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Abstract

The aim of this article is to present the achievements in the field of the
execution of a road junction model as well as the design of traffic
managing algorithms and programs based on a modular programmable
controller (S7 — 200 CPU 222), i.e. under conditions of restricted program
and data memory along with limited syntax of the programming language.
The authors have shown that it is possible to produce a simulation
environment (of a structure similar to real conditions), which will allow for
experiments with the algorithms controlling traffic lights and observation
of vehicles behaviour in the newly adjusted environment.
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Synteza sprze¢towo-programowa przykladowego
wezla drogowego w programowalnym sterowniku
modulowym

Streszczenie

Celem niniejszego artykulu jest przedstawienie dokonan w zakresie
wykonania makiety skrzyzowania drég oraz opracowania algorytmow
I programéw dla potrzeb sterowania ruchem na bazie programowalnego
sterownika modutowego (S7 — 200 CPU 222) tj. w warunkach
ograniczonej pamigci programu i danych oraz ograniczonej syntaktyki
jezyka programowania.

Sterowanie ruchem drogowym nie jest zagadnieniem trywialnym, przede
wszystkim z racji istnienia réznych rozwigzan architektonicznych
(tj. rozne uklady drog i skrzyzowan, w tym skrzyzowan o ruchu
okreznym) oraz stale zmieniajacej si¢ charakterystyce ruchu drogowego.
Konstruktorzy systeméw do sterowania ruchem czgsto musza
eksperymentowaé na rzeczywistym obiekcie, dobierajac eksperymentalnie
czasy faz, ustalajac mozliwe sytuacje kolizyjne itp., co praktycznie
skutkuje zaburzeniami w ruchu drogowym. Istnieje zatem potrzeba
wytworzenia S$rodowiska symulacyjnego (o strukturze zblizonej do
warunkow rzeczywistych), ktéry pozwoli na eksperymentowanie
z algorytmami sterujacymi sygnalizacja $wietlna i obserwacji zachowania
pojazdéw w nowo-wysterowanym srodowisku. W artykule przedstawiono
specyfike sterownikow modutowych (zwanych wczesniej micro), synteze
sprzetowo-programowa  Srodowiska symulacyjnego 1 przykladowe
algorytmy sterowania sygnalizacja $wietlng.

Stowa kluczowe: synteza sprzetowo-programowa, PLC, ruch drogowy

1. Introduction

Analysis and modelling of traffic is a difficult task, what with the
complexity of the problem and its stochastic nature. Road
administration and scientists, not wanting to expose drivers to
inconveniences connected with attempts of controlling an area
(e.g. a crossroads or a couple of intersections in close vicinity),
make use of various simulators. Over the last few years, many
publications have covered the attainments in this field. In general,
they can be categorised as software, hardware or hardware and
software solutions. The most common are probably software
solutions, e.g. complex systems, such as MATSim, VISSIM [7],
TRANSIMS [18], MITSIM, AIMSUN, SUMO [11] and
CORSIM, as well as theories [5],[17], smaller simulations: [2],
[3], [13] or those regarding pollution [24]. Some authors focus on
solutions close to real-time simulation [8]. As far as hardware is
concerned, a wide variety can be observed. Multiple models
representing certain road junctions have been created, such as [6],
[9]1, [12], [19], hardware-in-the loop systems [4], [25], real object
scale models [14] and GPU utilising solutions [21].

This article presents the achievements in controlling a micro scale
real object.

2. Selected aspects of the example shown in
the article

The task of the developed control system is sequential control of

traffic lights of a crossroads model of an assumed scale, according

to the declared needs.

The system is meant to be used as a teaching aid in laboratory

classes and can be the basis for discussing the methodics of design

and implementation of traffic lights controlling algorithms and the

rules of coupling actors and sensors with programmable

controllers. Basing on the initial assumptions, the following

functions of the system have been defined:

—checking initial condition necessary for the correct work of the
device,

— communication with the operator — receiving commands,

— signalling states of phases,

— signalling alarm states.

The aforementioned functions have been depicted in fig.1.
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Fig. 1. A functional structure of the control system [own research].
Rys. 1. Struktura funkcjonalna systemu sterowania [opracowanie wlasne].

Device design begins with breaking down a control system into
functional modules, presented in fig. 2.
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Fig. 2. A functional modules of the traffic lights control system [own research].
Rys. 2. Moduly funkcjonalne systemu sterowania sygnalizacja $wietlng [opr. wlasne].

A real crossroads model, created accordingly to the presumptions
is presented in fig. 3.
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Fig. 3. A physical model of the real crossroads [own research].
Rys. 3. Model rzeczywistego skrzyzowania [opr. wlasne].

3. Conclusion

The main aim of this work was to prove that with the use of micro
controllers it is possible to prepare a simulation environment of an
exemplary crossroads. For this article, the following has been
prepared:

— a crossroads model with traffic lights and a set of buttons
simulating detectors of vehicles entering the intersection and
control panel managing the traffic lights,

— traffic lights controlling programs, created with Siemens Step-
7 MicroWIN software.

The model can be used for educational purposes (used controller

does not fulfil the criteria of the Minister of Infrastructure

regarding traffic lights controllers). It allows for learning about the

essence of design and execution of the software controlling traffic

lights at intersections.
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