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The paper deals with calculation of influence of toll establishment on carriage in Czech Republic for dome-
stic and foreign haulers. The outcome is just first and not very precise, because of small number of nodes
(towns). Further will be this volume put more precisely via add of nodes. This work is very time-consu-
ming. This paper can be something like manual for haulers how to count influence of toll establishment.

1. Introduction

Since 1% of January 2006 we have in Czech Republic (further only CR) new system of toll dra-
wings which is based on Dedicated Short Range Communication (DSRC). This system is obligatory for
vehicles buses with total weight over 12tons and implemented on chosen sections of motorways and
fast highways (see Picture 1). That ways were divided into toll stages which are bordered by toll points
(toll gates).

The height of toll tariff depends on number of axles and volume of emissions (EURO standard).
In the table 1 are those tariffs.

Table 1: View of tariffs used in CR [K¢]

Toll prices on highways and express ways
EUROO0-2 EURO 3-5
2 3 4+ 2 3 4+
2,30 3,70 5,40 1,70 2,90 4,20

Source: www.premid.cz
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Picture 1: Map of road under toll in CR
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Each vehicle which is using paid route must have on board unit (OBU). The price of OBU is app.

1500 K¢ and hauler can use 2 types of payment:

1.1.1  First of them (pre-pay) is advantageous to foreign haulers and to sporadic users. He is similar
to credit recharging system of the cell phone. User will give money to the OBU and after each
passage round toll gate is the credit lowered. Under 600 Crowns is driver informed that OBU

needs another recharge,

1.1.2  Second way (post-pay) is similar to fixed payment tariff by cell phone. Payments are made
in accounting periods for whole vehicles and whole kilometers traveled in previous period.
Most important difference between cell phones and toll system is in non saving money using

post-pay system.

In the toll system are nowadays registered app. 150 000 vehicles (90 000 in pre-pay mode and
60 000 in post-pay mode). Each hauler can also on web sites premid.cz on-line monitor instants of time
when their vehicle is passing the toll gate and he can see set up of the OBU, time of pass and price of
course. That was only short description of toll collecting system in Czech Republic. In the next lines will

be reflection over system elements and set-up of the system.

2. Possibilities for Czech Republic

System, which is used in Czech Republic, uses principle of microwave transmission and that
system was privileged before satellite systems. That system used to look suited for Czech Republic,
because of small volume of highways. Nowadays we see that our system will be extended for 1st class
roads, where is existing system uneconomic, because of large number of new toll gates and money for

maintenance. In the table 2 is proposal of toll prices on 1st class roads.
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Table 2: Expected toll prices on 1st class routes

Toll prices on 1st class routes
Emission standard EUROO0-2 EURO 3-5
Number of axles 2 3 4+ 2 3 4+
Rate K&/km 1,10 1,80 2,60 0,80 1,40 2,00

Source: http://www.schenker.cz

Annotation of both systems:

* DSRC (Dedicated Short Range Communication): Transmission of information is between road
facility and (RSE — Road Side Equipment) and on board unit (OBU). The communication is mi-

crowave band.

* GNSS-CN (Global Navigation Satellite Systems — Cellular Network): That system uses satellite
navigation for positioning and measuring of distance run, transmission of information goes over

telecommunication network.

Table 3: Advantages and disadvantages of both systems

DSRC

Advantages

Disadvantages

Extensive use in Europe

No compatibility with second system

Cheap OBU (app 1 500 K<)

Expensive infrastructure

Easy implementation into praxis

Small perspectivity of other RTTT (Road-Tran-
sport and Traffic Telematics) applications

GNSS-CN

Advantages

Disadvantages

Cheap ground infrastructure

Expensive OBU (app 15 000 K¢)

High perspectivity of other RTTT applications

Necessity of special control points

References from EU

No practical experiences — system in Germany is
first application

Source: author

Next elements, which have impact on prices for use of road infrastructure has been set by go-
vernment. Those are emission standard and number of axles. In the first case were vehicles divided into
2 groups: EURO 0 — 2 and EURO 3 — 5. That division de-motivates haulers out from buying of new
vehicles with EURO 4 or 5. Nowadays, they will pay the same toll for vehicle with EURO 3, 4 and 5. In
the second case are vehicles divided into three groups according to number of axles (up to 3, 4 and 5),
but the haulers motivation is similar to the first case (i.e. low), because semitrailer tractor has minimally
two axles. The semitrailer has one, two, but most frequently three axles (one is retractable). So that 90
% of semitrailer units will pay the most expensive toll. Regardless of possible differences for full and

empty semitrailers.
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3. Financial impact on haulers

3.1. Selection of nodes (cities)

How was the impact of those changes on haulers? It depends on hauling distance and percentage
of hauling distance on paid traffic route. Next lines will answer for the question about average hauling

Table 4: Unified nodes

Num- Final node Unified
ber of nodes
nodes
3 FrantiSkovy Lazné A3 FrantiSkovy Cheb
Lazné
3 Tachov Marianské Tachov Rozvadov
Lazné
2 Karlovy Vary Karlovy Sokolov
Vary
3 Rokycany PFibram Rokycany Plzen
2 Domazlice Domazlice Folmava
3 Strakonice Strakonice Pisek Prachatice
5 Ceské Budg&jovice Ceské Cesky Dolni Dvo- | Jindfichav | Tabor
Budéjovice Krumlov fisté Hradec
6 Jihlava Pelhfimov Trebic Havlickav Jihlava Humpo- | Zd'ar nad
Brod lec Sazavou
Praha Beroun Praha Kladno BeneSov | Rakovnik
Pardubice Pardubice Chrudim Hradec Rych-
Kralové nov nad
KnézZnou
3 Nachod Nachod Trutnov Kralovec
4 Liberec Liberec Jabolonec Habartice Semily
nad Nisou
6 Chomutov Chomutov | Hora Sv. Zatec Louny Most Kadan
Sebestiana
6 Usti nad Labem Ustinad | Ceskéa Lipa | Litoméfice Dé&&in Teplice | Cinovec
Labem
4 Mlada Boleslav Mlada Ji¢in Mélnik Nymburk
Boleslav
2 Kolin Kolin Kutna Hora
2 Svitavy Svitavy Usti nad
Orlici
4 Jesenik Jesenik Mikulovice Bruntal Sumperk
6 Ostrava Ostrava Karvina Frydek — Cesky Chalupki [ Opava
Mistek Tésin
4 Vsetin Vsetin Horni Becva Zlin Novy Jicin
4 Olomouc Olomouc Kroméfiz Pferov Prostéjov
3 Uherské Hradisté Uherské Stary Hro- Hodonin
Hradisté zenkov
2 Haté Haté Znojmo
3 Brno Brno Blansko VySkov
2 Breclav Bfeclav Mikulov
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distance. Authors’ research came out from 91 largest cities and border checkpoints in Czech Republic .
First step of solution was reduction of nodes, cause matrix 91 to 91 has 8281 values (unreduced number
of nodes), so that some cities were unified into one node. Therefore resultant value is just suboptimum
which can be further improved. In the next table 4 are unified nodes.

After that reduction fairly good matrix 25 to 25 (225 values — reduced number of nodes) has been
set. Next step was matrix of minimal distances from internet server www.mapy.cz. Whereas the differen-
ce between distances A — B and B — A is small, they are called equate. Whole table is in supplement 1.

3.2. Matrix of paid toll

Next step of the solution was matrix of paid toll. Those values are in matrix in supplement 2.
Data were taken from web calculator on www.premid.cz for basic settings EURO 0-2 and 2 axles.

3.3. Matrix of rates of distances on paid routes to whole hauling distance

That step is very important for the solution, but without self predicative value. That table is in
supplement 3. The mathematic formula for that matrix is in formula 1:

Pi
_p_lrn 0
X = x100 [%] (1)

§
J

where: x; matrix of rates of distances on paid routes to whole hauling distance 1 —}j,
p; matrix element from supplement 2,
p,,  toll per kilometer (2,3 K¢&/km),

matrix elements from supplement 1.

3.4. Calculation of average hauling distance with nodes rating

The next to the last step is calculating average distance hauled on paid route with nodes rating
(that rating is first column from table 4. The formula 2 calculates new matrix with nodes rating. This
matrix is in the table in supplement 4:

x; =X, XWX W, -] (2

where: x"‘ij elements from matrix in supplement 4,

X; elements from matrix in supplement 3,
W, W, rating of node i and j.

! A8, BeneSov, Beroun, Blansko, Brno, Bruntél, Bieclav, Cinovec, Ceské Lipa, Ceské Budgjovice, (fesk;’r Krumlov, Cesky
Tesin, D&Cin, Dolni Dvofisté, Domazlice, Folmava, Frantiskovy Lazné, Frydek — Mistek, Habartice, Haté, Havlicktv
Brod, Hodonin, Hora Sv. Sebestiana, Horni Be&va, Hradec Kralové, Humpolec, Chalupki, Cheb, Chomutov, Chrudim,
Jabolonec na Nisou, Jesenik, Ji¢in, Jihlava, Jindfichiv Hradec, Kadan, Karlovy Vary, Karvina, Kladno, Kolin, Kralovec,
Krométiz, Kutnd Hora, Liberec, Litométice, Louny, Marianské Lazné, Mélnik, Mikulov, Mikulovice, Mlada Boleslav,
Most, Nachod, Novy Ji¢in, Nymburk, Olomouc, Opava, Ostrava, Pardubice, Pelhfimov, Pisek, Plzen, Praha, Prachatice,
Prosté&jov, Pierov, Pfibram, Rakovnik, Rokycany, Rozvadov, Rychnov nad Knéznou, Semily, Sokolov, Stary Hrozenkov,
Strakonice, Svitavy, §umperk, Tabor, Tachov, Teplice, Trutnov, Tiebi¢, Uherské Hradiste, Usti nad Labem, Usti nad
Orlici, Vsetin, Vyskov, Zlin, Znojmo, Zatec, Zd’ar nad Sazavou
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The formula 3 is for calculation of average hauling distance hauled on paid route:

nr
.
Z Xj

=2 %100 [%]  (3)

) n2
——n
where: d_ average hauling distance hauled on paid routes,
x*ij elements from matrix in supplement 4,
n reduced number of nodes,
n unreduced number of nodes.

That way was calculated value 44 %. That means that during haul users goes approximately 44 %
on paid roads. So that we have to calculate average hauling distance for calculation of price rising.

3.5. Monetary value of toll implementation

The last step is only calculation of average hauling distance from matrix in supplement 1 accor-
ding to formula 4:

d;
el [km] 4)
AT 2
no_
where: d, average hauling distance,
. elements from matrix in supplement 1,
n reduced number of nodes,
n unreduced number of nodes.

Resultant value of the calculation is 223,05 km. So that we haul on paid route at a medium:
d=d x dp = 98km. The monetary value of toll implementation is in the table 5.

Table 5: Average paid toll

Average paid toll [KE]
EUROO0 -2 EURO3-5
2 3 4+ 2 3 4+
225 363 529 167 284 412

Source: Author
4. Conclusion

As mentioned about, calculated values are just a suboptimum, which will be further improved
by adding of nodes. However we can say that impact of toll implementation isn’t negligible and haulers
will count the toll towards their prices.

The paper was written under institutional research ,, Theory of transport systems”
(MSM 0021627505) University of Pardubice.

Recenzent: doc. Ing. Vaclav Cempirek
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