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SUMMARY

Traffic control at isclated intersections
or as part of a more complex system is
designed to ensure optimum traffic flow
for all road users at each intersection,
whether considered separatsly or as part
of a network -

Increasing use is being made of the si-
mulation method, to study complex plani-
fications for individual transport. In
view of the number and characteristics
of the parameters, which must be taken
into consideration; it is often more
successful than conventional empirical
or analytical methods. This article in-
troduces a study of green waves, using
simulation and its application. The mo-
del has to be simple, and economical.

The programming language used is GPSS III,
the computer an IBM 7040740 belonging to
the "Centre de calcul électronique de
1'Ecole Polytechnique de 1'Université de
Lausanne”:

1 INTRODUCTION

Control by means of traffic signals at
isolated intersections have been suffi-
cient for many years, but now, it has
become essential to coordinate traffic
control on major highways, and to intro-
duce green waves or cocrdination of traf-
fic within urban networks of varying size,

2 GREEN WAVE

A green wave is obtained through a syn-
chronization of the control installations
of one or more traffic movements. His
synchronization is obtained, by the pro-
Jection in time and space, of the green
time in a cycle of traffic control.

Its aim is to achieve the highest possi-
ble level of service, which means the
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largest individual freedom of movement
obtainable.

This implies, that the synchronization

of the traffic signals on this itinerary
is correct, if the signal becomes green
when the first vehicle of a platocon arri-
ves within braking distance and becomes
red when the last vehicle has passed it.

Synchronization is sasy when the traffic
flows in one direction but, on the other
hand, it becomes difficult when one stu-
dies all the traffic movements. Such as
cross traffic, merging and diverging
traffic, pedestrians and traffic volume
variations which one encounters at each
intersection.

Traffic control of a chain of intersec-
tions, is in fact a problem of optimi-
zation. They are two types of optimiza-
tion, local and overall

local optimization is the choice of
cptimum cycle length and phase system
at each intersection;

overall optimization is the coordina-
tion of control programes for a group
of intersections, considering average
vehicle speed.

The most commonly used optimizaticn ecri-
teria is the mean waiting time per vehi-
cle. It is the one adopted without omit-
ting such important factors, as the num-
ber of stops effectuated by each vehicle
on the main route and the length of the

stationary line.

There are many parameters to be included
in this type of simulation model. The
most important parameters can be divided
into four groups

- those concerning drivers; such as his
reaction time and behaviour at a se-
ries of coordinated intersections...

- those concerning vehicles; such as
structural characteristics and perfor-
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- those concerning streets; such as lay-
out, physical characteristics, number
of intersections, number of preselec-
tions or lanes allotted to each route...

- those concerning control systems; such
as programes, and especially, length
of cycle, phase structure and synchro-
nization speed.

Moreover, the parameters of the last group
for a given road design can be constant
or variable depending on whether the con-
trol device is either pretimed or fully
traffic actuated. A pretimed system will
have one programe for traffic control,
whereas a more flexible one will demand

a signal timing programe, based on in-
formation given by traffic detection de-
vices, elaborated by a computer working
on line.

The classical means of designing a green
wave is graphical, based on the use of

a time-space diagram. This represents
traffic flow lines defined by signal ti-
ming programes of the different intersec-
tions (Fig. 1). There are many setbacks
in the use of this method. These studies
are time consuming and they must be re-
peated for each value of the parameter.
Moreover, this method does not indicate
the number of stops and delay.

With the use of simulation one can better
analyse these phenomenons. Simulation
shows the future performance of the sys-
tems before they are put into practice,
thus providing criteria for choising bet-
ween different designs.

Simulation also permits the possibility
of adaptation to the evolution of traf-
fic which facilitates the establishment
of a calender-programe.

3 DESCRIPTION OF THE MODEL

In its actual state, the present model
simulates a pretimed green wave. It sa-
tisfies the imposed constraints. It is
simple to use and of low cost.

Whichever intersection is considered, the
ensemble of events which take place are
basically the same, the only difference
being their numerical values.

GPSS indirect addressing permits the

creation of a compact model. Two diffe-
rent types of transactions correspond to
the two dynamic elements of the system :
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vehicles and traffic signals. The comple-
te model thus includes a model for vehi-
cles and a model for signals; a permanent
dialogue between the two models provides
a link between vehicle progression and si-
gnal indications (Fig. 2).

Vehicles are generated at the border of
the system wherever traffic flow can pe-
netrate. Headway distribution can be cal-
culated according to mathematical laws
such as those of Polsson or Erlang de-
pending on the traffic conditions, or ac-
gording to smpirical data if vehicle ar-
rival is not at random, but conditioned
by other elements further back into the
traffic flow.

When a vehicle arrives at an intersection,
a random choice based on statistical dis-
tribution is taken as toc whether it will
go straight on or turn off the main flow.
The statistical distribution is either
based on data collected on the spot or

on traffic forecast.

For any given vehicles, there are two

possibilities

- the signal is green and there is no
other vehicle waiting, the vehicle in

question goes straight across the in-
tersection.

- either the signal is red or the vehi-
cle in front has not yet moved off
when the signal was green the vehi-
cle in question stops and joins the
queue. It will only move when the si-
gnal is green and when the vehicle or
the vehicles in front of it have star-
ted to move (Fig. 3).

The distribution of vehicles in a pla-
toon changes as it gets further away
from the intersection, as a result of
different vehicle speeds. Choice of the
average speed for different vehicles is
based on a normal distribution. The ave-
rage speed (V) is the synchronization
speed. The ratio between standart de-
viation of speeds (0) and (V) depends on
traffic conditions and especially on
traffic density. Here, the value [G/V]
has been estimated to be 0,15. A vehicle
leaves the system ance it has crossed the
last intersection.

Different simplifications have been in-
troduced into the model, such as plitfing
the yellow interval into red and green
times and including the loss of time due
to acceleration or deacceleration into
the waiting time. Experience has proved
that these simplificaticons were of little



influence.

This model is composed of 130 blocks, and
the computer utilised has the capaeity
for treating 20 intersections.

4 APPLICATION

(Fig. 1, 4, 5, B)

The first practical appllcatlon of the
model was the study of a project for a
semi-urban radial artery linking the cen-
tre of Lausanne with an industrial su-
burb (Bussigny). This artery has 14 in-
tersections.

The use of the model made it possihle :

- to
as
of
ve

- to

- to estimate future performance for the
scheme, taking into account the proba-
ble evelution of traffic structure and
volume.

verifie the layout of the project

a whole, to correct certain details
the geometrical layout and to” impro-
the scope of synchronization.

work out traffic control programes.

- to determine the varicus stages of de-
velopment for different parts of the
system.

Simulation of traffic travelling in one
direction took 0,14 hour for a run, or
a ratio of:machine time/real time=D,3.

5 CONCLUSION

It would have been possible to use an
existing simulation programe, but we did
not think that this would have been the
best solution.

Available models would have had to be
adapted, with infinite precautions, to
the data at our disposal and to the spe-
cial characteristics of our design. It
would, morecver, have been too expensive
to use some of the more sophisticated
models. With the use of BPSS language
and various carefully checked simplifi-
cations, it took an engineer only a few
weeks to construct an operational model
which was tailored to meet our spscial
requirement.

Studies are at present being conducted

in two different directions. The model

is being developed to simulate a traffic
actuated control system, and on the other
hand, it is being developed to study a
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process which would give some sort of
priority to public transport systems by
means of appropriate detectors and con-
trol.

TLLUSTRATIONS

RC 151 Lausanne-Bussigny
(Switzerland)

Progressive Signal System
Time Space Diagram
Complete Simulation Model
Flow Chart

Vehicle Simulation Model
Explanatory Flow Chart

RC 151 Lausanne-Bussigny
(Switzerland)

General DBesign

RC 151 Lausanne-Bussigny
(Switzerland)

General Design Detail

RC 151 Lausanne-Bussigny
{Switzerland)

Mean Waiting Time at Intersections

REFERENCES

- Anders M. LG&F "Computation of an opti-
mal control for a signalized traffic in-
tersection”. Transportation science. 0-
perational research society of America.
Vel. 1 No. 1 Febr. 1967

- Blum A.M. "Digital simulation of ur-
ban traffic”. IBM systems journal-
vol, 3 No. 3 1964 p.41

- Gerlough D.L. "Simulation of traffic
flow”. Highway Research Board. Special
report 79. An introduction to traffic
flow theory. Washington 1964

- Kell J.H. "Interséction delay obtai-
ned by simulation traffic on a computer”
Highway Research Record No 15 1963

- Sagen R. "Traffic simulation with ca-
thode raytube output”. The University
of Denmark, Department for road and
railway canstruction and town planning.
Report No 36 Copenhagen 1967

- W&tjen W.D. : "Computer,simulation of
traffic behaviour through three signals”
Traffic Eng. & Control. Febr. 1965.

Vol. 6 No.10 p. 623-626

- Gerlough-Wagner : "Improved criteria for

traffic signals at individual intersec-

tions”. Highway Research Board
NCHRP No. 32 (1867}
~ Webster F.W. "Traffic signal settings”

Road research technical paper No. 39

- Yardeni L.A. "Algorythms for traffic
signal control”. IBM systems journal.
Vol. 4 No. 2 1965



\

o
i

l W I; YR
N IN ok 'm
'l,n',: ,I,I 1,’,/,'/
l "l"/’l"l’ it

§§ RC.151 LAUSANNE-BUSSIGNY  (SWITZERLAND)
PROGRESSIVE SIGNAL SYSTEM

1
i,
l/n’ i ,/'4 /’:,

////////% o i

i

\lW%%

g [ el el
"mflw,w'/" Wl//////// ,m///{/:,//:/ ,///’:',“7 l,""’/,’/,‘”l'l ,\/\)\,\, \\\\\ /// ,!,:,'4/'{//,/::{:,9:,'/,;:\'\')\)\\\\\\\\\\\\ "({(@44%4"'/7/'//%////////

. «‘ Iﬂ/'l"}’l;/'/////////////////////// ‘m’m L (S LT}EI = 3//,//,,,,,9,%2%:"'}&\\\\\\\\\\\ I(\”;”"////////////////
A

!
s
u'“""/ ° il ’:'I"II- 1 ™) )
' 3 /,'l,”:/,l'l,‘:l, i TIME SPACE DIAGRA r,r’,"l,/'/

"r/’////l/ /////////

ey ffp=ecane //

n,v,,,o’a'%'\}ﬁ'\i\o\\\\X\\,\.\\\\\\\\\\\(‘mww j » \\\"3(:"':',"'}/////////// /////// ""’(/'/"" W
n{({aﬁﬁ,’:’,’:;é/'/'/l//'///'/ ///////// ‘ ﬁ‘ \\\\\\\\\\\\\\\\\\\\\\\\\\\\ /// /////,,,,

“‘\\ \\\\\\{{\Q“\\ |

’ ll
l.l I’ o ’l,‘

\\\\\\\\\\\\\\\\\\\\\\\\\\ W """":"'Z':z,"f,":":' i

l,/'ﬂ,:',,,m 4

l
i i

\\\\,"% 7/7/////////////////////////// "‘\\\\ "’

/I ' ' %
.\\\\\\\\\\\\\\\ ‘Mw'u ',"/

SYNCHRONIZATION SPEED 56 KM/H

Sy
50 10 »n | [ ] m k.3 ! “n ™ | 30 ml k]
R %] "o k7. 228 [3;)
| DISTANCE : (M} SPEED : [KM/At) DEuR.
Fig, 1

COMPLETE SIMULATION MODEL

FLOW CHART

i

L

Ve

+
'
¢

-3}

-

esuz
1]
énsv: % esuz




VEHICLE SIMULATION MODEL
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PHASING OF TRAFFIC FLOW
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