
ABSTRACT

The paper introduces a framework to perform the de-
mand management and route planning tasks of a highly 
developed transport system managing scheme, assuming 
an autonomous transport system. Two types of autonomous 
transport system managing models have been introduced. 
In case of the first model, the assigned number of trips is 
assumed to be the modified variable related to the optimi-
zation problem. In case of the second model, the decision 
process is directly influenced by the travel prices defined 
by the optimization method. These approaches represent 
different demand management strategies. The first model 
aims to directly assign the incoming user demands to the 
system, while the second procedure lets the users make 
the decision. However, in the second case the system can 
strongly influence the users’ choices through the values of 
the travel prices. Accordingly, it seems to be a reasonable 
assumption that the firstly presented model has significantly 
higher efficiency in distributing the load on the network. On 
the other hand, the method of the second model would be 
much more tolerable and acceptable from a social point of 
view. Therefore, the aim of the paper is to introduce the de-
veloped models and to compare their efficiencies.

KEY WORDS

optimization; traffic distribution; road toll;  
linear programming; autonomous system;

1. INTRODUCTION
The aim of our research was to elaborate a deci-

sion-support process to perform the demand man-
agement and the route planning tasks of a transport 
system managing scheme. The transport system is 
assumed to be built up from a pre-defined infrastruc-
ture network, a vehicle fleet operated automatically 
by the transport system managing framework, and 
the demand as an external variable derived from the 
mobility objectives of the travellers. According to our 
assumptions, the travellers can only define the des-
tination and the time of their travel demand and so 

the users have no possibility of controlling the mobility 
process. This assumption can only be achieved in an 
autonomously operating transport system.

Accordingly, the paper introduces two possible 
types of autonomous transport system managing 
models applying the tools of operation research [1], to 
solve the defined linear programming problems. The 
introduced approaches represent different demand 
management strategies.

In case of the first model, the assigned capacity 
is assumed to be the modified variable related to the 
optimization problem; therefore, the travellers are di-
rectly ordered to journeys by the system. The aim of 
the process is to minimize the total travel time with 
satisfying most travel demands.

In case of the second model, the decision process 
is assumed to be controlled by the travellers them-
selves. However, the willingness-to-pay characteristics 
of the road users is considered to be known, so that 
the decisions are influenced by the travel prices de-
fined by the system in a time-variant way.

According to our first model, routing and transport 
processes of the system are completely controlled by 
the system autonomously, considering the possibilities 
of autonomous and semi-autonomous transport sys-
tems [2]. It is assumed that the travellers can select 
the origin and destination locations of a certain trip 
freely; however, the route of the given trip is defined by 
the transport demand management system [3]. Based 
on this approach it is possible to organize the traffic 
demand structure of a given area reasonably close to 
the optimum [4]. However, the capacity constraints of 
the network can cause difficulties in the optimization 
process. In case of an overloaded situation the system 
would need to rank behind and postpone some of the 
trips.

In case of a purely demand-led system, automatic 
ranking decisions would generate malcontent users. 
Therefore, this decision has been transmitted to the 
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2. LITERATURE REVIEW 
There is extensive literature in the field of traffic op-

timization and network capacity utilization, based on 
various approaches. 

Friesz et al. have presented in their paper a dual-
time-scale formulation of dynamic user equilibrium 
(DUE) with demand evolution [6]. Their research has 
combined the within-day time scale for which route 
and departure time choices fluctuate in continuous 
time with the day-to-day time scale for which demand 
evolves in discrete time steps. The applied representa-
tion framework is consistent with the assumption that 
the drivers adapt their mobility demands at the end 
of the day based on their congestion experience with 
regard to the previous days. To define the actual dy-
namic user equilibrium, Friesz et al. have introduced a 
continuous time fixed-point algorithm and have proven 
its convergence. 

In contrast with the basic routing approach, the re-
search paper [7] introduced a method in a multi-lay-
ered satellite network by adopting a traffic distribution 
model, which is based upon the network capacity esti-
mation and theoretical analysis of the congestion rate 
in each layer. The reliability of this method has been 
validated through computer simulations.

Zhang et al. have introduced a novel model aim-
ing to suggest a new framework for the transportation 
network design problem especially considering the 
definition of equity [8]. The research has three main 
findings. Accordingly, a new metric has been devel-
oped focusing on describing the equity characteristics 
including the travel time and energy consumption of 
the network components. Besides, an efficient mod-
elling framework has been developed meeting the re-
quirements of the equity concept. And finally, the re-
searchers have identified a tailored heuristic solution 
model, which represents the interrelation of decision 
makers and road users. 

The traditional morning commute problem in ur-
ban environment considering the possibility of mode 
choice has been investigated in [9]. According to their 
representation, the commuters make their decisions 
related to the preferred mode aiming to minimize their 
total travel cost, while transit agencies decide when to 
operate. Besides, the authors of this paper have inves-
tigated the street space as a limited resource shared 
by cars and public transit, which is a reasonably for-
ward-looking consideration. Li et al. have introduced 
a new toll-design model supporting the formation of 
sustainable transport networks. The new approach 
combines environmental externalities and travel time 
related considerations in the model [10]. 

Although these studies have provided valuable re-
sults, the assumption of arranging our travel demand 
properties according to our congestion experience 
during the day is not completely correct any more. The 

users in the second model, by applying a demand-de-
pendent, marginal cost-based management process, 
which can be an adequate tool to affect the road us-
ers’ decisions without taking over the right of decision 
from the travellers. In this case a price-dependent de-
mand function can be applied to determine the effect 
of the change in the travel costs and to influence the 
traffic structure. 

Based on the above introduced approaches it 
seems to be a reasonable assumption that the di-
rect assignment method of the first model has signifi-
cantly higher efficiency in distributing the load on the 
network. However, the method of the second model 
seems to be socially more tolerable and acceptable, 
not completely controlling all the decisions related to 
the travels. In accordance with these considerations, 
the aim of our research was to determine and evalu-
ate the difference between the efficiencies of the an-
alysed models.

Beyond the general description of the developed 
methodology, it is outstandingly important to specify 
the relationship between the problem addressed in 
this paper and the four-step modelling [5], since four-
step transportation model is still a reference-point for 
novel modelling approaches in the field of transporta-
tion. First of all, it seems to be reasonable to start the 
comparison with the main purpose of the models.

The four-step models primarily aim to estimate 
the traffic volumes to the components of the network. 
The four-step model uses the initial mobility demand 
structure represented by origin-destination matrices 
and the supply side of the model represented by the 
capacity network values to define the assigned traffic 
volumes. This framework allows the decision maker to 
analyse how much a network development interven-
tion can improve the efficiency of the whole system.

Contrary to this, the main purpose of the developed 
model framework is to support dynamic capacity allo-
cation processes in an autonomous system by decom-
posing the investigated time frame to discrete model 
steps and by solving the identified capacity allocation 
problem. Besides, the model can also provide traffic 
volumes related to the network elements and it can 
be applied to analyse the network development inter-
ventions. However, its main objective focuses rather 
on the solution of a traffic management problem.

If the methodological parts of the two procedures 
are compared, the most striking differences can be 
identified in the procedure of traffic assignment. It 
can be concluded that in case of the four-step model, 
traffic assignment is mostly performed by some kind 
of iterative equilibrium algorithm, while in case of our 
model the traffic volumes of the network elements are 
defined based on the solution of the applied inequality 
system.
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formed into general models allowing the investigation 
of different network types, in line with the purpose of 
this research.

In the elaborated models, the transport networks 
have been represented by graphs [16]. Nodes of the 
graphs represent the intersections of the network, 
while the edges of the graphs  represent the infra-
structure sections (roads) [17]. The number of OD 
zones has been considered as a finite value. Alter-
native routes between OD zones have been built up 
from graph edges uj representing the most relevant 
paths linking the investigated OD pairs. The capacity 
of edges cj represents the maximum possible number 
of travellers on a road in a sample time period. Travel 
time of edges tj represents the time needed to travel 
through the infrastructure section. As the aim of the 
method is to define the static system optimum, these 
parameters as well as the transport demands D have 
been considered as constant values (pre-recorded 
data) in our model. 

In the second model, road toll structure has been 
derived from the travel costs of the sections of the 
road network (travel cost of edge uj has been indicat-
ed by kj). Accordingly, the cost of travelling on the i-th 
route (Ui-between two OD zones) has been equal to 
the sum of the costs of the edges contained by the 
route, and has been indicated by Ki. Part-flows have 
been estimated based on the willingness-to-pay func-
tions, which have been approximated by linear func-
tions in our research.

Summing up, the aim of the models has been to 
satisfy most travel demands between OD zones caus-
ing a minimum growth in travel time considering traffic 
flows that appeared on the transport network in a sam-
ple time period of the model [18]. The variables of the 
first model have been the traffic volumes of alternative 
routes (part-flows) of the network, while in the second 
model the costs of the edges have been the prima-
ry system variable (which have directly influenced the 
part-flows of the alternative routes). The constraints 
have been calculated from the capacity of the edges 
and the pre-defined travel demands between OD pairs. 
The minimized objective function has been derived 
based on the sum of products of part-flows and the 
related travel times, taking also into account the un-
satisfied transport demands.

While constructing the models solving the consid-
ered traffic distribution problem, the possible alterna-
tive routes Ui of the investigated transport network 
have to be determined as the first step. The traffic vol-
ume of the alternative routes has been represented by 
part-flow xi variables. The traffic volumes of the edges 
have been indicated by Xj.

As mentioned above, the transport network sec-
tions (graph edges) have been characterized by their 
capacities. Besides, in the second model, the part-
flows of the routes have been the function of the cost 

main reason for this is the spread of the traffic-depen-
dent, real-time navigation systems, which change fun-
damentally the route choice-related processes of the 
road users. Accordingly, the new model development 
processes should focus on the representation of a 
connected and automated transportation system.

Besides, in case of the evaluated studies it has to 
be stated again that the decisions of the road users 
are getting more and more restricted to the selection 
of destination, while for example other process com-
ponents, like the process of route planning is getting 
more and more automated. Therefore, it seems to be 
reasonable to represent the decisions related to the 
mobility process in accordance with the new tenden-
cies.

3. METHODOLOGY 
In order to evaluate the differences, linear pro-

gramming approach [11] has been used to determine 
the static system optimum of a special interpretation 
of the traffic distribution problem [12], based on the 
elaborated transport system managing models. The 
aim of the generated optimization problem was to sat-
isfy the pre-defined travel demands on three different 
transport networks determining the minimum of the 
total travel time value (which is the function of the total 
traffic appearing on the network), while satisfying most 
transport demands.

As it has been introduced, in the first model the 
transport demands have been directly distributed on 
the network. The second model represents a cost-
based management process where traffic flows have 
been estimated based on the road toll structure.

The considered traffic distribution problem is spe-
cial since the investigated transport system and its el-
ements have been assumed to be totally autonomous. 
This makes the road users’ decision process simpler, 
since the traveller only needs to determine their des-
tination instead of managing the whole transport pro-
cess. The trip distribution optimization on the system 
level is controlled by the transport managing system, 
taking into account the necessary conditions to obtain 
the system optimum [13]. Considering the aim of the 
optimization process, the objective function includes 
the sum of products of traffic volumes of routes (part-
flows) and related travel times; taking also into account 
the unsatisfied transport demands (missed travels). 

In our previous studies, the optimization processes 
of a specific traffic distribution problem have been in-
troduced briefly in case of a pre-defined transport net-
work, considering the characteristics of the network 
elements, transport demands and alternative routes 
between the origin-destination zones (OD zones) as 
pre-defined static parameters [12, 14, 15]. These 
methodologies have been further improved and trans-
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The considered part-flows (values of index i) are de-
termined based on the structure of the transport net-
work: part-flows as the real alternative routes between 
S and W zones have to be summed up, the part-flow of 
the fictive route (missed travels) between S and W also 
has to be added.

To describe the correspondences between routes 
and edges, an m x n sized coefficient matrix A has 
been introduced as follows:
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This matrix makes it possible to order the traffic vol-
umes (and costs) of the edges to the traffic volumes 
(and costs) of the routes, and to express the objective 
function and the constraining conditions in terms of 
the optimized variables. The values of the matrix el-
ements depend on the structure of the investigated 
transport network, so the matrix is not necessarily 
symmetric. 

The number of the rows of the matrix is defined by 
the number of the edges of the graphs representing 
the transport network (road sections), while the col-
umns are determined by the alternative routes be-
tween the origin-destination zones, and these values 
are not necessarily equal. The value of aji is 1, if the 
j-th edge is contained by the i-th route, and 0, if it is not 
(in case of all aji, j=1...m and i=1...n).

In the second model, the costs of the real routes 
depend on the optimized variables according to 
Equation 5, while part-flows of real routes depend on 
the cost of the routes according to the users’ willing-
ness to pay [19].

;K k a i n1i j ji
j

m

1
$ f= =

=
^ h/  (5)

Part-flows of real routes can be expressed in terms 
of the optimized variables (cost of the edges) based 
on Equation 5 and the willingness-to-pay function de-
fined by the example. The willingness-to-pay function 
describes the expected part-flow volumes of routes de-
pending on the cost of the routes xi(Ki).

In the next step the constraining inequalities have 
been defined, based on the pre-defined capacities of 
the edges as follows by Equation 6. 

;X x a c j m1j i ji
i

n

j
1
$ f#= =

=
^ h/  (6)

Finally, the objective function has been defined. 
The aim is to minimize the total travel time of the 
vehicles travelling through the network in an investi-
gated sample time period, also considering constant 
transport demands and capacity limits as constrain-
ing factors [20]. Therefore, the sum of products of 
traffic volumes and constant travel time values of the 
edges have been applied to construct the objective  

of the routes. According to the system concept of the 
second model, the system determines the road toll 
level (cost structure) in accordance with the ratio of 
the network capacity and the appeared transport de-
mands. Based on the amount of demand and the ca-
pacity limit, the system can estimate the number of 
postponed trips, and thus transform real-time travels 
to latent demands. As a consequence, in some cas-
es the transport demands cannot be satisfied (e.g. if 
capacities of the network are exhausted, or the travel 
cost is too high for the given road user).

To manage the problem, the postponed travels 
have been loaded on “fictive routes” during the op-
timization. Therefore, a fictive route has been intro-
duced between each OD pair. Fictive routes have been 
indicated by Ui

’. In order to satisfy most transport 
demands and minimize the use of fictive routes, ex-
tremely high travel time values ti

’ have been ordered to 
fictive routes. The capacities of these routes have not 
been constrained to be able to host all the postponed 
travels. Part-flows of fictive routes have been indicated 
by xi

’. Based on the considerations above, the models 
have been complemented by part-flow variables of fic-
tive routes which have been taken into account in case 
of the objective function.

The general models describing the optimization 
method of the traffic distribution problem are intro-
duced as follows, considering a transport network with 
q OD pairs, m infrastructure sections and n alternative 
routes.

Values of xi and xi
’ are required to be a non-nega-

tive integer (as they represent traffic volumes of real 
and fictive routes), as defined in Equations 1 and 2.

, ;x x i n0 1and is integeri i f$ =  (1)

, ;x x i q0 1and is integer' '
i i f$ =  (2)

Furthermore, in case of the second model, the 
costs of the edges are required to be non-negative, as 
defined in Equation 3.

;k j m0 1j f$ =  (3)

Travel demands between OD zones have been 
considered as pre-defined constant data, so that the 
boundary conditions related to the traffic volume of 
the routes could also be constructed. 

Travel demand D between a given OD zone-pair 
has been equal to the sum of part-flows of the alter-
native real routes, and part-flow of the introduced fic-
tive route between the given zones, as illustrated in 
Equation 4, where for instance the considered origin 
zone is indicated by S and the destination zone is in-
dicated by W.

D x x '
SW i i= +^ h/  (4)
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types, in light of the change (increase) in transport de-
mands. As mentioned previously, our main goal was to 
compare the results of the two models.

Figure 1 introduces the structure of the three inves-
tigated transport networks.

Transport network I. represents a classic grid trans-
port network with 2 origin (S and T) and 2 destination 
(W and Z) zones. Transport network II. represents a 
transport network with a significant separating effect 
(e.g. a river); therefore, two sub-parts of the network are 
connected by longer infrastructure sections. Transport 
network III. represents a centralized network structure 
where the peripheral nodes have fewer direct connec-
tions, and transport flows concentrate mostly in the 
middle of the network. In case of transport networks II. 
and III., 2 origin (S and T) and 3 destination (W, Y and 
Z) zones have been defined (see Figure 1). 

In order to ensure comparability, the applied 
pre-defined parameter sets have been generated from 
the same basic values related to the elements of the 
different networks. Pre-defined data sets have been 
summarized in Table 1.

function, including also the sum of products of the fic-
tive part-flows and their travel time values, as indicat-
ed by Equation 7. 

F X t x t min' '
i i

q

j

m

j j
i 11

"$ $= +
==

^ ^h h//  (7)

Thus, part-flows of fictive routes (representing the 
postponed trips) have also been involved in variables 
based on the introduced considerations, and have 
been taken into account in the objective function. 
Models representing the optimization framework can 
be defined based on the introduced linear inequal-
ity system. Equations 1-7 describe the second model, 
while Equation 3 and Equation 5 are not required in the 
first model.

4. SENSITIVITY ANALYSIS
Based on the elaborated models, the static system 

optimum of the specific traffic distribution problem has 
been analysed in case of different transport network 

a) Transport network I. b) Transport network II. c) Transport network III.
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Figure 1 – Structure of the investigated transport networks

Table 1 – Characteristics of the edges of the investigated transport networks

Transport network I. Transport network II. Transport network III.
Edges Capacity (cj) Travel time (tj) Capacity (cj) Travel time (tj) Capacity (cj) Travel time (tj)

u1 20 3 30 3 30 3
u2 26 3 30 6 20 3
u3 25 3 20 3 20 3
u4 25 3 20 3 20 3
u5 30 3 20 3 20 3
u6 25 3 20 3 20 3
u7 20 3 20 3 20 3
u8 25 3 20 3 20 3
u9 25 3 20 3 20 3
u10 25 3 20 3 20 3
u11 35 3 20 3 20 3
u12 25 3 20 3 35 3
u13 - - 20 3 20 3
u14 - - 35 3 20 3
u15 - - 35 6 30 3
u16 - - 20 3 32 3
uj

’ ∞ 300 ∞ 300 ∞ 300
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Values of p1 and p2 describe the amount of realized 
transport demands, and the number of postponed 
travels in light of the defined capacity constraints 
characterizing the given transport network. According-
ly, the sum of p1 and p2 is always equal to the total 
transport demands. Parameter p3 indicates the total 
traffic of the network. Parameter p4 describes the load 
of the network. Values of the objective function have 
not been separately investigated during the sensitivity 
analysis as they have been calculated as the sum of 
parameter p4 and the production of p2 and the defined 
constant travel time values of fictive routes.

The results have been introduced in Figures 2-4 dif-
ferentiated by network types and the adapted models 
(indicated in the subtitle of the figures as Model 1 and 
Model 2), to facilitate the comparison. The horizontal 
axes represent the volume of transport demands, us-
ing the previously introduced dataset as the starting 
point (see Table 2), increasing the demands between 
all OD pairs evenly step by step.

In case of the initial values, the transport de-
mands of all the travellers can be realized in case of 
all transport networks. In this case, the total number 
of realized travels (p1) is equal to the defined trans-
port demands, while the numbers of the postponed 
trips (p2) are 0. The increments in demands increase 
the values of parameter p1 to a certain amount until 
the network becomes saturated. From this point, the 
number of realized trips cannot be further increased. 
Accordingly, as the demands increase further, the 
number of the postponed trips begins to increase 
proportionally. At the same time, the total number of 
realized trips on the network is not modified with the 
increasing demands. However, the total traffic on real 
edges (p3) is still influenced by the amount of demand. 
The reason for this lies in different demand structures, 
which are caused by the permanent transformation 
of the structure of the realized and postponed trips, 
since the elaborated models (minimizing total network 
load) prioritize shorter trips compared to longer jour-
neys. Therefore, in case of increased demands, a lon-
ger journey that has been previously realized can be 
postponed, and contrarily, a shorter trip between two 
closer OD pairs can be realized. This reduces the load 
of the network, while the number of postponed travels 
does not increase. However, beyond a certain amount 
of demand, the value of p3 cannot change anymore. 
In this case the network is saturated by the shortest 
possible travels.

The "length" of travels is defined based on the trav-
el time values of the network elements. The objective 
function is calculated as the sum of parameter p4 and 
the product of p2 and the defined constant travel time 
value of the fictive routes. In line with the increasing 
transport demands, the reason for the variation of p3 
values is that the optimization process aims to mini-
mize p4 values. So, the load of the real networks in all 

In case of the second model, it was assumed that 
road users would take into account the cost of the 
routes when making their travel decisions (travelling or 
not, choosing between the routes). Therefore, a linear 
function was required describing the part-flows of the 
routes as the function of the cost of the given route. In 
our analysis, the following linear function (Equation 8) 
has been used in case of all three investigated net-
works:

( ) ;x K K i n40 3 1i i i$ f= - =  (8)

During the analysis, the sensitivity of the results 
has been investigated related to modified transport de-
mands between the OD zones. In order to ensure com-
parability, similar starting points (transport demands) 
have been applied in case of all three networks, which 
have been summarized in Table 2. The reason of the 
deviation is that Transport Network I. has had only two 
destination zones.

Table 2 – Transport demands on the investigated networks

OD pairs Transport 
network I.

Transport 
network II.

Transport 
network III.

S-W 12 8 8
S-Y - 12 12
S-Z 8 10 10
T-W 12 8 8
T-Y - 12 12
T-Z 8 10 10

During the sensitivity analysis, the transport de-
mands between the OD pairs have been increased 
evenly step by step. The optimization has been per-
formed according to the presented methodologies of 
the models, with the use of MATLAB software. In the 
first model, the transport demands have been direct-
ly distributed on the network, considering part-flows 
of real and fictive routes as system variables. In the 
second model, part-flows of the alternative real routes 
have been determined as the function of the road toll 
structure. In this case, the cost of the edges and part-
flows of fictive routes have been considered as system 
variables. In both models, the aim of the decision pro-
cess has been to minimize the total travel time of the 
vehicles travelling through the network in an investi-
gated sample time period.

Based on the outcomes of the sensitivity analysis, 
the following parameters have been compared in case 
of different transport network types:
p1 - total number of realized travels;
p2 - total number of fictive travels (missed travels);
p3 - total traffic on real edges (sum of the volume of  
   traffic on real edges);
p4 - the load on the real network (sum of products  
   of traffic volumes and travel time values of the  
   real edges).
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has been determined as a reference, by directly distrib-
uting the travel demands. The second model applied a 
complex procedure adjusting the road toll structure to 
influence the travel demands towards approaching the 
reference optimum as close as possible. 

The results proved that in case of these simplified 
examples, the cost-based model has managed to pro-
vide equivalent or only slightly less effective results 
related to parameters p1 and p2 compared to the first 
model. This result is an important milestone in the 
evolution process of the transport system managing 
framework schemes, since this outcome can prove 
the applicability of cost-based mobility process man-
agement models in the field of autonomous transport 
systems. In case of Transport network II, the method 

cases increases monotonically until the first saturation 
point. After that, it starts to decrease as the method 
prioritizes the new demands appearing on shorter 
(faster) routes compared to longer ones. In our exam-
ples, p3 and p4 values change in the same direction, 
since almost every edge has been characterized by the 
same travel time values; however, this is not generally 
true in every case. A case can be assumed in which 
a newly realized, emerging demand could be realized 
on a route containing more edges but being character-
ized by a shorter travel time compared to the route of 
a postponed, previously realized travel.

Results of the first and second model have been 
compared in case of all three transport networks. 
Based on the first model, the optimal traffic distribution  
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b) Results of Model II
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Figure 2 – Parameter values in case of Transport network I
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other hand, the networks have been saturated “faster” 
(by lower transport demands) in case of the second 
model.

The reason for the differences is that the costs have 
been ordered to the edges (infrastructure sections) of 
the network, contrary to the alternative routes. This ap-
proach is closer to real-world transport systems, where 
charges are also levied on road sections. Accordingly, 
the possibility of restructuring the traffic flows on the 
network was strongly limited, since modifying the cost 
of an edge affected the traffic of many routes simulta-
neously. If the cost of one or more edges was reduced, 
the number of travels would increase on all routes con-
taining these edges, based on the function describing 
the correspondences between part-flows and costs of 
the routes. However, this change can lead to inconsis-
tency between the appeared transport demands and 
the number of assigned trips (Equation 4). On the one 
hand, this inconsistency is not desired in our model, 
and on the other hand, this phenomenon can be ap-
plied to explain the behaviour of the latent demands 
(e.g. this property of the model can be applied to de-
scribe latent demands appearing due to extraordinary 
low transport costs).

of the second model was able to determine a road toll 
structure in which the same volume of transport de-
mands have been realized as in case of the first model. 
In case of Transport networks I and III, the differences 
have been experienced. In case of Transport network 
I, the saturation point was lower applying the second 
model (only 48 trips could be realized, compared to 
the 50 travels realized by the first model). According-
ly, the total number of postponed travels was higher. 
In case of Transport network III, there was only one 
demand structure (when the volume of demands was 
66), where the method of the second model was less 
effective than the first one. Summing up, the second 
model was able to approach the reference optimum 
defined by the first model relatively well related to the 
number of realized travels.

As mentioned above, parameter p3 indicates the 
distribution of the realized travels, while parameter p4 
illustrates the load of the network. Values of these pa-
rameters showed that in most cases, the transport de-
mands have been satisfied somewhat less efficiently 
in light of the network load applying the second model. 
In most cases the road-toll-based optimization process 
resulted in higher load level on the network. On the 
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b) Results of Model II
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Figure 3 – Parameter values in case of Transport network II
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The introduced two approaches represent different 
demand management strategies. The aim of the paper 
was to introduce the developed models and to eval-
uate the difference between their efficiencies. In the 
first model, the transport demands have been directly 
distributed on the network, considering the boundary 
conditions that have been derived from the volume of 
transport demands between zones and the pre-de-
fined capacity constraints of the edges. In the second 
model, the optimization process has been supple-
mented by the estimation of traffic flows based on the 
road toll structure. Thus, traffic has not been directly 
distributed on the network, but based on the road toll 

5. CONCLUSION
In the paper two types of autonomous transport 

system managing models have been introduced. The 
first model solves the demand management and route 
planning tasks by directly distributing the traffic while 
minimizing the load of the network. The second model 
is based on a special cost-based interpretation of the 
traffic distribution problem.

The considered transport system is assumed to be 
autonomous to ensure control of the whole mobility 
process. The travellers can only define the destination 
and the time of their travel demand.
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b) Results of Model II

Travel 
demands

p 1, 
p 2

p2-II

p1-II

p3-II

p4-II

p 3, 
p 4

250

200

150

100

50

0 60

0

60

228

684

66

2

64

238

714

72

5

67

246

738

78

11

67

226

660

90

23

67

206

618

84

17

67

212

636

96

29

67

202

606

102

35

67

202

600

114

47

67

200

600

108

41

67

200

600

126

59

67

200

600

120

53

67

200

600

132

65

67

200

600

138

71

67

200

600

144

77

67

200

600

150

83

67

200

600

156

89

67

200

600

162

95

67

200

600

168

101

67

200

600

174

107

67

200

600

1180

113

67

200

600

186

119

67

200

600

192

125

67

200

600

198

131

67

200

600

204

137

67

200

600

210

143

67

200

600

800

700

600

500

400

300

200

100

0

Figure 4 – Parameter values in case of Transport network III
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támogató keretrendszert dolgoztunk ki, autonóm közlekedé-
si rendszert feltételezve.

Az autonóm közlekedési rendszerre vonatkozó opti-
mumok meghatározásához kétféle modellt állítottunk elő. Az 
első modell esetén az optimalizáció változóiként a megvaló-
sult utazások számait kezeltük, míg a második modell es-
etén a döntési folyamatot az optimalizációs eljárás által 
definiált útdíjak révén befolyásoltuk. Ezen megközelítések 
különböző igénykezelési stratégiákat reprezentálnak. Az 
első modell célja a felmerülő közlekedési igények közvetlen 
hálózatra terhelése, míg a második eljárás a döntést a fel-
használókra bízza, ugyanakkor azt jelentősen befolyásolja 
az utazások árainak meghatározása révén. Ennek megfe-
lelően az előzetes feltételezéseink szerint az első modell a 
hálózat terheltségének optimalizásában hatékonyabb me-
goldást jelent. Ugyanakkor a második eljárás a felhasználók 
szemszögéből, társadalmi oldalról nézve sokkal inkább 
elfogadható. Fentiek tükrében célunk a kidolgozott modellek 
bemutatása, és hatékonyságának összevetése volt.
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