time buttons must be pressed to register demand

APPROVED BY

Signed
Name
Position
Registration
Date

X
X

X

Phase types: Main, Left-turn, Right-turn, Pedestrian, Cyclist
Green delay used to provide additional all-red interval (e.g. on slipways)
P/N: Green starts or ends with Previous or Next intergreen period

From
Stage

X
X
X
X

X

X

X

X

X

Signed
Name
Position
Registration
Date

N/S Street
&
E/W Street
Junction No:
NNNN

Figure 6.8b: Example signal timing diagram - Signal group and stage data
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Event table

Fallback Plan No

2

Day of week

Start
time

End
time

Plan
No

Offset
Stage 1

Day of week

Start
time

End
time

Plan
No

Offset
Stage 1

Monday to Friday
Monday to Friday
Monday to Friday
Monday to Friday
Monday to Friday

00:00
07:00
09:00
16:00
18:00

07:00
09:00
16:00
18:00
24:00

1
2
4
3
1

N/A
12
9
15
N/A

Saturday
Saturday
Saturday
Sunday

00:00
08:00
14:00
00:00

08:00
14:00
24:00
24:00

1
4
1
1

N/A
24
N/A
N/A

Stage
7

Stage
8

Cycle
length

Signal plans and timings
Plan
No

Mode

1

Fully
VA

2

Linked
fixed
time

3

Linked
fixed
time

4

Linked
semiVA

5

6

7

8

9

10

Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip
Min green
Max green
Perm/Skip

Stage
1

Stage
2

Stage
3

Stage
4

13,0
40,0
S
30,0
30,0
P
22,0
22,0
P
25,0
25,0
P

7,0
25,0
S
10,0
10,0
P

7,0
25,0
S

7,0
25,0
S

Stage
5

Stage
6

8,0
8,0
S(1)

10,0
40,0
S
25,0
25,0
P
28,0
28,0
P
22,0
34,0
P

35,0
35,0
P

Modes: Fixed time, Linked fixed time, Fully-VA, Semi-VA, Linked semi-VA.
DESIGNED BY


Consulting
Engineer


Responsible
Authority

100,0
100,0
70,0
70,0

P = Permanent, S= Skip stage
(Linked semi-VA: Extend stage number)
APPROVED BY

Signed
Name
Position
Registration
Date

80,0
80,0

Signed
Name
Position
Registration
Date

N/S Street
&
E/W Street
Junction No:
NNNN

Figure 6.8c: Example signal timing diagram - Signal plans and timings
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VEHICLE-ACTUATED CONTROL

CHAPTER 7:
7.1
1

2

3

7.2
1

2

3

7.1

VEHICLE-ACTUATED CONTROL

INTRODUCTION

7.3

There are a number of different modes whereby
traffic signals can be controlled. The most common
modes are:
(a) Fixed time control in which the sequence and
duration of each phase is the same in each
cycle (in one timing plan).
(b) Vehicle-actuated
control
in
which
the
appearance and, in the case of vehicular
phases, the duration of each phase is
dependent upon demands input from vehicle
detectors and pedestrian push buttons.
(c) Traffic adaptive and responsive control in which
the duration of each phase is determined using
on-line optimisation models. Traffic adaptive
control employs relatively simple models for this
purpose, while models that are more complex,
are used in traffic responsive control systems.
Vehicle-actuated signals allow signal indications to
vary in accordance with the actuation of vehicle
detecting devices. Signal intervals are selfadjustable according to real time traffic demand,
within certain limits.
Vehicle-actuated signals can provide considerable
savings in delay when compared to fixed time
signals at remotely located (isolated) junctions.
However, they tend to increase the number of stops
on actuated approaches.

1

2

3

4

APPLICATION OF VEHICLEACTUATED CONTROL
Vehicle-actuated control can provide very efficient
traffic operations under specific circumstances.
Vehicle-actuated control performs best at remotely
located, isolated junctions where traffic arrivals tend
to be random. Fixed time control is less effective at
isolated junctions where it cannot readily adapt to
vehicle arrivals.
Vehicle-actuated control tends to become ineffective
in signalised networks where traffic arrivals are
cyclic. Efficient traffic control of a network involves
not only the control of individual junctions within the
network, but also the effective integration of
junctions into a co-ordinated system. This will
ensure the smooth flow of traffic through the network
and minimises stop-and-go cycles. Under these
conditions, fixed time control is more suitable than
actuated control.
Vehicle-actuated control can, however, be
incorporated into a linked co-ordinated system by
providing a common cycle length as a background
cycle, so that side-street demands do not interfere
with progression along the main street. A vehicle on
the side street may only place a demand for a green
interval during a predetermined time "window". Any
unused green on side-street phases can be
transferred to the arterial. Linked vehicle-actuated
control can provide benefits on arterial streets, but is
less effective in more involved networks.

MAY 2012

5

6

STRATEGIES OF VEHICLEACTUATED CONTROL
In vehicle-actuated control, signal timings are varied
according to the presence of traffic flows, making
optimum use of green times to serve phases only
when there is a demand. Different actuated control
strategies have been developed, but all with the
same objective, to keep the junction busy and to
eliminate idle green time, thus minimising delay
to vehicles.
One strategy of actuated control is the volumedensity controller, which has the ability to calculate
the duration of green based on actual demand. It
also has the feature that intergreen intervals can be
adjusted according to actual speeds, thereby
reducing lost time during the intergreen.
The basic vehicle-actuated control strategy is
commonly used in South Africa. The objective of this
strategy is to improve operations with a control
strategy which is simple and robust to implement.
The lengths of the intergreen intervals are
established as for fixed time control and only the
green periods are varied.
The basic vehicle-actuated control strategy attempts
to minimise delay by extending green phase only for
the duration queues are present on approaches
receiving green. A green period that has been
terminated before a queue has been served will
result in a queue being cut off too early. The
overflow of vehicles can only be discharged in
subsequent greens, which increases delay. If the
next green phase is again too short, the queue will
grow, causing excessive delay (the signals are
oversaturated).
However, should a too long green period be
provided, it would result in lost efficiency every time
that the departure flow rate drops below the
maximum saturation flow rate. Such maximum
saturation flow rate is normally only achievable when
there is a queue of vehicles on an approach. The
delay on approaches receiving a red signal
increases while approaches receiving green light
signals are operating at low levels of efficiency.
The method used to detect the end of a discharging
queue is by searching for a gap between two
vehicles. A long gap would normally only appear
after a queue has discharged, thus indicating that
the queue has departed. A gap is found if no further
vehicles are detected over a certain distance, called
the detection area, as illustrated in Figure 7.1.
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Figure 7.1: Searching for gaps in the traffic stream

7.4

FULLY- AND SEMI-ACTUATED
CONTROL

7.4.1
1

2

3

1
2

3

4

1

General

Detectors on all the lanes or approaches to a
junction are not always needed. If detectors are
used only on some lanes or approaches, it is
referred to as semi-actuated control. In fullyactuated control, detectors would normally be used
on all lanes or approaches.
Fully-actuated control allows for the extension of all
green intervals provided at a signal. This mode of
control finds primary application at isolated junctions
since it cannot be co-ordinated with other signals
without losing the flexibility for which it was
designed.
Semi-actuated control is used to call and extend
only a subset of phases at a traffic signal, such as a
right-turn or the side-street phase. Semi-actuated
control can also be used in a linked or co-ordinated
signal system.

7.4.2

7.4.3

Fully-actuated control

3

4

Semi-actuated control can be used at isolated
junctions or in linked co-ordinated signals systems.
At isolated junctions, it would normally operate with
a variable cycle length, and there is no need to
transfer any time saved during one stage to another
stage.
In such a system, the main street is usually favoured
and the main street green phase is always provided.
The main street receives a minimum duration of
green, after which it "rests" in this green until a
demand for a right of way change is detected on
either a right-turn lane or on a side street.
The controller only switches to green after a
minimum time period, to allow for the accumulation
of a number of vehicles on stopped approaches
before a green light signal is provided.
The duration of the right-turn or side-street green is
either fixed, or extendible up to a maximum interval.
Once a gap is detected, or maximum green has
expired, right of way reverts back to the major street,
and the operations are repeated.

7.4.4

Fully-actuated control allows for the extension of all
green phases provided at a traffic signal.
In a fully-actuated signal, the controller displays a
particular signal stage, usually on the main road, for
a minimum period of time (minimum green), after
which it “rests” in this stage until a demand for a
right of way change is detected.
The maximum green timer is started at the time a
demand for a right of way change is detected. If the
current minimum green timer has not elapsed, the
controller waits for minimum green to terminate. The
controller then waits for a gap in the traffic, subject
to the maximum green interval timer.
Once a gap is detected or the maximum green
expires, the signals are changed to a new stage by
the controller (a “gap change” occurs if this is due to
a gap in the traffic stream). The full logic is repeated
for the next signal stage.
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Semi-actuated control (isolated)

Semi-actuated control (linked)

Linked semi-actuated control is used in co-ordinated
signal systems in which a fixed cycle length must be
maintained, while a window of minimum green must
be guaranteed for the main road.
This can be achieved by allowing the signal to
operate according to a fixed time plan. At the
termination of a particular signal stage, demands for
other stages are examined.
If no such demand was detected, stages can be
skipped. If a demand was detected, a green interval
is provided which is either of fixed duration or
extendible between minimum and maximum limits.
Any unused green time is allocated to other stages
as specified (usually the main stage), whether or not
it is actually required by such a stage.
In allocating spare green time to other stages, care
must be taken to ensure that the window of
minimum green is maintained on the main road.
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7.5

MINIMUM AND MAXIMUM GREEN

7.5.1

Minimum green

1

2

Minimum green is the minimum time the green light
signal must be displayed, measured from the instant
it appears, irrespective of the demand for a right of
way change.
The minimum green is provided to allow for the
following:
(a) Absolute minimum green times required for
safety (refer to Chapter 3 of this manual).
(b) If pedestrian signals are provided, sufficient time
for pedestrians to enter and clear the junction
(refer to Chapter 4 of this manual).
(c) Clearance of vehicles waiting between the
vehicle detectors and the stop line. The
tendency in most installations is not to leave any
space between the detectors and the stop line
(at least not longer than 1 or 2 vehicles that can
be accommodated by the safety minimum
green). Where such space is provided, the
minimum green would depend on the number of
vehicles waiting, starting lost time and saturation
flow.

7.5.2
1

2

3

7.6
1

2

3

7.7

VEHICLE DETECTION

7.7.1

Detection devices

1

2

Maximum Green

Maximum green is used to terminate a running
green light signal irrespective of the extension period
in order to prevent vehicles receiving red light
signals from waiting indefinitely because of a
continuous stream of traffic on the running green
signal. Timing of the maximum green interval
commences as soon as a demand is recorded for a
right of way change.
Under low and medium traffic flow conditions, a
maximum green interval of between 30 to
60 seconds (or approximately 40 seconds) is
normally provided at fully-actuated controlled
signals.
Under heavy traffic volumes, for example during
peak periods, the green period may run successively
to maximum, giving in effect, fixed time operation.
Under such conditions, the value of maximum green
may therefore be determined as for fixed time signal
control (refer to Chapter 6 of this manual).

3
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A wide range of detecting devices have been
developed for use in vehicle-actuated control. The
inductive loop detector is currently most widely used
in modern traffic control systems. Details of inductive
loop detectors are given in Chapter 20 of this
manual (Volume 3).
Inductive loops may operate in one of two modes,
namely passage and presence modes. Presence
detectors are used to indicate the presence of a
vehicle on the detector, while passage detectors are
used to indicate that a vehicle has crossed a loop
and no indication is given of the time the vehicle has
spent on the loop. Passage detectors are normally
used for counting traffic while presence detectors
are used for the detection of vehicles at vehicleactuated traffic signals.
Two sets of detectors are used at vehicle-actuated
controlled junctions, namely extension and calling
detectors, although detectors can be used to serve
both functions. Extension detectors are primarily
used to extend a green period, while calling
detectors are primarily used to detect the presence
of vehicles waiting at red light signals.

7.7.2
1

STAGE REVERSION
When no demand is detected for a signal phase, the
traffic signal should revert to a nominated stage and
“rest” in this stage. The following options are
available:
(a) Rest in main green. The signal rests in the
main signal phase. No need exists to detect the
presence of vehicles on the approaches served
by this phase and only extension detectors may
be required.
(b) Rest in the last requested green (nil revert).
The controller rests in the last green in the
absence of demand. All approaches must be
equipped with calling detectors.
(c) Rest in all-red. The signal reverts back to red
light signals on all approaches in the absence of
demands. Right of way is provided on a "first
come - first serve" principle.

The advantage of the "rest in all-red" method is that
the lost time due to the intergreen period is reduced.
The controller can quickly switch to green when a
vehicle is detected on any approach, which allows
the approaching vehicle to drive through the junction
without having to stop. There is, however, the
danger that this may result in unsafe driver
behaviour since drivers may become accustomed to
a green signal when arriving at the junction.
The “rest in the main green” has the advantage that
green is provided on the street with the highest
traffic volume. This is often the preferred method of
control, but care should be taken that a series of
green signals are not displayed along a road, which
could encourage speeding.

2

3

4

Extension detectors

Extension detectors are used to extend a green
period until a gap is found in the traffic stream. The
extension detectors, however, can also be used to
register the presence of vehicles waiting at red light
signals.
A variety of extension detectors have been used in
the past, ranging from single detectors to so-called
large area detection configurations.
The ideal (but unpractical) method of extending
green is by using a single large detector on the
approach to a signal. Green is extended for the
length of time a moving vehicle remains in the
detection area (subject to maximum limits).
In practice, it is difficult to provide large area
detection. Long loops tend not to have adequate
sensitivity, with the result that the detectors can miss
vehicles. The loops also require more maintenance,
and are especially vulnerable during road works.
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Large area detection can, however, be emulated by
installing a multiple of short loops. Extension
intervals are provided which allow vehicles to travel
from loop to loop without green being terminated.
The extensions are designed for a vehicle travelling
at a low speed, but not necessarily for the slowest
vehicle. This has the advantage that a vehicle
travelling at a very slow speed will not extend the
green for an unreasonable long time.
Although multiple loop detectors are used, these
detectors can all be connected to one electronic
circuit to extend the same green interval (subject to
a maximum limit that can be accommodated by the
electronic circuit).
Extension detectors should preferably have a
diamond or parallelogram shape. These shapes are
more effective in detecting fast moving vehicles.
Rectangular loops can also be used for the purpose
of extending green, but are less effective when
vehicles are travelling at higher speeds.

7.7.3
1

2

3

4

5

Calling detectors

Calling detectors are required to detect the presence
of vehicles waiting at red signals. These detectors
are normally located at or near the stop line to
reduce the possibility that vehicles become trapped
on a red signal when they stop beyond the detector.
The stop line calling detector can also serve as an
extension detector. This, however, is not very
efficient since a green interval is extended after the
vehicle has already entered the junction. When
separate extension detectors are provided at a
junction, the stop line calling detectors should NOT
be used to extend the green interval.
Where calling detectors are used to place a call for
the same green interval, all such detectors can be
connected to one electronic circuit (subject to a
maximum limit that can be accommodated by the
electronic circuit).
Care should also be taken to place the calling
detector at a position where most vehicles would
stop on the detector to reduce the probability of
vehicles either stopping before or beyond the
detector. Such vehicles will not be detected and
could wait for a long time for a green signal.
The problem of vehicles becoming trapped beyond
the calling detector can be addressed by placing the
detector in latching (or locking) mode. In this mode,
the call of the vehicle is held after it has passed the
detector. The loops normally have a parallelogram
(or diamond) shape to detect vehicles crossing at
high speed. This method has the disadvantage that
when a vehicle passes without stopping, it would
place a false call for a stage that is not required.
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The problem of vehicles stopping before or beyond
the detector can also be addressed by using a
detector over a longer distance, operating in nonlatching mode. Detectors of up to 4 m or longer
may be required for this purpose. The exact size and
position of the detectors should be determined by
observing the positions where vehicles typically stop
at a junction. The size and position should be such
that few vehicles would stop before or beyond the
detector or detectors. Speed is of no concern, and
rectangular shaped detectors can therefore be used
for detecting stopped vehicles.
A further problem with operating detectors in
latching mode occurs on undivided approaches
where encroachment of right-turning vehicles from
opposing approaches could result in the placement
of false calls. This problem can be reduced by using
skewed detector loops. Alternatively, a delay of a
few seconds can also be introduced before the
presence of a vehicle is actually registered.

7.8

DETECTOR CONFIGURATIONS

7.8.1

General

1

2

3

A number of example detector configurations that
can be used at vehicle-actuated signals are shown
in Figures 7.2 to 7.5.
The configuration given in Figure 7.2 can be used
when only a right-turn phase is actuated, while those
shown in Figures 7.3 to 7.5 can be used when
different types of phases are actuated, such as leftturn, right-turn and main signal phases.
Care should be taken when applying the examples.
Although the examples could probably be used in
many applications without modification, there may
be specific conditions that would necessitate
deviations from the configurations.

7.8.2
1

2

3

Detector configuration for
protected/permitted right-turn phases

The detector configuration shown in Figure 7.2 can
be used when a protected/permitted right-turn
phase is actuated and no actuation is provided for
any other phases on the approach. Such a
configuration would be operating in a semi-actuated
mode of control.
Only one detector is used on the right-turn lane as
both a calling and extension detector. Two possible
locations are shown for the detector, depending on
whether a leading or lagging phase is provided.
The detector positions shown in Figure 7.2 have
been determined based on the assumption that one
or two vehicles can turn right during the main-phase
intergreen period. The presence of a second or third
waiting vehicle would be the warrant for the separate
right-turn phase.
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Figure 7.2: Right-turn detector configuration

4

5

Leading right-turn phases require the following
detector configuration:
(a) The detector should be placed some distance
before the stop line since vehicles are stopped
on the approach to the junction. A distance of
about 6 m can be provided for each vehicle to
be skipped (6 m for one vehicle and 12 m for
two vehicles). A shorter distance is used at
narrower junctions and a longer distance at
wider junctions.
(b) A detector with a length of about 4 m is
generally recommended. Openings between
stopped vehicles are seldom more than 4 m and
a detector of such length is required to reduce
the possibility of vehicles not being detected.
Lagging right-turn phases require the following
detector configuration:
(a) Detectors should be provided at or near the stop
line since it can be assumed that the first one or
two right-turn vehicles are waiting within the
junction and not on the approach to the junction.
The design of the right-turn detector is then
similar to that of other stop line detectors.
(b) A delayed-call detector is sometimes used to
place a call only if a vehicle is continuously
detected beyond a pre-set period of, for
example, 5 seconds. This allows the controller
to ignore moving vehicles and to accept calls
only from stopped vehicles. Care should,
however, be taken when using this facility since
the fact that a vehicle is moving is not
necessarily an indication that there is no longer
a right-turn queue.
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The assumptions made in determining the detector
positions shown in Figure 7.2 are not valid (and the
configuration can therefore not be used) under the
following circumstances:
(a) When a protected-only right-turn phase is
provided.
(b) In fully-actuated systems where provision is
made for the skipping of the main signal phase.
In both these cases it can not be assumed that the
first one or two vehicles will be able to turn right
during the main phase intergreen, and stop line
calling detectors must be provided to detect the
presence of these vehicle.

7.8.3
1

2

Single stop line detector configuration

The single stop line detector configuration shown in
Figure 7.3 can be used for the actuation of different
types of signal phases (main, left-turn and/or rightturn). This configuration is the simplest available and
use is made of only one set of detectors at the stop
line. These detectors serve as both calling and
extension detectors.
The disadvantage of this configuration is that green
intervals are extended when vehicles have already
entered the junction. Each time a gap change
occurs, 3 seconds of green may be lost in addition
to the duration of the intergreen period. This reduces
the efficiency of the configuration.
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7.8.4
1

2

3

2

3

7.9

A more efficient configuration is shown in Figure 7.4
in which two sets of detectors are provided, the one
used for calling purposes and the other for extension
purposes. The extension detectors are set back from
the stop line with the result that green extensions
are given while a vehicle is still approaching the
junction, and not within the junction itself.
The configuration shown in Figure 7.4 is designed
for a speed of 40 km/h. When a vehicle exceeds this
speed, some green time will still be lost (although
not substantial). A vehicle travelling at 60 km/h only
requires about 2 seconds to travel the distance
between the extension detectors and the stop line,
while a 3 second extension interval is provided. The
1 second lost time is a significant improvement over
the lost time of 3 seconds of the single detection
system.
A problem with the configuration in Figure 7.4 is the
use of the high design speed of 40 km/h. Many
queues of vehicles only depart at a speed of
between 20 and 30 km/h, particularly when turning
at a junction. A vehicle travelling at a speed of
20 km/h would require approximately 6 seconds to
reach the stop line while green is extended for only
3 seconds. It is therefore possible that this vehicle
would stop on yellow and not utilise the green
extension. This problem can be addressed by the
triple detector configuration.

7.8.5
1

Double detector configuration

1

2

PEDESTRIAN DETECTION
When designing vehicle-actuated traffic signals, it is
important that not only the needs of vehicular traffic
are taken into account, but also those of pedestrians
(and pedal cyclists).
When provision is made at a signal to skip a
vehicular phase that operates parallel with a
pedestrian phase, push buttons should be provided
for the actuation of the phase. A call for the phase
can be placed by the pedestrian, even if no vehicles
are then present to actuate the phase.
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Triple detector configuration

The triple detector configuration utilises one set of
calling and two sets of extension detectors as shown
in Figure 7.5. The advantage of the triple detector
configuration is that vehicles can be better tracked
as they travel over the detection area.
The configuration shown in Figure 7.5 is designed
for a speed of 20 km/h between the first two sets of
extension detectors and 30 km/h between the
extension detectors and the stop line.
The triple detector configuration has a slightly lower
lost time than the double detector configuration, but
the improvement is not significant. The advantage of
the triple detector configuration is that it
accommodates slower vehicles better than the
double detector configuration. A slow vehicle
travelling at 20 km/h will be able to reach the second
extension detector with the 2 second extension
given by the first extension detector. The same
vehicle requires slightly more than 3 seconds to
reach the stop line, and will therefore arrive at the
stop line 1 second after the onset of yellow. Most
drivers would not stop at the junction under such
circumstances.
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Figure 7.3: Single stop line detector configuration

Figure 7.4: Double detector configuration (design speed 40 km/h)

Figure 7.5: Triple detector configuration (design speed 20/30 km/h)

MAY 2012

SARTSM – VOL 3

TRAFFIC SIGNALS

7.8

TRAFFIC SIGNALS

VEHICLE-ACTUATED CONTROL

SARTSM – VOL 3

MAY 2012

VEHICLE-RESPONSIVE CONTROL

CHAPTER 8:
8.1
1

2

3

4

8.2
1

2

8.1

VEHICLE-RESPONSIVE CONTROL

INTRODUCTION
Vehicle-responsive control at isolated junctions
utilises a self-optimising strategy in which green
periods are adjusted based on the calculation of a
control function or performance index. The objective
is to establish signal settings that optimise the
performance index. This performance index could
either be delay, or a combined function of delay and
number stops. Traffic is counted by means of loop
detectors, and traffic models are used to calculate
the performance index for alternative signal settings.
The control strategy used in vehicle-responsive
control differs from that used in vehicle-actuated
control. A relatively simple strategy is used in
vehicle-actuated control that would just allow the
longest queue to pass through a junction on green.
Actuated control, however, has a number of
shortcomings that result in less than optimum
control. This strategy is relatively successful when
traffic flows are low, but actuated control tends to
run to maximum when flows are high, resulting in
less efficient or even oversaturated operations.
Vehicle-responsive control would be able to optimise
signal settings under both low and high traffic
volumes.
The method of control described below is the one
used in the MOVA (Microprocessor Optimised
Vehicle Actuation) controller developed by the
Transport Research Laboratory (TRL) in the United
Kingdom. The method combines both vehicleactuated and traffic responsive strategies and
utilises the advantages of both strategies in one
system. Traffic responsive control requires relative
accurate measurements of traffic volumes. An
accumulation of small errors in traffic counts can
result in less than optimum operations. This problem
can be addressed by combining the vehicle-actuated
and traffic responsive control strategies.
MOVA is claimed to reduce vehicular delay
significantly in comparison with vehicle-actuated
control, and that it addresses many of the
shortcomings of vehicle-actuated-control. An
advantage of the system is that a microprocessorbased module has been developed which can be
added to many existing traffic signal controllers.
Consequently, it is not necessary to replace existing
controllers.

CONTROL PRINCIPLES
The MOVA system uses detectors located in each
lane at typically 100 m and 40 m from the stop line
as shown Figure 8.1. The detector located at 100 m
from the stop line is defined as the IN-detector. The
detector at 40 m is defined as the X-detector.
Different forms of control strategies are implemented
depending on traffic flow conditions. The duration of
the green interval is determined by making a number
of sequential decisions based on traffic flows and
queue information derived from the vehicle
detectors.

MAY 2012
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A basic decision is made to establish whether the
junction is under or oversaturated. The junction is
deemed to be undersaturated if queues clear the
junction each cycle. When a substantial number of
vehicles remain in the queue at the end of green, the
junction is oversaturated. Different control strategies
are used depending on whether the junction is
undersaturated or oversaturated.
In the undersaturated condition, the duration of the
green period is determined by making a number of
sequential decisions based on traffic and queue
information obtained from the vehicle detectors. The
following control strategies are then implemented:
(a) The green period starts with the implementation
of a basic vehicle-actuated control strategy in
which provision is made for the following:
(i) An absolute minimum green followed by a
further variable green that allows for
vehicles stopped between the X-detector
and the stop line. The variable green is
estimated from a count of those vehicles
that have crossed the X-detector during the
preceding red period.
(ii) After the minimum green interval, the size of
the “gap” between successive vehicles is
measured at the X-detectors to determine if
traffic is discharging at measurably less
than the saturation rate. As soon as one
lane of an approach is judged to be
discharging at less than full rate, then the
entire approach is judged to have reached
the “end of saturation” condition. When all
relevant approaches have individually
reached end of saturation then the end of
saturation is deemed to be reached.
(b) Once end of saturation has been reached and
queues have departed, a traffic responsive
control strategy is implemented in which
provision is made for the following:
(i) A traffic model is used which is updated
from IN- and X-detector counts. This model
is used to calculate the benefit or disbenefit
of extending the current green period. The
benefit or disbenefit is determined as the
saving in the performance index.
(ii) A check is maintained of all vehicles that will
benefit and disbenefit from extending the
green. The vehicles that will benefit are
those that are receiving green, while
vehicles that will disbenefit are those that
are queuing at red signals around the
junction. Traffic that is expected to arrive in
the short-term future is also taken into
account.
(iii) If the performance index falls to zero or
below, the decision is made to change the
signals. If the performance index is positive,
the current green is extended.
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Figure 8.1: Typical layout of detectors
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In the oversaturated condition, a control strategy is
implemented which attempts to maximise capacity
on congested (oversaturated) approaches. Green is
maintained on oversaturated approaches provided
that discharge continues at full saturation up to preset maximum greens. The junction will then operate
on long cycles; thus minimising lost time.
Provision is also made for deciding whether or not
an exclusive right-turn phase is required. If this
facility is to be used an additional detector is
required in advance of the stop line. This is referred
to as the OUT-detector (see Figure 8.1). Traffic
counts are used from both the OUT- and Xdetectors. Should this number exceed a pre-set
minimum, the exclusive right-turn phase is provided.
The combination of the various control strategies
makes this an effective method of control. Although
obviously more costly than fixed time control, the
benefits to traffic and not having to update signal
timings regularly, outweighs the cost substantially.
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AREA TRAFFIC CONTROL

INTRODUCTION
The co-ordination of traffic signal controlled junctions
is highly beneficial to the flow of traffic through a
network of traffic signals or along an arterial road.
The major objective in co-ordinating traffic signals is
to permit continuous flow of traffic through such a
network. A co-ordinated system will significantly
reduce
vehicular
delays
and
stops
with
commensurate savings in number of accidents, fuel
consumption, levels of air pollution, etc.
Signals at different junctions can be co-ordinated by
using a common signal cycle length and a set of
signal offsets that determine relative time
relationships between adjacent signals. The use of a
common cycle length synchronises the signals and
assures that the relative timings of the signals will be
repeated regularly.
Traffic signals can be particularly effective when coordinated in a network, compared to isolated control.
In a network, traffic flow patterns are typically
relative stable, strongly platooned and cyclic. Under
such conditions, it is possible to achieve a relatively
high level of efficiency. On the other hand, these
same conditions can have exactly the opposite
impact if signals are not properly co-ordinated.
Operations can become extremely inefficient in an
unco-ordinated traffic signal system.
Modern area traffic control systems utilise a central
computer for storing and implementing traffic signal
plans. This was made possible by the rapid
development
in
computer
technology
and
telecommunications. These systems have grown in
sophistication and are commonplace in most major
cities throughout the world.

5

There are numerous methods of implementing traffic
signal co-ordination, ranging from the very simplistic
through to real time traffic responsive control. All of
these methodologies fall under the collective term of
Area Traffic Control (ATC). The following systems
are discussed in this chapter:
(a) Master signal control
(b) Fixed time area traffic control
(c) Adaptive area traffic control
(d) Traffic responsive area traffic control

9.2
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2

3

MASTER SIGNAL CONTROL
A relatively simple method of co-ordinating traffic
signals in a small signal network or on an arterial is
by utilising a local master controller. This master
controller is used to synchronise local controllers in
the system.
The implementation of local master-slave coordination is shown in Figure 9.1 and requires the
following equipment:
(a) A specifically designated master controller (this
may be separate or it may double as a standard
signal controller).
(b) Slave controllers at each road junction and
signalised pedestrian crossing.
(c) A pilot cable connecting each of the slave
controllers to the master.
The pilot cable is utilised for the transmission of
information to affect timing plan changes, and to
maintain synchronisation and co-ordination of the
controllers.

Figure 9.1: Schematic for linking co-ordinated signals
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FIXED TIME AREA TRAFFIC
CONTROL
The simplest form of area traffic signal control is by
means of a fixed time system. Plan preparation is
undertaken off-line and plan selection can occur by
time of day or using automatic plan selection
methods.
Automatic plan selection provides an area control
system with the ability to introduce fixed time plans
in response to detector inputs. A plan may be
introduced on the basis of inputs such as the
following:
(a) A count detector exceeding a threshold (either
the absolute value or the rate of change in the
traffic count).
(b) A queue detector detecting a long queue.
(c) An occupancy detector exceeding its threshold.
Plans can be selected by means of Boolean logical
expressions or a method whereby each plan is
allocated a priority based on the detector inputs.
Transitional plans can be provided to allow the
controller to step up or down towards the required
signal plan.
Fixed time area control has the disadvantage that
signal plans must be prepared manually. These
plans must also be updated regularly to reflect
changing traffic conditions, which require costly data
collection and analysis. Automatic plan selection
improves the flexibility of the system, but does not
reduce the need for the manual and regular updating
of plans.

ADAPTIVE AREA TRAFFIC
CONTROL

6

9.5
1

Adaptive and responsive control systems have been
developed with the objective of overcoming
shortcomings of fixed time control systems. Such
systems can react automatically to changes in traffic
conditions on the road network.
Adaptive traffic control utilises simpler control
strategies than the traffic responsive systems
described in the next section. Although simpler,
adaptive control can provide relative efficient traffic
signal control.
The adaptive strategy described below is the one
used in the SCATS system (Sydney Co-ordinated
Adaptive Traffic System). This system was
developed by the Road and Traffic Authority of New
South Wales in Australia.
The system utilises stop line detectors for the
collection of traffic flow data. A detector loop is
placed in each lane approaching a junction as
shown in Figure 9.2. Some lanes, however, can be
left without any detectors.
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4
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The stop line detectors are used to estimate the
degree of saturation for each lane approaching a
junction. This degree of saturation is estimated as
used green divided by total available green. Used
green is taken as the number of vehicles crossing
the detector multiplied by the average saturation
flow headway. These degrees of saturation are used
to optimise traffic signal timings as follows:
(a) Cycle lengths are established based on the
degree of saturation. A target cycle length is
selected, and the actual cycle length changed in
steps of a few seconds in the direction of the
target cycle length. A large step size is used
when there is a steep change in traffic demand.
(b) Green splits are established that will result in
equal degrees of saturation on critical lanes.
(c) Signal offsets are undertaken on a selection
basis. A number of offsets can be provided for
each link, and the system selects the offset
most suitable to the level of traffic flow on the
link. The offsets are calculated off-line (as for
fixed time plans).
(d) Signal phases can be defined, and any phase
for which no traffic demand has been registered,
may be skipped.
The SCATS system has been extensively developed
and tested, and a variety of refinements have been
developed to ensure reliable operation. The system
has demonstrated its value compared to fixed time
control and is particularly effective when responding
to unpredictable traffic patterns. Being traffic
adaptive, the need for regular updating of signal
settings is obviated.

TRAFFIC RESPONSIVE CONTROL
Traffic responsive control systems utilise a relatively
complex traffic model for the on-line estimation of a
performance index and establishment of optimum
traffic signal settings. The system is therefore selfoptimising, and can respond to changes in traffic
patterns and flows.
The control strategy described below is the one
used in the SCOOT system (Split, Cycle and Offset
Optimisation Technique). This system was jointly
developed by the Transportation Research
Laboratory and three prominent traffic signal
companies in the United Kingdom.
The system utilises detectors that are located some
distance upstream of the stop line as shown in
Figure 9.3. Traffic flows measured at these detectors
are used to predict a traffic arrival profile at the
downstream stop line using platoon dispersion
models. An example of such a projected stop line
demand profile is shown in Figure 9.4.
Predetermined saturation flows are used to estimate
queue lengths from which delays and number of
stops can be calculated. A performance index is
determined as the weighted sum of delay and
number of stops. This index is recalculated every
few seconds from the latest traffic flow
measurements, and is used to establish optimum
cycle length, green splits and signal offsets.
The upstream detectors also have the added
advantage that queues extending back to the
detectors can be detected, which allow appropriate
actions to be taken to avoid blocking of junctions.
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Figure 9.2: Adaptive traffic control vehicle detector layout

MAY 2012

SARTSM – VOL 3

TRAFFIC SIGNALS

9.4

AREA TRAFFIC CONTROL

Figure 9.3: Traffic responsive control vehicle detector layout
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Figure 9.4: Projected traffic demand profile at downstream junction
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The optimisation process is continued throughout
the day. During low flow conditions, a shorter cycle
length is used. The cycle length is increased
gradually during periods of high traffic flow. Green
splits are also adjusted based on flow patterns.
The SCOOT model requires a minimum number of
basic parameters that are stored in a database.
These parameters include the following:
(a) A network description in the form of nodes, links
and detectors that must be coded according to
prescribed rules. During this process, detectors
are associated with links and links associated
with downstream links and signal phases.
(b) The free-flow journey times from upstream
detectors to downstream stop lines.
(c) The discharge rate from the stop line in Link
Profile Units (LPU’s). This is similar to saturation
flow and is a critical parameter in the system
that is determined during validation.
(d) Timetables which specify which signal plans
should be operative and at what time of the day,
day of week etc. Provision is usually made for a
full year calendar to allow for public and school
holidays.
On completion of the data preparation, a validation
process is undertaken to ensure that the model
accurately represents what is happening on the
street network. Specific software is available to
assist with this process. This should preferably be
undertaken using a mobile computer and GSM
connection to the instation computer. The
importance of this validation process cannot be
overemphasised.
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BENEFITS OF ADAPTIVE AND
RESPONSIVE SYSTEMS
There is a significant learning curve before systems
such as SCATS and SCOOT can be used with
confidence. Experience has, however, shown that
the rewards in using these systems exceed the
effort.
Field evaluations have shown that both systems can
provide significant savings in fuel consumption,
journey time and stops over and above conventional
fixed time plans. These savings are further
purported to increase significantly when compared
with fixed time plans that have not been updated for
a number of years.
Figure 9.5 shows the flexibility of traffic adaptive or
responsive control compared to fixed time. There is
a limit to the number of fixed time plans that can be
developed, with the result that a plan must be
utilised over a period of time during which the plan
may not necessarily be optimal. In Figure 9.5, a total
of six timing plans have been used over a period of
12 hours, and even these are not adequate to cope
with the varying traffic demand. A traffic adaptive or
responsive control system is able to respond to
actual traffic demand in real time.
Definitive comparisons between SCOOT and
SCATS have not been possible due to the divergent
loop placement philosophies. Both systems provide
positive benefits compared with fixed time operation
and as is the case with many systems, both have
their advantages and disadvantages.

TRAFFIC SIGNALS

Most cities in South Africa have opted for the
SCOOT system. The need to share knowledge and
experience with peers is an important motivation
why preference can be given to the SCOOT system.
However, when skilled manpower is available, there
is no reason why the SCATS system or other
systems cannot be considered.

5

6

DATA ACQUISITION BENEFITS
An added benefit of a traffic responsive system is
the opportunity provided for acquiring traffic data for
purposes other than traffic signal control. Due to the
communication capabilities of such systems, it is
also possible to collect traffic data in real time.
The data collected for the purposes of traffic
responsive signal control are not perfectly accurate.
It is, however, possible to develop adjustment
factors based on traffic data collected by other
means, such as automatic counting stations. These
factors are used to improve the accuracy of the
traffic data collected by the traffic responsive
system.
The traffic data collected as part of the traffic signal
control system can be utilised in a variety of
applications. These applications are not only limited
to those that are of value to the traffic engineer, but
can also be of benefit to the public.
An important possible application for which such
data can be utilised is the determination of
congestion levels. The SCOOT system in fact allows
for the direct estimation of vehicular delays at
individual signals. Such information is available in
real time and can form part of a driver information
system in which information is provided on quickest
available routes to destinations. Various methods of
communication can be used for this purpose, such
as computer networks or radio broadcasts.
The traffic data are useful in many traffic engineering
applications outside traffic signal design. Such
information can, for instance, be utilised for the
production of traffic flow maps in which traffic
volumes are indicated by bands of variable width.
Such flow maps can be particularly useful in the
overall planning of a road and street network.
The above data acquisition benefits of traffic
responsive systems should be taken into account
when a road authority is considering the introduction
of such a system.
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Figure 9.5: Flexibility of traffic responsive control
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INTRODUCTION

Priority can be given at signalised junctions to
certain classes of vehicles. These typically include
emergency and public transport vehicles.
Emergency vehicles, such as fire engines and
ambulances, can be given priority to reach areas of
distress in the event of a major emergency. In such
cases, a continuous band of green would be
provided for emergency vehicles. For minor
emergencies, these vehicles would typically use
their sirens to obtain priority.
Public transport vehicles can be given priority when
it is desired to make public transport more attractive
to passengers by reducing travel time. Under priority
control, buses could travel under green wave
conditions, whether or not this applies to other
vehicles on the same route. This enables them to
more easily maintain their schedules and also to
reduce travel times.
The provision of priority control must be justifiable
through actual time savings that can be achieved.
For public transport vehicles, such time savings
should ideally be of such a magnitude that there
would be a modal switch from passenger cars to
public transport with a concomitant reduction in
congestion.
Priority control does not require the use of special
signals and can be applied to any configuration of
signals at any junction. Use can, however, be made
of bus or tram signals in situations where lanes are
reserved for buses or tram rails are provided.

10.2
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Detectors or antennas have to be installed
sufficiently far upstream to allow for initiation of the
priority strategy. It follows that bus stops cannot be
permitted between the site of the detector and the
junction.
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PRIORITY STRATEGIES

Various priority strategies can be considered. An
example is to provide a green phase on the
approach as soon as the priority vehicle is detected.
However, this cannot be done immediately, and the
normal sequence of yellow and all-red light signals
must be provided on non-priority approaches. A
“pre-emption” or “hurry call” facility must be available
in the controller to implement this strategy.
If a priority vehicle is approaching a green light
signal, priority would also involve providing a
sufficiently long extension of the phase to allow the
vehicle to safely clear the junction.
Pre-emption and priority control can also be
exercised at non-junction locations such as at
approaches to one-lane bridges, work sites and
metered freeway on-ramp terminals.
Some of the above strategies can be provided in
traffic
responsive
control
strategies.
For
emergencies, some form of interaction would be
required to initiate specific signalisation plans to
cope with the emergency. Other strategies would be
based on the automatic detection of priority vehicles.

DETECTION OF VEHICLES

A major problem in the application of priority control
is establishing the time of arrival at any given
junction. The arrival time of buses, for instance, is
determined primarily by the time spent by
passengers boarding or alighting at bus stops. Their
arrival at any given junction thus tends to be random
and a fixed time type of control is correspondingly
impossible to apply.
Priority control therefore requires the detection of
vehicles as they are approaching a junction. This
can be done by means of devices installed in (or
alongside) the roadway or onboard the vehicles.
The devices that can be installed in the roadway
include inductive loops, pneumatic pads, piezoelectric detectors, etc. The electronic “signatures” of
vehicles are used to differentiate between different
vehicle classes.
The more satisfactory method is onboard
transponders for communication with a central
control system. Use is made of an antenna that is
either embedded in the road surface, or mounted
alongside or above the road to detect priority
vehicles. Information is relayed to a centralised
computer, which initiates whatever priority action is
contained within its algorithm.
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OPERATION

11.2

Traffic signals for the control of individual or single
vehicles, as distinct from those that give right of way
to groups of vehicles, are used to control traffic at
locations such as freeway on-ramps, toll booths and
roadside checkpoints.
The Type S12 traffic signal face is used for the
control of individual vehicles as shown in
Figure 11.1. The signal face comprises only a RED
DISC and a GREEN DISC LIGHT SIGNAL.
A yellow signal aspect is not provided in the S12
signal face. The signals should therefore not be
used to control vehicles other than those that are
stationary or travelling at low speed. This can be
achieved by:
(a) displaying the green signal only to a vehicle that
has already stopped at a stop sign, or other
similar sign, near to the signal (such as at toll
booths and checkpoints); or
(b) resting the signal in red and displaying the
green signal ONLY when required, and then
only for a few seconds to allow one stopped
vehicle to depart at a time (such as when ramp
metering is applied).
Where it is required to give continuous right of way
to all approaching vehicles, the green light signal
may be displayed continuously. When it is
necessary to switch the signal to red, a flashing red
light signal should first be displayed for a duration of
at least 5 seconds.
At no time SHALL an operational traffic signal be
intentionally switched off and blacked out, other than
for maintenance or repairs or when controlled by a
traffic officer or an authorised pointsman. Flashing
red light signals may also be used to indicate that
the signals are out of order.
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TOLL BOOTHS AND CHECKPOINTS

The S12 traffic signal face is used at toll booths and
checkpoints to instruct vehicles either to stop or to
continue.
A STOP sign R1, or any other sign that instructs the
driver to stop, should be displayed at the stopping
point. At least one S12 traffic signal face should then
be provided per lane of traffic, located on the righthand (driver’s) side of the lane. The signal face
should be located not less than 6 m beyond the stop
position.
The signal should wherever possible, be controlled
automatically. The duration of the green light signal
and change to red can best be controlled by the
output from vehicle detectors in each lane. The
illumination of the green light signal may be
performed automatically, e.g. linked to a toll booth
cash register, or manually.

11.3

RAMP METERING

11.3.1 General
1

2

Ramp metering is applied to restrict the number of
vehicles allowed to enter a freeway in order to
ensure an acceptable level of service on the freeway
or that the capacity of the freeway is not exceeded.
The need for ramp metering may arise due to factors
such as:
(a) Recurring congestion because traffic demand
exceeds the capacity of roads in an area.
(b) Sporadic congestion on isolated sections of a
freeway because of short-term traffic loads from
special events, often of a recreational nature.
(c) As part of an incident management system to
assist in situations where an accident
downstream of the entrance ramp causes a
temporary drop in the capacity of the freeway.
Ramp metering should, however, be considered a
last resort rather than a first option in securing an
adequate level of service on the freeway. Prior to its
implementation, all alternative means of improving
the capacity of the freeway or reducing the traffic
demand on the freeway should be explored.

Figure 11.1: Single vehicle release operating sequence
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INDIVIDUAL VEHICLE CONTROL SIGNALS

Installation should be preceded by an engineering
study of the physical and traffic conditions on the
freeway facilities likely to be affected. These facilities
include the ramps, the ramp terminals and the local
streets likely to be affected by metering as well as
the freeway sections involved.
The study should include the establishment of
desirable metering rates. The effect of metering
rates on the level of service on the freeway as well
as the street network should be evaluated. Attention
should be given to storage requirements on ramps
and the possible impact of queues on local streets.
A problem with ramp metering is the need for law
enforcement. Without enforcement, infringement
rates can be expected to be high. If, for any reason,
it is not possible to ensure regular enforcement,
ramp metering should not be considered.

11.3.2 Installation
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The stop line should be placed well in advance of
the point at which ramp traffic will enter the freeway
to allow vehicles to accelerate to approximately the
operating speed of the freeway, as would normally
be required for the design of on-ramps.
It will also be necessary to ensure that the ramp has
adequate storage to accommodate the vehicles
queuing upstream of the traffic signal.
The above requirement will almost certainly lead to a
need for reconstruction of any ramp that is to be
metered. The lengths of on-ramps are typically
determined by the distance required to enable a
vehicle to accelerate to freeway speeds. Without
reconstruction, this could result in the ramp metering
signal actually being installed at the ramp terminal.
A STOP LINE RTM1 shall be provided on the onramp. At least two S12 traffic signal faces should be
provided for ramp metering at a distance not less
than 6 m (preferably not less than 10 m) beyond the
stop line.
A FLASHING YELLOW WARNING SIGNAL SS3
could, with advantage, be installed at the start of the
ramp to warn vehicles that metering is in operation.

6

When ramp metering is in operation, the S1 signals
should normally rest in red, and a green light signal
displayed ONLY when required and then only for the
time required by the departing vehicle to clear the
line of vision of the signal face. Such timing should
preferably be achieved by means of vehicle
detectors. At least two detectors would normally be
required for this purpose, namely the check-in and
check-out detectors, as shown in Figure 11.2.
7 The check-in detector should be located at the
position where vehicles would normally stop at the
stop line. A long detector (up to 4 m or longer) would
be required to cover a wide range of stopping
positions. This check-in detector is used to actuate
the green light signal when an approaching vehicle
is detected AND a minimum red period has expired.
8 The check-out detector actuates the red light signal
as soon as a vehicle is detected, subject to the
provision of a minimum green period (from the time
the vehicle is first detected and NOT when it departs
from the loop). The detector must be located beyond
the last traffic signal at a point where the red light
signal will not be visible to the departing vehicle
(about 1 to 2 m beyond the signal).
9 Detector loops can also be installed on the freeway
itself to ensure that an adequate gap exists before
the next green light signal is provided on the ramp.
10 A queue detector can also be used to identify the
backup of traffic onto the local street system. When
a queue of that length is detected, a higher metering
rate may be temporarily allowed to reduce the queue
to an acceptable length. This must, however, be
applied with circumspection because a consistently
high rate of arrivals may result in the application of a
metering rate that is so high that it approaches the
condition of there being, in fact, no metering at all thus defeating the objective of installing metering in
the first instance.
11 The highest rate of metering that can be handled by
metering of a single stream of vehicles is
approximately 900 vehicles per hour. This rate can
be attained with about two seconds of green
followed by two seconds of red. A red period shorter
than 2 seconds should not be used.
12 A lower rate of metering can be achieved by
increasing the minimum red interval. A metering rate
in the order of 600 vehicles per hour will, for
instance, be achieved by providing two seconds of
green followed by four seconds of red.

Figure 11.2: Ramp metering application of the S12 signal face
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12.1

SIGNALS AT ROADWORKS

INTRODUCTION

Temporary traffic signals may be provided at
roadwork construction sites for the following
purposes:
(a) to successively give right of way to two-way
traffic approaching from opposite directions,
along a single traffic lane, in place of a manually
operated STOP-GO sign; or
(b) to control the movement of traffic, including site
vehicles, where a public road enters or crosses
a road that is under construction, or haul road;
or
(c) as an interim measure to control traffic where a
permanent traffic signal is to be provided,
altered or replaced as part of a roadworks
project.
Temporary traffic signals should be installed and
operated only where warranted as follows:
(a) at a road junction or pedestrian crossing where
traffic flow and delay conditions would otherwise
warrant a permanent installation; or
(b) where there is undue delay or danger to public
traffic at the junction of a public road and a road
under construction or a haul road, as a result of
construction operations, provided that the
overall disbenefit to public traffic does not
exceed the benefit to construction traffic; or
(c) where the control of two-way traffic on a single
traffic lane is warranted; or
(d) where it would otherwise be necessary to
exercise manual control by means of a STOPGO sign during hours of darkness.
Temporary traffic signals should preferably not be
operated for longer periods than 6 months. If
required for longer than 6 months, the installation of
permanent signals should be considered.
The principles of traffic signal control at permanent
installations apply equally to temporary installations.
This means that the numbers and locations of signal
faces, the compulsory provision of background
screens (backboards), sight distances, etc. also
apply to temporary traffic signals. The speed limit at
the traffic signals shall also not exceed a maximum
of 80 km/h.
It is recommended that three yellow retro-reflective
strips be provided on the signal posts and that white
retro-reflective borders be used on backboards.
Temporary traffic signals are often used in locations
with poor background lighting and where they may
be more subject to failure than permanent signals.
The signals are also often used in locations where
traffic signals would not normally be expected by
drivers. It is therefore important that more attention
should be given to the visibility of the signals.
Precaution should be taken to ensure the
uninterrupted operation of the signals, by securing
them against theft and vandalism, and by providing
an effective power source. Lights and plant should
wherever possible be securely anchored down and
cables should be buried.
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Warning signs should be provided in advance, but
the signs should be concealed or removed while the
signals are not operative.
Details of the use of temporary traffic signals at
roadworks are given in Chapter 13 of Volume 2 of
the Road Traffic Signs Manual.

12.2
1

2

3

VEHICLE-ACTUATED CONTROL

Depending on the anticipated traffic pattern, a
manual or a vehicle-actuated traffic control signal
with temporary actuation loops is likely to be more
efficient than fixed time signals.
The operation of temporary vehicle-actuated signals
at junctions does not differ significantly from that of
permanently installed signals, and the same
principles may be applied. The only difference would
be in the use of temporary detection loops. Use can
also be made of microwave detectors that do not
require installation of loops in or on the road surface.
Vehicle-actuated control is particularly important in
the control of two-way traffic on a single lane of
traffic. Loops are not only needed on the
approaches to such a lane, but can also be provided
on the lane with the purpose of extending the all-red
period just sufficiently for vehicles to clear the lane.
This type of control is discussed below.

12.3

TWO-WAY TRAFFIC IN A SINGLE
LANE AT ROADWORKS

12.3.1 General
1

2

3

4

Temporary traffic signals are often used for the
control of two-way traffic in a single lane, particularly
when the length of the lane is long. The signals are
used to successively give right of way to the twoway traffic from opposite directions.
At least two traffic signal faces of type S1 shall be
provided on a two-way single lane road at
roadworks, one on each side of the road, at a
position not less than 6 m (but preferably not less
than 10 m) beyond the stop line RTM1. However,
where the traffic signal is manually operated, only
one such signal face may be provided.
The stop line must be suitably located on the wider
part of the road so that opposing traffic can pass
vehicles waiting at the stop line.
Portable equipment may be used in the signal
installations. At least two sets of traffic signals will be
required, each set consisting of:
(a) Signal faces mounted on a yellow post, fitted
with backboards (preferably with retro-reflective
borders and strips).
(b) A signal controller, equipped with a radio
module, and if necessary a manual remote
control unit.
(c) A set of vehicle detectors (preferably microwave
detectors).
(d) Power pack of batteries and/or generator.
(e) Spare equipment, particularly spare lamps.
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The controller may allow for two-phase operation
only. Each side of the lane has a separate controller,
one of which must be switched to “master” operation
and the other to “slave” operation. The controller
must provide that, in the event of failure or a loss in
radio communications, the signals revert to flashing
red mode.
Vehicles can be detected by means of temporary
induction loops, but microwave detectors could be
more appropriate. Detectors can be installed on the
approaches to the single lane, and also on the lane
itself. Detectors on the approaches are used for the
extension of the green interval and the detection of
demand, while detectors on the lane itself may be
used for adjusting (extending) the all-red interval.
When the signals are located relatively close
together, a cable may be used to link the two
controllers. In cases where the two signals are
spaced very close together, one controller can be
used to drive both sets of signals.
Where the signals are located further apart, radio
communication would be the more desirable method
of linking the two controllers. Care should be taken
that such a radio would be able to communicate
reliably over the distances required.
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The traffic signals may be operated in manual mode.
For such operations, a remote control unit should
preferably be provided. This remote unit can be
connected to the signal controller with a cable. The
use of the remote unit allows the operator to be
located safely in a position where the approach is
clearly visible (but preferably in a position where
both approaches are visible).
In manual mode, the operator controls the duration
of all-red and green intervals, but not that of the
yellow interval that is predetermined. Minimum
periods may be set for the green and all-red
intervals. The controller must prevent green
accidentally being displayed in both directions.
The operator should view both approaches and
switch the signals accordingly. When this is not
possible, an assistant should be provided who is in
radio contact with the operator. This assistant will
inform the operator when vehicles are approaching
or waiting to be served at the other end of the single
lane, and when the queue of vehicles has departed
from the approach.
The operator should provide only sufficient green for
the waiting queue of vehicles to depart from the
signal, except when there is no demand at the other
end of the single lane. An adequate all-red period
must be provided to allow the last vehicle to exit
from the single lane.
In the absence of traffic demand on any of the
approaches, the operator should rest the signal in
all-red. This will allow a green light signal to be
provided soon after a vehicle has arrived on either
side of the single lane.

TRAFFIC SIGNALS
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In fixed time operation, green and all-red intervals
are predetermined and there is no response to
vehicle demands. This type of operation is not very
efficient, but it has the advantage that it is less costly
to operate and maintain.
In fixed time mode, the maximum 15-minute traffic
demand that is likely to occur must be established
and sufficient green provided. The duration of the
green intervals can be established as for a normal
fixed time controlled junction, except that a longer
all-red period is provided.
The all-red interval should provide sufficient duration
for slow moving traffic to clear the single lane before
the onset of the opposing green. This should be
th
established based on the 15 percentile free-flow
speed on the lane (judgement may be required to
establish whether this would be adequate). The allred period may not be less than 2 seconds.
When sufficient sight distance is provided, a shorter
all-red may be used, and a flashing red light signal
provided to indicate that drivers can proceed after
stopping if the way ahead is clear.

12.3.4 Vehicle-actuated operations

12.3.2 Manual operations
1

12.3.3 Fixed time operations

1
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Vehicle-actuated operations allow signals to
automatically respond to vehicle demands. The
signals will change in response to the registered
demand as vehicles actuated the detectors.
The vehicle-actuated controller will only provide
green until a gap is detected on the approach, and a
demand has been registered on the other side of the
single lane. When a gap is detected, the signal will
change to the next phase, subject to the provision of
minimum green intervals.
Vehicle detectors can also be provided on the lane
itself, which will allow for the adjustment (extension)
of the all-red interval. These detectors should be
spaced at constant distances, and an extension time
provided which will allow a vehicle travelling at the
th
15 percentile speed to reach the next detector (and
finally the stop line) within the extension time
provided. A minimum all-red period equal to this
extension time must be provided to allow departing
vehicles to reach the first detector along the single
lane. Extensions must be provided for both
directions of movement.
The adjustment of the all-red interval can
significantly reduce unnecessary delays when
roadworks occur over long distances. Assuming a
th
15 percentile speed of about 12,5 m/s (45 km/h), a
single lane of 1 km would require an all-red interval
of about 80 seconds (1000 m/12,5 m/s = 80 s). If the
last vehicle departing from green travels at a higher
speed of 20 m/s (72 km/h), only 50 seconds of travel
time would be required. This would mean that
vehicles would be waiting unnecessarily at the other
side for 30 seconds while all vehicles have already
cleared the lane.
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Suppose three extension detectors are provided
along the lane at 250 m distance intervals. This
would require an all-red extension time of
20 seconds (250 m/12,5 m/s = 20 seconds).
A minimum all-red period of 20 seconds is provided
on termination of green. If the last vehicle to depart
is travelling at a speed of 20 m/s, this vehicle would
reach the first detector after 12,5 seconds, or
7,5 seconds ahead of the minimum all-red period.
The first detector extends the all-red period by
20 seconds to a total of 12,5+20 = 32,5 seconds.
The vehicle reaches the second detector
25 seconds after it had left the stop line. The all-red
period is extended by 20 seconds to a total of
25+20=45 seconds. At the third and last detector,
the all-red period is be extended to the final total
value of 37,5+20 = 57,5 seconds.
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The vehicle travelling at 20 m/s will be exiting from
the lane after 50 seconds. This then means that
vehicles will only wait unnecessarily for about
7,5 seconds, which is significantly less than the
30 seconds without detectors.
9 The above delays are directly related to the length of
the single lane. A single lane of 2 km would double
the delays, while a lane of 10 km would cause
10 times as much delay.
10 In the absence of any demand, the signals should
revert to all-red, until a vehicle is detected. This
feature ensures that the signals are then able to give
right of way to the first approaching vehicle with
minimum delay. This is a further important
advantage of vehicle-actuated control.
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CHAPTER 13:
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13.1

LANE DIRECTION CONTROL SIGNALS

INTRODUCTION

Lane direction control signals are used to signalise
reversal of traffic flow along a road lane to
accommodate the tidal nature of traffic flow during
different times of a day. The signals shall be used to
indicate the permitted direction of traffic movement
along a lane of a road and to prohibit the entry of
traffic into, and the movement of traffic along, that
lane from the opposite direction. In this way, right of
way can be allocated alternately on a predetermined
basis, to one of two possible directions of traffic
movement in the lane, or lanes, so signalised.
Lane direction control signals shall ONLY be used to
permit or prohibit traffic movements in situations
where at least one lane is subject to reversals of the
direction of traffic flow. If there is a need for such
application, use can be made of VARIABLE
MESSAGE SIGNS as described in Chapter 9 of
Volume 1 of the Road Traffic Signs Manual.
The signal faces that may be used for lane direction
control are the S16, S17, S18 and S19 signals
shown in Figure 13.1. Permitted variants of the S16
and S17 signal faces are shown in Figure 13.2. The
variants S(16)-17 and S16-(17) may be provided as
variable signals where both the cross and arrow can
be displayed on a single matrix.
According to the National Road Traffic Regulations,
the STEADY GREEN DOWNWARD-POINTING
ARROW SIGNAL S16 is used to “indicate to the
driver of a vehicle that he or she may drive his or
her vehicle in the lane over which the arrow is
displayed”.

5
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The STEADY RED CROSS SIGNAL S17 is used to
“indicate to the driver of a vehicle that he or she
shall not drive his or her vehicle in the lane over
which the cross is displayed and that the lane is
open to vehicles travelling in the opposite
direction”.
The YELLOW LEFT AND RIGHT ARROW
SIGNALS S18 and S19 are used to “indicate to the
driver of a vehicle that the lane over which the
arrow is displayed is closed ahead and that he or
she shall leave the lane in the direction of the
arrow when it is safe to do so”.

13.2
1

2

INSTALLATION

LANE DIRECTION CONTROL SIGNALS shall
comprise of two independently illuminated signal
aspects, Types S16, and S17. The signals SHALL
be mounted in PAIRS as shown in Figure 13.3, one
facing in each direction, centrally over the traffic lane
subject to reversal in direction of use.
PAIRS of the lane direction control signals S16 and
S17 shall be placed at the beginning and end of
each lane subject to reversed flow and at
intermediate points along the lane that will enable a
driver to see at least two light signals at any time,
the distance apart not exceeding half the minimum
sight distance for urban conditions given in Table 3.1
of Chapter 3 of this manual (Volume 3).

Figure 13.1: Standard lane direction control signals

Figure 13.2: Permitted variants of lane direction control signals
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It is recommended that fixed display lane direction
control signals, or fixed "arrow" or "cross" signs, be
placed over all OTHER lanes that are not subject to
reversible traffic flow, to supplement the LANE
DIRECTION CONTROL SIGNALS.
LANE DIRECTION CONTROL SIGNALS S18 or
S19 may be placed in advance of the lane closure,
over the centre of the lane to be closed. Signals S18
or S19 shall be operated on the basis that they are
either illuminated or switched off. The signals shall
be illuminated when they precede an illuminated
S17 RED CROSS signal over the reversible flow
lane. If it is necessary to provide a long merging
distance, more than one S18 or S19 signal may be
used, in sequence, over the approach lane. These
signals do not have to be mounted in pairs.
The roadway signals S18 or S19 should be located
in advance of the lane closure at a distance as given
in Table 3.1 in Chapter 3 of Volume 1 of the Road
Traffic Signs Manual. This distance should be
increased in accordance with the difficulty which
traffic may experience in merging with traffic in the
adjacent lane.
The lane direction control signal faces are normally
gantry mounted and the standards for height and
clearance are the same as for other signals. The
faces may NOT be mounted with the centre of the
signal aspects at a height exceeding 6,2 m above
the road. There shall also be a vertical clearance of
not less than 5,2 m from the road to the lowest part
of any light assembly or supporting structure.
Light units in South Africa shall conform to the
requirements of South African standard specification
SANS 1459: Traffic lights in regard to light output
and colour value of light signals. Details of the light
signals, including dimensions, are given in
Chapter 10 of Volume 4 of the Road Traffic Signs
Manual.
Appropriate lane markings, as described in
Chapter 7 of Volume 1 of the Road Traffic Signs
Manual may be used.

13.3
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OPERATION

Reversal of the direction of traffic flow along a road
lane, or lanes, can be considered where it is
beneficial to make use of the tidal nature of traffic
flow. Such traffic flow reversals, however, shall be
used only where it can be certain that it will operate
safely. The technique is not recommended for use
on roads with a speed limit exceeding 80 km/h.
Careful attention should be given to capacity
requirements and channelisation of traffic at each
end of the lane(s) subjected to reversed traffic flows.
Inadequate capacity to meet the increased
directional flow will mitigate against the effectiveness
of the action. Some drivers may get confused as to
which lanes to use at the terminal points and extra
control signals or other measures may be needed at
these locations.
Traffic flow in any one direction shall be for
continuous periods of not less than one hour.
Changeover should preferably occur at the same
time of each day of the week and when traffic
volumes are not at, or near, the peak. It is
recommended that there should be no more than
two changeovers in one day, i.e. one period of
reversed flow per day.
Prior to permitting vehicles to use a reversible
direction lane, all the signals along each section
shall show crosses in both directions to provide
sufficient time to ensure that the traffic lane is free of
moving or trapped vehicles.
Signals may be switched off when not required,
provided that in such circumstances the direction of
flow of traffic and the bounds of traffic lanes are
obvious from other permanent road traffic signs.

Figure 13.3: Back-to-back mounting of lane direction control signals
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CHAPTER 14:
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14.1

RAILWAY CROSSING SIGNALS

INTRODUCTION

The National Road Traffic Act permits the railway
operator (Transnet Limited) to erect road traffic signs
at railway crossings as they may deem expedient.
However, provision is also made in the act that such
operator can be directed to display or remove signs
as may be required.
According to the National Road Traffic Regulations,
no person shall stop a vehicle on the roadway of a
public road within the railway reserve at a level
crossing, except in order to avoid an accident, or in
compliance with a road traffic sign or with a direction
given by a traffic officer.
Due to extremely high risk of fatal and serious injury
resulting from accidents at level railway crossings, it
is important that the highest standard of traffic
control should be provided at such crossings. This
includes making drivers aware of the fact that they
are approaching a level railway crossing.
Railway crossings should be marked with the rail
crossing warning signs W403 or W404. Sign W403
is displayed on approaches to single railway level
crossings, while sign W404 is displayed on
approaches to level crossings with more than one
railway line. In addition to these signs, the advance
warning sign W318 can be applied with good effect,
particularly under circumstances where visibility is
obscured. These signs and their applications are
described in Volume 1 of the Road Traffic Signs
Manual.
A number of road signs may be used for the control
of traffic at level railway crossings. These include the
use of FLAG SIGNALS SS2 as well as STOP
SIGNS R1 and YIELD SIGNS R2 singly or in
combination with the W403 or W404 warning signs.
The use of these road signs is described in
Chapter 7 of Volume 2 of the Road Traffic Signs
Manual.
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FLASHING RED DISC LIGHT SIGNALS (FRD) may
also be used to warn drivers that a train is
approaching a level crossing. Two such signals shall
be used in conjunction with a STOP SIGN R1 and a
warning sign W403 or W404. The signals shall be
mounted below the stop sign R1 and above the
warning signs W403 or W405 as shown in
Figure 14.1.
According to the National Road Traffic Regulations,
the flashing red disc signal “indicates to the driver
of a vehicle that he or she shall stop his or her
vehicle and shall not proceed until it is safe to
do so, and such signal shall have the same
significance as stop sign R1”.

14.2
1

2

INSTALLATION

The flashing red light signals at railway crossings
SHALL be situated on the near side of the railway
crossing, on the left side of each approach roadway.
The flashing red light signals shall conform in all
respects to the requirements laid down for vehicular
traffic signals at road junctions and pedestrian
crossings, except that:
(a) The signal face shall comprise a single red disc
aspect and shall be mounted on the same post
as the stop signs R1 and the warning signs
W403 or W404.
(b) The red disc aspect shall be displayed only in
flashing mode, as and when required to warn of
the approach or presence of a train, and shall
not display a steady red light signal at any time.
(c) Two flashing red disc signal aspects shall be
provided on the same post.
(d) The flashing red disc signal may be
accompanied by an audible signal.
(e) The signal posts shall be as for road signs.

Figure 14.1: Flashing red disc light signals at railway crossings
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