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TELEM ATIC SYSTEM  OF HIGHW AY TRANSPORT

Structure o f  telem atic system o f  highw ay transport was described. Twelve consisting systems were 
distinguished. A formal description o f  system  was m ade, including applied facilities and methods. 
U sing o f  application graph to describe telem atic highw ay facilities together with its m atrix representation 
w as proposed.

Przedstaw iono budow ę systemu telem atyki transportu autostradowego. W yróżniono w nim 
dw anaście system ów  składowych. D okonano opisu form alnego systemu, który zawiera stosowane środki 
i m etody. Zaproponow ano zastosow anie graiu aplikacji w  opisie w yposażenia telem atycznego autostrady 
w raz z  jeg o  m acierzow ą reprezentacją.

where:
G -  structure graph,
F -  set o f  function determined at the nodes and/or arcs o f  structure graph,
P -  traffic stream representing the movem ent o f  loads and/or people in the system,
O -  organization i.e. allocation o f  traffic stream in the transport system.

A representation o f  transport system structure is a structure graph. This structure graph 
is representing highway structure placed in a concrete geographic site:

SYSTEM  TELEM ATYKI TRANSPORTU AUTOSTRADO W EGO

1. FORM AL DESCRIPTION

In [1,2] transport system  is described as an ordered four in the following form:

(1)

(2)

where: W -  set o f  graph nodes, 
L -  set o f  graph arcs.
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If  the nodes and/or arcs o f  the graph (2) define the attribution o f  certain means o f  
transport telem atics used in people and loads m ovem ent process, then the graph describes 
telem atic transport network. Therefore, the telem atic netw ork o f  highway transport is:

TST =  (G ,K ) (3)

where: G -  structure graph described in (2),
K- set o f  m eans o f  highw ay transport telem atics attributed to certain nodes and arcs o f  

the structure graph.
L et’s have a cartesian product o f  m easures and m ethods o f  highway transport telem atics 

K  x M . In this product a representation e is given, w hich assigns the elements o f  the cartesian 
product to the elem ents from  a {0,1} set in this way:

e :K  x M {0,l} (4)
while e(k,m )=l only w hen the m eans w ith num ber k apply m ethods w ith num ber m. In 
opposite case e(k,m)=0.

L et’s define RT set by the follow ing elements:
RT = {(k, m ) : e(k, m) = l} (5)

RT set is a two-partial relation nam ed telematic relation :
R T c R x M  (6)

Basing on [3,4] w e can specify the telem atic system  o f  highw ay transport as:
T = (S ,R T ) (7)

where: S -  transport network defined as: S = (G ,F ). It is clear that F =  Fw u F L , where Fw

-  is the set o f  functions defined on vertexes o f  structure graph, FL -  is the set o f  
functions defined on arcs o f  structure graph. Functions from  the set F represent 
transport network characteristics, for exam ple technical (throughput, capacity), 
econom ic (m ovem ent cost, travel tim e) or m athem atical (probability o f  m oving from  
one node to the next) or others, w hich characterise the transport network in required 
way. RT -  telem atic relation as in (6).

Fig. 1. Illustration o f  a formal description o f  telem atic highw ay transport system
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The illustration o f  a formal description o f  telem atic highway transport system is Fig. 1.

2. CONSISTING AND CO OPERATIVE SYSTEMS

Telem atic system o f  highway transport is the set o f  telecom m unication and informatics 
equipm ent and the electronic facilities connected together with relations o f  transferring and 
processing information. These equipm ent and facilities are located on the highway and its 
nearest surrounding and they are acting in a proper purpose. The aim o f  this system operation 
is reaching the concrete level o f  traffic safety and required effectiveness o f  transport process 
realized using highw ay as a land-based route.

G PS

Fig.2 Construction o f  highw ay transport telem atic system  (over system ) w ith m arked elements o f  12 consisting 
and cooperative system s (13); ® -se n so rs , ® -  activators

Figure 2 shows telem atic system  o f  highw ay transport as an over system w ith noted 
elements o f  twelve consisting systems and cooperative systems. The telem atic system of 
highway transport can consist of:

1. intelligent road navigation system,
2. m ovem ent detection system,
3. presence detection system,
4. charging system,
5. w eather inform ation gathering system,
6. system o f gathering inform ation about roadway conditions,
7. changeable display signs system,
8. changeable display boards system,
9. road inform ation radio system,
10. em ergency com m unication system,
11. m oving com m unication system,
12. environm ent monitoring system.
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On some highways, especially in the m ountainous area, where there is a  need o f  using 
tunnels, it is essential to use special telem atic systems intended to supervise, manage and 
m onitor traffic conditions in this terrain type. These are usually solutions, which are 
integrated telem atic system s enabling m onitoring m any im portant m ovem ent and surrounding 
param eters at one time.

3. M EANS AND M ETHODS

Connection between the means used by tw elve highw ay transport telem atic systems 
previously m entioned and the m ethods used by these systems m ay be formally described 
using a form  o f  an application graph.

A pplication graph o f  highw ay telem atics is described as follows:
G ata= ( K , M ; R T )  (7)

where: K  -  set o f  highway transport telem atic m eans used in 12 systems m entioned before, M 
-  set o f  highw ay transport telem atic methods, RT- telem atic relation.
A pplication graph G a t a  i s  a split graph, because the set o f  its vertexes is decomposed 

into two disjoint subsets i.e. K={k,} i M ={mj}. Every application graph arc connects a vertex 
from  set M with a vertex or vertexes in set K. Illustration 3 shows a general example o f  an 
application graph.

W e can define a  m atrix characterising the application graph as:

„  il when the vertaxes i, j are connected w ith an arc
D = [ a y ] , 2x.  CT:j = j n  • ( 8 )

12 ” [0 m  the opposite case

where: num ber 12 is the num ber o f  elements o f  the set o f  facilities used in highway 
telem atic systems in systems presented in illustration 2 and n is the num ber o f  elements of 
the set o f  highway transport telem atics m ethods used in these systems.

This m atrix enables a formal description o f  highw ay equipm ent w ith transport telematic 
facilities and used m ethods that are aim ed for reach proper traffic param eters on the chosen 
part o f  the road.
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Fig.3. A pplication graph o f  highw ay telem atics G ATa

4. CONCLUSION

The proper usage o f  m ethods and means o f  highway telem atics supports existence o f 
formal description o f  transport system, w hich considers the characteristics o f  telematic 
applications. It is especially im portant while planning a gradual introduction o f  certain 
solutions with sim ultaneous observation o f  its application results. Equipment o f  highway 
transport telem atics is very expensive. In case o f  taking ill-considered decisions about 
investing in this matter, there is a possibility o f  not having the requested effect, despite 
investing large sums o f  money.

The existence o f  a formal apparatus enables a proper description and, in consequence, 
sim ulation o f  the results o f  each decision. It gives us the basis to rationalize expenses on this 
matter. Presented m ethodology enables identification o f  the essential consisting systems o f  
highway telem atics and differentiation o f  means and methods used to realize steering a 
transport process.
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