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Advisory speed signs are designed to facilitate the formation
of platoons and promote the flow of traffie in a 'green
wave'. The epeede are computed to ereate a safe delay
betuween the start of the green phase and the arrival of the
platoon at speed. Observation of the performance of an
earlier algorithm in an om-road trial suggested that drivers
tended to arrive at the signals too early when very low

. speeds were advised. Thie paper presents a modification to

o the orignal algorithm design to correst for this by adjueting
for the time and distance vequired by vehicles to slow to
the advised speed.
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INTRODUCTION

.'Dynamic advisory speed signs (von Stein, 1959, and Morrison g; )

3::71962) have hitherto been used to solve traffic problems at gpecxflc
Isééticns (tunnels/freeway exits) with the reduction in travel time
rereiving less emphasis, The concept behind advisory spged signg is #he
promotion of the flow of traffic in a “green wave’. In its most readily
pplied form the advisory signs are an addition to a fixed time traffic
ontrol system. The speeds displayed are calculated to facilitate the
ormation of platoons, and to move these platoons along successive links
;ithin the green wave., The signs give the driver the information
jacessary to select a suitable speed, and operate as & form of feedback
ontrol by supplying updated speed advice as the vehicle moves down the
road: Typically the advisory speed signs are located just downstream of
the previous signalized intersection and within long links at 1/2 km
ntervals. The displayed speeds are computed to create a safe delay
between the start of the green phase and the arrival of the platoon at
peed, and are constrained to fall within a practical opersting range.

-'The most obvious benefit to the driver for complying with the
ystem is a reduction in the number of stops. Discrete simulation
Doughty and Trayford, 1982) showed that in a variety of situations
tops can be reduced to near zero given full compliance by drivers. &
urther-advantage is the reduction in fuel consumed.,

“Other advantages arising from the system are likely to benefit
e commmity as much as the individual driver. Near uniform speeds
educe noise, hydrocarhon emissions, lane changing and produce a lower
seed ‘differential between adjacent vehicles. The simulated reduction

g"changing has been documented by Doughty and Trayford (1982) ard

nsequence, a lower incidence of accidents could be expected.

:“This paper takes the original algorithm proposed by Doughty et
tnpublished data) and develops a modification that on—road trials
jest might be appropriste in certain circumstances,

‘The simplest approach to the problem of calculating an advisory
»eed would be to employ the minimum of the speed limit, and the speed,
ich if adopted, would cause the driver to cross the stop line as the
! turned green. However, some drivers may be reluctant to
h'a red signal at a speed which would prevent them from stopping
ime ‘should the system malfunction. Consequently attempts to place
leading vehicles on the stop line when the signals turn green is
le to suffer from disturbances produced by late braking as
sional drivers slow down ta what they consider is a safe speed just
ase the signals do not change, Since the basic goal of dynamic
30CY ‘speed signs is to smooth the flow of traffic, displaying a
hich will place the leading drivers in a platoon in a position
me may feel compelled to brake is self defeating.

the approach adopted by Doughty et al. (unpublished data) was for
81918 to advise a speed which would place the léading vehicles some
tar e back. from the stop line when the signals were due to change.
nation of distance and speed being chosen to maximize the
0 Speed of the driver (within limits) while keeping the
hood ‘of drivers braking to a minimsn, That is, the signals should
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turn green at the point where the drivers would otherwise make the
decision to start braking.

Let

X be the location of the stop line,

X be the location of the advisory sign (x<{),

T be the time when the traffic signals are due to turn green,

t be the current time,

B (<0) be a braking rate typical of drivers meking a late
decision to stop, and

s4(t,%x)  be the unconstrained speed produced by these conditions,

If £ is less than T, a vehicle which complies with the advised
speed will travel a distance (T-t).s.(t,x) beyond the sign before the
signals turn green, If the signals fail to turn green ard the driver
brakes, the vehicle will travel a further distance of -s4(t %X32/28
before stopping. For safety, the vehicle should not have reached the
stop line (Figure 1), hence :

X+ (I-t).se(t,x) - 8,(t,1)3/26 8 X S D)

Red signal

“Stop line 1o, (1,x1" /273 !

/ _________________________________________________ i

(T-t).s, (4, x]

DISTANCE ——>

Advisory sign

Speed displayed
= g, [t.x]

TIME ———>
Figure 1 Time-distance diagram illustrating the derivation of the

original advisory speed algorithm,
Rearranging and solving vields
8,(t,x) £ B(T-t) + [82(1-t)2 - 28(X-x)]1/2 (<1 2

This expression is subhject to a number of congtraints, Speeds
are bounded above, where one of the possible bounds is the speed limit;

and below, to prevent too great a speed differential between those '

82.
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¥ vérs who choose to comply with the sign and those who do not.
Dispia}'iﬂg the lower limit in the case of speeds which would otherwise
£all below it, will result in drivers who comply with the system beipg
forced to slow or stop at the intersection, reducing their credence in
conzequently, the sign displays an "X" or other symbol in

the system. Ly, . ;
these circumstances to indicate that the speed is undefined. Thus

 undefined a2:(t,x) < 5.
= { s,(t,x) S, £ s1(t,x) < By (3
L Sv Sy £ Sg(t,X)

ig the upper limit to the advisory speeds,
ig the lower limit to the advigory speeds, and
is the speed actually displayed by the advisory sign.

- Provision is also made for changing the green phase for which the
“ddvisory speeda are calculated when a vehicle travelling at the mazimum
gpeed the sign will advise cannot reach the intersection before the

‘aignals turn red.

EPARTURES FROM THE ORIGINAL HODEL

o The performance of the algorithm was evaluated in an on-road
Ctrial using an instrumented car equipped with a micro-computer
programmed to calculate the advisory speed on the basis of the vehicle’s
location and the known cycle timings (Trayford et_al., unpublished
data). The experiments involved a single signalized intersection, and
observation suggested that drivers were tending to arrive at the sigrnals
too early when very low speeds were advised, This could have been
~caused by a murber of different factors, the two leading conterders
‘peing: that drivers were reluctant to travel at low speeds when the
~vehicles around them were travelling much faster: or that the drivers
who were travelling near the mean free speed when advised of an
-appropriate speed took an appreciable time to slow down to the lower
gpeeds and consequently arrived too early. The first possibility is
+'less likely to be a problem with advisory signs positioned beside the
road when all drivers (not just one) would be advised of & suitable
speed, The second possibility is one for which an algorithmic solution
exists and iz the subject of this paper.

) The model represented in equation (2) was based on the assumption

ithat the vehicle cruised at a constant speed s:(t,x) from the moment it
passed the advisory sign. However, if the wehicle is travelling faster
than the posted speed the driver will first slow down, probably at a
relatively gentle rate, before cruising at the advisory speed. The time
“taken to slow down to the advisory speed and the distance covered while
doing so, will bring the vehicle closer to the stop line than was
‘assumed desirable in the derivation of the algorithm. As a consequence
-the driver of the vehicle may undertake further braking as he approaches
~;he int;rsection, pogsibly even having to stop completely as shown in
‘Figure 2,

. The magnitude of the discrepancy produced by assuming & congtant
- Crulsing speed can be estimated relatively easily, If the driver is
= initially travelling at ¢ and slows down to the advised speed, s,(t, %),
at some rate, g8* (<0), his vehicle will take a time, (s.(t,x)-6)/8*, to
reach the advised speed, during which it will have travelled a distance,
(84(t,x)?2-02)/28*. Had the driver been cruising at the advised speed

83.
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Figure 2 Time-digtance diagram illustrating the effect of the initial
speed of a vehicle on the time of its arrival at the traffic

signals,

all the time, he would have taken a time (s,(t,x)?-52)/28*s,(t,x%) to
cover this distance. As a consequence, by the time the driver has
slowed to the advised speed, he will be AT too early on his arrival at
any given point along the road, where AT is given by

AT = (84(t,x)2=g2)/28%s,(t X)) — (8,(t,x)-0)/B"
.or after some manipulation,
Al = (8,(t,x)-0)2/28%s,(L, %) 4

The nature of the dependence on the advisory and initial speeds
of the error thus induced is illustrated in Figure 3, where the time by
which the vehicle arrives too early is plotted against s,(t,x) for
various values of o, From Figure 3 it can be seen that this error is
very large for low advisory speeds, but drops rapidly as the advisory
speed increases. The rate of decline from the initial peak is also
significantly affected by the initial speed of the vehicle. The value
of B¢ was held at ~1.0 m/s/s in all cases illustrated as its only effect
is to alter the vertical scale, without changing the shape.

IHE MODIFIED MODEL

A modification to the original algorithm to overcome this problem is
obtained by supposing that the vehicle is travelling at a speed, ¢, when
the driver first cbserves the advisory speed sign. (It is assumed that
¢ is greater than the advised speed). The driver is unable to reduce
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3 Plot of the time by which a vehicle arrives early at the
traffic signals against the advisory speed for initial speeds
of 60 and 70 kilometres per hour,

s speed instantaneously, but slows to the advisory speed, 8,(t,%), at
-rate, 8°. Slowing down from ¢ to s,(t,x), at 8* will take a time,
82(t,x)-0)/8", while the vehicle travels a distance {(8z(t,x)2-g2)/28",
i -leaves a time interval of T-t-{s,(t,x}-g)/8* before the signal
1 'green. Cruising at the advisory speed during this time will
le the vehicle to cover a distance of [T-t-(82(t,x)-0)2/8%1,8.(t,%).
‘the signals fail to turn green and the driver brakes, the vehicle
1 travel a further distance of -s.(t,x)2/28 before stopping, For

safety, the vehicle should not have reached the stop line (Figure 4),
ence

- (072854, %)2)/28° + [T-t+(o-8(t,%))/8°1.82(t, %) - 5(t,%)%/25 £ X
e (5)

Rearranging and solving yields

20t %) & [-(T-t+0/8%) + [(T-t+5/8*)2 + 2B(X-x+g2/28*1)5 5248  (£<T)

1/8+1/8%)
‘This expression is now subjected to the same constraints with

Spect to upper and lower bourds that applied to the original  and
+X) can be gubstituted for s,(t,x) in equation (3),

The modified algorithm described in this paper was designed to
€0 __E_C_t the problem of drivers arriving at the traffic signals too early
becaise they took an appreciable time to slow down from their initial
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Figure 4 Time-distance diagram illustrating the derivation of the
modified advisory speed algorithm,

speed to the advisory speed. No attempt was made to calibrate the model
because of a lack of sufficient data,

Because of the two additional parameters involved, £* and o, the
modified algorithm will require more effort to calibrate than the
original. Further, the time that the vehicle arrives at the traffic
signals is very sensitive to the initial speed of the vehicle, and the
rate at which the driver slows to the advised speed. Both these values
are likely to vary substantially between vehicles in a traffic stream
and have a corresponding effect on the performance of the algorithm,
Thus, it is worth considering the magnitude of the difference in the
respective advisory speeds and which algorithm is more suitable in
particular circumstences.

Reference to Figure 3 shows that when wvehicles have to reduce
their speed by less than 20 km/h, the difference between the arrival
times produced by the two algorithms is less than one second. This
representg the difference between an average speed of 43 km/h and one of
45 km/h over 300 metres, probably the limit to which one could expect
drivers to perform on a routine basis in traffic. Thus, the modified
algorithm is likely to be of moat use in those situations where the
drivers may have to reduce their speed by more than 20 km/h if they wish
to comply with the advisory sign. Thie is most likely to occur when
vehicles travelling at their mean free speed first enter an advisory
speed zone. In the trial described by Trayford et al. (perzonal
communication) where the discrepancy with the original algorithm was
noted, the mean free speed of the traffic was in excess of 70 km/h and
vehicles were approaching a single intersection,
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