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Abstract: The article describes the issues of transport of bulk materials. The knowledge of this process
has a key impact on the rational planning of transport tasks. It is necessary to have knowledge
about the transport services market and the competition that exists in it. In order to achieve a
competitive advantage on the market, enterprises should analyze data on the implementation of
transport tasks on an ongoing basis. It is also important that the costs incurred from the conducted
activity are minimized, while increasing the quality of services and taking into account the sustainable
development of the enterprise. The study analyzes data from a few selected motor vehicles in the
period of 3 years of operation, coming from an enterprise specializing in the transport of bulk
materials. Moreover, a global sensitivity analysis was performed based on a neural model describing
the impact of the analyzed factors on the company’s profit. The results show that the most important
factors influencing the company’s profit are the fuel consumption of individual vehicles, the driver
(driving style) and the month (average temperature, weather conditions).

Keywords: neural networks; transport of bulk materials; sensitivity analysis

1. Introduction

It is difficult to indicate one universal definition of bulk materials, as it differs depend-
ing on the applicable regulations in a given country. Bulk materials are treated as loads
composed of small, dry particles that are not bound together in any way or that break down
easily into small elements. Examples of this type of material are sand, gravel, gypsum,
cement, road salt, slag, cereal grains, flour, plant seeds, dyes, filling materials, soil, chemical
powders, dust, ashes, soot, but also sugar, coffee and rice. The materials discussed do not
have a compact structure, which means that their storage, loading and transport require
the use of special devices that facilitate work and improve its efficiency. In the case of
some bulk materials, such as sand or gravel, tarpaulins, tippers, or in special cases railway
wagons are used. The used means of transport depends on the properties of the material
being transported (sensitivity to weather conditions, etc.). Work with bulk materials is
most often undertaken by specialized companies that have the necessary machines at their
disposal and transport cargo by road [1,2]. In addition, information on the transport of
bulk materials can be found on the websites of individual transport companies [3—6]. These
are companies with many years of experience that are reluctant to provide information
about their know-how.

No article was found on the subject of transport of loose materials with the use of a
car fleet in the bases of Web of Science, Scopus, Scholar. Only one article was found which
analyzed the profitability of transporting the raw material, i.e., timber, in Finland [7].

The transport of loose materials can also be carried out by sea, but it requires access
to the sea, which is impossible in the case of many European countries, i.e., the Czech
Republic, Slovakia, Austria, and Hungary [8]. The most important factors in this mode of
transport to be taken into account are the short life of the food and possible spoilage during
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transport. The solution to these problems is to use the so-called reefer vessels. In scientific
databases numerous patents of devices for loading/unloading goods and the results of
their experimental analyses can be found [9-11].

Enterprises providing transport services try to meet the growing requirements of
the modern market. Thus, companies rationally plan each transport task to maximize
profits while reducing the cost of each participant in the process. Quality in this context
can be divided into two categories. The first one is quality in technical terms, which is
a very narrow concept and focuses on the properties of manufactured products. The
second, in turn, is the economic approach, which is a set of requirements for an object,
which include not only the properties of the product or service, but also, among others,
price, time availability, customer preferences and feelings etc. These approaches are often
combined with each other. Operating measure vehicle quality have a crucial impact on
the evaluation of the implementation of transport services [12,13]. In turn, quality is a
key aspect that allows a satisfactory position to be maintained on the market [14]. In
turn, the economic analysis of the work of enterprises is the subject of many scientific
articles. For this purpose, in addition to statistical methods, artificial intelligence methods
are also used [15-17]. In addition, modern transport companies try to fit into the concept
of sustainable development which is a proposal of a form of conscious individual and
social life, on the basis of development together with the environment—social and natural,
taking into account ecological limitations and social expectations. In terms of economics,
the concept concerns economic stability, risk management and profitability, while in the
case of the environment, it concerns environmental protection, pollution prevention, CO?
emission, logistics, etc. [18,19].

The subject of further analysis is an enterprise specializing in the transport of bulk
materials, in particular organic cereals and loose food products. The main premise for
choosing the aforementioned subject is the complexity of the process of transporting
bulk materials, and more precisely the problems that arise at every stage starting from
contact with the customer, the issues of loading and unloading, the subject of maintaining
cleanliness of the cargo space and the conditions that must be met in the case of transport
of organic products.

The aim of the article is a comprehensive analysis of the functioning of a mentioned
enterprise, starting from the presentation of the issues of transport of bulk materials, a
detailed description of all stages of transport (loading, route planning, unloading) and
solutions implemented in the enterprise. The information mentioned was obtained through
an interview with the employees of the discussed company registered in Poland and
operating in Europe. The process of transporting loose materials is complex, there are
many problems in it due to the interdependence of its individual participants, which
makes it difficult to indicate even the simplest improvements. The human factor and
weather conditions play a very important role here. To ensure a high level of customer
service, it is necessary to make a detailed analysis of each element of the bulk materials
transport process. Any delay or incorrect realization of any stage of the process can lead
to undesirable situations, i.e., delay in delivery, inability to load for infrastructural or
technical reasons, affecting future cooperation with customers. In addition, customers
are still guided by the lowest price when choosing service provider, which is why it is
important to indicate which factors have a direct impact on the company’s financial result.
Issues related to the realization of transport tasks are described well in [20-24].

The company decided to remain anonymous, therefore, the authors did not obtain
permission to indicate its name and publish photos related to them in any way, but they
gained access to operational and financial data of parts of the car fleet of the aforemen-
tioned. enterprises in the period 2015-2018. This underlines the uniqueness of the content
presented in the article.

A comprehensive description of the subject matter and the exact functioning of the
company is the basis of this article, while its main goal is the statistical analysis of the data
presented in the article, which, together with the sensitivity analysis, enable qualitative and
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quantitative assessment of the impact of individual operational factors on the company’s
profit.

The results show that the most important factors influencing the company’s profit
are the fuel consumption of individual vehicles, the driver (driving style) and the month
(season—average temperature, weather conditions). On the other hand, factors such as
working time, distance traveled or average speed also have some influence and allow for
rational planning of the transport process. The rest of the factors taken into account have a
negligible impact on the profit of the analyzed company.

2. Problems of Bulk Material Transport
2.1. Identification of the Problems of Transport of Bulk Materials

Transportation of bulk materials is a complex issue requiring a multilateral approach
in terms of practical knowledge regarding the realization of the entire process, i.e., loading,
transport and unloading [25,26]. It allows problems to be isolated during the whole
process, sources of their occurrence identified, and special attention to be paid to the type
of transported cargo (in technical aspect and taking into account the problem of keeping
the means of transport clean).

The subject of the analysis is an enterprise dealing with the transport of loose products,
i.e., cereals, animal feeds, substances and feed additives, loose vegetables, loose foods,
such as flour, milk powder, etc. It has a GMP + (Good Manufacturing Practice Plus)
certificate and employs of workers after series of special dedicated trainings. The certificate
is necessary for cooperation with the Dutch and German fodder industry. The company
employs 14 professional drivers and 3 people involved in the organization of transport
processes. The company has its own car fleet, which is entire Volvo 4 x 2 tractor units.

Figure 1 shows the procedure for the transport of bulk materials operating in the
enterprise. Due to the specificity of the company specializing in the transport of organic
cereals, the main problem is the place of loading. Therefore, most of the loading operations
take place on farms. The problem lies in the lack of technical and infrastructure facilities.
Larger farms have loaders, truck scales and silos from which it is possible to load directly
onto the semi-trailer body, while smaller farms do not have such facilities. The first
problem in the whole process of loading occurs when goods need to be weighed. Vehicles
in the company are equipped with a computer weight system, while most farmers require
weighing the vehicle on the weight indicated by the shipper. Often the weight is several
kilometers away from the loading place. The contractor is in many cases uninformed about
this fact, often not through the fault of the client, because the shipper always assures the
client that he has all the technical facilities for loading on site. The problem of location of
the scale also applies to the working time of the plants in which the scale is located. After a
few hours of loading, which usually ends in the afternoon, the place where weighing takes
place is often closed, and as a result the driver is forced to wait until the next day. The
result of the whole problem is the inability to accurately plan the vehicle’s travel time to
the destination, as well as the prolonged unnecessary journeys of the driver which results
in increasing working time (limited by law). Another factor that extends the loading time
is the lack of appropriate equipment at the loader. The problem of the lack of infrastructure
on this type of farms results from many factors, e.g., these farms are mainly focused on
organic cereals production with low scale of money investment. The problem is mainly
intensified in the fall-winter period. Moving a vehicle with a total weight of 40 tons is
difficult on this type of surface. In most cases, it is impossible to move independently on
this type of surface and requires assistance of a heavyweight farm tractor. Each of the
problems mentioned above automatically reduce the active driver’s working time during
the day and enforce downtime. As the result planning further routes become difficult and
unable to provide reliable information to the customer about the time of arrival at the place
of unloading.
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Figure 1. Algorithm of the implementation of the loose materials transport process.

The cereal transport is also characterized by the fact that the load can change its weight
during transport. The phenomenon of weight loss of transported goods may occur during
transport. Loads such as grains may lose weight as a result of atmospheric conditions
(e.g., high temperature or low humidity).

The quality of cereals is a very important in the transport process. Despite the fact
that the carrier is not responsible for the quality of the grain, it is still burdened with all
the negative consequences associated with it. The problem is the absence of the customer
during loading at the shipper. The process of controlling based on sending samples of the
goods to the client, which then undergo quality control, while in the next step the price of
the goods is negotiated between the seller and the buyer. The sample is filled with grain by
the shipper and sent to the client, where it is subjected to laboratory analysis.
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The shipper, by sending such a sample, undertakes at the same time that the goods
with the parameters that were given in the analysis will be loaded onto the load box
of the vehicle. However, cases have been observed suggesting that in practice it looks
completely different. In the event of non-compliance of the quality of the goods at the
place of unloading, the carrier is the first link to be verified. The cleanliness of the loading
space is then questioned, which the loader must verify before loading. In the case of the
analyzed company, a list of previously transported loads and cleaning method is kept, also
after verifying the cleanliness of the loading surface and loading the goods, the transport
company is released from liability for the quality of the goods. The inability to unload the
goods due to poor quality in the place designated in the order, causes a number of negative
consequences. Determining the new place of sale and the new price of the goods between
the customer and the owner of the goods (shipper) often takes several hours. The new
place of unloading is often a few hundred kilometers away from the original one, as well
as cases in which the goods returned to the shipper were also observed. There is a high
number of consequences of such an operation. The first in row is the inability to take the
next order and the further consequences related to that fact, then the working and driving
time of the driver is not used at all due to downtime caused by waiting for further steps.
The next effect is the hidden costs of lost opportunities, which, despite compensation for
downtime and redirection, still outweigh the income from the entire operation.

The issue of unloading service by enterprises receiving the goods is addressed primar-
ily due to the minimization of operating costs. The main problem not only for Western
grain processing companies, but also in other industries, is the lack of social and parking
facilities for the driver. Unloading often takes place in the evening, then the driver is
obliged to leave the plant and look for a parking space by the highway, while the number
of available spaces is limited especially in the evening. Grain unloading often takes place
in difficult conditions in terms of cleanliness, which is why plants of this type should
provide the driver with the opportunity to take a shower. The result of the lack of the
aforementioned facilities is usually a penalty for exceeding the standard working time
intended for traveling to a safe stopping place which may lack of social facilities enable
driver comfortable rest.

Unloading activities, in particular the duration and time of unloading are the most
difficult to specify and define by manufacturing companies as recipients, in particular
regarding bulk goods. Recently, it is increasingly necessary to book in advance so-called
time window enabling entry to the production plant and unloading. In practice, the imple-
mentation of this type of solutions primarily requires changing the internal organization
of companies. It involves standardizing the work and responsibilities of employees. In
transporting bulk materials, however, it is difficult to choose a system that eliminates or
reduces unloading downtime to the minimum. Enterprises processing cereals, fodder
production, etc. are struggling with the problem of planning the amount of inventory
needed for current production, which is why unloading the vehicle out of turn is a common
case due to the need for a plant for a given product. In addition, such a plant would have
to employ an additional person responsible for organizing and planning unloading times
and purchase the necessary program.

The disadvantage of using the so-called time windows are the forwarder’s helplessness
in situations that cannot be predicted, such as congestion, accidents, vehicle failures and
unplanned stoppages at loading. However, in the process of planning and organizing
of transports, it is a very helpful and useful tool for transport companies that streamline
unloading processes, mainly time as well as the planning and executing of subsequent
orders.

2.2. Economic Analysis of a Transport Enterprise with Regard to the Operating Factors of Vehicles

The company, having a modern vehicles fleet, needs drivers who will be able to handle
it, including economic driving. The shortage of qualified drivers means that those who are
available on the labor market do not have adequate knowledge, which generates additional
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driving costs, which are fuel costs (the main cost generator in revenues of about 40-45%),
which can be reduced by maintaining proper driving economics and repair costs, which
are also lower when the vehicle is operated by a qualified employee. Driver training in
additional skills requires time and money. Today’s driver is not only a driver, but he is a
vehicle manager, because he manages the route, which he performs and makes a number
of independent decisions. His role is now completely different than it was a few years
ago. The second troublesome barrier constituting the lack of qualifications is the lack of
knowledge of German and English at the communicative level, which would significantly
improve the process of loading and unloading in foreign enterprises.

The company strives to maintain the required, high level quality of services as part of
cyclical implementation of customer orders. To transport of bulk loose and dry products,
the right equipment and qualified staff is needed. It is also important to have many years
of experience to prepare transport properly and anticipate possible difficulties. Means of
transport are of great importance in transport activities. They constitute the main executive
instrument in the transport process, therefore, great importance is put on the technical
condition of vehicles to minimize the occurrence of any technical defects during transport
that would affect the time of delivery to the customer. All repairs in the analyzed company
are carried out in a planned preventive cycle. The system of preventive maintenance
services includes actions related to the maintenance, operation, supervision and repair of
machines, carried out according to a specific repair cycle. The idea of this system is to plan
all maintenance and repair tasks in advance, including deadlines and scopes of respective
tasks. The basis of planning are repair cycles, based on the work resource defined as
service life. In this service system, the company avoids unforeseen repairs of vehicles
abroad, where the repair costs are very high. Another advantage of this method of service
is continuous transport availability, which minimizes any delays in the delivery of goods to
the customer. It is also one of the factors thanks to which the company has an established
position on the bulk materials market. In practice, it looks like the company makes minor
repairs in its workshop, and only serious damage requires a visit to an authorized service
center.

The subject of the analysis is the process of execution of transport tasks by 6 selected
vehicles over a period of 36 months (each driver is assigned to a specific tractor unit).

Table 1 presents all analyzed variables together with their basic descriptive statistics,
i.e., arithmetic mean, maximum and minimum value, and standard deviation. Most vari-
ables are quantitative variables which have been assigned specific figures. The database also
contains qualitative variables, i.e., variables that have been described in words, i.e., driver
or month.

Figure 2 presents selected monthly operational data for respective vehicles. i.e.,
distance. fuel consumption and monthly amount of the load transported by vehicles. The
average monthly traveled distance by drivers was 13,147 km with a simultaneous average
fuel consumption of 3795.11. Based on the presented data. it can be observed that the
driving style of the driver has a significant impact on the fuel consumption (variables a
and c have a small influence on the fuel consumption).
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Table 1. Basic descriptive statistics of the data set.

Variable Arithmetic Mean Minimum Maximum Standard Deviation
Driver [-] - Vo1 V06 -
Month [-] - January December -
Time [h] 204.08 129.35 239.47 20.737
Distance [km] 13,417.84 8491.82 16,027.11 1347.904
Fuel consumption [] 3887.29 2503.67 4683.75 370.253
Average load [%] 100.27 92.248 107.23 2.587
Average percentage of traveled distance with load—per one delivery [%] 74.27 51.518 89.55 7.433
Sum of load [t] 308.53 99.6 565.66 53.752
Distance with the load [km] 10,932.25 6281.78 13,637.08 1369.927
Distance without the load [km] 2484.47 1090.56 6400.16 861.57
Percentage of traveled distance with load per month [%] 81.48 53.39 92.01 6.063
Number of orders [-] 12.19 4 17 1.95
Average load volume per order [t] 25.31 22.71 47.14 1.92
Average load per order [%] 101.25 90.80 188.55 7.681
Average speed [km/h] 74 66.43 78.23 1.991
Average number of brakes [number/100 km] 38.39 18 74 10.351
Average number of stops [number/100 km] 9.35 5 132 8.586
Exceeding the speed limit for the vehicle [%] 32.81 4.00 64.70 15.989
Time in automatic mode [%] 99.32 82.40 100.00 1.496
Idle work time [%] 9 1.60 25.30 2.696
Working time in economy mode [%] 74.69 60.00 84.20 4.389
Time out of economy mode [%] 1.35 0.00 22.60 1.702
Inertial movement time [%] 9.78 3.70 18.90 2.967
Time with cruise control [%] 37.5 1.40 64.30 12.47
Fuel costs [PLN] 14,239.76 9614.93 17,546.35 1593.904
Other taxes and fees (road tax. vignettes. environmental fee. parking fees) [PLN] 4748.89 82.68 6405.69 758.45
Repairs and service [PLN] 6165.22 107.33 8316.16 984.659

Profit [PLN] 5998.59 104.43 8091.40 958.046
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Figure 2. Selected data during 36 months of vehicle operation for individual drivers: V01. V02. V03. V04. V05. V06: (a)
average monthly distance traveled by drivers; (b) average monthly fuel consumption and (c) average monthly mass of

cargo transported.

Considering the number of kilometers traveled with the load in relation to the distance
traveled by drivers (Figure 3), it can be observed that the V05 driver had the lowest
percentage of the distance with the load compared to other drivers (35.93% of the distance
is so-called empty runs). In turn, the V04 driver’s vehicle was the optimal means of
transport in terms of the aforementioned traveled distance with load (80.9%).
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Figure 3. The average monthly distance traveled by individual drivers with a load together with the
percentage of the distance.

Figure 4 shows selected average monthly economic parameters of vehicles in
2015-2018 (36 months in total). The lowest fuel consumption was recorded for the V05
driver, the average monthly cost is 12,410 PLN, while the highest V02 (15,081 PLN). The
average monthly cost of repair and service in individual years of use was respectively:
625 PLN, 431 PLN, 1035 PLN and 2161 PLN. The aforementioned costs were influenced
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Figure 4. Economic aspects of vehicle operation during 4 years of operation: (a) V01 driver, (b) V02 driver, (c) VO3 driver,
(d) V04 driver, (e) V05 driver and (f) V06 driver, where: 1. Average monthly fuel costs, 2 Repair and service costs, 3. Other
taxes and fees (road tax, vignettes, environmental fee, parking fees) and 4. Financial result.
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Based on the economic analysis of 6 selected drivers in the transport company, it was
pointed out that the application of sensitivity analysis to identify key factors affecting the
financial situation of the company would be important for the given issues.

3. Analysis of Sensitivity of Selected Operating Factors to the Financial Result of the
Enterprise

The presented financial results can be used to assess the impact of the factors described
on the company’s profit. In order to carry out the sensitivity analysis mentioned in the
previous chapter, it is necessary to create a mathematical model describing the considered
data set. Mathematical modeling of the impact of the aforementioned number of factors
(24 variables) on the company’s profit (4 variables) is a very complex process. In connection
with the above, universal approximating and generalizing properties of neural networks
were used to build the aforementioned model, which was created in the Statistica software
(Automatic Neural Networks module). Therefore, the analyzed variables were divided
into input and output variables of the created neural network:

Input Variables:

Driver [-],

Month [-],

Time [h],

Distance [km],

Fuel consumption [l],

Average load [%],

Average percentage of traveled distance with load—per 1 delivery [%],
Sum of load [t],

Distance with the load [km)],

Distance without the load [km],

Percentage of traveled distance with load per month [%],
Number of orders [-],

Average load volume per order [t],

Average load per order [t],

Average speed [km/h],

Average number of brakes [number /100 km],
Average number of stops [number/100 km],
Exceeding the speed limit for the vehicle [%],
Time in automatic mode [%],

Idle work time [%],

Working time in economy mode [%],

Time out of economy mode [%],

Inertial movement time [%],

Time with cruise control [%].

Output Variables:

Fuel costs [PLN],

Other taxes and fees [PLN],
Repairs and service [PLN],
Profit [PLN].

The next stage of building a neural network model is determining the number of
random subsets of data. The training set contains input data and associated reference
responses. Part of the training set is used to teach the network using the selected learning
algorithm, while the remaining part is divided into validation and test sets. The validation
set performs periodic validation during teaching to prevent overfitting, while the test set is
intended to carry out the final network check after learning, checking that the network has
not lost its ability to generalize. The sets are separated randomly, while their number was
adopted as follows: training set 80%, validation set 10% and test set 10%. In this work, the
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construction of a MLP (Multilayer Perceptron) neural network with one hidden layer is
considered [27-29].

We created 5000 different variants of neural networks in Statistica software, character-
ized by a variable number of neurons in the output layer and various activation functions.
Of the aforementioned number of neural networks, 50 networks were selected with a
quality (learning) parameter > 0.95. Table 2 summarizes the learning of selected networks.

The data presented in Table 2 indicate a large diversity of results both among the
network quality values: 0.565-0.735 (testing), 0.586-0.805 (validation), as well as the number
of neurons in the hidden layer: 25-100. The most common activation functions are the
logistic function and hyperbolic tangent. The BFGS (Broyden-Fletcher-Goldfarb—Shanno)
algorithm was used to teach neural networks, which is one of the gradient methods. In
addition, it is one of the most effective learning methods among conjugate gradients and
the fast gradient methods. As the error function, the SOS (Sum of Squares) function was
chosen, in which the error is the sum of squares of differences between the set values and
output values from the neural network [27,30,31].

Then the optimal neural network was selected due to the maximization of the network
quality index w:

wi=a1+bi+ci (1)

where wi;—i-th neural network quality indicator (i =1 ... 50), aj—i-th neural network
quality (learning) (i=1... 50), bj—i-th neural network quality (testing) (i=1... 50) and
cj—i-th neural network quality (validation) (i=1... 50).

The optimal neural network is MLP 24-100-4 (network ID: 116), which learning results
are marked in yellow in Table 2. In turn, the learning process of the aforementioned
network is shown in Figure 5. The network has achieved a minimal error in the learning
and testing process in cycle No. 104. The optimal neural network is MLP 24-100-4 (network
ID: 116), the learning results of which are marked in yellow in Table 2.

Fuel consumption [ 1] I, ©.039

Month [-] 6.087
Driver [-] N, 5.601
Distance [km] 1.739
Distance without the load [km] [N 1.674
Time [h] 1.588
Time with cruise control [%] B " 1.481
Distance with the load [km] [N 1.412
Exceeding the speed limit for th.. 1.396

Number of orders [-] [N 1.303
Intertial movement time [%] NN 1.301

Working time in economy time .. 1.271
Percentage of traveled distance .. 1.236
Average speed [kavh] [N 1.236
Average number of brakes [nu.. 1.180
Average percentage of traveled .. © 1.143
Average load [%] NN 1-130
Idle work time [%] 1.090
Time out of economy mode [%] 1.018
Average load per order [%] 1.013
Average load volume per order .. | 1.012

Average number of stops [num.. I 1.008
Time in automatic mode [%] [N 1.001
Sum of load [t] [ NN 1.000

0 1 2 3 4 5 6 7 8 9

Figure 5. Results of global sensitivity analysis.
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Table 2. Summary of learning of selected neural networks.
Quality Quality Quality  Error . . Activ.
Netw. Id Netw. Name (Learn)  (Test) (Val) (Learn.) Error (Test.) Error (Val.) Learn. Alg. Error Fun. Activ. (Hidden) (Output)
MLP (Multilayer Tanh. .
9 Perceptron) 0981 0593 0656 77,280 1320.557 1837.470 BFS;Q?;;’]Z_‘;E?;E;C;‘;P SC;S l(li‘lf:;)"f (Hyperbolic (le)oiiit'c)
24-30-4 ! Tangent) 8
24 MLP 24-50-4 0.969 0.573 0.738 118.122 1261.096 1725.523 BFGS 77 SOS Logist. Logist.
116 MLP 24-100-4 0.976 0.780 0.800 93,371 799.017 1615.015 BFGS 104 S0Os Tanh. Tanh.
128 MLP 24-60-4 0.966 0.565 0.721 130.797 1283.108 1616.721 BFGS 89 50S Logist. Tanh.
151 MLP 24-25-4 0.979 0.652 0.586 88,873 1227.042 2124.180 BFGS 68 SOS Tanh. Logist.
167 MLP 24-30-4 0.984 0.638 0.791 67,307 1042.167 1149.626 BEGS 75 SOs Tanh. Logist.
172 MLP 24-30-4 0.955 0.646 0.659 156.271 1191.538 1839.116 BFGS 75 S0OS Exp- . Exp.
(Exponential)
289 MLP 24-25-4 0.968 0.699 0.682 140.052 1008.125 1707.705 BEGS 67 SOs Logist. Logist.
291 MLP 24-25-4 0.967 0.735 0.703 130.636 926.265 1642.825 BFGS 78 S0OS Tanh. Tanh.
292 MLP 24-25-4 0.955 0.690 0.792 171.848 1032.580 2452.324 BFGS 69 SOS Tanh. Tanh.
305 MLP 24-25-4 0.962 0.724 0.621 139.626 731.569 1807.062 BEGS 75 S0Os Tanh. Exp.
309 MLP 24-25-4 0.967 0.632 0.805 125.578 1,040,330 1,140,767 BFGS 73 S0S Tanh. Exp.
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Global sensitivity analysis in the Statistica software is a useful tool to describe the
analyzed data. It allows determining the validity of individual input variables of a neural
network. It involves studying the neural network prediction error when for each input
variable its values are converted into their arithmetic average value (derived from the
training set). This approach causes these variables to cease to provide new information to
the neural network, final prediction error of which may consequently change. It results
that the analyzed neural network is characterized by some sensitivity to a specific input
variable. For each network, a coefficient describing the increase in error when removing a
given input variable is calculated (quotient of network error without a given variable in
relation to the error with a set of inputs). If the mentioned value is 1 or less then 1, then the
analyzed input variable can be removed permanently without loss of quality of the neural
network [27,32,33].

The method also has some limitations. However, global sensitivity analysis for an
identical data set is not universal in the sense that it relates to an individual neural network.
The collected variables can be correlated with each other in various ways, which with
a variable network architecture, different learning algorithms and even a random way
of initiating the values of neural network weights generates a variety of results of the
aforementioned analysis. For this reason, only conducting a sensitivity analysis for a
number of neural models and the repeatability of results obtained provide the basis for
drawing conclusions about the importance of variables [27,32-34].

The sensitivity analysis shows that the variables that have the greatest impact on the
economic situation of the company are total fuel consumption (8.089), month (6.097) and
driver (5.601)—Figure 5. The rest of the variables have a much smaller impact, while the
variables that achieved a value up to 1 have no significant effect on output variables and
can be removed from the data set without losing network quality (the last 6 listed in the
global sensitivity analysis).

In summary, it has been shown that 12.5% of the variables analyzed have the greatest
impact on the company’s profit (3 factors: total fuel consumption, month and driver),
25% of the variables are completely redundant (the last 6 factors), while 62.5% have only
partial impact (15 others) and may be a source of further business long-term savings.

4. Conclusions

Knowledge of bulk material transport issues allows proper planning of the execu-
tion of transport tasks, i.e., delivery time, or flexibility for changes during the process
(e.g., adapting to changing the place of unloading). In the transport process, human and
the means of transport are the main executive entities. To gain customer trust and acquire
new orders, enterprises must equip themselves with the necessary means, i.e., appropriate
fleet and qualified staff.

The statistical analysis performed shows that the fuel consumption and the driver
influence the company’s financial result. These factors are related to each other because
the driving style of the driver affects the average fuel consumption as well as the costs
associated with the repair and servicing of vehicles. The results presented in the article
can be used to select the so-called model driver, i.e., a driver who has the most balanced
indicators of average fuel consumption, average number of stops and brakes, low repair
and service costs, etc.

The global sensitivity analysis shows that some factors (6 in total), i.e., the sum of the
load, time in automatic mode, etc. do not bring any relevant information to the neural
model and can be removed without losing the quality of the network. In addition, the
results of the analysis confirmed that companies should put special emphasis on driver
training, as they have a huge impact on the company’s profit. Global sensitivity analysis
has shown that the company’s profit mainly depends on the total fuel consumption and
month, but the first of those variables is related to the driving style of the driver, while the
second depends on external conditions, which the company has no major impact on.
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