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Abstract. The article deals with application of Discrete Event Simulation in
professional training which focuses on analysis, planning, management and
decision making support during military operations characterized by high
complexity, dynamics, large number of influencing factors and utilization of
advanced technologies. One of the key areas of the planning process and sub-
sequent implementation of the logistical support to deployed units, especially
during the first phase of the operation, is the Reception, Staging and Onward
Movement (RSOM) process. Logistics planners seek a compromise option, i.e.
optimum between time available, cost and quality of implementation when
planning and subsequently implementing optimal solutions. The paper deals
with the possibility of using simulation in the field of training and logistics
planning by implementing a specific technology, possible future aspects, oper-
ating conditions and tactical entities — such as Autonomous Systems.
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1 Introduction

Current security environment is characterized by high dynamics of change and inter-
dependence of affecting factors. Increase in the intensity of armed conflicts [6] with the
concurrent accumulation of natural disasters [15] accompanied by growing global
complexity of national economies [1] occurs. Logistics operations thus take place in a
dynamic environment, over long distances being affected by a large number of
influencing factors [12]. Because of the interdependence of civilian and military
logistics [5], logistics support to the entire process of earmarking and training military
units, including adequate personnel education, can be considered the key success of

military operations.
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Logistic support thus creates an imaginary bridge between national resources and
units deployed in the operation, whether under national command or within
multi-national operations. Functionality and efficiency of the logistics support at the
same time is significantly influenced by optimal determination of distribution and
supply routes, decoupling points of supply chain and their subsequent optimization
during the implementation of the military operation itself [3]. In the case of multina-
tional operations outside the area of the sending states and providing a successful entry
of the national contingents into the joint operation area (JOA), a significant role is
played by the process commonly referred to as Reception, Staging and Onward
Movement (RSOM) [4]. Its aim is to provide the required reception of military units,
technology and material to the Joint Operational Area (JOA) and preparation of per-
sonnel, military material and technology prior to the planned deployment. Due to the
international aspects of the RSOM process implementation and the requirement to
provide a rapid entry into the JOA, emphasis is placed on the coordination of individual
activities, especially in unloading sites, usually Points or Ports of Debarkation (POD).
The crucial is also cooperation with local authorities in the operational area which is
usually provided by specialists or Host State Support (HNS) units in cooperation with
individual national contingents.

For the successful implementation of the individual activities of the RSOM process,
a key issue is to provide appropriate preparation of logistics specialists, whether in
management, planning or implementing working positions. Due to the extent and
complexity of the activities carried out and a large number of influencing factors [8],
use of simulation and modelling tools appears to be an appropriate complementary
approach to the education of the logistics experts.

2 Provision and Implementation of the RSOM Process

One of the key areas of planning and subsequent implementation of the logistic support
of deployed units is represented by the Reception, Staging and Onward Movement
(RSOM) process, especially during the first phase of the operation at its launch [17].
During planning and subsequent implementation, logistics planners seek a compromise
option, i.e. optimum between time available, cost and quality of implementation while
analyzing the effects of possible limiting factors (LIMFAC).

In order to provide coordination of national contingents and their entry into the
JOA, the decisive criterion is considered the time spent by units, their material and
technology at embarkation points [14]. For this reason, relatively large demands are
being put on the preparation and training of the core RSOM process activities in
logistics staff of national contingents. Due to the economic demandingness of training
and performing RSOM activities in vivo (i.e. in a real environment), it is more efficient
to perform them in silico (e.g. by computer simulation) [10]. Engagement of the units
into creation simulation models and mastering suitably differentiated scenarios -
variants of models, provides a participant with modern approach to preparation and
training [2]. Use of simulation tools creates space and appropriate assumptions for
testing possible scenarios and preparation of the logistics staff for real-life situations
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characterized by a number of influencing factors. These are primarily factors that may
adversely affect the RSOM process or some of its phases.

Education, training and exercising of military units thus represents just one of the
key factors of success in the real deployment of such units [9]. The aim of modern
training is to provide the exercising units with required knowledge and skills at the
lowest possible organizational costs. The output skills of the exercising units reflect in
carrying out the appropriate activity in real-life conditions with the highest possible
efficiency. In the past, training of transport units often required high costs associated
with transportation, handling operations, etc. At present, it is possible to carry out
training even under limited costs while meeting all the training objectives. Sophisti-
cated software products that allow simulation of real scenarios with a reasonable degree
of abstraction can represent a possible tool [13].

Simulation preparation itself provides the designer with a profound insight into the
large-scale real-world military deployment planning and helps to understand the pro-
cesses carried out as well as their mutual relations [16]. Subsequently, once a model in
the simulation environment is created, it is possible to quickly perform and simulta-
neously analyze alternative scenarios and use the simulation environment for searching
for the optimal solution [11]. This approach also allows quickly extending and mod-
ifying the created model according to the specific conditions and requirements under
the effect of influencing factors. Because of these properties, simulation tools are
suitable for logistics planners and their preparation.

In the RSOM process, similarly to the civil sector, it is appropriate to simulate more
simple process activities with a higher repetition rate which may allow variability in
time, capacity, or quantity of indicators. A typical example could be simulation of
operations related to cargo unloading or loading in ports, where it is necessary to
coordinate the handling and unloading of container units along with the exit of military
vehicles and, in addition, to plan drivers’ circulation for the vehicles concerned.

The object of such a simulation model is to choose and subsequently verify the
variant minimizing the times of individual handling operations with simultaneous more
effective use of available capacities (personnel, handling and transport means). Finding
the optimal way of unloading, respectively loading allows optimal use of available
capacities while optimizing the funds spent. For the needs of armed forces, it is possible
to use a modular principle and verify different scenarios depending, for example, on the
different unit size (volume of stock) and unit type (type of stock). The situation is more
complex if it is necessary to simulate not only the activity of one unit but more units in
a multinational context where more than one army of the North Atlantic Treaty
Organization (NATO) unloads the stock and vehicles while simultaneously imple-
menting the time schedule of the multinational operation commander.

3 Research Goal, Methodology and Limitations

Two research questions have been formulated within the research:

1. What are the benefits of the logistics analysis using a simulation model in the
preparation training of transport units for the implementation of the RSOM process?
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2. What are the influencing factors for the inclusion of autonomous means of
unloading/loading process for the training of logistics staff?

In terms of planning and implementation of the RSOM logistics processes, a
qualitative approach based on a grounded theory has been primarily chosen, while the
individual partial conclusions result from the classical optimization task of the model
situation created in the simulation environment. To test and optimize the access, dis-
crete simulation in Simul8 software environment (version 2017) has been used, using
primarily modelling and simulation methods supported by the queuing theory [7]. For
these purposes a model of port debarkation handling and transport operations
(POD) has been created on the basis of the formulated assumptions and a simulation of
these operations was carried out. It introduces a logistics simulation as a tool that can
be used to provide insight into potential outcomes of the deployment plans. The
research is focused mainly on the alternative scenarios of the RSOM process. Outputs
for logistics analysis have been formulated based on testing and verification of the
created model. They can be used in the training phase of the experts in the field of the
RSOM process logistics implementation.

The limitations of the model created are primarily in the scope of simulated
activities in the Ports of Debarkation and restriction to only three basic activities: ISO
1C containers, non-standard containers and military equipment unloading from the ship
cargo space.

4 Model Creation and Its Modification

Crucial aspects of the training of logistics experts of the RSOM process preparation and
implementation have been identified by expert judgment using a grounded theory. It
dealt with the assessment of the content and forms of the methodical work, professional
courses carried out, distance education, internships, drills, practical exercises and
possibilities of using simulation tools. The following main aspects have been identified
as main advantages when using simulation tools, compared to other types of training:

— Speed: Use of simulation tools and creation of training models is relatively fast and
affordable; a whole range of software products is offered on the market, allowing for
a high degree of variability in approaches to training; highly sophisticated products
that allow tailored solution are also available;

— Low economic demandingness: Due to the absence of personnel, material and
technology transfers to training areas, preparation of equipment, etc., training using
simulation models can usually be carried out directly at the home base of the
exercising units;

— Simplicity, variability and modularity: When needed to include different factors, it
is possible to create a similar model or test a similar RSOM implementation sce-
nario. The simulation tool usually provides the possibility of fast modification by
including other planning factors, unit size or unit structure changes as well as the
quantity and structure of supplies or military technology type change.
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Apart from the main advantages, the following disadvantages of using in silico

approach have been identified:

High abstraction level of the simulation model: The risk that the model will be too
distant from the reality and training will not provide the participants with required
knowledge and skills;

Complexity of the simulation model: Use of advanced software applications with
too complex algorithms and controls, similarly to the inclusion of too many factors,
can cause that the model and hence the training itself become incomprehensible and
therefore unnecessary for the participants;

Need to create a model: For very complex models, it may be a time-consuming
activity that usually requires assistance or direct involvement of an expert in the use
of simulation tools, usually when the model, which can then be used modularly, is
first created.

Based on the assessment carried out, a Sea Port of Debarkation (SPOD) scenario

for unloading has been developed. The presented model with a reasonable level of
abstraction has created the prerequisites for a logistics analysis of a real example of the
first phase of the RSOM process, namely the process of admission of military supplies
and vehicles in the SPOD. The following assumptions and limitations have been
defined for the model being created:

A Ro/Ro Container Ships which allows individual ramping/unloading of military
vehicles and storage of container units on the upper deck was used for transporting
and unloading (containerized) supplies and military vehicles;

145 standard container units (using ISO 1C containers) and 5 non-standard con-
tainer units were unloaded;

In addition, 50 military vehicles which took advantage of Roll-Off technology — a
separate exit from Ro/Ro ships, respectively Ro/Ro Container Ships, were used;
Dangerous things which need special treatment or conditions during unloading were
not part of the cargo;

The amount of supplies was determined according to the model type of the task
force (platoon or battalion task force);

Unloading was carried out in a model port which had one unloading ramp for
unloading Ro/Ro ships and three port gantry cranes;

An unlimited number of handling devices (container carriers) and unlimited storage
capacity for container units storage was available for moving container units in the
port;

The driver unit was a changeable variable, which got the values d = 1, 2,.... n (set of
natural numbers); when a ‘return vehicle’ driver who has been permanently entered
into the system and the type of return vehicle (depending on the number of persons
transported - drivers) has not been included in this variable;

100% efficiency of individual devices and equipment was used in the model (i.e.
faults of handling equipment, of containers and vehicles unloaded, drivers’ acci-
dents, etc., have not been simulated);

During the simulation, the unloading ramps, gantry cranes, handling devices,
number of disposable drivers and the distances were fixed.
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To illustrate the use of the simulation tool for training of the logistics experts,
a model was developed to find the answer to the question: What is the optimal number
of drivers (d) when it applies that the time required for vehicle exit will be shorter than
or equal to the time required for unloading the container units, i.e.:

t; <t (1)

where:

— tq is the time required for exit of the vehicles from the ship, including parking and
return of the drivers, using n drivers (see changeable variable d);

— t. is the time required to unload the container units of a given task group (fixed in
the model, it can also be used as a changeable variable under real conditions).

Achieving equality was considered to be only the theoretical ideal solution. An
optimal solution in real conditions may be considered when the following conditions

apply:
ford : t;<t, (2)
ford—1:1;> 1 (3)

The total time of the ship anchoring in the port is in this case given by the time t.,
because the unloading and the outgoing takes place at the same time and by providing
an additional driver, the optimum unloading time can be achieved. The optimum
conditions for the simulation model outputs were as follows:

— The average unloading time of the container unit (using ISO 1C containers) by the
crane to the handling means (container carrier) is 6 min; for non-standard container
units the time is 120 min;

— The average transport period of the container unit to the lay-by area, including
loading (part of the crane unloading) and unloading of the container unit, is 19 min;

— The unloading of 5 non-standard containers has priority in terms of the complexity
of handling operations, but their unloading takes place simultaneously with the
unloading of standard container units;

— The vehicle’s exit time from the ship oscillates between 15 and 20 min, and the
time of moving and parking is 30 min; part of the calculation contains also the time
for the return of the drivers (10 min).

On the basis of the considered approaches to education and the necessary infor-
mation inputs, a simulation model has been created. The object of the model was the
display of inventory flows (container units) and military vehicles system, which in this
case was represented by a port with a given handling technique. The model is appli-
cable modularly, with the possibility of rapid expansion and modification according to
the type and size of the task forces. The schematic presentation of the created model is
shown in Fig. 1.

The output of the simulation model is a transparent overview of the whole process
of the reception phase — unloading of container units and military equipment and
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Fig. 1. Simulation model (SIMULS) (Source: own)
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providing standardization of the activities carried out. The benefit of the simulation
model is determination of the maximum waiting ship time depending on the defined
changeable variable — number of drivers. Created model can be easily modified by
identifying other changeable variables, and observing differences in the output char-
acteristics of the model.

5 Results and Discussion

The created model provides basic characteristics of the unloading process, the use of
resources and their overall efficiency. When searching for the answer to the question of
adjusting the optimal number of drivers, a range of 1 to 10 drivers was set at the
beginning of testing (see the capacity possibilities of the movement control teams),
number of replications was set on 10. In terms of the model optimization, following
model outputs have been compared:

— The total time required to complete the unloading of all container units and all
vehicles;

— The efficiency of the use of handling and transport means for unloading containers;

— The efficiency of using the capacity of drivers when unloading military vehicles.

In the case of testing the option of using 10 drivers, the simulation run ended at
895 min when all the vehicles were parked, but not all standard and non-standard
container units were unloaded until 936 min. If only 1 driver was used, unloading of all
container units took place at 936 min, while the exit of all vehicles by one driver
terminated in 2061 min. The simulation outputs are shown in Table 1.

It is clear from the table that for the repetition of five simulation runs, the time
needed to exit the vehicles (tq) is longer than the time required for unloading container
units (t.) to the number of 4 drivers according to the model parameters. According to
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Table 1. Model characteristics and outputs for different number of drivers (10 reps)

Number of Time Time Time Utilization Utilization
drivers (Container (Vehicles) (Total) of drivers of cranes
d [PAX] units) tq [min.] t [min.] [%] [%]
te [min.]
1 936 2061 2061 79.63 26.98
2 936 1365 1365 89.49 40.75
3 936 1109 1109 91.80 50.13
4 936 925 936 83.34 59.41
5 936 899 936 75.75 59.41
6 936 902 936 64.17 59.41
7 936 897 936 59.75 59.41
8 936 898 936 53.56 59.41
9 936 896 936 50.44 59.41
10 936 895 936 47.39 59.41

Source: Own.

only one changeable variable (d), t. is constant if the exit of vehicles from the RoRo
ship is realized by at least 4 drivers. In real conditions this time would oscillate around
a given value, which is simulated further using a random number generator. The
optimal variant is the use of 4 drivers, in which all vehicles are unloaded at 925 min,
i.e. the closest time to the time of unloading all container units. For the exit of military
vehicles by four drivers, the two set conditions (2) and (3) are met.

Simulation model creates prerequisites for a quick analysis of the possible RSOM
implementation scenarios and optimal use of available resources. These are both the
efficiency of their use and also its possible blocking by other activities; see Fig. 2
Drivers’ load and Fig. 3 Utilization of port logistics capacities.

Owatting 13,03%
M Resource starved 2,621%
W Working 84,34%

Fig. 2. Drivers’ load (Source: own)

In addition to capacity load, it is also possible to monitor the use of available
capacities over time and subsequently modify the deployment of other sources or the
distribution of existing resources over time, see Figs. 4 and 5.

The outcome of the simulation was also a recommendation for risk analysis of the
first phase of the RSOM process resulting from the distribution of time needed for
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Fig. 3. Utilization of port logistics capacities (Source: own)
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Fig. 4. Involvement of vehicle drivers during unloading (Source: own)
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Fig. 5. Utilization of port logistics capacities during unloading (Source: own)

parking the vehicles, and the possibility of testing possible options such as technical
failures in the port logistics or in exiting the vehicles, individual driver experience
during unloading of vehicles and possible consequences of landing disturbance, for
example due to safety regulations or adverse weather conditions.

In addition to these standard outputs of the Simul8 environment, it further enables
logistics planners to financially evaluate individual simulated processes and optimize
possible scenarios in terms of total costs. Similarly to financial analysis, it is possible to
evaluate individual activities in terms of their environmental burden and analyze the
environmental impacts of simulated activities (ecological footprint per individual
entities and the whole simulated scenario).

6 Conclusions

The presented model created in the Simul8 environment demonstrates a possible
complementary approach to the training of logistics staff of the armed forces for the
preparation and implementation of the RSOM process. Accuracy of the model depends
on the input data, i.e. for obtaining accurate results by a simulation model able to
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simulate a particular situation (scenario), it is appropriate to use specific data of the
terminal, in this case the port. If average time periods of handling and transport oper-
ations are available, a very clear idea of the duration of the investigated activities can be
obtained. This overview allows finding the optimal solution from the point of view of
the set parameters and possibly determining other variables as changeable ones.

The main advantages of incorporating simulation tools into the process of logistics
staff preparation for the implementation of the RSOM process can be summarized as
follows:

— Insight into the problem and subsequent broad possibilities of logistics analysis of
processes implemented within RSOM;

— Possibility of detailed analysis of specific scenarios, their fast modification
according to specific ports and possibility of testing alternative solutions, including
supply chain security and overall resilience;

— From the preparation point of view, logistics specialists may not have specific skills
and knowledge of applied simulation and modelling, but it is appropriate to engage
them in this issue for the future possible preparation of alternative scenarios and
possibility of their modification on the basis of evolving exercise requirements;

— Variability of the created scenarios and implemented solutions makes it possible to
analyze different types of ports and technologies used, including ports with
autonomous unloading/loading systems.

The approach chosen is fully applicable to other areas of logistics support,
including analysis and testing of logistics support implementation plans and testing the
scenarios for technology and material life cycle management.
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of organization development: ROZVOLOG: Development of Capabilities and Sustainability of
Logistics Support (DZRO ROZVOLOG 2016-2020) funded by the Ministry of Defence of the
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Abbreviations and Acronyms

ACR Army of the Czech Republic

ISO International Organization for Standardization
NATO North Atlantic Treaty Organization

POD Port of Debarkation

Ro/Ro  Roll-on/Roll-off

RSOM  Reception, Staging and Onward Movement
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