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Abstract: The paper proposes a new single criterion mathematical model for the designing of multimodal transport processes by taking into account the cargo’s susceptibility and 
the concept of its inclusion into the EPLOS system, which is done as part of the EUREKA initiative. This system will integrate the data from logistics sources and transport and 
logistics infrastructure from many sources. In the first phase of its implementation, it will cover the Czech Republic, Poland, and the Baltic States. Using the EPLOS system 
integrating data from various sources needed to solve this problem is a proposal to overcome the main barrier to the effective planning of multimodal transport processes – a lack 
of reliable information.  
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1 INTRODUCTION 

 
The planning of technological processes in transport, 

especially when taking into account many of its branches, is 
a multi-faceted and complex process. It requires 
comprehensive knowledge of the features of individual 
transport technologies, as well as the physical configuration 
options of the supply chain and shipping offers. Thus, the 
correct implementation of this process is conditioned by the 
access to a lot of detailed information regarding transport 
offers, transport infrastructure, and transshipment terminals. 
An important part of this information is included in the 
EPLOS system, created as part of the EUREKA initiative. 
Hence, its use in the planning of multimodal transport 
processes can significantly simplify this process and, to some 
extent, automate it. The EPLOS system will integrate the data 
on logistics companies, as well as transport and logistics 
infrastructure, from many sources. In the first phase of its 
implementation, it will cover the Czech Republic, Poland, 
and the Baltic States. 

The issue of modeling the selection of the multimodal 
transport technology concerning perishable products with 
particular regard to their transport susceptibility was, in 
formal terms, first described in scientific articles [1-5]1. 
However, in previous years, the issues related to the selection 
of multimodal transport technologies were considered in 
partial terms. Namely, some of the authors dealt exclusively 
with the key transport susceptibility of cargo in this area [7-
14], while others, apart from this issue, proposed various 
approaches to optimizing the supply chain configuration [15-
24], or they dealt exclusively with the issue of the selection 
of the means of transport for tasks [25, 26] or, e.g., 
optimization of transport routes [27-29].  

It is noteworthy that in literature, the modeling of 
multimodal load-shifting technologies is recognized prima-
rily from the perspective of planning routes for moving 
material goods and their transshipments between different 

                                                           
1  The simplification of this approach to the issue of the selection of 

unimodal transport technologies, including the choice of the means of 

types of transport (see, e.g. [30] or [31]). In the model pro-
posed in this article, by extending this issue considerably, the 
focus was also on the selection of freight transport forms and 
work resources. Additionally, which distinguishes the model 
presented below, it includes a formalized approach to the 
mapping of cargo transport susceptibility. 

The model described, e.g., in [3], is quite complicated 
because it includes a significant number of features of 
perishable loads. The new model offers maximum 
simplification in this respect, which can be taken into account 
only in the case of loads sensitive to moisture, solar radiation, 
and temperature conditions. Some specific conditions 
necessary for perishable products are omitted here, as well as 
the issues regarding sensitivity to static and dynamic effects. 
However, only the costs were taken into account as the 
evaluation criterion. This model was further simplified by 
taking into consideration work resources instead of 
separately analyzing technical measures and employees. At 
the same time, in the presented model, the issue of the 
temporal availability of individual work resources was 
included, which means that it may have significant practical 
importance. Thus, the article proposes an original single 
criterion model for designing multimodal transport 
processes, taking into account the vulnerability of loads, 
selection of work resources, along with the temporal 
availability of work resources. Moreover, particular attention 
was paid to the scope of the required data for this model and 
references were made to the possibility of obtaining this data 
from the EPLOS system.  

 
2 A MODEL FOR DESIGNING MULTIMODAL TRANSPORT 

PROCESSES 
 

In accordance with the previous comments, the following 
subsections present a single criterion mathematical model for 
the selection of multimodal technologies for transporting 
perishable loads sensitive only to moisture, solar radiation, 

transport and the form of transport loads has been described in the 
monograph [6]. 
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and/or temperature conditions, taking into account the 
temporal availability of work resources. The adopted 
assumptions and elements of the model were characterized, 
as well as a formal record of decision variables, constraints, 
and the assessment criterion, which are transport baskets.  

 
2.1 Assumptions and General Form of the Model 

 
The basic assumption is the freedom to choose a 

transport technology for specific transport tasks, including 
the ability to choose the work resources with service under 
each technology. Transport technologies have been defined, 
taking into account transport forms, performed activities, 
displacement routes, and work resources with their service. 
On the other hand, the technological process within the 
technology was recorded as a series of ordered activities, of 
which for each is known: the form of the transport of loads, 
displacement routes and work resources with their service, 
which may be involved in its implementation. 

Transport tasks included in the model relate to the 
movement of selected products, which may have a number of 
features determining their transport susceptibility. At the 
same time, only load features were seen as the most 
important due to their transport susceptibility and hence were 
taken into account. For each activity of the technological 
process, the possibility of choosing different forms of cargo 
transportation was assumed. The impact of the transport form 
of loads on their transport susceptibility was also taken into 
account.  

It was also assumed that for each transport form, the 
number of load units that will fit in is known (equal to 1 in 
the case of loose cargo). Additionally, for each means of 
transport, the number of pieces of cargo that will fit in its 
cargo space when transported is known. This means that the 
issue of forming load units and planning the distribution of 
load units in the vehicle's cargo space – such as the problem 
of allocating employees to devices – has been excluded from 
this decision problem as a separate optimization issue. 

Moreover, it was assumed that the used multimodal 
transport technologies must guarantee the safety of 
transported loads, taking into account their transport 
conditions. On the other hand, the assessment of the selection 
of multimodal transport technologies is carried out by taking 
into account the minimization of the costs of moving cargo. 

Additionally, it was assumed that the problem of selec-
ting a transport technology for tasks to be carried out within 
a specified time horizon was considered. As a consequence, 
individual technical resources, together with human resour-
ces, can be allocated in this period to perform only one acti-
vity identified in the technological process, and their time 
availability for individual activities is known due to their 
current load and location.  

Considering the above, the model for selecting 
multimodal technologies for the transport of perishable 
products, MDT, was formally written as follows: 

 
, , , , , , MDT BF PF UF TF TM ZM O=  (1) 

 

where: 
BF – loads, 
PF – form of transport, 
UF – work resources and their service, 
TF – displacement routes, 
TM – multimodal transport technologies, 
ZM – transport tasks, 
O – organization reflecting the manner of the implementation 
of transport tasks, including decisions regarding the selection 
of the transport technology and work resources with 
employees. 

 
2.2 Model Elements 

 
The loads BF were mapped based on a set of their types 
{1, ..., , ..., }b B=B  and a set of their characteristics FB: 

 
}:))(),(),(),(),(),({( maxmin BFB ∈∆= bbwwbwsbtbtbtbm dopb  

 
where: 

)(bmb   –  the gross mass of one piece of load or unit 
package of bth type (for non-unit loads of any 
small value), kg, 

)(min bt   –  the lowest permissible temperature for the trans-
port of bth type load, K, 

)(max bt   –  the highest permissible temperature for the trans-
port of bth type load, K, 

)(btdop∆  –  permissible temperature fluctuations during the 
transport of bth type load, K, 

)(bws   –  the sensitivity of bth type load to solar radiation 
and light, 

)(bww   –  the sensitivity of bth type load to water. 
 
Similarly, the transport characters PF were mapped, 

taking into account a set of numbers of their types 
{1, ..., , ..., }p P=P  and a set of their characteristics FP: 

 

}:)):),((),(),(
),(),(),(),(),({( maxmin

PB
F P

∈∈∆
=

pbbpNpmpt
ptptpwpospow

przp

ppt  

 
where: 

)( pow   –  the ability to protect the load against water by the 
pth form of transport, )( pos   –  the ability to protect the load against solar 
radiation and light by the pth form of transport. )( pwt   –  the ability to change the temperature in the 
immediate vicinity of the load by the pth form of 
transport, )(min pt p  –  the min. air temperature in the immediate vicinity 
of the load for the pth form of transport, K, )(max pt p –  the max. air temperature in the immediate vicinity 
of the load for the pth form of transport, K, 
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)( ptrzp∆  –  the maximum temperature fluctuations in the 
immediate vicinity of the load for the pth form of 
transport, K, )( pmp   –  the tare for the load for the pth form of transport, 
kg, ),( bpN  –  the capacity of the pth transport form defined in 
the number of load units of bth type, pcs. 

 
Moreover, the work resources and their service UF were 

mapped, taking into account a set of numbers of their types 
},...,,...,1{ Uu=U  and a set of their characteristics UF . 

However, in this case, the set U  was decomposed into a set 
of numbers of types: 
• of means of transport with the service 1U , 
• of loading devices with the service 2U . 

Thus, a set of characteristics of the means of transport 
with the service 1UF  and a set of characteristics of loading 
devices with the service 2UF  was obtained: 

 

})(2,)(,1:))),(
:),,((),(),(),(),(),(),(

),(),(),(),(),(),({(

11

1

maxmin1

PPUUUUBP
PUU

F

UU

U
U

⊆⊆∈∈∈

∆=

uuubup
bpuNuuukukukuos
uowuvutututuNU

ptwtttsu
usrrzrr

 

 
where: 

)(uNU  –  number of the uth type of the means of transport 
available with the service, pcs, 

)(min ut r  –  the minimum air temperature during transport in 
the cargo space of the means of transport of the 
uth type, K, 

)(max ut r  –  the maximum air temperature during transport in 
the cargo space of the means of transport of the 
uth type, K, 

)(utrz∆  –  the maximum air temperature fluctuations during 
transport in the cargo space of the means of 
transport of the uth type, K, 

)(uvsr  –  the average speed of transport of the means of 
transport of the uth type, km/h, 

)(uowu  –  the possibility of protecting against the direct 
effects of water on the load by the means of 
transport of the uth type, 

)(uosu  –  the ability to provide load protection against light 
and solar radiation for the means of transport of 
the uth type, 

)(ukts  –  the unit cost of operation depending on the 
mileage for the means of transport of the uth type, 
PLN/km, 

)(uktt  –  the unit cost of operation depending on transport 
time for the means of transport of the uth type, 
PLN/h, 

)(uktw  –  unit labor cost dependent on the time of work of 
all service employees for the means of transport 
of the uth type, PLN/h, 

)(uUU  –  a set of numbers of the types of loading devices 
with the service that can be operated by the means 
of transport of the uth type,  

)(1 uUP  –  a set of numbers of the load transport forms 
served by the means of transport of the uth type, 

),,( bpuNp – the capacity of the means of transport of the u-
th type in the number of units of the pth transport 
form for the bth type of load, pcs. 

 

})(2,:
)))(:),((),(),(),(),({(2

PPU
PPF

U2

U2U2U
⊆∈

∈=
uu

uppuWuukukuF wjQ  

 
where: 

)(uFQ  –  the load capacity of the uth type loading device, 
kg, 

)(ukj  –  the hourly labor cost of the uth type loading 
device, PLN/h, 

)(ukw  –  the unit labor cost dependent on the time of work 
for all employees operating the uth type loading 
device, PLN/h, 

)(uU2P  –  the set of numbers for the form of cargo transpor-
tation supported by the uth type loading device, 

),( puW  –  the practical efficiency of the uth type loading 
device when handling load units in the pth 
transport form, pcs/h. 

 
The movement routes TF in the model were mapped, 

taking into account the set of their numbers } ..., , ..., ,1{ Tt=T  
and a set of their characteristics FT: 

 

})(,:):),((
),:),((),:),((

),:),((),(),(),(),({

2

2
UTUTU

UU
UTUFT

⊆∈∈
∈∈

∈=

ttuutk
uuttuutk

uuttttstmktmp

dod
doddod

dod
  

 
where: 

)(tmp  –  the starting point of the tth route, 
)(tmk  –  the end point of the tth route, 

)(ts  –  length of the tth route, km, 
)(tTU  –  a set of numbers of the types of work resources 

together with the service authorized for traffic on 
the tth route, 

),( uttdod  – the expected time of breaks and stops of the uth 
type of work for the tth route, h, 

),( utkdod  –  the costs of using the infrastructure for the tth 
route and the uth work resources, PLN, 

),(2 uttdod  –  the expected working time of the tth route for all 
employees operating the uth work resources, h, 

),(2 utkdod  –  additional labor costs for all employees working 
with the uth type of work equipment during the 
tth route, PLN. 
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The multimodal transport technologies TM were 
mapped, taking into account a set of numbers of their types 

},...,,...,1{ Dd=D  and a set of technological processes that 
make up these technologies PT. Additionally, each transport 
technological process distinguished within the dth type of 
technology was defined by taking into account the ordered 
set of activities that create it )}(,...,,...,1{)( dEed =I  as 
follows: 

 

DUUTTP
IUT

e

ee
∈⊆∈∈∈

∈=
dddttdntdpt

dedddttdntdptdPT
eee

eee
,)(,)(},1,0{)(,)(

,)(:))(),(),(),(),(()( TD  

 
where: 

)(dpte  –  the cargo transport form number for the eth 
activity of the dth technology, 

)(dnte  –  the type number of the eth operation of the dth 
technology, where for loading activities 

0)( =dnte , and for transport activities 1)( =dnte . 
)(dtte  –  the movement route number for the eth activity of 

the dth technology, 
)(deUT  –  a set of numbers of the types of work resources 

together with the support of technology 
acceptable for the eth activity of the dth 
technology,  

)(deTD  –  the vector of moment vectors at which subsequent 
work resources of particular types may be made 
available, together with the support for the eth 
activity of the dth transport technology 

)(:))(,,([[)( unuunuudtdd +∈= ReeTD
)]()],(..., ,1 zuuNU U∈= , min. 

 
Whereas the set of numbers of the transport task was 

defined as } ..., , ..., ,1{ Zz=Z , while the zth transport task was 
defined as follows: 

 

Z
UPB

∈
=

z
zzztztzmzmzzzZT dpdp ,)(,)(),(),(),(),(),(),()( N  

 
where:  
B(z)  – a set of load type numbers for the zth transport task, 
N(z) –  the vector of the number of loads of individual types 

for the zth transport task, 
)](,),(:),([)( zbbznbznz B∈∈= +RN , pcs, 

)(zmp –  the place where the loads are picked up for the zth 
transport task, 

)(zmd  –  the place where the loads are picked up for the zth 
transport task, 

)(ztp   –  earliest pickup time for the zth transport task, 
)(ztd   –  the latest delivery of goods for the zth transport task, 
)(zP   –  a set of numbers of the transport form types possible 

to use for the zth transport task, 

)(zU   –  a set of numbers of the types of work resources 
together with the service that can be used to carry 
out the zth transport task. 

 
Considering the above, a set of numbers of types of 

multimodal transport technologies, which can be used to 
implement the zth transport task, was defined as follows: 

 

ZUUT
PID

e ∈∅≠∩∧=∧
=∧∈∈=

=

=∀
zzdzmdtt

zmdttzdptdedz
ddEe

pee
},))()(())())((

))())(())()(((  )(:{)(
)(

1  

 
2.3 Decision Variables 

 
The model includes the following four types of decision 

variables: 
• a binary decision variable }1,0{),( ∈dzx that assumes a 

value of 1 when the zth transport task is to be performed 
according to the d-type technology and 0 in the opposite 
case, 

• an integer decision variable }0{),,,( ∪∈Nuedzy  for 
the interpretation of the number of uth work resources 
together with the service that should be used to perform 
the eth action distinguished in the dth technology during 
the implementation of the zth transport task, 

• a binary decision variable }1,0{))(,,,,( ∈unuuedzz that 
assumes a value of 1 when the nu(u)th mode of transport 
of the uth type along with the service should be used to 
perform the eth action distinguished in the dth technology 
during the implementation of the zth transport task and 0 
otherwise, 

• the decision variable ),,( edzτ  with the interpretation of 
the moment of commencement of the e-action in 
connection with the implementation of the zth transport 
task according to the d-type technology. 
 
In accordance with the above, the next of the considered 

decision variables relate to the selection of a transport 
technology for tasks, the selection of work resources with 
service for the implementation of individual activities under 
the given technologies, and the moment of commencing the 
implementation of subsequent activities. 

 
2.4 Constraints 

 
The constraints included in the model result from the 

characteristics considered to be significant, i.e. load 
characteristics, characteristics of loading forms, and means 
of transport, as well as from the characteristics of multimodal 
transport technologies themselves. It was assumed that the 
implementation of tasks should be ensured by selecting 
technologies for them (1), while for the activities included in 
the selected technologies, it is necessary to choose work 
resources with service (2) and (3). It is also necessary to take 
into account the constraints resulting from the available 
number of these work resources (4). Additionally, the 
requirements regarding the transport temperature (5)-(7), as 
well as the protection of the load against the adverse effects 
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of water (8) and solar radiation and light (9), were taken into 
account. The following constraint includes the possibility of 
cooperation of the means of transport with the loading 
devices (10) and (11), as well as the possibility of handling 
the selected forms of transport by the chosen means of 
transport (12) and (13), the possibility of using them to 
perform specific tasks (14), the selection for individual 
technological activities (15) and their movement on indivi-
dual routes (16), or admissibility of a selection of individual 
technologies for the considered transport tasks (17). The 
conditions resulting from the permissible loading of loading 
devices (18) are also important. The last of the constraints 
result from the temporary availability of work resources for 
the implementation of tasks and the earliest start and end 
moments of completion of individual tasks (19)-(22), and 
from the unambiguous allocation of subsequent work resour-
ces of individual types (23). 
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2.5  Assessment Criterion 

 
In the model, as the criteria for assessing solutions, the 

criterion of the total transport costs was included, including 
the cost of the work of the means of transport and loading 
equipment, as well as the labor costs of employees servicing 
them. Formally, this criterion was written as follows: 
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3 THE CONCEPT OF THE INTEGRATION OF THE MODEL 

FOR THE SELECTION OF MULTIMODAL TRANSPORT 
TECHNOLOGIES WITH THE EPLOS SYSTEM 
 
In its basic form, the EPLOS system, created as part of 

the EUREKA initiative, is a database system which 
integrates, from various sources, information taken into 
account when making strategic and operational decisions in 
the area of logistics related to the movement of material 
goods between economic entities. In the first phase of its 
implementation, it will cover the Czech Republic, Poland, 
and the Baltic States.  The primary assumed functionality of 
this tool is to provide information to the TMS class systems 
and other systems used by individual enterprises (for more 
detailed characteristics of the EPLOS system, see [30] and 
[31]). Nevertheless, there is a great potential of the EPLOS 
tool in terms of their extension with the individual methods 

of solving decision problems - especially those that are not 
included in the TMS class systems. One such issue is the 
selection of multimodal transport technologies for fixed 
transport tasks. 

Assuming that the problem of the selection of 
multimodal transport technologies is formulated following 
the model presented in Chapter 2, to solve it, it is justified to 
use the EPLOS database in the scope of: 
• information about the available means of transport (their 

type, number and supported forms of transport), 
• information about the available loading devices (their 

type, number, capacity, and supported transport forms), 
• data on the transport routes for external transport 

(mileage, length, authorized means of transport, costs of 
using the infrastructure), 

• generating variant solutions for the technological pro-
cess in transport (searching for transport offers and 
transshipment options together with the assessment of 
the availability of the loading equipment and means of 
transport – the assumed target functionality of the 
EPLOS system). 
 
The use of the proposed model by using the EPLOS sys-

tem will, therefore, involve the need to enter additional data 
regarding: 
• cargo characteristics,  
• characteristics of transport characters,  
• characteristics of the means of transport in terms of 

guaranteed transport conditions, labor costs, the capacity 
and the possibility of handling by loading devices, 

• characteristics of loading devices in terms of labor costs, 
• characteristics of transport routes in internal transport 

(reloading relations) 
• characteristics of the routes of transport in the external 

transport in terms of the estimated stopping time of the 
means of transport, the working time of other employees 
carrying out the movements and their additional labor 
costs, 

• transport tasks. 
 
In the case of extending the functionality of the EPLOS 

system by planning multimodal transport technologies, it is 
also possible to include in it a number of catalogs useful in 
this field, such as the catalog of loads and their characteris-
tics, or the catalog of transport forms. Moreover, it is possible 
to implement a number of algorithms that estimate the data 
required to solve the analyzed problem (e.g., characteristics 
of reloading relations, predicted stoppages of the means of 
transport, and anticipated times of work of other employees 
serving them). This approach will minimize the need to 
manually enter the data that reflects the decision problem in 
the selection of multimodal load handling technologies. 

The described concept of the integration of the model for 
the selection of multimodal transport technologies with the 
EPLOS system, taking into account its variant, is schemati-
cally presented in Fig. 1. 
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Figure 1 The concept of using the EPLOS system and its development in the 

selection of multimodal transport technologies 
 
4 CONCLUSIONS 
 

The issue of the selection of multimodal transport 
technologies analyzed in the article can be considered for a 
specific company that has a specific transport potential, while 
the implementation of the agreed transport tasks can be 
carried out with the involvement of both its own logistics 
potential, as well as the logistics potential of transport and 
forwarding companies as well as providing reloading 
services. Assuming that the transport tasks taken into account 
may relate to the movement of loads with different 
characteristics and forms of transport in various relations, the 
problem of the selection of multimodal transport 
technologies becomes very complex, and its solutions require 
a number of data that are subject to constant changes in the 
market economy conditions. This makes it justified to use the 
EPLOS system and even its extension with additional 
functionalities (estimation of some model parameters, 
catalogs). 

At the same time, it should be noted that in real 
conditions, the selection of the best solution in the field of 
transport technology is often determined by non-cost criteria, 
such as transport time and load safety. Importantly, these 
factors are often taken into account simultaneously. This 
means that it is justified at the next stage to develop the 
proposed approach by a multi-criteria assessment method of 
transport technology variants, including, e.g., the point 
method or the MAJA method [32-34]. 
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